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Transcription: Factors, Regulation and Differentiation 

Structure of Regulatory Proteins 
B 001 SPECIFICITY AND STABILITY OF LEUCINE ZIPPER INTERACTIONS. 

Peter S Kim,Howard Hughes Medical Institute, Whitehead Institute for Biomedical Research, Department of 
Biology, M.I.T. Cambridge, MA 02142 

The leucine zipper motif was originally proposed by 
McKnight's group as a hypothetical dimerization motif in a 
new class of DNA binding proteins (Landschultz et al.,  
Science 24Q: 1759 [19881). Biochemical, spectroscopic, genetic, 
and X-ray crystallographic studies show that the leucine 
zipper of the yeast transcriptional activator, GCN4, folds as a 
two-stranded, parallel coiled coil (O'Shea et  al., Science 243: 
538 [19891; Oas et al., Biochemistry a: 2891 [1990]; Hu et al., 
Science 250: 1400 119901; Goodman & Kim, Biochemistry a: 
11615 [19911; O'Shea et al., Science 254: 539 [19911). 

The isolated leucine zipper regions from the nuclear 
oncogene products, Fos and Jun, are sufficient t o  mediate 
specific heterodimer formation (O'Shea e t  al., Science 245: 
646 [19891). This provides a simple model system for studying 
the specificity of protein-protein interactions: two a- helices 
that prefer to interact with each other rather than with 
themselves. I t  is found tha t  destabilization of the Fos 
homodimer by acidic residues provides a thermodynamic 
driving force favoring heterodimers, and that eight amino 
acid residues from Fos and from J u n  are sufficient to direct 
preferential heterodimer formation (O'Shea et  al., !&!! f&: 699 
L19921). 

B 002 SYSTEMATIC STRUCTURAL ANALYSIS OF PROTEIN-DNA 
INTERACTIONS, Carl 0. Pabo, Massachusetts Institute of 

Technology, Howard Hughes Medical Institute, Cambridge, MA 
02139. 
Methods are being developed 
fo r  the systematic structural 
analysis of protein-DNA 
interactions. We begin by 
using a simple geometric 
approach to  characterize the 
spatial relationship between 
every amino acid and every 
base in a protein-DNA complex. 
This method of "parsing" the 
structure allows a systematic proteins. 

comparison of contacts in 
different complexes. These 
comparisons should enhance 
our understanding of the 
evolutionary and structural 
relationships between different 
families of DNA-binding 
proteins, and should help 
provide a solid basis for the 
design of novel DNA-binding 

B 003 STEREOCHEMICAL PRINCIPLES OF DNA TARGET 
SELECTION BY THE STEROID/NUCLEAR RECEPTORS, Paul B. Sigler, 
Yale University, Department of Molecular Biophysics and Biochemistry, and The 
Howard Hughes Medical Institute, New Haven, Ct., 06510. 

Transcriptional regulatory 
proteins interact with one another, 
and with the basal transcription 
apparatus, to produce a near 
continuum of responses. These 
molecular contacts are often put into 
action once the protein binds to the 
DNA regulatory element. The 
steroid/nuclear receptor family is a 
well studied system that exhibits such 
DNA-dependent specific protein- 
protein interactions including those 
responsible for DNA target selection. 

The DNA targets of the 
steroid/nuclear receptor family are 
distinguished by: (1 )  the base 
sequence of the. 6-basepair 'half-sites'; 
and, (2) the orientation of the half- 

sites as well as the number of 
basepairs between them. We have 
studied the crystal structure of the 
glucocorticoid receptor's DNA- 
binding domain (GR-DBD) in 
complexes with a variety of DNA 
targets. We have also studied DNA 
complexes of mutational variants of 
the GR-DBD designed to recognize 
alternative half-site sequences and 
alternative half-site arrangements. 
These studies reveal; (1) the 
stereochemistry of half-site 
recognition, and (2) structural 
features influenced by DNA-binding 
that select for targets with appropriate 
orientation and spacing of half-sites. 



Transcription: Factors, Regulation and Differentiation 

Trumcriprion-I 
B 004 

T h e  general ms&Pt ion  factor WID is a multiprotein complex composed of 
the the T A T A  binding protein (TBP) and several associated factors (TAFS). 
There are Seven major TAFs, ranging in size from 30 to 200 kD, in the 
Drosophila TFIm complex. There are several lines of evidence indicating 
that the TAFs are essential for mediating regulated Vanscription by  upstream 
activators. Purified TBP, lacking TAF% i s  able to direct basal but not 
activated transcription. In connast, immunopurified F l I D  complex i s  able to 
mediate transcription activation i n  a reconstituted in v i m  reaction. The TAFs 
can be separated from TBP by treatment with denaturing agents. Transcription 
experiments reconstituted with purified TAFS indicate that the co-activator 

CHARAaERIZATION OF THE TFllD COMPLEX AND TRANSCRIPTIONAL CO-ACTIVATORS, Timothy Hoey, Brian 
Dynlacht, Robert Weinzierl, Siegfried Ruppert, Edith Wang, and Robert Tjian, University o f  California, Berkeley CA 94720 

activity is contributed by the TAFs. In order to understand the molecular 
mechanisms involved in transcriptional regulation we are further 
characterizing the TAF proteins and their biochemical activities. We have 
cloned and sequenced several o f  the genes encoding the Drosophila or human 
TAFs, and found that T A F  proteins f rom these two species are highly 
homologous. We have monoclonal antibodies specific for these proteins and 
are cumendy characterizing the protein-protein interactions mediated by TAFs. 
Preliminary experiments suggest that some o f  the TAFs function as co- 
activators by serving as "adaptors" that are sites of protein-protein interaction 
between the activation domains o f  regulatory transcription factors and the 
general initiation factors. 

B 005 ROLE OF CHROMATIN STRUCTURE IN THE REGULATION OF TRANSCRIPTION BY RNA POLYMERASE 11, Rohinton T. 
Kamakaka, Glenn E. Croston, Leslie A. Kerrigan, Suman M. Paranjape, Michael D. Bulger, Catherine P. George, Curtis M .  
Tyree, Sharon L. Wampler, and James T. Kadonaga, Department of Biology, University of California, San Diego. 

We have been carrying out a biochemical analysis of transcription by RNA 
polymerase II by using purified sequence-specific factors. fractionated and 
partially punfied basal transcription factors, and chromatin templates A general 
strategy that has been employed In these studies is to recreate in vitro 
transcriptional effects that are observed in VIM. and then to dissect the molecular 
mechanisms by which these phenomena occur The basal transcriptional 
apparatus comprises RNA polymerase I I  as well as several auxiliary factors. 
which are commonly referred to as the basal or general factors Several of the 
basal factors, including the TATA-box binding polypephde FBP) of TFllD TFIIA, 
TFIIB. TFIIE. and TFIIF, have been purified and cloned trom various organisms. 
but the exact number of factors mat are required for basal transcnption has not 
yet been elucidated Recent work suggests that the mechanism of basal 
transcnpbon varies at different promoters In addibon. it appears that there may 
be another class of factors. which have b e e n  named coactivators. mediators, or 
adapters, that are required tor activabon of transcripbon by the promoter- and 
enhancer-binding factors The first porbon of the talk will cover our recent work 
on basal transcnpbon by RNA polymerase II in Drosophila The remainder of the 
talk will describe stud.es involving the reconstitution and transcripbonal analysis 
of chromatin templates In this area, we have been investigabng the ability of 
promoter and enhancer-binding factors to counteract chromatin-mediated 
repression of transcription In principle. promoter- and enhancer-binding factors 

may acbvate transcription by either or both of the following two mechanisms 
First. the sequence-specific factors may facilitate the inherent transcription 
reaction -- we refer to mis as 'true activation * Alternabvely. the promoter- and 
enhancer-binding factors may counteract a general repression of basal 
transcription by a nonspecific DNA binding enbty (I e , chromatin) -- we have 
designated this effect as 'antirepression * By using transcriptionally repressed 
templates as either histone H1-DNA complexes or Hlcontaining chromatin, we 
have found that some sequence-specific transcriphon factors funcbon only as 
anbrepressors, whereas other factors are able to act as both true activators and 
anbrepressors With the chromatin templates. we have b e e n  able to reconsbtute 
threshold phenomena as well as long distance acbvation of transcriphon We 
have also examined me mechanistic basis of traw.CnpbOnal anhrepresslon by me 
hybrid transcnpbonal activator GALCVP16 by using the frachonated and parnally 
purified basal transcription factors with the transcriptionally repressed templates 
In these studies. we have found that brnding of GAL4-VPl6 to the template was 
not sufficient for antirepression It appears that an additional factor, which we 
have somewhat awkwardly designated as a co-anhrepressor is necessary for 
GAL4-VP16-mediated antirepression Thus, transcriptional antirepression 
appears to be a process with a complexity beyond that of a simple effect 
involving transcription factor-mediated removal of histones from the DNA 
template 

B 006 YEAST RNA POLYMERASE II TRANSCRIPTION: STRUCTURE, MECHANISM AND REGULATION, Roger D. 
Kornberg, Daniel I. Chasman, Seth A. Darst, Peter David, Aled M. Edwards, William J. Feaver, Peter M. Flanagan, 

Opher Gileadi, N. Lynn Henry, Raymond J. Kelleher Ill, Yang Li, Yahli Lorch, Gavin Meredith, Claudia Poglitsch, Michael H. Sayre, 
and Herbert Tschochner, Department of Cell Biology, Stanford Medical Center, Stanford CA 94305. 

A set of five purified general initiation factors and RNA 
polymerase II constitute a nearly fully defined transcription 
system from Saccharornyces cerevisiae. (Current information 
points to the possible existence of a sixth factor.) Three of the 
general initiation factors, termed b, d.  and e ,  have been 
identified with mammalian factors UBTF2TTFIIH, TFIID, and 
TFIIB, respectively, and gene cloning will soon allow 
identification of the remaining factors, a and g. Direct binding 
to RNA polymerase II has been demonstrated for factors b, e, 
and g. Factor b is both a kinase, whose preferred substrate is 
the CTD of RNA polymerase II, and also a DNA-dependent 
ATPase. Studies concerning the requirement for factor b in 
transcription with polymerase lacking a CTD will be described. 
The CTD-less enzyme is fully active in reconstituted 
transcription but inert in a crude transcription system, due an 
inhibitor(s) whose characterization is underway. 

Transcription with purified general initiation factors and RNA 
polymerase II is unresponsive to activator proteins, such as 
GAL4 derivatives. Various inhibitory proteins have been puri- 
fied that abolish transcription, and whose effects are reversed 
by activator proteins, in reactions that also require the pre- 
viously described mediator of activation and additional factors. 
Further resolution of the mediator and studies of its mode of 
action in the context of inhibitors and activators are in progress. 

Structural analyses of the yeast RNA polymerase I1  tran- 
scription apparatus include the following: X-ray structure deter- 
mination of TFllD at approximately 3 A resolution; structure 
determination of RNA polymerase I1 by a combination of 
electron microscope crystallography and X-ray analysis of 
crystals diffracting to at least 4.1 A resolution; and electron 
microscope crystallography of complexes of RNA polymerase II 
with general initiation factors and anti-epitope antibodies. 
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Transcriprioiz-I1 
B 007 PHEROMONE-RESPONSIVE TRANSCRIPTION IN YEAST, Yi-lu 0. Yuan, llana L. Stroke. and Stanley Fields, Department of Microbiology, 

State University of New York at  Stony Brook, Stony Brook, N.Y. 11794. 

Saccharomyes cerevisiae a and a cells each transcribe a set of cell- 
type-specific genes: a-specific genes are expressed only in a cells and are 
inducible by a-factor, and a-specific genes are expressed only in a cells and 
are inducible by a-factor. This cell-type-specific and signal-responsive 
transcription is regulated both by products encoded at  the MAT locus and by 
the pheromone response pathway. The  transcription factor STE12 i s  part of 
this response pathway and is requlred for expression of both a -  and a- 
specific genes. STE12 binds in virro to the pheromone response element 
(PRE). the DNA sequence present in the control region of a-specific genes 
that is responsible for pheromone induction. In response to treatment of a 
cells with a-factor.  S T E l 2  rapidly is hyperphosphorylated, and  this 
modification correlates with its ability to mediate induced transcription, 

In the case of a-specific genes, there is no evidence that S T E l 2  binds 
directly to these genes. nor does the DNA element that is responsible for a- 
specific and a-factor-inducible transcription closely resemble the PRE. 
Instead, the MATa-encoded protein a l  and the MCMl product bind to this 
DNA element. T o  test the hypothesis that S T E l ?  is involved in the 
activation of a-specific genes by interacting with the a 1  protein, we  have 
cloned both STEl2 and MATal functional homologs from the related yeast, 
Klu.weromyces lacris. Comparison of the K. lactis S T E l 2  protein sequence 
with its S. cerevisiae homolog indicates that the DNA-binding domains are 

highly conserved (78% identity) and these domains bind to the PRE with 
similar affinity in virro. However, the remainder of the proteins, required 
for uninduced transcription and pheromone-induced transcription, is very 
divergent (10-20% identity) with the exception of three short stretches of 9- 
15 amino acids. The K. lacris gene on a low copy plasmid complements 
approximately 10-fold less efficiently for mating in a srel2 cells than in a 
sfel2 cells, and it similarly mediates a-specific transcription better than a- 
specific transcription. 

Comparison of the predicted K. lacris al protein with the S. cerevisiae 
a 1  protein indicates that the K. lacris protein is considerably larger, with the 
two al homologs 30% identical in the region of overlap. Mating of an a 
stel2 strain carrying the K. lacfis STEIZ gene could be enhanced more than 
1000-fold if the strain also carried the K. l a d s  MATal gene. Based on 
hybrid proteins containing portions of S T E l 2  from either K. lacris or S .  
cerevisiae, this enhancement by the K. loctis a 1  requires the STE12 
sequences involved in mediating transcriptional activation. These results 
provide evidence for  a genetic interaction between S T E l 2  and a l ,  
suggesting that the two proteins may also physically interact. They suggest 
that STE12 may operate via two different mechanisms to  mediate 
pheromone-responsive transcription in yeast: by direct DNA-binding and 
by protein-protein interaction with the DNA-bound al protein 

Cell Cycle-I (Joint) 
B 008 

Receptor protein-tyrosine kinases (PTKs) transduce signals across the plasma phosphorylated constitutively in NIH3T3 cells, predominantly on t n o  Ser, 
membrane in response to extracellular ligands. Many receptor PTKs act to b~hich we have identified as Serl80 and Ser204. TPA treatment of NIH3T3 
trigger cells to enter the cell cycle from the GO state. CSF-1 i s  a growth factor cells stmulates phosphorylation at  both Ser, and recombinant PTPa i s  
for myeloid precursors, and the CSF-I receptor is a I T K  in the PDGF receptor phosphorylated at Serl80 and Ser204 by purified protein ktnase C. 
PTK family. We have identified Tyr697, 706, and 721 (the site responsible for Phosphorylation of PTPa at Serl8O and Ser204 increases I t s  PTP activity in 
the binding of PI-3 kinase) in  the CSF-I PTK kinase insert as v i m .  We have identified the SH3/SH2 domain-containing proteln Nck as a 
autophosphorylation sites, and analyzed their role in CSF-l-mediated novel substrate for the PDGF and EGF receptor PTKs, and the vSrc oncoprotein. 
immediate early gene induction, growth stimulation, and morphological Progression through the somatic cell cycle is governed by a senes of cycl,n/cdk 
responses by mutagenesis. Eck is a receptor-like PTK I which is mainly complexes that are formed and activated at different tlmcs durlng the cycle. 
expressed in epithelial cells, and which is a member Of a family Of receptor The G2/M transition is controlled by cyclin A/cdc2 and cyclin B1,'cdcZ 
PTKs. (Eph, Elk. Eek. Cek4/Mek4, Sek, CeWNuk) .  We have identified a complexes, that are activated by action of the cdc25 phosphatasc on cdc2 We 
potential ligand for Eck in conditioned media of transformed cells. The TrkB have proved that cdc25B can act a s  a dual specificity proteln phosphatase, 
receptor M K  is closely related to but distinct from the Trk and TrkC receptor which can dephosphorylate both P.Thrl4 and P.Tyrl5 in cyclin Bl-asicsrlatcd 
PTKs. irkB is primarily expressed in brain as a 140 kDa glycoprotein and t w >  cdc? Cyclin B1 is accumulates in the cytoplasm until the start oi prophaw, and 
smaller -90 kDa C-terminally truncated proteins. TrkB PTK activity is 15 then translocated into the nucleus before nuclear lnrnltl.1 brt,akdonti. In 
stimulated by NT-3 and BDNF. NT-3/BDNF stimulates phosphorylation 01 prophase cyclin B1 localizes to the mitotic asters, and in mctaphase i:~tlin BI 
TrkB on two Tyr,  and phosphorylation of PLCyl, and it5 aSSOCiatiOn with localizes to the spindle poles and microtubules. In contrast t1' cyciln B ,lycltn A 
activated TrkB In collaboration with Hakan Persxm (Karolinska Institutet) IS  predominantly a nuclcdr proteln, and is associated %.lth cdk? rather than 
we have found that kindling-induced hippocampdl seiZ~res Cause rapid but cdc2 We have analyzed cyclin A/B1 chimeras to dctcrminc wh.lt dictatrs the 
transient inductions ot trkB mRNAs and TrkB proteins in rat hippocampu5, localization of the two cyclins and the association with dltfcrcnt cdks. 
without any ettect on the levels of irk and irkC RNA5 Concomitantly BDNF Uneypcctedly we have found that cyclin A/cdk2 complexes arc gimuiatcd by 
mRNA IS induced in thc same hippocampal areas, suggesting that paracnne or cdc25B treatment. implying that this complex is negdtiwlv regul.itcd by 
autocrine stimulation of TrkB 1s involved in repair of neuronal damage. To phosphorylatiw and we have identified Thr1.l and T y l j  113 cdk; 3 s  the 
study the role ot protein-tyrosinc phosphata5es (PTPs) in the cell ,,.? rCRulatOry phosphorylation Sites We have albo tound that cvclin EIcdk2 
have cloned thc mouse honiologue of the PTPa receptor-like MP. YlTa I S  complexes arc also activated by cdc25B. This implies that dlttcrent cdc25's 

may play a role in regulating transitions in the cell cycle othcr than C? ih l  

CELL CYCLE PHOSPHORYLATION, Tony H u n t e r ,  Jeroen den Her tog ,  Rick Lindberg, Jill Meisenhelder,  D a v i d  Middlemas ,  
J o h n  Pines, Byron Sebastian, Sharon  Tracy, and Peter  van der Geer, The Salk Insti tute,  L a  Jolla, California 92037 

B 009 G R O W T H  F A C T O R - R E G U L A T E D  MAMMALIAN GI (D-TYPE) CYCLINS AND THEIR CYCLIN-DEPENDENT KINASES. 
Charles J. Sherr,'.' Martine F. Roussel,' David Strom,' Jun-ya Kato? and Hitoshi Matsushime,l2 Howard Hughes Medical Institute and  

Department of Tumor Cell Biology, St. J u d e  Children's Research Hospital, Memphis, TN 38105. 

Colony-stimulating factor-I (CSF-1) is required throughout the GI phase of the 
macrophage cell cycle in order for cells to enter S phase, after which they can com- 
plete the S, G2, and M phases in its absence. Macrophages deprived of CSF-1 
accumulate in early G I  and progress synchronously through the cell cycle after 
readdition of the growth factor, but withdrawal of CSF-1 at any time during G1 
results in their inability to enter S phase. Different D-type cyclins (originally desig- 
nated Cn. genes) are expressed in G1 as part of the delayed early response to 
growth factor stimulation. The three murine cyclin D genes are much more related 
to their human counterparts than to each other, suggestmg nonredundancy of their 
functions. In CSF-I-starved macrophages restimulated to enter the fell cycle, cyclin 
D1 synthesis is mammally induced in early G1 and persists as long as CSF-1 is 
present; much lower levels of cyclin D2 accumulate maximalty at the GliS transition, 
whereas cyclin D3 is not expressed in these cells. Different patterns of cyclin D 
expression are observed in other proliferating cell types, depending on their lineage. 

The cyclin D1 encoded polypeptide, p36", forms wmplexes dunng GI with 
a novel cyclin-dependent, serine/threonine kinase ( ~ 3 4 ~ " )  distinct from the known 
cdk's, ~ 3 4 ~ "  (cdkl), p33&, and ~ 3 6 ~ .  When CSF-1-deprived macrophages are 
stimulated to enter the cell cycle, p34d"/p36D' wmplexes auumulate during G1 
and then decrease during S phase, in concert with a rise and fall in cdk4 mRNA 
levels. By late G1, the majority of ~ 3 4 ~ "  is found in complexes, with free ~ 3 6 ~ ~  
present in excess. Thus, expression of cyclin D1 in macrophages is growth factor- 
regulated and nonperiodic, wherea cdk4 gene expression appears to be cell cycle- 

regulated and, possibly, rate limiting for complex formation. Cyclins D2 and D3 
form complexes with ~ 3 4 ~ "  in interleukin-2-dependent T cells. We do not exclude 
the possibility that D-type cyclins might also interact with other cdk partners 

In collaboration with Mark E. Ewen and David M. Lingston (Dana Fwber 
Cancer Institute, Boston, MA), we found that D-type cyclins can form stable com- 
plexesin rirro with the retinoblastoma gene product, pRb. Binding of pRb to p3SDZ 
or ~ 3 4 ~ '  requires amino acid sequences within the pRb "pocket" that are necersaq 
for its interactions with DNA tumor virus transforming proteins (T antigen, E l 4  
and E7), as well as the intact pRb Gterminus. Because cyclins D2 and D3 preferen- 
tially associate in rirro with pRb, whereas cyclins D1 and D3 are the most efficient 
in forming in vino complexes with ~ 3 4 & ~ ,  stable ternaq complexes containing pRb, 
cyclin D3 and ~ 3 4 ~ ~  can be readily assembled from recombinant proteins. A- 
though ~ 3 4 ~ ~  alone lacks kinase actmty, such complexes exhibit a serinelthreonine 
kinase activity that phosphorylates pRb, hut not exogenously added, soluble histone 
H1. Neither of two biologically inactive pRb mutants (Cys-706 to Phe or a Gtermi- 
nal truncation mutant) assembled into complexes with cyclin D 3 / ~ 3 4 & ~  or under- 
went phosphorylation in vibo. In contrast, a kinase-defective ~ 3 4 ~ ~  mutant (con- 
taining Met for Lys at its ATP binding site) formed ternary complexes with cyclin 
D3 and pRb but was unable to catalyze pRb phosphorylation. Cotransfection of 
pRb together with cyclins D2 or D3 into Rb-negative SAOS-2 osteosarcoma e l l s  
inducedpRb hyperphosphorylationsuggesting that D-type cyc4in-regulated kinase(s) 
might, at least in part, regulate G1 exit through this mechanism. 
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B 010 &@ PROTO-ONCOGENE AND CELL CYCLE REGULATION. George F. Vande Woude. Renping Zhou. Ira Daar, Nelson Yew, Wayne Matten, K e j i  Fukasawa, 
E.K. Sathyanaravana. and J. Ronald Rubin. AEL-Basic Research Program, NCi-Frederick Cancer Research and Deveiopment Center, Frederick, MD 21702. 

T h e m  proto-oncovene product, p39-, is required for meiotic maturation in 
vertebrate oocytes and is an active component of cytostatic factor ICSF), an 
activity in unfertilized amphibian eggs believed to be responsible for their arrest 
at metaphase II. CSF arrests egg development at M-phase and is believed to 
function by stabilizing maturation promoting factor IMPF). Thus, p39" 
functions downstream in the signal pathway during M-phase, and at a major cell 
cycle control point. Its activity is indirectly responsible for the stabilization of 
MPF at metaphase 11, but we have also shown that Mos is necessary and 
sufficient to initiate G2IM transition. This link between proto-oncogene function 
and M-phase cell cycle regulation could be responsible for certain phenotypes 
of transformed cells. Thus, we have shown that the oncoprotein can also 
substitute for MOS in meiotic maturation and has authentic CSF activity. 

We have found that p39" is associated with and phosphorylates tubulin a 
m. Our analyses have also shown that 8-tubulin is preferentially associated 
with and phosphoryiated by ~39"- from either transformed cells or unfertilized 
eggs. In transformed cells, p39-co-localires with microtubules including those 
of the metaphase spindle pole and early telophase mid-body and asters. 
Moreover, we have determined that p39- binds to the tubulin heterodimer with 

a Kd in the nanomolar range, and have identified regions on p 3 P  which 
associate with tubulin that correspond to the putative substrate binding region 
in a 3D model of the MOS kinase derived from the CAMP-dependent protein 
kinase (CAPK) crystal structure. We speculate that Mos may contribute to the 
formation of the spindle pole as well as the spindle and thereby contribute, as 
CSF, to metaphase arrest. Constitutive expression of p 3 P  in somatic cells is 
sufficient for morphological transformation, but only cells expressing low levels 
of Moscan grow as transformed cells. We postuiatethat this amount of product 
is not sufficient to cause mitotic arrest but is sufficient to impart M-phase 
phenotypes during interphase. Altered cell morphology and loss of contact 
inhibition during interphase could be due to cytoskeletal changes that normally 
occur during M-phase. Overexpression of Mos in somatic cells leads to growth 
arrest, inappropriate chromosome condensation and karyokinesis in theabsence 
of cytokinesis. The latter process is perhaps related to the regulatory role of 
MOS in nuclear division during meiosis. ll can elso provide an explanation for 
chromosomal instability in tumor cells. 

Research supported by the National Cancer Institute, DHHS, under contract 
No. N01-CO-74101 with ABL. 

Cell Cycle-II (Joint) 
B 011 K I N A S F S  AND PHOSPHATASES THAT RM;ULWE THE CELL CYCLE IN DROSOPHIIA. 

Laboratories, Cell Cycle Genetics Group, Department of Anatany and Physiology, Medical Sciences Institute, The 
University, Dundee DD1 4HN, Scotland, UK. 

David M. Glover, Cancer Research Campaign 

The into mitosis is universally regulated by the 
p3IcB?inase, which is itself activated by the tyrosine 
phosphatase cdc25 or its hcrrolques. Drosophila has two 
cdc25 hmlques. encoded by the genes string and twine, 
which we have isolated by their ability to rescue a fission 
yeast ts mutant. Whereas string appears to control entry 
into mitosis in somatic tissue, twine is expressed 
exclusively in the germ-line. Meiosis does not occur in 
hmzygous twine mles which produce cysts containing 16 
rather than 64 spermatids, and in harozygous twine fenales, 
it occurs prematurely. 

Both cdc2 and cdc25 hanolcgues appear to be regulated by 
their phosphorylation state. Both serine-threonine protein 
phosphatases PP1 and PP2A have been implicated in this 
control. Drosophila mutants in the gene for the mjor 
isoform of PP1 and 87B shw an elevated mitotic index and 
have cells with overcondensed chramscmes, and collapsed or 
multipolar spindles. Mutations in the gene for the 55 kDa 
regulatory subunit of PP2A at 85F. on the other hand, shm 
two specific types of anaphase defect. bst frequently we 
observe intact lagging chromatids that have undergone 
separation from their sisters, but which remain at the 

B 012 BIOCHEMICAL ANALYSIS OF SIGNALS COMING TO AND EMllTED BY 
Livingston. T. Chittenden. J. DeCaprio. R. Eckner, M. E. Ewen, P. Fam) 

Shirodkar. Dana-Farber Cancer Institute and Harvard Medical School, Boston, 
Hospital and Research Institute, Memphis, TN. 

RE, p107. and p300 are all specaic nuclear binding targets of E1A 
and SV40 T antigen, both DNA tumor viral transforming pmteins. Binding by 
the latter to these proteins is believed to contribute measurably to their 
transforming function. Indeed, there is abundant evidence that each of these 
proteins can operate in one or more aspects of cell cycle control. In the cases 
of RE and p107. cell cycle regulation is provided, at least in part, by each of 
these proteins modulating, in a timely manner, the action of at least one 
transcription factor. E2F-1, which, itsen, is believed to promote exit from 
GO/Gl and passage through S. E2F-1 has now been cloned and aspects of 
its structure suggest possible ways in which RE and p107 might influence its 
action. 

RE 

MA 
lam' 

position formerly occupied by the metaphase plate. This is 
suggestive of a specific anaphase function. The second 
class of abno-1 anaphase figures shw stretched 
chrcrrosomes in which chrcmatids remain attached, but not at 
their centraneric regions, so as to bridge the mitotic 
poles, possibly reflecting a defect earlier in S-phase. 

Relatively little is known of the phosphatases that oppose 
kinases other than cdc2 required for the mitotic cycle. 
aurora, a Drosophila gene essential for c e n t r e  
separation, encodes a 40 kDa serine-threonine protein 
kinase. Mutation in results in monopolar spindles 
in l w a l  neuroblasts. Whereas the function of allf~ra 
s e a s  to be required early in the mitotic cycle, mutation 
in p3lo leads to a variety of abnoml late events in 
mitosis. These include bipolar spindles in which one ple 
can be unusually broad; and mnoplar spindles, as well as 
non-disjunction in miosis. encodes a protein kinase 
that is the Drosophila hcrrolque of that encoded by the 
budding yeast gene cdc5. Assays for polo kinase activity 
in the mitotic cycles of syncytial embryos shws it to have 
cyclical activity peaking at late anaphase-telophase. 

AND OTHER CELL CYCLE REGULATING POCKET PROTEINS. D. M. 
', Y. Li*. E. Flamington. W. Kaelin. W. Krek. N. Modjahedi, C. Shee ,  and S. 
; 'McArdle Laboratory. University of Wisconsin. Madson WI; and, "St. Jude 

In its un(der)phosphorylated state, RE is belleved to contribute to a 
block to exit from GO/Gl which can be overcome. at least in part. by specific 
RE phosphorylatiin beginning in the second hall of G1. Recently. we have 
accumulated evidence suggesting a possible role of one or two D-type G1 
cyclincdk kinase conplexes in me process of releasing cells fmm a G1 block 
erected by un(der)phsphorylated RE. Specific interactbns between RE and 
each of these two cyclins were detected in vitro. In addition, we have 
accumulated indirect evidence pointing to analogous interactbns in vim. The 
data imply that one or more D cyclin-cdk complexes interact. directly or 
indirectly, with unphosphorylated RE in viw and that at least one outcome of 
these encounters is passage out of G1. 
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ReLfNF-!& Family 
B 013 ACTIVITY AND EXPRESSION OF RELB, Rodrigo Bravo, Daniel Carrasco, Pawel Dobrzanski. and Rolf-Peter Ryseck, Bristol- 

RelB is a 558 amino acids protein containing a region of 300 amino acids, the 
Re1 homology domain (RHD). which present a high similarity to c-Re1 and other 
members of the ReWNF-kB family. In addition to the RHD and to a non- 
conserved C-terminal region present in the Re1 proteins, mouse RelB contains 
a unique N-terminus of 102 amino acids. In contrast to other members Of the 
ReVNF-kB family, RelB does not form stable homodimers and therefore is not 
able to bind efficiently to NFkB sites. However, it forms heterodimers with 
p50B(p49)- and p50-NF-kB that do bind to dinerent NF-kB binding saes with a 
similar or higher affinity to that shown by pSO-NF-kB homodimers. These 
heterodimers are signilicantly more active in enhancing the transcription of a 
kB-dependent promoter in vivo than p50- or p5OB-NF-kB homodimers. This 
data indicates that RelB. like p65, provides the heterodimer with an activating 
domain. To analyze the RelB regions which contribute to this transactivation, 
different deletion mutants of RelB and RelB/p50 chimeras were generated. and 
their activating potential was tested by cotransfection into F9 cells. The resuits 
demonstrate that for full activation. RelB requires both the N-terminal 100 
amino acids preceding the RHD and the last 180 C-terminal amino acids. We 
have also demonstrated that the leucine zipper-like structure present in the N- 
terminus of RelB contributes to the transcriptional activity. 
lkBa can associate with RelB/p50-NF-kB heterodimers and inhibit their DNA 
binding activity. To determine the region of RelB interacting with lkBa RelB 

Myers Squibb Pharmaceutical Research Institute, Department of Molecular Biology, P.O. Box 4000, Princeton, N.J. 08543-4000. 
deletion mutants and hybrid molecules between RelB and p50-NF-kB have 
been COnStNcted. The results of these experiments will be discussed. 
In order to better understand the biological role of RelB. we have studied by in 
situ hybr i izatm the pattern of reB expresslon during mouse development and 
wmpared it with other members of the relfamily. 
The results show that members of the rdfamily genes have dinerent temporal 
and spatial panems of expression. in particular in lymphoid tissues. In 13 day 
embwos, p50- and p65-NF-kB are detected in many different tissues with the 
highest levels in the thymus. In contrast, c-reland reB gene expression is 
mainly restricted to the thymus and is only significantly detected in the late 
stages of development. 
In adult thymus, ere/, reB  and p50B-NF-kB mRNAs are detected in the 
medullar region, while p50- and p65-NF-kB are found mainly in the conical 
region of this organ. 
In adult spleen, all members studied are primarily expressed in the while pulp. 
c-re/. in particular, is highly expressed in germinal centers and in the marginal 
zone. In contrast, relB transcripts are mainly detected in the periarlerial 
lymphatic sheath. These observations suggest that the members of the re/ 
family have a differential rule during mouse embryogenesis and in particular 
during lymphoid development. 

B 014 THE RELINF-KB FAMILY OF TRANSCRIPTION FACTORS, Nancy R. Ricel, Frederique Logeat*, Mary Lee 

Frederick MD 21702-1201 and ZInstitut Pasteur, 75015 Paris, FRANCE. 
MacKichanZ, Odile Le Bail2 and Alain Israelz, lFrederick Cancer Research and Development Center, 

The NF-KB transcription factor is a key regulator involved in the 
control of the expression o f  a large number of genes whose products 
participate in the immune response (MHC class I, Immunoglobulin x 
light chain, Interferon-& IL6, ILZ receptor, TNF-a, GM-CSF, T-cell 
receptor4 chain). I t  is an heterodimer of two subunits (p50 and p65) 
which is constitutively nuclear only in B cells. In other tissues, and in 
particular in T cells, it is kept as an inactive complex in the cytoplasm 
through interaction with an inhibitor, IxB. Following a series of 
seemingly unrelated external stimuli (IL1, IL6, TNF-a, PMA, LPS in 
pre-8 cells. anti-CD3 and anti-CDZ8 in T cells), IKB undergoes a 
change in its phosphorylation state and dissociates from NF-KB which is 
then translocated into the nucleus where it binds t o  its target KB sites. 
The cloning of p50 revealed that this subunit is synthesized as a 105 kD 
cytoplasmic precursor (plO5) which is unable t o  bind DNA. The N- 
terminal part, which corresponds t o  p50, is highly homologous t o  the 
c-re1 protwncogene product and t o  the Drosophila dorsal morphogen. C- 
re1 also binds t o  KB sites and can form heterodimers with p50 or p65. 

The C-terminal part of p105 contains 7 repeats similar t o  the ones 
found in a cytoplasmic protein called ankyrin (where they are involved 
in the  attachment t o  the  cytoskeleton and t o  integral membrane 
proteins) and also in the 3 1x8-like molecules cloned so far. This 
suggests tha t  th is C-terminal part might behave as an 1x6-like 
molecule. We will present data showing that two o f  the ankyrin repeats 
of p105 are responsible for  i ts cellular localisation and unability t o  
bind DNA. In addition t o  this “cis-acting’’ IKB-like activity, p105 also 
exiiibits a “trans” activity : in the cytoplasm of various cell lines , t  is 
found associated with c-re1 or p65 and is responsible for t i e i r  
cytoplasmic retention. This mechanism presents a major difference 
with the classical 1x8 system : while IKB dissociates from its target 
following a (de)phosphorylation event, the  cytoplasmic complexes 
containing p lO5 yield active nuclear p50 containing dimers following 
processing of p105 by a cytoplasmic protease activity. We have 
undertaken the purification of this activity. 

Transcription Factors and Differentiation-I 
B 015 
Rastinejad, Department of Pharmacology, Stanford University School of Medicine, Stanford, CA 94305. 

NOVEL REGULATORY ROLE FOR 3’ UNTRANSLATED REGIONS IN DIFFERENTIATON, Helen M. Blau, F a m n  

Differentiation of skeletal muscle entails the activation and 
continued expression of a battery of genes for tissuespecific 
function. To date, efforts to identify regulators of 
myogenesis have yielded DNA-binding transcription factors. 
In order to explore novel regulatory pathways in myogenesis, 
we have used a genetic complementation approach. A 
differentiation defective myoblast mutant (NMUZ) was 
isolated that expresses MyoD, but lacks regulators necessary 
to activate a-cardiac actin and myogenin promoters. NMUZ 

cells w i th  stably transfected muscle-specific promoter constmcts were 
transfected w i th  a cDNA expression library. Four cDNAs activated the 
promoter constructs as we l l  as the endogenous myogenin gene. Three 
activating cDNAs were identified as muscle structural genes. The activity 
mapped to the 3’ untranslated region (3’UTR) of the cDNAs. These data 
suggest that a trans activity by 3’uTRs mediates a feedback loop for 
promoting and stabilizing the differentiated state of muscle. 
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B 016 

Studies of homeodomain proteins in a variety of species have tissue-selective action of HNF-I. In liver cell extracts, DCoH 
lead to the conclusion that the function of a homeodomain is present in both the cytosol and nuclei and while nearly 
protein is dictated largely by the homeodomain itself. 100% of HNF-la is complexed to DCoH. most DCoH is not 
However, genetic studies of fusion genes between Ante  and between Xenopus, mice, rats and man. When overexpressed 
U b x  in D r o s o p h i l a  indicate that regions outside the with HNF-1. it stabilizes dimers of HNF-I (hence the name 
homeodomain can modulate the function of the Rimerization &factor for KNF-I) and forms a tetrameric 
homeodomain protein in a tissue-specific manner. These structure containing 2 DCoH molecules and 2 HNF-I 
modifying effects are thought to arise from the interactions I n  v i tro.  either HNF-la or fl can participate in the 
with uncharacterized protein, termed transregulators. In the tetrameric complex, associated with HNF-I implying the 
course of studying the mammalian homeodomain protein existence of other DCoH-associated proteins. Since DCoH does 
HNF-I (LFB-I), we and others found that this transcription not contain an activation domain that can be detected in a 
factor was unable to transactivate its cotransfected target Gal 4 fusion protein. the basis for its ability to provide 
genes in certain cell lines but fully competent in others. transactivation is uncertain. Recently. DCoH was found to be 
This lead us to look for a protein that could transregulate the identical to a dehydratase that removes water from 4a- 
function of HNF-1. We found that an l lkDa protein carhinolamine. a cofactor for phenylalanine hydroxylase. 
copurified with HNF-I. The amino acid sequence of this At present, we are not certain if the enzymatic activity of 
protein was found to be unique and over 94% conserved DCoH could be involved in transcription or if it is simply a 
Transfections of DCoH transactivates HNF-la-directed bifunctional protein. 
transcription by over 200-fold. thereby explaining the 

TRANSREGULATION OF HOMEODOMAIN PROTEIN FUNCTION BY DCoH. 
Wang, Linda Hansen and Dirk Mendel. Stanford University School of Medicine. Stanford, CA 94305. 

Gerald R. Crabtree. Weidong 

molecules. 

B 017 SERUM RESPONSE FACTOR-HOMEODOMAIN COMPLEXES AND THE SPECIFICITY OF NUCLEAR SIFNAL 
TRANSDUCTION, Michael Gilman, CyriUe Alexandre, Ricardo Attar, Dorre Grueneberg, Gary Lee', Sridaran Natesan, Ann Ryan , Henry 

Sadowski, and Ken Simon', Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, and 'Graduate Program in Molecular and Cellular Biology, 
SUNY Stony Brook, Stony Brook, NY 11794. 

Cell growth and differentiation is coordinated by exuacellular signals. Cells 
and their progenitors encounter many such signals during development, and 
they must be able to distinguish among them and respond in an appropriate 
fashion. Moreover, the same signal is often used by different cells as  an 
inductive signal for very different patterns of gene expression and 
subsequent development. And, more generally, the inaacellular signal 
transduction pathways triggered by different signals often overlap, 
suggesting that highly specific signal-receptor interactions become reduced 
to more generic intracellular signals after transduction across the membrane. 
In such cases, there is little or no intrinsic information in the signal that 
specifies the cellular response. Instead. it is the cell's developmental history 
or identity that determines its response to a signal. How is signal 
transduction information interpreted by the apparatus that determines cell 
identity? Our recent data suggest that this may be accomplished by the 
formation of physical complexes between homeodomain proteins and 
proteins of the MADS box family. Homeodomain proteins have well- 
established roles in assigning cell identity in animals and lower eukaryotes. 
Serum response factor (SRF), a member of the MADS box family, is  a 
major target for transcriptional activation of the c-fos gene by growth and 
differentiation factors. In an effort to identify human proteins that interact 
with S W ,  we designed a genetic screen in yeast for genes encoding proteins 

that interact with the related yeast MADS box protein MCMl to activate a 
cell-type-specific pheromone-inducible gene (1). We repeatedly isolated a 
cDNA encoding a novel protein of the homeodomain family, which we have 
named Phoxl. In several diffexent in via0 and in vivo assays, we have 
determined that Phoxl indeed interacts with SRF as well as MCMl, and the 
principal effect of this interaction is an enhancement of the kinetics of 
binding of SRF to its binding site in the c-fos gene. We have shown that this 
activity is shared with certain Drosophila homeodomain proteins with 
closely related structures, and that the activity is independent of the DNA 
binding activity of the homeodomain itself. Thus, the ability to interact with 
SRF represents a second independent activity of the homeodomain. We 
propose that one way in which homeodomain proteins may assign cell 
identity is by interacting with SRF and related proteins to specify the 
transcriptional response to inductive signals. We are now studying the 
DNA-binding specificity and structural organization of SRF-homedomain 
complexes. In addition, we have begun to ask whether SRF binding sites are 
associated with known targets of homeodomain action in Drosophila 

1. Grueneberg, D.A., Natesan, S., Alexandre, C., and Gilman, M.Z. Science 
257,1089 (1992). 

Phosphotylation of Transcription Factors-I (Joint) 
B 018 MYC IS INVOLVED IN A NETWORK OF PROTEIN INTERACTIONS, D. Ayerl, E.M. BIackwoodl**. M.W. King3. L. Kretznerl. K. Tietjel, and R.N. 

School of Medicine, Seattle; 3Center for Medical Education, Indiana State University, Terre Haute. 
Eisenmanl. IDivision of Basic Sciences. Fred Hutchinson Cancer Research Center, Seattle; 2Depanment of Pathology, University of Washington 

The proteins encoded by the myc family of proto-oncogenes are 
members of a larger group of proteins distinguished by the presence of a 
basic region followed by putative helix-loop-helix and zipper domains 
(bHLH-Zip proteins). This region is known to mediate DNA binding and 
protein-protein interactions. Myc family proteins self-associate and bind 
DNA poorly but readily form sequence-specific DNA binding complexes 
with Max, another bHL.H-Zip protein. Max is a highly conserved protein 
that can form homodimers but preferentially heterodimerizes with Myc. 
I n  v i m .  Max homodimers bind the CACGTG E-box consensus sequence 
less tightly than Myc:Max homodimers. In avian and mammalian cells 
alternative splicing generates two Max proteins (Max and Max9) which 
differ by a nine residue insertion N-terminal to the basic region. Max 
proteins In Xcnopus locvis differ from human Max by the absence of a 24 
residue region and from each other by a 21 residue insertion. both in the 
region C-terminal of the HLH-Zip. In gel retardation assays both human 
Max9 homodimers and Max9:Myc heterodimers display a significantly 
slower off-rate for binding 10 CACGTG than the corresponding complexes 
with Max. 

expressed at essentially equivalent levels in resting and proliferating 
cells. Since Myc is so highly regulated and its short half-life is not 
affected by heterodimtr formation we presume that in vivo the ratio of 

In vivo. Max proteins have been found to be highly stable and 

Max homodimers to Myc:Max heterodimers is continuously dependent on 
the rate of synthesis of Myc. 
Since Max is present at times when Myc is not expressed and is generally 
in excess when Myc is expressed we were led to search for other proteins 
that might interact with Max. Using Max as a probe we screened a Igtl 1 
expression library and identified a novel bHLH-Zip protein: Mad. Mad 
homodimerires poorly but binds Max in v i m  to form a sequence-specific 
DNA binding complex with properties very similar to those of Myc:Max. 
Both Myc:Max and Mad:Max heterocomplexes are favored over Max 
homodimers and have similar binding specificity and apparent stability. 
Furthermore, unlike Max, the DNA binding activity of the heterodimers is 
unaffected by CKIl phosphorylation. Mad does not associate with Myc nor 
with other bHLH-Zip proteins tested. 

To determine the potential role of these proteins in gene 
expression we carried out in vivo transactivation assays using a reporter 
gene linked to promoter-proximal CACGTG binding sites. These 
experiments demonstrate that Myc:Max complexes activate. while Max 
homodimers and Mad:Max complexes repress, transcription. Our findings 
suggest that Max lies at the center of a network of interacting proteins in 
which the relative levels of Max's dimerization partners can generate 
opposing transcriptional functions. Since Myc's function appears to be 
related to proliferation and differentiation, we believe this network may 
regulate genes that control these aspects of cell behavior. 
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B 019 SIGNAL TRANSDUCTION BY TYROSINE PHOSPHORYLATION OF TRANSCRIPnON FACTORS: A DIRECTOR EFFECTOR 
MODEL Xin-Yuan Fu and Guang-Rang Sun, Deparbnent of Biochemistrj, Mount Sinai School of Mediane, New York, NY lW29 

The primary transcription factor induced by interferon-a (termed 
IX;F3, Interferon Stimulated gene factor 3) is a complex of four (113, 
91 /&I and 48 kD) proteins. The 113 and 91/84 k D  proteins are present 
in the cytoplasm before interferon treatment and translocated to the 
nucleus in response to interferon-a. Sequence comparison has shown 
that the 113 and 91/84 kD proteins have 42% sequence identities but 
are derived from different members of a new gene family. 

It has been shown that the 113 and 91 / 84 k D  proteins of lSGF3 
contain conserved SH2 and SH3 (src homology regions 2 and 3 ) 
domains and are immediately phosphorylated in the cytoplasm by 
an interferons-induced protein tyrosine kinase. Phosphorylated 113 
and 91/84 k D  proteins can be immunoprecipitated by specific anti- 
phosphetyrosine antibodies as well as antibodies against proteins of 
ISGIJ. A phospho-amino acid analysis of 132P1-labeled 113 and 91 k D  
proteins has shown predominant tyrosine phosphorylation of both 
proteins only after interferon-a treatment. Moreover, a tyrosine 
kina= activity assodated with the ISGF3 complex is detected in an in 
vitru kinase assay. 

Two kinase inhibitors, staurosporine and genistein, inhibit this 
interferon*-induced tyrosine phosphorylation of the 113 and 91/84 kD 
proteins both in via, and in oitru. The tyrosine phosphorylated 113 
and 91/84 k D  proteins can form active ISGFJ complexes with the 
purified 48 k D  protein in nitro to bind an interferon stimulated 
regulatory element (ISRE). Phosphatase treatment of these 113 and 
91 /84 k D  proteins rewlb in inhibition of this lSGF3 complex formation 
in vitru. These observations indicate that interferon-a-induced 
tyrosine phosphorylation is necessary for activation of the 
transcription factor ISGF3 and expression of induced genes. A "DIRECT 
EFFECTOR model has been proposed on the mechanism of signal 
transduction induced by interkron. 

W e  are in progress of further identifying the tyrosine kinase 
involved in this direct signaling, and dissecting functional domains of 
1XF3 proteins which may interact with the tentative kina*. 

BOZO 

University of California. San Diego, La Jolla, CA 92093-0636. 
AP-1 is a transcriptional activator composed of homo- and subject to both positive and negative autoregulation and is 
heterodimeric Jun and Jun/Fos complexes. It is involved in the highly inducible in response to various stimuli including those 
activation of various target genes, such as: collagenase. associated with cell proliferation. AP-1 activity is also 
stromelysin, IL2 and TGFKl, by tumor promoters, growth factors regulated at the post-transcriptional level. Both d u n  and 
and cytokines. In addition, AP-1 activity is elevated in cFos are phosphoproteins that are subject to regulated 
response to expression of transforming oncogenes including phosphorylation. In the case of dun .  phosphorylation of sites 
H-ras. v-src. and v-raf and is required for cell proliferation. near the DNA-binding domain inhibits its DNA-binding activity 
AP-1 activity is subject to complex regulation both tran- while dephosphorylation reverses this inhibition. Phosphoryla- 
scriptionally and post-transcriptionally. Transcriptional tion of Olun on sites located within its activation domain 
control determines vhich of the Jun nnd fos genes is expressed increases its ability co activate transcription without 
at any given time in any given cell type. Therefore, affecting its DNA binding activity. The signalling pathways 
transcriptional control determines the amount and composition that modulate the phosphorylation of these sites and their 
of the AF-1 complex. Transcription of the Jun and fos genes is 

POSITIVE AND NEGATIVE REGLTUTION OF AP-1 AND OTHER TRANSCRIPTION FACTORS BY PROTEIN PHOSPHORYIATION CASCADES, Michael 
Karin, Tod Smeal, Bernard Binetruy. Tiliang Deng and Anning Lin, Department of Pharmacology, School of Medicine. 

regulation will be discussed. 

6021 TEE ACTIVATION OF THE ESP70 PR(WIOTW BY FlA COINCIDES UITE A RELEASE OF TBP TCM AN IWTWACTION3UITB THE 
lINEIBITORY FACTOR D r l ,  Virginia B. Kraus , Juan A. Inostroza', Danny Reinberg , Elizabeth oran , and Joseph R. 

Nevins , Section of Genetics, Howard Hu3hes Medical Institute, Duke University, Durham, N. C. 'Robert Wood Johnson 
Hedical School, IRIDNJ, Piscataway, N. J . ;  Cold Spring Harbor Laboratory, Cold Spring Harbor, N. Y. 
Recent studies have shown that the adenovirus required for oncogenic activity. Given the fact that the 
protein (the oncogenic E1A product) can trans-activa EIA1zs e TATAA element appears to be the target for the activa:ion 
transcription by releasing the E2F transcription factor of the hsp70 promoter, we have addressed the possibility 
from inhibitory complexes with proteins such as the that interactions with the TATAA-binding protein TBP might 
retinoblastoma gene product. However, E2F cannot be the be altered by E1A. Recent experiments have identifled a 
only target for E1A activation since several cellular factor termed DrI that interacts with and inhibits the 
promoters have been'%nd to be activated by the E1A 
protein despite the fact that they lack E2F sites. Inde@ protein can disrupt the interaction of Drl with 
we show that activation of the hsp70 promoter by the E1A allowing TBP to interact with TFIIA. This disruption is 
product requires the TATAA sequence. Moreover, whereas lZs dependent on the N terminal E1A sequences that are also 
activation of E2 transcription via E2F requires the CR1 and essential for trans-activation of the hsp70 promoter. It 
CR2 domains of ElA, activation of the hsp70 promoter would thus appear that the activation of hsp70 through the 
requires the N terminal domain of the E1A protein and does TATAA element may be mechanistically similar to the 
not require the CR2 sequences. Ue conclude that the activation of the EZ promoter via EZF, in each case 
targeting of distinct transcription factors, leading to involving a release of the responsible transcription factor 
trans-activation of transcription of multiple promoters, from an inactive complex. 
involves distinct domains of the E1A proteins that are also 

transcriptional activity of TBP. We find that the E1A 
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Phosphorylation of Transcription Factors-I1 (Joint) 
B 022 IDENTIFICATION OF SIGNALS FOR PHOSPHORYLATION OF RNA POLYMERASE AND TRANSCRIPTION FACTORS, 

William S. Dynan, Arik Dvir, and Scott R. Peterson. Department of Chemistry and Biochemistry, University of Colorado, 
Boulder, CO 80309-0215. 

We report here the purification and characterization of a template- the DNA. This regulatory component has been identified as Ku autoantigen, 
associated protein kinase that phosphorylates the C-terminal domain (OD) of based on the molecular weights of its component polypeptides, its DNA binding 
the largest subunit of RNAP 11. Prior biochemical studies have shown that the properties, and its reactivity with anti-Ku monoclonal antibodies. Ku 
CTD is phosphorylated at about the same time that transcription begins, autoantigen interacts with DNA by a characteristic bind-and-slide mechanism. 
suggeshng that phosphorylation might provide a signal that allows entry into Purified Ku autoantigen has previously been shown to function as a 
the elongation phase of the reaction. Separately, genetic studies have shown transcriptional activator protein, although specific DNA sequences are not 
that the CTD is involved in the response to certain DNA-binding required, and the mechanism by which Ku acts has therefore been uncertain. We 
transcriptional activator proteins. Taken together, these observations raise the suggest Ku protein tethers the kinase catalytic subunit to DNA, and that the 
intriguing possibility that some activator proteins might work by stimulating a ability of Ku protein to slide along DNA provides a mecharusm for bringing the 
CTD kinase, which would then transduce an activation signal by kinase to the transcription complex. 
phosphorylating the RNA polymerase. The properhes of the kinase that we Separate experiments show that, under certain circumstances, the 
have isolated suggest that it may participate in such a signal transduction transcriptional activator protein, GAL4-VP16, can replace Ku protein as the 
P-. kinase regulatory component. GALA-VF'16 stimulates the ability of the purified 

We developed a specific assay for the template-associated kinase and kinase catalytic component to phosphorylate a CTD fusion protein in vitro. 
used this assay to purify the kina* to apparent homogeneity from human cells. Both the GAL4 and VP16 portions of the activator protein appear to be involved 
The purified kinase phosphorylates the CTD of native RNA polymerase in a in the interaction with the kinase. The VP16 portion of the protein is itself 
reachon that is dependent on DNA and the general transcription factors TFIID phosphorylated in the reaction. 
(TBP), TFIIB, and TFIIF. The kinax has two components. One is catalytic, and Stimulation of CTD phosphorylation is a novel and potentially general 
appears to be composed of a single 350 kDa polypeptide. The other is a DNA- mechanism of action for transcriptional activator proteins. 
binding regulatory component that functions to recruit the catalytic component to 

B 023 

New York, N e w  York. 
Transcriptional induction of histone gene expression during To assess whether other transcription factors which modulate 
the S phase of the mammalian cell cycle involves coordinate histone gene transcription during the cell cycle are regulated 
activation of a set of transcription factors which interact with by mechanisms similar to those controlling Octl activity, we 
subtype specific consensus sequences within the histone gene have extended these studies to a second histone gene 
promoters. In the case of histone H2b genes, the transcription regulatory factor. HlTFZ is a novel, heterodimeric CCAAT 
factor Octl binds to the S phase regulatory sequences and binding protein which participates in histone H1 cell cycle 
mediates cell cycle regulation. Recent investigations have control. Analysis of HlTFZ phosphorylation in vivo has 
established that Octl undergoes a complex program of established that i t  is also modified late in the cell cycle, and 
phosphorylation during the cell cycle which correlates with that its phosphorylation during mitosis also results in loss of 
changes in its functional activity. Both in vivo and in vitro DNA binding activity. Thus, two functionally related but 
studies have established that mitotic hyperphosphorylation entirely distinct transcription factors involved in temporal 
of Octl at ser385 within the homeodomain results in inhibition regulation of transcription during the cell cycle appear to 
of DNA binding, and that this residue is specifically be coordinately regulated by common molecular 
phosphorylated by PKA in vitro. These results demonstrate mechanisms. These results provide a biochemical 
that Octl activity is modulated by phosphorylation framework for further work on the coordinate regulation 
during the cell cycle, and suggest that characterization Of transcription during the mammalian cell cycle, and 
of addi t ional  post t ranslat ional  modifications to Oct l  suggest that phosphorylation may be a key regulatory 
that occur during the cell cycle may shed light on step in modulating the activities of these factors and their 
transcriptional regulation by the POU domain proteins. close relatives under other biological circumstances. 

THE REGULATION OF TRANSCRIPTION DURING THE CELL CYCLE, Nathaniel Heintz, Franca LaBella, 
Rosanna Mar t ine l l i  and  N e i l  Segil. H o w a r d  Hughes Med ica l  Institute, The Rockefeller University, 

B 024 IRF-1 AND IRF-2 ; A LINK BETWEEN THE INTERFERON SYSTEM AND CELL GROWTH CONTROL. 
Tadatsugu Taniguchi, Hisashi Harada, Nobuyuki Tanaka, Motoo Kitagawa, Takashi Fujita., Nobumasa Watanabe, Jun 
Sakakibara, Hitomi Yamamoto, Takatoshi Kawakami. 

Cytokines regulate cell growth in a positive or negative 
manner by inducing their respective target genes. 
Interferons(1FNs) represent a family of cytokines with many 
biological activities including anti-proliferative activity. In the 
process of analyzing the mechanism of the IFN-P gene 
expression, we have identified specific DNA motifs in the 
promoter region of the gene. The motifs include the 
ubiquitous NFKB site, and Oct-1 site, and the other is more 
specific to the IFN genes characterized particularly by the 
presence of the hexamer AAGTGA motif. We have found 
specific nuclear factors interacting with this motif, IRF-1 and 
IRF-2 molecules. The functional role of IRF-1 and IRF-2 is 
getting clearer. There is ample evidence on the involvement 
of these nuclear factors in the IFN-P gene induction. In fact, 
evidence has been provided that, following viral induction, 
IRF-1 is synthesized and phosphorylated to act on the IFN-P 
promoter. We detect in the nuclear extract of NDV-infected 
mouse L929 cells a factor complex which involves IRF-1 and 

shown a higher affinity to the IFN-P promoter than IRF-1 or 
IRF-2(monomer). Our experimental data suggest that the 
complex is heterodimer which consists of IRF-1 and 1RF-2, 
and it interacts with the promoter involving a larger DNA 
sequence element than either IRF-1 or IRF-2. 
In the context of the regulation of cell growth by IFNs, it is 
interesting that the IRF-1 gene is IFN-inducible per se. 
Hence it may be one of the target genes for the anti- 
proliferative function of IFNs. Recently, we have proveded 
evedence that restained cell growth depend upon the 
balance between these two competitive factors. In fact, the 
IRF-1IIRF-2 expression ratio oscillates during the cell cycle, 
and perturbation of this ratio results in profoundly altered 
growth properties of NIH3T3 cells. These findings suggest a 
novel mechanism in the regulation of cell growth and imply 
the involvement of the two mutually-antagonistic 
transcription factors in oncogenesis. 

Present address : The Rockefeller University, USA 
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Transcription Factors and Direrentiation-II 
6025 FROM GRADIENTS TO ZONES: MODES OF SPATIAL GENE REGULATIOK IN THE D R O S O P H I L A  EMBRYO,  

Segmentation during Drosophilu embryogenesis is conmlled by a cascade of 
zygotic gene activities that derive from polarly localized maternal factors 
which provide positional information along the entire longitudinal axis of the 
egg. The zygotic larger genes can be subdivided into three distinct classes 
depending on the mutant phenotype and the spatial patterns of wildtype gene 
expression: Gap genes are expressed in broad contiguous domains that fail to 
develop in the corresponding gap mutant embryos; pair-rule genes are 
expressed in a repetitive banded pattern corresponding in position to 
alternating segment equivalents that fail to develop in pair-rule mutant 
embryos; segment polarity genes are expressed in the equivalents of anterior 
or posterior portions of each segment which are absent in the corresponding 
mutant larvae. 

The cascade of zygotic segmentation genes is initiated by maternal gene 
products forming anterior-posterior and posterior-anterior gradients in the 

Herben Jackle, Abteilung Molekulare Enwicklungsbiologle. Max-Planck-Institut fiir biophysikalische Chemie, Gomngen, Germany. 
early embryo. After local activation in response to the maternal gene p d u c t s ,  
the gap gene expression patterns are spatially controlled by mutual interaction 
among the gap genes themselves. The gap-gene protein products, mostly 
zinc finger-type proteins, form broad and overlapping protein gradients along 
the longitudinal axis of the embryo. These local protein gradients contain the 
information for the control of zones of expression of the other gap genes 
which in turn provide spatial cues for generating the periodic pattern of 
subordinate pair-rule and homeotic gene expression. 

Our results show that most of the genetic interactions within the 
segmentation gene cascade depend on direct DNA-protein interactions which 
are modulated through homo- and heterodimer formation of the gap-gene 
proteins that cause regulatory switches such as turning an activator into a 
repressor. The implication of such interactions on pattern formation in the 
early embryo will be discussed. 

B 026 

1 Institut Pasteur, Paris, 2 Karolinska Institutet, Stockholm, 3 U.S.T.L., Montpe l l ie r  

The Jun family of transcription factors mediate mitogenic and other 
signalling events in the nucleus by altering the expression of specific 
genes. Two members of this family, c-Jun and Jun-B, are able to 
transform cells either by themselves, or in Some cell systems, in 
combination with other oncogene products. The third member of the Jun 
family, Jun-D. is unique in  being unable to transform cells. 
Furthermore, Jun-D exhibits a distinct pattern of expression in different 
tissues and in  cultured cells compared to either c-Jun or Jun-B. To  
further characterize these biological differences we have used 
quantitative immunoblotting and fluorescence microscopy to examine the 
endogenous levels and localization Jun-D and c-Jun in NIH-3T3 cells 
under different growth conditions. Contact inhibition or serum- 
starvaiion of cells leads to accumulation of Jun-D in the nuclei while the 
level of c-Jun decreases. When quiescent cells are stimulated with fresh 
serum, the nuclear-localized Jun-D is rapidly degraded while the level of 
c-Jun rises steadily. Following a shon lag period Jun-D is synthesized 
de novo. In addition, cells constitutively expressing Jun-D grow slower 

ANTAGONISM BETWEEN c-jun A N D  Jun-D IN THE CONTROL OF FIBROBLAST GROWTH,  Curtis Pfarrl, Fatirna 
M e c h t a l ,  Giannis Spyrou2, Dominique  Lal lemandl ,  Serge  Carillo3, Marc  Piechaczyk3 and  Moshe  Yaniv l ,  

than normal and accumulate in the Go/G1 phases of the cell cycle By 
contrast, cells constitutive for c-Jun expression accumulate in the S, (32, 
and M phases but exhibit a normal or slighty faster growth rate. These 
data suggest that Jun-D functions as a negative regulator of fibroblast 
growth and may be important for proper cell-cycle progression. Our 
study has shown that two members of the Jun family are regulated i n  aii 
opposing manner during cell growth transitions and may function 
antagonistically. By possessing both negatively and positively acting 
transcription factors in the same family, each with similar dimerizatm 
potential and DNA binding specificity, the cell may exen much finer 
control over its regulatory network. I n  addition, since aberrant functicm 
of many key regulatory proteins lead to transformation (in particular 2-  
Jun and Jun-B) the existence of family members with antagoniwc 
function may provide some level of protection against the runaway cell 
division characterizing oncogenesis. Thus, the Jun proteins may be the 
first example of a family of transcription factors encoded by bo:h 
oncogenes (c-jun and jun-B) and an anti-oncogene (jun-D). 

Signal Transduction and Disease (Joint) 
B 027 FUNCTION OF THE RETINOBLASTOMA PROTEIN Wen-Hwa Lee Center for Molecular Medicine/ Institute of 

Biotechnology, University of Texas Health Science Center, San Antonio, Texas , 78245 
A class of cellular genes in which loss-of-function mutations are 
tumorigenic has been proposed. The RB gene (RB) appears to operate in 
exactly this fashion. Consistent with its ubiquitous expression pattern, 
RB gene inactivation is not only limited to retinoblastomas. Many other 
cancers such as osteosarcoma, breast carnnoma, small cell lung carcinoma, 
bladder carcinoma and prostate carcinoma also contain inactivated RB 
genes. We have introduced, via retroviral-mediated gene transfer, a 
cloned RB gene into retinoblastoma, osteosarcoma, prostate carcinoma, 
bladder carcinoima and breast carcinoma cells that have inactivated 
endogenous RB genes. Expression of the exogenous RB gene consistently 
suppressed their tumongenecity in nude mice. Tttese results indicate that 
the RB gene is a general suppressor gene of multiple type of cancer cells. 

age of about 10 months. However, overexpression of RB protein through 
its own promoter resulted in dwarfism of mice. The degree of dwarfism, 
was inversely proportional to the amount of transgenic RB proteir. 
expressed. Delay of developmental stage was observed in mice hitt, 
highest transgenic RB protein expressed (about 2 folds to its endogenow. 
RB protein). These results indicated that the RB gene clearly plays art 
important role during the developmental process. 

To further understand the biochemical function of RB, RB protein 
was expressed in E. coli or in insect cells and purified to a homogeneity. 
Microinjection of this protein into cells at different stages inhibits (;1 
progression of cell cycle, suggesting that the protein may be functional a t  
the stage of GO to early GI. The pure RB protein has an intrinsic proprrty 
of forming multimer which was regulated by phosphorylation. This study 
provided a novel concept how RB regulating other proteins in a coordinate 
manner. Indeed, many endogenous cellular proteins exist that bind to thts 
RB and thereby may mediate its function. Characterization of t h s  group 
of proteins should shed light on what is the role of RB in the cell 

To understand the biological function of RB, we have established 
mice model to address the role of RB dunng the developmental process. 
Cur results suggest that mice without normal RB protein expression are 
embryonic lethal probably due to the ectopic mitosis following cell death 
in neuronal and hematopoetic systems. With only one copy of RB gene, 
nuce appear to be phenotypically normal with bnan tumor at the later 
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Structure of Regulatory Proteins 
B 100 CRYSTALS OF TBP DIFFRACTING TO 1.7A. Daniel I. 

Chasman, Kevin M. Flaherty*. David B. McKay', and Roger 
D. Kornberg*. Center for Cancer Research, MIT. Cambridge, MA 
02139 and *Department of Cell Biology, Stanford University School of 
Medicine, Stanford.CA 94305. 

I t  is a characteristic of transxiption i n  eucaryotic cell!, tha t  a 
promoter sequence associated with t l ie transcribed DNA is recognized 
specifically by a complex of protein\ or initiation factors which are i n  
turn, recognized by R N A  polymerase. I n  transcription by R N A  
polymerase 11, TBP (TATA binding protein) stands at the center of these 
initiation complexes by binding both to the sequence "TATA" in  the 
promoter DNA and to the other initkition factors. I n  transcription by 
RNA polymerases I and 111, TBP is believed to serve similar functions 
although its recognition sequences at polymerase I and 111 promoters are 
less well characterized rhan at polymerase I1 promoters. We have 
purified large quantities of TBP from a recombinant strain of E. coli and 
have been able to form TBP crystals suitable for diffraction studies. 
U n i t  cell parameters and space group for our crystals have been 
de~erniined by precession photogr;iphy. The crwals are highly ordered 
diffracting .;-rap of u,;iveleiigtli I .(MA ;it th; Stanford Synchrotron 
Radiation Laboratory (SSRL) to a ni:ixiniiiiii resolution of 1.7A. 

B 102 BIOPHYSICAL AND CRYSTALLOGRAPHIC STUDIES ON 
USF. A MYC-RELATED BASIUHELIX-LOOP-HELIX 

TRANSC-I?ON F A ~ O R ,  A.R. F e d - D A m d ,  P. Pognonec, R.G. 
Roeder and S.K. Burley, The Rockefeller University, 1230 York 
Avenue, New Yo& NY 10021-6399 

USF is a human hanscription factor composed of an N-terminal activation 
domain and three C-terminal motifs, the basic (B) region, the helix-loop- 
helix (HLH) and the leucine-zipper (Z), which together define the so- 
called Myc family of DNA-binding proteins. The function of the four 
motifs was investigated biophysically utilizing highly purified proteins. 
The activation domain gives rise to extensive, nonspecific aggregation of 
the full-size protein, which nevertheless retains full DNA-binding activity. 
Deletion of this N-terminal region yields a BHLHZ protein that binds two 
molecules of DNA saimultaneously as a homoteuamer; this was 
demonstrated using bimolecular ligation experiments and photon 
correlation specuoscopy. The dependence of tetramer formation on the 
leucine zipper was established by removal of the leucine zipper to yield a 
construct consisting of only B and HLH which functions as a monovalent 
homodimer. The interaction between DNA and full-size USF, BHLHZ, 
and BHLH was also examined by circular dichroism spectroscopy. These 
studies showed that the USF basic region undergoes a coil-to-helix 
folding transition on specific binding to DNA, thereby making it 
analogous to the basic regions of basicfleucine-zipper proteins. Co- 
crystals of a truncated form of USF bound to a synthetic oligonucleotide 
containing its specific recognition sequence have been obtained, and 
S U U C N ~ ~  determination is underway. Recent results will be discussed. 

B 101 MULTIPLE AGGREGATION STATES OF HELIX-LOOP- 
HELIX PEPTIDES AS A CONTROL ELEMENT FOR 

GENE EXPRESSION, Robert Fairman, Rita K. Beran-Steed, 
Spencer J. Anthony-Cahill, James D. Lear, Walter F. 
Stafford, Tracy M. Handel, Peter J. Domaille, William F. 
DeGrado, Pamela A. Benfield, and Stephen L. Brenner. 
The DuPont Merck Pharmaceutical Co., Experimental 
Station, P.O.Box 80328, Wilmington, DE 19880. 
The helix-loop-helix (HLH) motif is a structural 
domain Gequired for protein-protein interactions and 
defines a class of gene regulatory DNA-binding 
proteins known to be important in cell development. 
We are studying the structural determinants for the 
interaction between the HLH domain from Id (a 
negative regulator of gene expression) and the HLH and 
DNA-binding domains from MyoD and E47 (site-specific 
DNA-binding regulators of gene expression). 
Electrophoretic mobility shift assays show that the 
HLH domain from Id differentially inhibits the DNA- 
binding activities of MyoD and E47. Sedimentation 
equilibrium and circular dichroism experiments have 
established the importance of a tetrameric state for 
the mechanism of inhibition. Mathematical analysis of 
the linked equilibria show that heterotetramers of 
MyoD and Id have sufficient free energy to disrupt the 
tight association between heterodimers of MyoD/E47 
and DNA. We are currently determining the tertiary 
structure of E47 as a model of an HLH dimer using 3D 
and 4D heteronuclear NMR experiments to understand 
the underlying mechanism of specificity for both 
protein-protein and protein-DNA interactions. 

B 103 STRUCTURAL STUDIES OF THE MOTA PROTEIN 
FROM BACTERIOPHAGE T4, Michael S. Finnin, 

David W. Hoffman, Stephanie J. Porter and Stephen W. 
White, Department of Microbiology, Duke University 
Medical Center, Durham, NC 27710. 
Transcription of T4 genes i s  a temporally regulated 
process that can be divided into three distinct periods- 
early middle and late. Transcription from middle mode 
promoters has been shown in vivo and in vitro to be 
dependent on the viral protein MotA (modulator  Qf 
Lranscription). Cells infected with m o t A -  phage show 
reduced leve ls  of MotA-dependent  proteins  and 
corresponding messenger RNA. MotA is thought to act as 
an accessory factor for RNA polymerase by binding to a - 
3 5  sequence  on  t h e  middle  mode  promoter ,  
(A/T)(A/T)TGCTT(T/C)A, called the "mot box". 
The protein itself contains 211 amino acids with a 
molecular  weight  of 24kD.  Pro tease  c leavage  
experiments reveal that MotA contains two domains of 
roughly equal size. The N and C-terminal domains 
contain 95 and 96  amino acids respectively with a 20 
amino acid hydrophilic, flexible region connecting them. 
Both domains were separately cloned and expressed in E .  
co l i .  A preliminary NMR analysis indicates that the C- 
terminal domain contains a five-stranded P-sheet with 
two alpha helical segments. NMR and circular dichroism 
show that the N-terminal domain has a high degree of 
alpha helical character. The N-terminal domain has been 
crystalized and crystals diffract to better than 2.5A. The 
space group is  P31(2)21 and the domain is present as  a 
dimer in the asymmetric unit. This supports the idea 
that, like several other transcription factors, MotA 
functions as a dimer. 
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B 104 CRYSTALLOGRAPHIC STUDIES OF COMPLEXES OF 
THE TFllD TATA-BOX BINDING PROTEIN WITH DNA, 

Joseph L. Kim, Dimitar B. Nikolov, and Stephen K. Burley. 
Laboratories of Molecular Biophysics, and Howard Hughes 
Medical Institute, The Rockefeller University, New York, 
NY 10021 
The TATA-box binding protein (TBP) is required for 
transcription by all three eukaryotic RNA polymerases. 
In class I I  transcription, TBP comprises the DNA binding 
component of the general transcription factor TFIID, a 
large, multiprotein complex consisting of TBP and a 
number of associated factors (TAFs). This 
macromolecular assembly binds to the TATA element via 
contacts with the minor groove, and thereby directs 
accretion of other class II initiation factors and RNA 
polymerase I I  to form the preinitiation complex. 
Cocrystals of TBP with synthetic DNA duplexes 
containing two different TATA box sequences have been 
obtained and are currently under study. Progress in the 
structure determination will be presented. 

B 106 CRYSTAL STRUCTURE O F  THE TFIID TATA-BOX 
BINDING PROTEIN: A CENTRAL TRANSCRIPTION 
INITIATION FACTOR, 

Dimitar  B. Nikolov,  Alexander  Gasch,  Alexander  
Hoffmann, Masami Horikoshi, Nam-Hai Chua, Robert G. 
Roeder and Stephen K. Burley, Laboratories of T h e  
Rockefeller Uniiversity, I230 York Avenue, New York, 
NY 10021-6399 

The three-dimensional structure of a central eukaryotic 
transcription initiation factor component, the TATA- 
box binding protein (TBP or TFIIDT). has  been 
de termined  by X-ray  c rys ta l lography a t  2.6A 
resolution. The  highly symmetr ic  alp s t r u c t u r e  
represents a novel three-dimentional fold and a new 
DNA-binding motif. Structural detai ls  and  their  
biological implications will be presented. 

B 105 BIOPHYSICAL STUDIES ON THE STRUCTURE OF THE 
HEAT SHOCK TRANSCRIPTION FACTOR IN Drosophila 

S.-.I. Kim', J. Wisniewskil, M. Wisniewska', M. S. Lewis? and 
Carl Wu', 'LB, NCI, ZBEIP, NCRR, NIH, Bethesda, MD 20892. 

The heat shock transcription factor (HSF) mediates the transcriptional 
activation of heat shock genes by binding to cognate elements wi th  high 
affiiity and specificity. High affinity binding of HSF is dependent on the 
formation of a HSF himer composed of identical subunits. We have 
produced the active form of full-length HSF protein in a baculovirus 
expression system, and purified the protein to -95% homogeneity using 
conventional chromatography. Analytical ultracentrifugation was used 10 

evaiuate the state of HSF aggregation at pH 6.3 and pH 8.0. AI h t h  pH 
values, the baculovirus HSF appears to exist in a reversible monomer- 
trimer equilibrium, with the presence of some non-reversible higher order 
aggregates estimated to be larger than 16-men. We failed to observe any 
species in either the dimeric or hexameric states of HSF. We have also 
over-expressed in bacteria a 130 amino acid peptide carrying the DNA- 
binding domain of HSF, and purified this domain to -99% homogeneity 
by conventional chromatography. The peptide was shown to possess 
DNA binding activity when analyzed by DNase I footprinting and 
fluorescence spectroscopy. The hydrodynamic properties of the HSF 
peptide were studied by analytical centrifugation. The purified peptide 
exists as a monomer in solution, with a frictional ratio f/f, of -1.1 and an 
axial ratio of -2.5 (for a prolate ellipsoid), suggesting a relatively compact 
structure. Funher details of the interaction of HSF peptide with tie heat 
shock element were revealed by analysis of the fluorescence of uyptophan 
and tyrosine residues in the presence or absence of DNA, and by the 
pattern of proteolytic digestion using tgpsin as a structural probe. 

B 107 MOLECULAR MODELING OF THE DNA RECOGNITION 
SITES OF A ZINC FINGER PROTEIN, Robert H. whitson, 

Mark Sherman & Keiichi Itakura, City of Hope, Duarte, CA 91010 
In order to examine its DNA sequence recognition, we have 
created a molecular model of EH-2, a recently doned protein 
with four qs#is2zinc fingers. As a stuctural framework, we used 
the zinc fingers of Zif 268, which, like EH-2, is a member of the 
GU/Krirppel family. The structure of Zif 268, co-crystallized with its 
target DNA has been resolved to 2.1 A (N.P. Pavelich and C.O. 
Pabo, Science 252809,1991). Based on this structure, R. Klevitt 
has proposed a model which predicts the target DNA squences of 
zinc finger proteins from their amino acid sequences (Science 
2521 367 8 1393,1991). This model assumes that three amino 
acids in each finger make base-specific contacts with the DNA 
The recogniton sequence predicted for EH-2 (nnGnGGnAnAAn) 
matches well with its known target sequences. Also, methylation 
of the predicted G residues interferes with the binding of in v i tm 
transcribed EH-2. Using the crystal coordinates of Zf 268 and the 
Homology@ computer program, we constructed a molecular 
model of three of the fingers of EH-2 and a target DNA sequence. 
The model was then energy-minimized using the Discovery8 
program. The energy-minimized structure showed hydrogen 
bonds between six amino acids of EH-2 and the phosphate 
backbone of the DNA These bonds stabilize the DNA-protein 
complex, but do not influence sequence-specificity. Two amino 
acids in the EH-2 model, an arg and a thr, made H-bonds with 
bases (guanine and thymine, respectively) in the major groove of 
the DNA The arg occupies a position in the zinc finger which is 
predicted to determine base specificity, but the thr does not . 
Nonetheless, the thymidine residue to which the thr binds is 
conserved in all of the EH-2 target sequences. In the energy- 
minimized structure. four amino acids which have side chains 
capable of making H-bonds with DNA bases lie in positions 
predicted to specify base sequence. These amino adds do not 
form H-bonds with the DNA in the deduced structure, however. 
These results suggest how the models may be further refined. 
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Tranrcription 1 
B 108 TRANSCRIPTIONAL ACnVATION BY SV40 LARGE T 

ANnCENI~BACnONSWITHMULnPLECOMPONENTS 
OF THE TRANSCRIPTION COMPLEX. James C. Alwine', Janice M. 
pbolotny'. Jia Hao Xiao', Irwin Davidson', and Maryann c". Gruda' 
Department of Microbiology, School of Medicine..560 Clinical Research 

Building, 422 Curie Blvd.. University of Pennsylvania, Philadelphia, PA 
19104-6142 and 'Laboratoire de Genetigue Molcculaire des Eucaryotes du 
CNRS. INSERM, Institut de Chimie Biologigue. Faculte de Midecine 
Strasbourg Cedex. France 

SV40 large T antigen is a potent transcriptional activator of both 
viral and cellular promoten. Within the SV40 late promoter a specific 
upstream element necessary for T antigen transcriptional activation is the 
binding site for transcription enhancing factor I (TEF-I). The promoter 
structure necessary for T antigen mediated transcriptional activation 
appean to be simple. For example, a promoter consisting of upstream 
TEF-I binding sites (or other factor binding sites) and a downstream 
TATA or initiator element is efficientlv activated. Since it has been 

B 109 CELL TYPE SPECIFIC SUBSETS OF 
NUCLEAR F A a O R  I (NFI) IN TRANSCRIPTIONAL 

Doris Apt, Yichun Liu, Terence Chong and Hans-Ulrich Bernard, 
Institute of Molecular and Cell Biology, National University of 
Singapore, Singapore 0511. 
The transcription of Human Papillomavirus-16 (HPV-16) depends 
on an epithelial specific enhancer. Enhancer activation occurs 
through 7 binding sites for NFI, 3 for API, 1 for 
glucocorticoid/progesteron receptor and 3 for TEF-1. None of these 
factors is epithelial specific, suggesting that cell type specific 
differences are associated with apparently ubiquitous factors. We 
propose that one of the factors responsible for functional differences 
of the viral enhancer in different cell tines is NFI. Point mutations on 

CONTROL OF HUMAN PAPIWMAVIRUS-16 

demonstrated that transcriptional activation by T antigen does not require 
direct binding to the DNA then the most direct effect Tantigen could have 
on these simple promoters would be through protein-protein interactions 
with either upstream bound transcription factors, the basal transcription 
complex or both. To determine whether such interactions occur, full 
length T antigen. or segments of it, were fused to the giutathione binding 
site (GST fusions) or to the Gal4 1-147 DNA binding domain (Gal4 
fusions). Using the GST fusions it was found that TEF-I and the TATA 
binding protein (TBP) bound different regions of T antigen. A GSTfusion 
containing amino acids 5-172 (region TI) efficiently bound the TATA 
binding protein (TBP). TEF-I bound neither the region TI nor a region 
between amino acids 168 to 373 (region T2); however, it bound efficiently 
to the combined region (T5) containing amino acids 5-383. The Gal4 
fusions demonstrated that no region of T antigen could activate a promoter 
containing Gal4 binding sites. suggesting that T antigen does not contain 
an activation domain of the type defined by this assay. However, the Gal4 
fusion Droteins maintained their abilitv to activate Dromoten known to be 

fragments of the enhancer that retained epithelial-specific 
transcription verify the functional contribution of NFI to enhancer 
activation. A characteristic pattern of NFI binding proteins is found 
in epithelial cells, where the enhancer is active. In contrast, 
fibroblasts and lymphoid cell tines, which show a different profile of 
NFI proteins, do not support enhancer activation. These cells seem 
to miss a certain epithelial type NFI. In gain-of-function 
experiments, cotransfection of HeLa type NFI/CTF-l activates the 
HPV-16 enhancer in cells which naturally do  not contain 
endogenous NFI. In contrast we found that exogenous NFUCTF-1 
which forms heterodimers with endogenous forms of NFI in 
fibroblasts fails to activate the HPV-16 enhancer. We propose that 
heterodimer formation of NFI with different proteins in different cell 
types may lead to cell type specific function of the viral enhancer. 

activated by wild type Tantigen. The fusion with Region TI. which binds 
only TBP, modestly activated the SV40 late promoar and the simple TEF- 
I/TATA promoter. Region T5. which binds both TBP and TEF-I, 
activated each of these promoters to levels equivalent to that of WT T 
antigen. The correlation between the binding of both TEF-I and TBP and 
the ability to achieve wild type levels of activation sugge~t~ that T antigen 
mediates transcriptional activation through direct interactions with multiple 
factors in the transcription complexes. 

B 11 0 OCT-2 FACTOR FACILITATES PREINITIATION 
COMPLEX ASSEMBLY AND I S  CONTINUOUSLY 

REQUIRED AT THE PROMOTER FOR MULTIPLE 
ROUNDS OF TRANSCRIPTION. David N. Arnosti*,  
Alejandro Merino+. Danny Reinberg+. and Wal t e r  
Schaffner'. *Inst i tute  of Molecu la r  Biology 11, Universi ty  
of Wrich. W i n t e r t h u r e r s t r a s s e  190, CH-8057  Zfirich. 
Switzerland, and +Robert  Wood Johnson Medical  School. 
Universi ty  of Medicine and Dentistry of New Jersey, 
Piscataway, NJ 08854 
Octamer fac to r  2 (Oct-2. OTF-2) is a tissue-specific 
"upstream" promoter fac to r  that binds to the octamer 
motif  (ATGCAAAT) implicated in control of 
immunoglobulin gene transcription in B-lymphocytes. W e  
have studied the role of Oct-2 in the process of 
t r ansc r ip t ion  initiation in vitro using both nuclear 
extracts and purified basal transcription factors .  Oct-2 
specifically s t i m u l a t e s  transcription f r o m  octamer- 
containing promoters in both systems. Thus, Oct-2 is a 
"true activator". rather than merely an "antirepressor" 
counteracting the effect of histones. I n  order-of-addition 
expe r imen t s ,  Oct-2 is required early. together with 
TFIID. to allow fo rma t ion  of a preinitiation complex. Oct- 
2 cannot funct ional ly  interact with cloned TATA binding 
protein (TBP) but rather requires "coactivators" f o u n d  in 
the TFIID fract ion.  In single-round transcription 
experiments, early competition for  Oct-2 by an octamer 
oligonucleotide is deleterious. but no effect is seen a f t e r  
assembly of a complete preinitiation complex. However, 
for multiple rounds of transcription. Oct-2 is continuously 
required at the promoter: this result argues against a "hit- 
and-run'' mechanism whereby the activator becomes 
dispensible after organizing a TFIID-promoter  complex, 
as has been proposed for  the ATF activator. I n  agreement 
with our previous studies in viv~.  the N-terminal  
gutaxnine-rich activation domain of Oct-2 is required for  
full  activity in vitr~. indicating that this domain directly 
interacts with basal transcription factors .  

Our research aims toward the-cloning and identification of different 
NFI proteins from different cell tines, variations of cofactors for 
NFI and cooperative interactions of NFI with heterologous 
transcription factors. 

B 111 IDENTIFICATION OF "CUT REPEATS" AS NOVEL DNA 
BINDlNG DOMAINS OF THE HUMAN CCAAT 

DISPLACEMENT PROTEIN (CDP). Barbara Aufiero, Ellis J. Neufeld, 
Patricia M-J. Lievens, Stuart H. Orkin. Harvard Medical School, 
Department of Hematology, Boston, Mass. 021 15. 

CDP is a nuclear protein of 180-190 kD. Our laboratory has 
identified CDP as a putative repressor of the myeloid-specific gp91-phox 
gene, which encodes a component of the NADPH oxidase. The deduced 
CDP polypeptide reveals a novel, triplicated motif, the cut repeat, 
remarkably similar (80-90% conserved) to three domains (60-65 amino 
acids) first identified in Drosophila cur, a homeodomain protein important 
for cell-fate decisions in fly development. These motifs are unique to CDP 
and cut. 

We engineered the cur domains from CDP (designated CDP1, 
CDP2, CDP3) into the bacterial expression vector pGEX2TK for 
expression of each as fusion proteins with glutathione S transferase (GST). 
Standard gel shift assays were used to test the ability of the GST-cur 
repeat fusion proteins to bind to the CDP target site in the gp91-phox 
promoter. Our results demonstrate that CDP2 and CDP3, but not CDP1, 
are able to bind the gp91-phox probe. CDPZ and CDP3 exhibit distinct 
binding specificities; a four nuclwtide substitution in the gp91-phox prohe 
abolishes CDP3 but not CDPZ binding activity. The CDP homeodomain 
expressed as a GST-fusion protein was also able to bind. 

Further delineation of CDPlcur repeat DNA binding specificity has 
been achieved by using PCR-assisted DNA-target site selection. Sequence- 
specific DNA binding sites have been obtained for CDPZ and CDP3. 
CDP2 appears more promiscuous in DNA target sites. A kinetic analysis 
to determine relative binding affinities of CDPZ and CDP3 will be 
presented. These findings relate CDP to a group of proteins with multiple 
DNA binding domains. Close conservation of these novel DNA binding 
domains from Drosophila cur to CDP suggests that they are likely to play 
an important biological role in the regulation of gene expression. 
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B 112 PROMOTER STRUCTURE OF THE A G W f M M O M  
TFllD GENE, Erik Bateman, Jie Min Wong and Feng LiU, 

Department of Microbiology and Molecular Genetics, Universlty of 
Vermont, Burlington, VT 05405 

We have characterized, using in vitro transcription, the promoter of 
the Acanthamoeba TFllD gene. Deletion analysis of the promoter 
region shows that the minimal promoter required for efficient 
expression in vitro is located between -97 and +4 relative to the 
transcription start site. Three regions within the promoter are 
important for transcription in vitro; sequences between -97 and -35, 
the TATAAA box and the initiation region. The initiation region is 
dispensable but appears to position the transcription start site 
relative to the TATAAA box. The TATAAA box is absolutely required 
for transcription initiation whereas the upstream region stimulates 
transcription approximately five-fold. Mutants lacking the normal 
transcription start site, direct transcription from new positions that 
span - 11 bases with respect to the TATAAA box. Because this 
reflects initiation at rotationally distinct sites, we infer that the 
polymerase is not subject to strong constraints on its positioning or 
that it can form multiple, distinct complexes. 

me upstream portion of the promoter was examined by identifying 
and isolating a factor which binds to sequences between -97 and 
-70. We have partly purified the protein(s) and are in the process of 
identifying precisely its binding site and cloning its gene from an 
Acantharnoeba expression library. 

8114 SRY PROlklN RECOGNIZES KINKS IN DNA, 
Marco E. Bianchi. Simona Ferrari, Vincent R. 

Harley' and Andrea Pontiggia", Dip. di Genetica e di 
Biologia dei Microrganismi, Universith di Milano, via 
Celoria 26. 20133 Milano, Italy; 'Dept of Genetics, 
University of Cambridge, Downing St.. Cambridge CB2 
3EH, UK; "lstituto Scientific0 H San Raffaele, via 
Olgettina 60, 20132 Milano. Italy 
HMG boxes are DNA binding domains present in chromatin 
proteins, general transcription factors for nucleolar and 
mitochondria1 RNA polymerases. and gene- and tissue- 
specific transcriptional regulators. The HMO boxes of 
HMGl. an abundant component of chromatin, interact 
specifically with four-way junctions, a DNA structure 
which has the sha@ of an X and contains angles of about 
60' and 120" betwken its arms. We have shown that also 
the HMG box of SRY. the protein that determines the 
expression of male-specific genes in humans, recognizes 
four-way junction DNAs irrespective of their sequence. 
In addition, when SAY binds to linear duplex DNA 
containing its specific target AACAAAG, it produces a 
sharp bend of about 85'. Therefore, the interaction 
between HMG boxes and DNA appears to be predominantly 
structure-specific. The production or the recognition of 
a kink in DNA can serve several distinct functions, such 
as the repair of DNA lesions, the folding of DNA 
segments with bound transcriptional factors into 
productive complexes, or the wrapping of DNA in 
chromatin. 

B 113 IDENTIFICATION OF A FACTOR THAT DIRECTS 
TBP I1INDING TO A NON CONSENSUS TATA BOX, 

Panicla A. Brrlficld and Mark T Mitchell, Cardiovascular 
Molecular Biology Division, DuPont Mcrck Pharmaceuticals, 
Experimental Station, Wilmington, DE 19880-0328. 

The brain ueatine kinese (ckb) promoter contains a non- 
cotlsensus TATA sequence (TTAA) that directs transcription in 
oioo. Immediately upstream lies a perfect consensus TATA 
sequence (TATA) that is not normally used in vim but which 
is functional in in vitro transcription assays. Recombinant 
TBP binds poorly to each of these two sequences. We have 
investigated the ability of activitles derived from HeLa nudeax 
extracts to direct TBP binding to the ckb promoter. I-IeLa 
nuclear extracts that have been subjected to phosphocellulove 
chromatography have been analyzed. An activity found in 
fraction A (possibly related to TFIIA) directs TBP binding to 
TATA but not to TTAA. Two activities appear tv be present in 
fraction C that augment TBP binding. These activities can be 
further separated by CM Sepharose column chromatography. 
One of these activities directs TBP binding to TATA whereas 
the second directs binding to ITAA.  

The complexes formed on TATA can be further super- 
shifted in gel retardation assays by recombinant TFIIB. 
However, the complex formed over TTAA appears unable tu 
bind TFlIB as judged by this assay. TBP binding to m A A  in the 
presence of the factor found in HeLa phosphoceiluloee fraction 
C is sensitive to magnesium possibly accounting for the 
magnesium sensitivity of transcription driven by this 
promoter in oitro. We propose that TBP can complex with a 
family of factors that dlrect its binding to different core 
promoters. These factors may have tissue-specificity and 
contribute to the tissuespecific expression patterns of ckb and 
other core promoters. 

B 11 5 
REGULATORY PROTEINS OF HERPES SIMPLEX VIRUS 1 
REQUIRES A VIRAL. COMPONENT, John A Blaho, Clayton 
Mitchell, and Bernard Roizman, Ihe  Marjorie B. Kovler Viral 
Oncology Laboratories, me University of Chicago, Chicago, IL 60637 
Herpes simplex virus 1 genes form several groups whose expression is 
coordinately regulated in a cascade fashion. The first group, the a 
genes, do not require de novo viral protein synthesis and are induced 
by a structural component of the virion, the a trans-inducing protein 
(vP16). Expression of the later groups, B and 7, requires functional 
a proteins some of which have been shown to regulate gene expression 
at the transcriptional level (e.g. infected cell protein 4 or ICP4) or post 
transcriptionally (e.g. ICP27). We report the following: (a) ICP4, the 
major viral regulatory protein incorporated label from d2P-GTP and 
a=P-ATP. The labeling was favored at temperatures from 15OC to 
27°C and by the presence of okadaic acid, a potent hosphatase 
inhibitor. (b) The conditions for labeling ICP4 with &SP-GTP and 
d2P-ATF' and the stability of the label were different from those of 
ICP4 labeled with yuP-ATP. In particular, efficient labeling required 
the presence of a high molar excess of ATF' or GTP. (c) Analyses of 
ICP4 labeled with 'H-GTP and 'H-ATP confirmed the hypothesis that 
ICP4 is nucleotidylylated. (c) Extensive analyses of other a proteins, 
particularly ICW (a promiscuous transactivator). ICP22, a protein 
which regulates late gene expression, and ICP27 (a protein which 
determines the nucleotide sequence content of mRNA) were shown to 
accept label from d2P-ATP and 62P-GTP. In this instance, only a 
fraction of the label is due to nucleotidylylation of the proteins. (d) 
Experiments with temperature sensitive viral mutants and metabolic 
inhibitors indicate that a viral gene product is required for these 
modifications. Preliminary studies indicate that the viral component 
involved in this modification is synthesized later in infection and is 
either a B or a y protein. 
References: 

GUANYL.YLATION AND ADENYLYL4"ION OF THE a 

Blaho, J., and Roirman, B. J. Virol. 653759-3769. 1991. 
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B 11 6 USING A RADIOLABELED BASIC-HELIX-LOOP-HELIX 

Michael A. Blanar and William J. Runer, Hormone Research Institute and 
Department of Biochemistry and Biophysics, University of California, San 
Francisco, CA 94143-0534 

Regulation 01 eckaryotic transcription is controlled by a complex 
series of interactions amongst various protein transcription factors. These 
interactions are coordinated at the target gene by specific protein binding 
sites in the DNA. The Basic-Helix-hp-Helix (bHLH) family of DNA 
binding proteins is one example of a dimeric transcription factor whose 
DNA recognition elemenL CANNTG, is shared by many developmentally 
important and cell-specific genes. The HLH domain of this class of 
proteins has been demonstrated to be an imporrant component required for 
HLH-specific dimer formation and for subsequent interactions with DNA. 
As has becn demonstrated reoently for the bHLH proteins E47 and MyoD, 
HLH proteins may f o m  heterodimers that may exhibit characteristics 
different from either protein alone. The possibility of altered activity 
dependent on the formation of specific HLH heterodimen, may allow for 
enormous flexibiiity and exquisite contml of gene regulation. 

Utilizing the bHLH region of the ubiquitously expressed bHLH 
gene, E2A (which encodes, for example, the El2 and E47 proteins), we 
have generated a bHLH protein domain that can be radiolabeled with 3*P 
in vitro. As we have described previously [Science 256:1014], a fusion 
polypeptide was expressed in bacteria in which a 17 amino acid extension 
(containing recognition sites for a monoclonal antibody, a specific 
endopeptidase, and a protein kinase) was appended onto the amino 
terminus of the protein of interest; in this case. the E2A bHLH domain. 
This protein is able to bind specifically to various bHLH recognition 
elements in an electrophoretic DNA-binding assay. In subunit exchange 
experiments, the E2A bHLH protein could form both homodimers and 
heterodimers with other bHLH proteins. 

When radiolabeled E2A bHLH protein was used as a probe of a 
lgt l  1 expression library, we obtained cDNA clones encoding the HLH 
dimerization domains of both previously identified and novel HLH- 
containing proteins. Preliminary analysis of the distribution of the novel 
cDNAs suggests that their dismbution may be cell-type-restricted We are 
pursuing the tissue dismbution of these factors by RNase-protection and 
in situ hybridization studies. Because HLH proteins are likely to be 
involved in cell-resmcted gene expression in, for example, the developing 
lymphoid system, neural system, endocrine pancreas, and cardiac muscle, 
it is likely that the interaction of these novel proteins in vivo will have 
functional consequences in the regulation of gene expression. 

PROTEIN PROBE TO STUDY PROTEIN-PROTEIN INTERACTIONS. 

B 118 DIFFERENTIAL INTERACTION O F  a A N D  p THYROID 
HORMONE RECEPTOR WITH DIRECT REPEAT A N D  

INVERTED PALINDROME TRE, Fausto Bogazzi, Beatrice 
Desvergne a n d  Vera Nikodem, Genetics and Biochemistry 
Branch, National Institutes of Health, Bethesda , M D  20892 
W e  h a v e  u s e d  t w o  natural ly  occurr ing thyroid response 
elements (TRE) as models to s tudy the characteristics of binding 
a n d  t ransact ivat ion b y  t w o  isoforms of thyroid h o r m o n e  
receptor (TR), a a n d  p Single point mutations were directed to  
each base compris ing malic enzyme (ME) a n d  myelin basic 
p ro te in  (MBP) TRE. T h e  m u t a n t s  w e r e  t h e n  tes ted in 
transfections to attest  their capacity to direct a T3  induction 
mediated by  a or p TR. Mutations in the direct repeat (DR) of 
ME-TRE allowed the functional characterization of two binding 
sites of 6-7 nucleotides, in which mutations altered aas well as  p 
transactivation. A spacer of three bases between the two binding 
sites was similarly observed for the t w o  receptor isoforms. 
When  the inverted palindrome (Inv Pal) of MBP-TRE was  used 
in  cotransfection with pTR, the mutations of 15 ou t  of 16 bases 
affected the transactivation. Using aTR the affecting mutations 
were 9 ou t  of 16 a n d  pr inapal ly  located in the 3 half-site with a 
spacer of 5 bases. The widespread requirement of nucleotides for 
the binding of pTR to MBP-TRE was  also confirmed using the  
methylation interference assay. DR a n d  Inv Pal shared a similar 
pat tern of methylated bases that  prevent  t he  formation of 
aTR/DNA binding complex (GG and  C in 3' and GG or  C C  in  5' 
binding sites).We also observed a more efficient transactivation 
of Inv Pal by pTR with respect to aTR (201 T3  fold induction vs 
34). The e f f i cacy  of transactivation was  similar (a: 35 and  p: 28) 
for  the two receptors when the DR was  used. In conclusion o u r  
data  -better characterizes the structural organization of ME and 
MBP-TRE -evidences a different  re levance of the s a m e  
nucleotides in term of transactivation and binding depending 
on t h e  p re sence  of TR isoforms -show a preferent ia l  
transactivation of Inv Pal by pTR. 

B 117 INTERFERON- y SENSITIVE RETINOBLASTOMA 
PROTEIN-DNA COMPLEXES, George Blanck, 

DeWayne Ussery, and Yanniei Lu, Department of Biochemistry and 
Molecular Biology, University of South Florida College of Medicine, 
Tampa, FL 33612 

Two short, direct repeat motifs located at an intragenic HLA class I1 gene 
hypersensitive site resemble known promoter motifs and form multiple 
complexes with the retinoblastoma gene product @Rb) and with pRb 
related proteins, as determined by Electrophoretic Mobility Shift Assays 
(EMSAs), using extracts from various cell-lines. None of the pRb or pRb 
related complexes are formed if the EMSA extracts are preincubated with 
anti-pRb monoclonal antibodies. In contrast to previous motifs known to 
complex with pRb, the class I1 gene motifs require pRb or a pRb related 
protein to form a DNA-protein complex. The pRb complexes cannot be 
formed with extract from a retinoblastoma cell-line, but this extract can 
be used to form complexes consisting of pRb related proteins. Finally, 
the pRb complexes can be formed using extract from Human Papilloma 
Virus E7 producing HeLa cells, but not when using extract from HeLa 
cells treated with IFN-y. IFN-y does not affect the complexes with HeLa, 
pRb related proteins. Since the class 11 motif/pRb complexes are not 
affected by IFN-y in  cell lines not containing the E7 protein, which is 
known to destabilize pRb complexes, we are currently investigating the 
possibility that oncoproteins act in concert with IFN-y to prevent pRb 
complex formation. We are also investigating the role of pRb in the IFN- 
y response of the HLA class I1 genes. 

B 11 9 ISOLATION AND CHARACTERIZATION OF TRANS-ACIING 
FACTORS INVOLVED IN THE TRANSCRKTONAL. 

REGULATION OF VIMENTIN, Alma M. Bracete, Richard 1. G m n  and 
Zendra E. Zehner, Department of Biochemistry and Molecular Biophysics and 
the Massey Cancer Center, Medical College of Virginia, Richmond, Va. 
23298. 

The regulation of the chicken vimentin gene is a complex process involving 
both positive and negative regulatory sequences located in the 5'-flanking 
region of the gene. A 40 bp cis-acting element (608 to -567) at least is 
partially responsible for the transcriptional repression of the gene during 
myogenesis and in cell types that do not express vimentin. 'Ihs silencer 
element binds a protein factor (95 KDa), as determined by gel mobility shift 
assays, southwestern blots and footprint analysis. On the other hand. at early 
stages during development, the down-regulation exerted by the silencer 
element is overcome by a 75 bp antisilencer sequence located f'urtber upstream 
(-1 144 to -1404) that appears to bind a 140 KDa protein. Interestingly. the 
antisilencer element is not an enhancer; it activates transcription only when 
silencer sequences are present. In order to elucidate the mechanism of action 
of the silencer and antisilencer in the developmental regulation of vimentin, 
their respective protein factors are purified by DNA affinity chromatography. 
In preliminary studies, ammonium sulfate enriched nuclear extracts from 
HeLa cells were prepared by standard procedures. The pellet obtained was 
loaded onto a Sephacryl S-300 gel filtration column (2.5 X 40 cm ). The 
elution was monitored by A280 and fractions were assayed by footprint 
analysis. The elution profile of the silencer and antisilencer binding activities 
closely resembles that of other transcription factors such as AP-1 and SP-I 
(Ve\Vo = 1.3-1.4). The affinity-purified factors' binding characteristics of 
the silencer and antisilencer elements are presented. 
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B 120 

Sprague, Jr., Institute of Molecular Biology, University of 
Oregon, Eugene, OR 97403 
MCMl plays a central role in regulating transcription of cell type  
specific genes in the yeast, Saccharomyces cermisiae. MCMl can 
bind to a palindromic DNA sequence, the P-box, and bring about 
transcription activation. MCMl's ability to activate transcription 
is modulated by its ability to interact with several coregulatory 
proteins including al ,  a2, and STEl2. Deletion analysis has 
demonstrated that the first third of MCMl, which includes an 
80-residue segment homologous to mammalian SRF, is 
suffiaent for DNA binding, transcription activation, and 
interaction with coregulators. To begin to understand the 
mechanisms by which MCMl interacts with coregulators, we 
isolated MCMl point mutants specifically deficient for 
interaction with al. MCMl and a1 act together at the upstream 
regions of a-specific genes in order to bring about their 
activation. These upstream regions contain a composite 
sequence element comprised of a degenerate P-box and an 
adjacent 10 bp sequence called the Q-box. a1 and MCMl together 
bind to these QP-boxes although neither protein binds well 
alone. We have mutagenized the N-terminal third of MCMl 
using PCR and have isolated point mutants which are deficient 
in ability to activate a-specific genes but are capable of activation 
from palindromic P-boxes in vivo. We expect mutants with this 
phenotype to be deficient for interaction with a1 or STE12. 
Preliminary in vitro DNA binding studies, involving a subset of 
the mutants, have identified a mutant that binds with normal 
affinity to palindromic P-boxes but binds poorly with a1 to QP- 
boxes suggesting that it is specifically deficient for interaction 
with al .  Analysis of the full set of mutants should reveal the 
MCMl residues crucial for interaction with al .  In addition, we 
plan to assess the ability of the mutants to interact with other 
coregulators like STEl2 and d. 

MCMl POINT MUTANTS DEFICIENT IN a-SPECIFIC 
GENE EXPRESSION, Laurakay Bruhn and George F. 

B 122 DETECTION OF THE BINDING OF THE CELLULAR 

Xinmin Cao, Graeme R. Guy and Y .  H. Tan, Institute of 
Molecular and Cell Biology, National University of 
Singapore, 10 Kent Ridge Crescent, Singapore, 051 1 
A 9 base pair sequence GCGGGGGCG has been identified 
as a high affinity binding site for the immediate-early 
gene Egr-1 using a recommbinant Egr-1 protein. In 
this study, we try to detect the binding of the native 
cellular Egr-1 protein to its recognition site in 
mobility shift DNA-binding assay. Using a 26 base pair 
oligonucleotide containing the Egr-1 binding site and 
flanking sequences in the Egr-1 promoter region as a 
probe, two specific binding complexes have been 
detected from nuclear extracts of various cell lines. 
The lower complex was undetectable in the untreated 
cells, but was enhanced by treatment of cells with 
serum, TPA, as well as okadaic acid. The time course 
of the binding was correlated to the production of Egr- 
1 protein induced by these agents and the binding was 
destroyed by incubation with the antibody against the 
Egr-I fusion protein. The upper complex was formed 
constitutively in both treated and untreated cells and 
competed out by an excess of the oligonucleotide 
containing Sp-1 site , but not by Apl  or NF kappa B 
sites. Antibody against Spl destroyed the binding. The 
formations of both complexes were inhibited by zinc 
chelators EGTA and 1 ,lo-phenothroline. The regulation 
of transcription by Egr-1 and Spl  through this 
overlapping sequence is under investiyalim. 

EGR-1 PROTEIN TO ITS RECOGNITION SEQUENCE, 

Regulation and Differentiation 

B 121 ANALYSIS OF LONG-DISTANCE ACTIVATION 
OF RNA POLYMERASE I1 TRANSCRIPTION I N  

VITRO, Michael Bulger and James T. Kadonaga, 
Department of Biology, University of California, San Diego, 
La Jolla, CA 92093 
Biochemical studies of transcription of eukaryotic genes 
by RNA polymerase I1 have been hampered by the 
inability to demonstrate a number of phenomena known 
to occur in vivo, such as long-range activation of 
transcription by sequence-specific factors. Such studies, 
however, have typically been carried out on naked DNA 
templates, whereas chromatin most likely represents a 
better model of the state of the template in vivo. 
Previous work in our lab has shown that long-range 
activation of transcription can be achieved in vitro by 
using reconstituted chromatin templates. We are 
presently examining this phenomenon with a well-defined 
series of plasmid constructs. 
distance and position of activator binding sites with 
respect to a gene will be shown. 

The effect of variation of 

B 123 HUMAN P-GLOBIN LOCUS CONTROL REGION (LCR): 
ANALYSIS OF THE 5' HS 2 SITE IN TRANSGENIC 

MICE, John J. Caterina, Carl A. Pinkert, Richard R. 
Behringer and Tim M. Townes, Department of 
Biochemistry, University o f  Alabama a t  Birmingham, 
Birmingham, AL 35294 
A region of DNA located far upstream of the human p- 
globin locus is critically involved in the regulation of the 
P-globin gene family. This region, which consists of 5 
developmentally stable, DNase I hypersenitive sites, is 
designared the P-globin Locus Control Region or LCR. LCR 
sequences have 2 important functions. First, they 
organize the entire p-globin locus into an "open" or DNase 
I sensitive domain and, secondly, they serve as a 
powerful enhancer o f  E - ,  y-  and P-globin gene 
transcription. Specific sequences involved in these 
functions have recently been identified and cONA clones 
that  encode LCR binding factors have been isolated. 
Definit ion of the activities of these proteins will 
provide important insights into the mechanisms of LCR 
action. 
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B 124 RAP30 AhI3 RAP74 HAVE SEPARATE FUNCTIONS IN 
THE INITIATIOX AND ELONGATION OF RNA 

CHAINS, Chun-hsiang Chang, Convin F. Kostrub and Zachary F. 
Burton, Department of Biochemistry, Michigan State University, E. 
Lansing, MI 48824 
RAP30 and RAP74 comprise subunits of the transcription factor called 
vmously RAP30/74, TFIlF. py or FC. This factor is required for 
accurate transcription by RNA polymerase 11. in addition to the other 
general initiation factors. Using recombinant RAP30 and RAP74, the 
functions of these subunits have been tested separately during the 
initiation and elongation phases of transcription. RAP30 is required 
for initiation of transcription, but RAP74 is dispensible for all 
initiation processes. RAP74, however, is essential for early elongation 
and may be required for promoter escape by polymerase. RAP30 is 
required to form a sarkosyl-resistant complex at 0.25% sarkosyl, 
showing that RAP30 is an initiation factor. RAP74, however, can be 
added to the uanscription complex after sarkosyl, showing that this 
factor is dispensible for initiation functions. The same result is 
obtained using a pulse-chase protocol in which accurately initiated 
RNX is labeled during a short pulse, followed by a chase with excess 
unlabeled nucleoside triphosphates. RAP30 is required in order to 
label the transcript during the pulse, but RAP74 is not. Therefore, 
RAP30 is an initiation factor. RAP74 must be added during the chase, 
however, in order to obtain a run-off transcript. The following 
conclusions can be drawn from these experiments: 1) RAP74 is not 
required for RNA polymerase I1 to initiate phosphodiester bond 
formation from a promoter; 2) RAP74 is not required for ATP 
hydrolysis in initiation; and 3) RAP74 is required for early elongation 
of the transcript. We are currently doing experiments to determine the 
size of the nascent RNA synthesized in the absence of RAP74, to see 
how close to the promoter polymerase has stalled. 

B 126 TRANSCRIPTIONAL ACTIVATORS AND PREINITIA- 
TlON COMPLEX ASSEMBLY, Bob K. Choy, Michael R. 

Green, Program in Molecular Medicine, University of 
Massachusetts Medical Center, Worcester, MA 01 605 
Accurate transcription by RNA polymerase II (RNAPII) involves a 
complex ordered assembly of general transcription factors on the 
promoter to form a preinitiation complex. The level of 
transcription can be modulated by transcriptional activators 
which appears to work by increasing the extent and/or the rate of 
preinitiation complex assembly. Previous experiments have 
used transcription from immobilized DNA templates to infer that 
acidic activators recruit TFIIB. In addition, the acidic activators 
were found to interact directly with the general transcription factor 
TFIIB. We have developed a gel filtration system to isolate 
preinitiation complexes, or stably DNA associated sub- 
complexes, from unbound factors. General transcription factors 
stably associated with DNA are detected by immunoblotting. We 
find that the activator increases the amount of TFIIB, but not 
TFIID, that is stably associated with the DNA template. 
Furthermore, factors that enter the complex,following TFllB (eg. 
TFIIF30, RNAPII) also are found to be recruited,by the activator. 
This corroborates the findings that TFIIB is the first factor whose 
binding is enhanced by acidic activators. We have also found 
that glutarnine-rich and proline-rich activators also increased 
TFllB assembly to a TFIID-DNA complex. However, the 
recruitment of TFllB is not sufficient to explain how activators 
work. For example, cloned TATA-box binding protein (TBP) 
cannot support activation with acidic activators, yet it is, able to 
support TFllB recruitment. From this and other studies, the 
physical basis of TFllB recruitment appears to be cooperative 
binding of TFllB to promoter-bound TBP and the activator. 
However, factors after TFllB are not recruited by the activator 
without TAFs. Furthermore, a single-bound activator recruits 
TFllB as effectively as multiple-bound activators; however, 
-nultiple-bound activators are required for recruitment of factors 
entering after TFIIB. and transcriptional stimulation. Based on 
:hese results, we propose that activators must affect (directly or 
ndirectly) multiple steps in the assembly pathway to stimulate 

:ranscription. 

B 125 A DISTAL HEAT SHOCK ELEMENT PROMOTES THE 
RAPID RESPONSE TO HEAT SHOCK OF THE HSPZG 

GENE IN YEAST, Junj ie Chen a n d  David S. Pederson, 
Depar tment  o f  Microbio logy &Molecular Genetics, 
University of Vermont School o f  Medicine, Burlington, 
VTOS 40 5 
Induct ion o f  heat shock genes in response to heat and  
other stresses i s  mediated b y  Heat Shock Factor (HSF). 
Our  recent footpr in t ing experiments ( i n  preparat ion) 
demonstrate that  HSF binds const i tut ively t o  two heat 
shock elements (HSE's) in the promoter of the HSP26 gene 
in the yeast Saccharomyces cerevisiae. Here, we have 
investigated the role in transcr ipt ion of the distal-most 
HSE (HSE-p), previously reported to not be involved in 
regulating expression o f  the HSP26 gene. Site-directed 
mutagenesis o f  HSE-p significantly reduces the rate o f  
induct ion o f  transcription by heat shock and moderately 
reduced  t h e  m a x i m u m  amoun t  o f  HSP26 mRNA 
accumulated du r ing  heat shock. Binding of HSF to the 
mutated HSE cannot be detected by genomic footprinting, 
suggesting that reduced transcription is due to  the failure 
of HSF to b ind  to  the mutated HSE sequence. A synthetic 
promoter containing several HSE's induces transcription 
faster than does a synthetic promoter containing a single 
HSE. However, as wi th  the native HSP26 gene, increasing 
the number o f  HSE's increased only moderately the 
amount of mRNA accumulated dur ing heat shock These 
results suggest that  long range cooperative interactions 
among HSF.molecules may stabilize their  b inding to DNA, 
and  that as few as tow HSFHSE complexes are sufficient 
to saturate HSF's target in t he  basal t ranscr ip t ion 
apparatus. 

8127 REGULATION O F  THE EGFR G E N E  IN BREAST C A N C E R  C E L L S :  
CHROMATIN STRUCTURE ANALYSIS REVEALS THE INVOLVEMENT 

OF INTRON 1 SEOUENCES. Susan A .  Chrvsoaelos. Lombardi Cancer 
Center and t h e  Department of iio;hhemi;try, Georgetown 
University,  Washington, DC 20007 
The progression of human breast  cancer from hormone- 
responsiveness t o  a more aggressive,  estrogen-independent 
s t a t e  i s  of ten character ized by the  lo s s  of estrogen receptor 
(ER) and the  acquis i t ion of high l eve l s  of epidermal growth 
f ac to r  receptor  (EGFR). Despite t he  tendency f o r  an inverse 
r e l a t ionsh ip  w i t h  ER, EGFR i s  a strong prognostic indicator  
independent of ER s t a t u s .  That i s ,  coexpression of E G F R  with 
ER overr ides  t h e  bene f i t s  of E R  expression and predicts  f o r  
poor survival .  Indeed, EGFR has been shown t o  be a b e t t e r  
predictor  fo r  f a i l u r e  on endocrine therapy than ER s t a t u s ,  
s t rongly supporting the  hypothesis t ha t  up-regulation of E G F R  
i s  a c r i t i c a l  s t ep  in the  progression t o  estrogen 
independence. To iden t i fy  regions of the E G F R  gene which a re  
funct ional ly  implicated in i t s  regulat ion,  t he  DNase I 
s e n s i t i v i t y  of the EGFR gene was analyzed in several  human 
breast  cancer c e l l  l i n e s  with a wide range of EGFR l eve l s .  
These s tud ie s  indicate  t h a t  there  a re  s t ruc tu ra l  differences 
i n  t he  promoter, f i r s t  exon, and intron 1 of t he  EGFR gene 
which co r re l a t e  with i t s  expression. Spec i f i ca l ly ,  a s i t e  
around the  exon l / i n t ron  1 boundary disappears i n  high 
expressors ,  while a group o f  s i t e s  in intron 1 appears in 
these c e l l  l i n e s .  Additionally,  a region in the  promoter 
shows changes in  both the  level of s e n s i t i v i t y  and the  extent  
of t he  area which i s  suscept ible .  The appearance of new 
s i t e s  i n  in t ron 1 associated with an increase in expression 
indicates  t h a t  these regions of t he  gene a re  probably 
involved in  the  binding of pos i t i ve  regulatory f a c t o r s ,  while 
t he  l o s s  of a s i t e  a t  t he  exon l / i n t ron  1 boundary as  t he  
gene i s  up-regulated suggests the act ion of a repressor  which 
may block t r ansc r ip t iona l  elongation. Fine mapping of these 
regions by nat ive genomic b lo t t i ng  has revealed the  presence 
of mult iple  protein binding s i t e s  in both the  promoter and 
f i r s t  i n t r an  of t he  EGFR gene. Experiments a re  in progress 
t o  define t h e  regulatory funct ions of t h e  sequence elements 
which comprise these  s i t e s  through t r ans i en t  t r ans fec t ion  
assays using CAT expression vectors  i n  human breast  cancer 
c e l l  l i n e s  expressing high and low l eve l s  of E G F R .  
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B 128 IDENTIFICATION AND CHARACTERIZATION OF 

Carolyn J. Church and Geoffrey L. Greene; Dept. of Biochemistry 
and Molecular Biology, University of Chicago, Chicago, IL 60637 
The human estrogen receptor (hER) is a member of the super- 
family of steroid hormone receptors that are activated by a ligand 
and subsequently bind specifically to DNA elements in the region 
of responsive genes, resulting in transcriptional activation or 
repression, depending on the target gene and tissue. Although 
much has been learned regarding the structure and composition 
of functional domains for the receptors, little information is 
available concerning the role of cellular accessory proteins 
required to mediate receptor function. We have used immuno-, 
steroid-, and site-specific DNA-affinity chromatography to purify 
proteins intimately associated with hER in extracts from MCF-7 
human breast cancer cells and CHO cells stably transfected with 
hER. Analysis of eluted proteins by SDS-PAGE reveals a similar 
pattern by each technique, albeit with some differences. As 
expected the 66 kDa hER was observed in each case. In 
addition, a 70 kDa band, identified by Western blot as a member 
of the heat shock protein 70 family, was also observed. Another 
species that copurified with hER was a 55 kDa protein, identified 
by N-terminal sequencing as protein disulfide isomerase. Two 
additional bands at 40-45 kDa, which were observed only when 
hER was bound to DNA, await identification. Current efforts are 
focused on evaluating the effect of agonists and antagonists on 
hER interaction with the accessory proteins by treatment of cells 
in culture with these agents and subsequent immuno- or DNA- 
affinity chromatography. The structural domains involved in the 
interaction between hER and the associated proteins will be 
mapped by two methods: 1) hER antibodies directed to different 
domains of the receptor will be used to immunoprecipitate the 
complex and 2) mouse ER deletion mutants will be used to isolate 
the complex by the chromatographic approaches described 
above. These studies will yield valuable insight into the 
contribution of these accessory factors to hER function and, 
ultimately, an improved understanding of the molecular 
mechanism of hER mediated gene regulation. 
This work was supported in part by an NCI grant CA02897. 

ESTROGEN RECEPTOR-ASSOCIATED PROTEINS 

B 130 IDENTIFICATION OF A REGION IN THE HORMONE 
BINDING DOMAIN OF BOTH THE ANDROGEN AND 

GLUCOCORTICOID RECEPTORS THAT IS INVOLVED IN 
TRANSCRIPTIONAL ACTIVATION: CONSTRUCTION OF A 
SUPER-SENSITIVE RECEPTOR Mark Danielsen, Shimin 
Zhang, and Xiayuan Liang, Department of  Biochemistry 
and Molecular Biology, Georgetown University Medical 
School, 3900 Reservoir Rd., N.W., Washington, DC 
20007. 
In order to map the regions of the hormone binding 
domain of  steroid receptors that are involved in 
hormone binding specificity, we have constructed a 
series o f  hybr id proteins that  consist o f  the 
glucocorticoid receptor (GR) with up to 15 amino acids 
of the androgen receptor (AR) systematically replacing 
the equivalent GR sequence. One of these constructs, 
G A l l ,  has 10 amino acids of the AR replacing the 
corresponding region of  the GR. This hybrid protein, 
unlike wi ld  type GR, i s  now induced by androgens. 
Surprisingly, this induction i s  not due to a change i n  
hormone binding specificity of the hybrid, rather the 
hybrid responds to 50 to 100 fold less  hormone than 
wi ld  type GR. Even more surprisingly, this super- 
sensitive receptor binds glucocorticoids wi th  near 
normal hormone binding constants. Taken together 
these data suggest that the hybrid G A l l  maps a region 
of both the GR and AR that interacts wi th the 
transcriptional machinery. 

B129 COOPERATION OF USF AND FOS-RELATED 
PROTEINS FOR COMPLEX FORMATION AND 

TRANSCRIPTION STIMULATION, Jan J.Cornelis1,Serge 
Plaza*,  Christiane Dinsart' and Jean Rommelaere'. 
1Angewandte Tumor Vi ro log ie,  Deutsches 
Krebsforschungszentrum, Heidelberg. Germany, and 2Unite 
d'Oncologie Moleculaire, lnstitut Pasteur de Lille, Lille, 
France. 

The upstream promoter region of the non-structural 
gene of the virus minute-virus-of-mice (MVM) carries in its 
distal part a sequence with the E-box CACATG which binds a 
complex that contains the transcription factor USF/MLTF/UEF 
which is characterized by a basic DNA binding region anrj as 
dirnerization motifs a helix-loop-helix domain and a leucine 
repeat. Electrophoretic mobility-shift assays and cross-linking 
of binding proteins to the target DNA followed by 
immunological identification of binding proteins revealed that 
a Fos protein forms part of the complex. Competitive 
electrophoretic mobility shift assays showed that both Fos and 
USF cooperate for binding of the complex to the E box. In 
contrast, no Fos protein was involved in the protein complex 
that binds to the prototype core USF-binding motif. Disruption 
of the binding site led to a reduction of the transcriptional 
activity of the resident promoter as measured by reporter gene 
assays. Our results point to the possibility that the 
transcriptional cooperation is mediated by a protein complex 
containing USF, Fos and possibly another component 
recognizing a low-affinity USF-binding site. 

8 1 3 1  DISSECTION OF THE FIRST ZINC FINGER DOXAIN OF EVI-1 
SHOWS THAT NOT ALL FINGERS BIND DNA, Ruud Delwel, 

Brent Kreider and J e ~ c e s  N. Ihle, Department of Biochemistry, 
St. Jude Children's Research Hospital, Memphis, TN 38101and 
Department of Hematology. Erasmus University, Rotterdam, The 
Netherlands 
The Evi-1 gene has been implicated in the etiology of acute 
myelogenous leukemia in mice and in man. The gene encodes a 
zinc finger (ZP), DNA-binding protein, that contains an 
amino-terminal first domain of seven fingers and a carboxyl 
domain with three fingers. To study the DNA binding abilities 
of the first domain, a glutathione-S-transferase (GST) fusion 
protein was generated. Using an oligonucleotide containing 
a central 35 base random sequence (35R) and PCR approaches 
a consensus binding sequence of GA(T/C)AAGA(T/C)AAGATAA was 
defined. To determine which fingers were responsible for DNA 
binding, GST-fusion constructs of fingers 1-3, 2-4, 3-1, 4-6 
and 5-7 were made. Only ZF 4-6 and 5-7 bound the ccnsensus 
sequence. Binding and PCR amplification studies using an 
oligonucleotide containing a core of 15 random bases, 
demonstrated that only ZFs 4-6 and 5-7 bound DNA and yielded 
a consensus of GA(T/C)AAGATAA. To further evaluate the 
contribution of ZFs 1-3, GST-fusion proteins containing ZF 
2-7, 3-7, 4-7 were compared with a construct contairzing ZF 
1-7. Binding and amplification experiments with the 35R 
demonstrated that ZFs 1-7 were required for selection of the 
full Consensus sequence, with progressively less ZFs, 
selection of the 15 bp core changed to selection of a 10 bp 
core and finally a 5 bp core. The various GST-fusion proteins 
were also used in gel shift assays with oligonucleotides of 
GACAAGATAA(CT), GATAAGATM(TT), GATAAGACAA (TC), 
GACAAGACAA(CC). Constructs containing ZFs 1-7 bound the 
oligonucleotides in the order CT>CC>TT=TCHowever, all other 
constructs bound the four olionucleotides comparably. The 
results demonstrate that the first domain has a DNA binding 
consensus of 15 nucleotides with a repetitive element 
composed of GA(T/C)AA. DNA binding is predominantly through 
ZFs 4-7 although the full first domain is required for 
optimal binding and confers an element of sequence 
specificity that distinguishes GACAA from GATAA in the first 
core recognition element. The significance of the ability of 
Evi-1 to bind to GATA containing elements will be discussed. 
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B 132 HOMEODOMAIN DNA SEQUENCE RECOGNITION AND 
COOPERATIVITY, Claude Desplan, Nathalie Dostatni, Thomas 

Lecuit, Guojun Sheng and David Wilson, Howard Hughes Medical 
Institute, The Rockefeller University, New York City 10021. 
The extensive homeodomain (HD) family of transcription factors 
mediates a large number of specific developmental regulatory functions. 
However, the various putative HD binding sites which have been defined 
are composed of only five to six base pairs and exhibit little selectivity in 
distinguishing between divergent HDs. This lack of specificity is 
consistent with the small size of the HD and with the fact that i t  has been 
shown to hind DNA as a monomer. Because few natural HD binding 
sites have been identitied and very little is known about the DNA binding 
specificity differences between HDs, we employed a new technique 
("SELEX") for isolating, from random synthetic DNA libraries, optimal 
DNA binding sites for diffcrent HDs. 

We applied this in vitro selection to the HD from the product of 
the Drosophih segmentation gene poired (prd), related to the mouse 
pax-3 gene. Surprisingly, we find that the HD is by itself capable of 
binding as a cooperative dimer to a palindromic sequence, each half of 
the palindrome resembling the previously defined HD consensus 
sequence TAATTG. This implies that some of the previously identified 
HD binding sites constitute half-sites. We have also found that the ninth 
amino acid position of the recongition helix modulates the dimeric nature 
of the Prd HL). Depending on the identity of this residue, the cooperative 
binding can either be abolished, or induced to occur with an altered 
spacing between monomers. Furthermore, this residue specifies the 
preferred base pairs at the center of the palindrome, which is consistent 
with the previously defined role of this position to interact with the bases 
immediately downstream of the TAAT core recognition sequence for 
monomeric HDs. 

The ability of dimeric homeoproteins to recognize long, and 
therefore rare, palindromic sequences may increase their specificity to 
that required in vivo. We present examples of other HDs from the Prd 
class and from divergent classes (such as the Hox class) which 
cooperatively bind to palindromic DNA sequences. Interestingly, some 
HDs can bind cooperatively as heterodimers, thus multiplying the 
number of potential target sequences recognized by homeoproteins. 

B 134 C H A R A C T E R I Z A T I O N  OF Y E A S T  RNA 
POLYMERASE II TRANSCRIPTION FACTOR b AND 

CTD KINASE, William John Feaver, Opher  Gileadi and 
Roger D. Kornberg, Department of Cell Biology, Stanford 
University School of Medicine, Stanford, CA 94305 

Yeast RNA polymerase I1 initiation factor b was purified 
from whole cell extracts based on its ability to restore 
transcription activity to nuclear extracts inactivated by mild 
heat treatment. Factor b was found to copurify with three 
polypeptides of 85, 73 and 50 kilodaltons and with a protein 
kinnse activity that phosphorylates the COOH-terminal repeat 
domain (CTD) of the largest polymerase subunit. The gene 
encoding the 73 kilodalton subunit has been doned and was 
found to he essential for cell growth. The deduced protein 
sequence exhibited no similarity to known protein kinases. 
However, the sequence was found to be similar to thatof  the 
62 kilodalton subunit of Hela transcription factor BTFZ, 
suggesting that this factor is the human counterpart of yeast 
factor b. Affinity purified polyclonal antibodies raised 
against the 73 kilodalton subunit were found to inhibit both 
transcription and CTD kinase activities. Photoaffinity 
labeling with 3' - 0 - (4 - benzoy1)benzoyl-adenosine 5'-  
triphosphate (ATP) identified an ATP-binding site in the 85 
kilodalton polypeptide suggesting tha t  this subunit may 
contain the catalytic domain of the kinase. 

8 1 3 3  SPECIES SPECIFIC INTERACTION O F  T H E  
GLUTAMINE - RICH ACTIVATION DOMAINS OF 

Andrew Emili, Jack Greenblatt and C. James Ingles. Banting and Best 
Department of Medical Research, University of Toronto, Toronto, Ontario, 
Canada, M5G 1L6 

S p l  WITH THE TATA-BOX BINDING PROTEIN, TBP. 

Several sequence-specific activators of RNA polymerase U mediated 
transcription in eukaryotic cells have been shown to interact directly with 
the TATA-box binding protein (TBP), a subunit of the general initiation 
factor TFIID. Our laboratories previously demonstrated a specific 
interaction of TBP with the potent acidic activation domain of VP16, which 
can activate transcription in the cells of such divergent species as yeasts, 
insects, and mammals. Unlike VP16, however, the GC-box binding factor 
Spl activates RNA polymerase II directed transcription in mammalian and 
insect cells, but not in yeast. By using techniques of affinity 
chromatography. we have now assessed the ability of the activation 
domains of Spl to interact with the TBPs of distinct species. 

The glutamine-rich activation domains A and B of Spl were expressed 
in E.co/i as fusions to GST. As with purified GST-VP16, we found that 
GST-Spl(domain A) coupled to a column matrix could bind directly to 
human TBP. GST-Spl(domainA) also interacted specifically with 
Drosophilo TBP. but failed to bind to yeast TBP. Domain A of Spl also 
bound to an N-terminal mncated form of human TBP, suggesting that Spl 
contacts species-specific residues within the otherwise conserved C-terminal 
region of TBP. Similar results were obtained using domain B of Spl as the 
affinity column tigand. The ability of the Spl activation domains to interact 
only with TBP derived from species in which Spl can activate transcription 
suggests that this contact plays a role in Spl-mediated transactivation. 

8135 INTERFERON7 RAPIDLY INDUCES IN HUMAN 

RECOGNIZES THE GAMMA RESPONSE REGION WITHIN THE 
PROMOTER OF THE GENE FOR THE HIGH AFFINlTy Fcy 
RECEPTOR, David S. Finbloom Kevin C. Wilson, Gerald M.Feldman, 
Division of Cytok@e Biology, Center for Biologics Evaluation and 
Research, FDA, Bethesda, MD 20892 

Interferoay m y ) .  a cymkine secreted from stimulated T cells, 
is a potent activator of monocytes and macrophages and, thcrcfore, is a 
critical component for both host defense and inflamma tion. IFNy 
transcriptionally activates several early response genes in monocytes 
which are important for the ultimate phenotype of the activated macro- 
phage. One of these genes is the high aff~ty Fc receptor for IgG, 
(FCPI). Recently Rarse et al (Proc. Natl. Acad. Sci. 88:11305, 1991) 
defined within the promoter region of the FqfU gene an element the 
gamma response region (GRR), which was necessary for IFNy induced 
enhancement of FcyRI. We d e b b e  the induction by IFNy of a novel 
DNA binding factor, FcRFy, (FcyRI DNA binding factor, IFNy 
induced), that spifically recognizes the GRR element Electrophoretic 
mobility shift assays (EMSA) demonstrated the presence of FcRFy in 
human m0nocyte.s within one minute after cxposurc to IFNy. On EMSA, 
FcRFy consisted of two complexes termed FcRFy, and FcRFyp Relim- 
inary purification and UVcrosslinking studies suggest that FcRFy2 is a 
40-50 kDa protein. FcRFy, may be either a dimer of FcRFy, or one 
molecule of FcRFy, complexed with another protein of about equal size. 
The nuclear concentdon of FcRFy rapidly incrcss6d peaked at 15 min, 
and then fell after 1-2 hr. Dose response studies rcvealcd: 1) as little as 
0.05 ng/ml IFNy induced FcRFy, 2) maximum activation occurred at I 
ng/ml, and 3) steady sfate levels of FcyRI mRNA closely p d e l e d  that 
of FcRFy. Since FcRFy was activated in cells normally not expressing 
FcyRI RNA. other regulatory mechanisms must control FCpI restxictcd 
tissue expression. Activation of FcRFy by IFNy was inhibited by pn- 
treatment with 500 nM staurosporin and 25 @A phenyl arsine oxide. 
These data suggest that a kinasc and possibly a phosphatase activity a~ 
required for IFNy i n d d  signalling of FcRFy in monocytcs. 

MONOCYTES A NOVEL DNA-BINDING F A n O R  THAT 
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B 136 DESIGN OF HIGH AFFINITY DNA BINDING MYC 
ANALOGUES: CRITICAL SIDE CHAIN AND 

CONFORMATIONAL REQUIREMENTS, David E. Fisher and 
Phillin A. Sham. Center for Cancer Research, MIT, Cambridge, MA r - -  - ~ ~ ~ - r .  ~ buy9 and Dana Farkr Cancer Institute, Harvard Medical SchOl, 
Boston, MA 021 15 

The Myc oncoproteins belong to the bHLH-ZIP family and recognize 
the palindromic core sequence CACGTG. This family of proteins forms 
homo- or heterodimers via interactions in helix-loop-helix and leucine 
zipper domains and contacts DNA via an adjacent "basic domain" of 
approximately 20 amino acids. Using gel filtration and sedimentation 
analyses, these proteins have been shown to form teuamers in solution 
but bind DNA as dimers. This DNA contact has k e n  analyzed in detail 
to shed light on biochemical features of this recognition process. 
Methylation interference studies demonstrated that binding occurs within 
the major groove of DNA. To determine critical amino acids for DNA 
recognition, the basic domain sequences of CACGTG-binding proteins 
were analyzed for homologies. Conserved positions were detected every 
3-4 residues. This spacing is reminiscent of consecutive turns of alpha- 
helical peptide and suggested that the basic domain utilizes one face of an 
alpha-helix to contact DNA. Using the protein WEB as a homodimeric 
model, circular dichroism was performed in the absence and presence of 
target DNA. Alpha-helical content was shown to increase significantly 
upon addition of DNA, suggesting that the basic domain is disordered in 
the absence of DNA, but alpha-helical in its presence. Exhaustive 
"alanine scanning" mutagenesis was undertaken in the basic domain. 
Four conserved amino acids were shown to be critical as demonstrated by 
obliteration of DNA binding by their mutation. Three other residues 
strongly stabilized the interaction. Based on their positions, the presence 
of a DNA "anchoring" subdomain has been postulated. DNA bending 
was also analyzed, elecuophoretically, for 5 proteins in this family. All 
were found to produce minor groove oriented bends of 740-820. 
Utilizing the structural information from these studies, artificial Myc 
basic domain analogues were designed. Basic region positions predicted 
not to contact DNA were systematically mutated to alanine. Six wild-type 
residues ultimately remained within a polyalanine backbone. Binding 
affinities as much as >30 fold higher than c-Myc's basic region were 
obtained. Stronger DNA binding may arise from enhanced alpha-helicity 
of polyalanine. This design strategy may be applicable to other helix- 
dependant biomolecular interactions. High affinity Myc family 
analogues may be useful in the design and study of protein:DNA 
interactions and biological effects of Myc induced oncogenesis. 

B 138 CLONING OF PROTEINS THAT INTERACT WITH THE 
TRANSCRIPTIONAL ACTIVATION REGION OF THE 

ADENOVIRUS Ela PROTEIN, Christian C. Fritz and Michael R. 
Green,  Program in Molecular Medicine, University of 
Massachusetts Medical Center, 373 Plantation St. , Worcester, 
Massachusetts 01605 

The Adenovirus E l a  protein contains a potent transcriptional 
activation domain. Several lines of evidence suggest that Ela 's  
activation region interacts with a unique cellular target, that is not 
used by, for example, acidic activation regions. 
To isolate such an 'adaptor' protein we have used a gentic screen 
in yeast (Fields and Song 1989) to identify mammalian proteins 
that specifically bind to the transcriptional activation region of Ela .  
A human c-DNA library was constructed as a fusion to the potent 
activation region of the herpes simplex virus VP16 protein. This 
library was transformed into a yeast strain expressing a GAL4-Ela 
fusion protein. c-DNA sequences that encode proteins that bind to 
E l a  are predicted to activate transcription through a GAL4-Ela : 
cDNA-VP16 activator complex. 

In a screen of 106 yeast colonies 500 primary positives were 
obtained. From these primary candidates, two overlapping c-DNAs 
were isolated whose protein products bind specifically to the E l a  
portion of the GAL4-Ela fusion protein. Several mutant E l a  
proteins were analyzed for binding to these candidates in the 
yeast assay. With one notable exeption, mutants in the cysteine 
rich region of the activation domain that are  defective for 
transactivation do not bind the protein encoded by these two c- 
DNAs. When these partial c-DNAs are expressed in an antisense 
orientation in  mammalian cells, one  clone increases  
transcriptional activation by GAL4-El a. Since this effect does not 
seem to be limited to activators carrying an E l a  activation domain, 
we are currently investigating whether this protein could be a 
general negative factor. We are also testing whether this protein 
which is present in nuclear extracts, appears associated with TBP 
in the TFllD complex. Comparison of nucleic acid sequences from 
these clones with a current version of the Genbank database 
indicates that this gene has not previously been characterized. 

B 137 TRANSCRIPTIONAL REPRESSION BY THE THYROID 
HORMONE RECEPTOR IN VITRO. 

Joseph D. Fondell, Ananda L. Roy, and Robert G .  Roeder. 
The Rockefeller University, New York, N.Y. 10021. 

The thyroid hormone receptor (TR) belongs to the 
steroid/nuclear receptor superfamily of ligand inducible 
transcription factors. Numerous studies have demonstrated that in 
the absence of thyroid hormone, the unliganded TR acts as a 
repressor of transcription on genes bearing TR-response elements 
(TRE's). In order to examine the molecular mechanism of this 
repression, we expressed the human T R a l  cDNA in both E'. coli 
and Sf9 cells (using baculovirus) and tested whether hTRal  
would repress transcription from a series of heterologous 
promoters containing TRE's. Using an in v i m  transcription 
asssay, hTRal  repressed transcription: 3-fold from a human 
immunodeficiency virus-1 (HIV-I ) promoter: 6-fold from an 
adenovirus major late (AdML) promoter: and 13-fold from a 
herpes thymidine kinase (TK) promoter. Interestingly, hTRal  
repressed transcription from AdML and HIV- 1 promoter 
constructs containing only minimal promoter sequence: (the 
TATA element and the initiation region). These data suggest that 
unliganded TR inhibits transcription by either direct or indirect 
interactions with one or more of the general transcription factors. 
We are currently investigating which specific target factors and 
steps in preinitiation complex assembly are negatively affected 
by the TR.  

B 139 
MECHANISMS OF BASAL TRANSCRIPTION FROM 
DIFFERENT PROMOTERS, Catherine P. George and James 
T. Kadonaga, Department of Biology, University of 
California, San Diego, La Jolla, CA 92093 
RNA polymerase 11 transcription requires a host of 
general transcription factors, in addition to RNA 
polymerase 11, for the accurate initiation of basal level 
transcription. 
to various degrees and many have been cloned. 
precise role of each factor in the initiation of transcription 
is still in question. Recent data has indicated that there is 
more than one mechanism by which pre-initiation 
complexes assemble on a promoter. We have found that 
different basal promoters exhibit distinct properties. 
Class 11 promoters differ in their requirement for each 
general factor. 
by either excess TFIIB or excess TBP, and the ability to be 
transcribed by pol I1 and a minimal set of purified 
recombinant factors are properties that vary from 
promoter to promoter. We have constructed a series of 
minimal and hybrid promoters to identify and to 
characterize the sequences that confer these properties to 
each promoter. Intriguing results will be presented. 

BIOCHEMICAL ANALYSIS OF DISTINCT 

These general factors have been purified 
The 

Additionally, the ability to be squelched 
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B 140 POLYMERASE PROCESSIVITY ON THE DROSOPHILA hsp70 
GENE, Charles Giardina and John T. Lis, 

Section of Biochemistry, Cornell University, Ithaca, NY 
The uninduced hsp70 gene i n  Drosophila is associated with a 

paused RNA polymerase I1 molecule that has an associated 
transcription bubble i n  the  region of +14 through +42 (as  
detected in vivo by the single-stranded DNA probing reagent, 
KMn04) .  Upon heat-shock induction, transcription of the  
hsp70 gene increases over 100-fold. Interestingly, DNA 
melt ing at this  pause s i te  i s  unchanged af ter  induction, 
indicating that the polymerase continues to pass  through a 
pausing step. Presumably, the rate of both paused polymerase 
release and  pause site filling are increased equally - about 100- 
fold - upon heat  shock induction. Heat-shock induction also 
generates  single-stranded regions over the transcriptional 
s ta r t  site, as well as at sites downstream of the pause site. 
These addi t ional  regions of mel t ing  could represent  
polymerases loading on to the gene and leaving the pause site. 

It i s  believed tha t  the purine nucleotide analog DRB causes 
the  formation of less-processive, terminator-prone RNA 
polymerase I1 elongation complexes. We were interested in 
determining the effect of DRB on the release of the paused 
polymerase on the hsp7O gene. I t  was found that DRB does 
not  affect t h e  level of polymerase at the pause s i te  in 
uninduced cells (as determined by in  vivo UV crosslinking and  
KMn04 probing). In  induced cells, polymerases are  sufficiently 
processive i n  the presence of DRB to transcribe through the  
pause site, but  terminate transcription before reaching the 3' 
end of the gene. Interestingly, DRB reduces the degree of DNA 
melting over the transcriptional start site. We propose that 
the melted start site complex inhibited by DRB is  a station at 
which the polymerase is modified. This modification is not 
critical for the elongation of polymerase through the pause site, 
but  is critical for transcription through to the end of the gene. 

B 142 A Y-BOX CONSENSUS SEQUENCE IS REQUIRED FOR BASAL 
EXPRESSION OF HUMAN MULTIDRUG RESISTANCE (mdrl )  GENE 

Merrill E. Goldsmith, Mary Jane Madden, Charles S. Morrow, and 
Kenneth H. Cowan, Medicine Branch, National Cancer Institute, 
National Institutes of Health, Bethesda, MD 20892 
Resistance to many natural product antineoplastic drugs is caused by 
overexpression of the multidrug resistance (mdrl  ) gene which 
encodes a drug efflux pump. The mechanism responsible for this 
overexpression in patient tumors is not understood. Basal 
transcription of the human mdrl  promoter was studied by 
chloramphenicol acetyl transferase (CAT) reporter fusion gene 
analysis in two parental and doxorubicin-resistant human tumor cell 
lines. Previous work from our laboratory demonstrated that deletion 
of mdrl promoter sequences from -4740 to -1 36 relative to the start 
of transcription (at +1)  had little effect on mdrl promoter activity. 
In our current experiments deletion of mdrl DNA sequences from 
-456 to -88 caused a modest increase in expression. Deletion of 
nucleotide sequences from -88 to -69. however, resulted in a 5-10 
fold reduction in mdrCAT expression. Further deletion of sequences 
between -69 to -58 essentially eliminated mdrCAT activity. The 
region between -69 to -38 contains several putative GC boxes or Spl 
recognition sequences. DNase I footprint analysis demonstrated that 
the region from -84 to -69 was protected from nuclease digestion. 
The sequence between -81 and -72 is perfectly homologous with t h e  
1 Obp Y-box consensus sequence found in the promoters of all major 
histocompatibility complex class-ll (MHC 11) genes. The Y-box 
sequence in MHC II genes is required for accurate and efficient 
transcription and contains the sequence CCAAT in t h e  reverse 
orientation (Dorn et a/. (1987) Proc. Natl. Acad. 5ci. U.5.A. 84, 
6249-6253). Single or double point mutations in the reverse CCAAT 
sequence of the Y-box consensus reduced expression of mdrCAT vectors 
5-10 fold. A double point mutation in th i s  sequence eliminated 
nucleoprotein binding in an electrophoretic mobility shift  assay. 
Several distinct families of proteins which bind to the Y-box consensus 
sequences in other genes have been identified. Our results suggest that 
proteins which bind to the putative Y-box consensus sequence are 
critical for basal transcriptional regulation of the human mdrl gene. 

B 141 INTERACTIONS BETWEEN DISTAL 

TISSUE SPECIFIC PROMOTER ELEMENTS DETERMINE 

INTESTINE, Geoffrey S. Ginsburg and Sotirios K.  Karathanasis, 
Department of Cardiology, Beth Israel and Children's Hospital, 
Harvard Medical School, Boston, Massachusetts 021 15 

The genes coding for apolipoproteins A1 (apoAI), CIII 
(apoCIII) and AIV (apoAIV) are closely linked and tandemly 
organized within a less than 15 kilobase (kb) DNA segment in the 
genomes of various mammalian and avian species. In mammals 
all three of these genes are expressed predominantly in the liver 
and the intestine. To determine whether expression of the apoAI 
gene in liver and intestine is controlled by the same or distinct 
transcriptional mechanisms we transfected various human apoAI 
gene plasmid constructs into human hepatoma (HepG2) and human 
colon carcinoma (Caco-2) cells and studied their expression. The 
results showed that separate and distinct apoAI promoter elements 
determine expression of the apoAI gene in HepG2 and Caco-2 
cells. A DNA element located approximately 5-kb 3' to the 
apoAI gene and which spans portions of the coding regions in the 
apoCIII and apoAIV genes including their intergenic region 
(apoCIIIlapoAIV element) dramatically enhanced transcription of 
the apoAI gene in both HepG2 and Caco-2 cells but only when 
combined with the corresponding promoter elements. Cotrans- 
fection experiments revealed that the hepatocyte nuclear factor 4 
(HNF4) transactivates apoAI gene expression in Caco-2 but not in 
HepG2 cells and further potentiates transcriptional enhancement 
by the apoCIWapoA1V element in Caco-2 cells. These results 
suggest that the decision to transcribe the apoAI gene in liver or 
intestine is controlled by separate and distinct tissue specific 
apoAI promoter elements and that the level of transcription is 
further enhanced by the apoCIIIlapoAIV element. Furthermore, 
these results suggest that HNF4 facilitates functional interactionfs) 
between the apoAI promoter and the apoCIII/apoAIV element in 
intestinal cells. 

ENHANCER AND SEPARATE AND DISTINCT 

APO-LIPOPROTEIN A1 GENE EXPRESSION IN LIVER AND 

B 143 INTERAcTlON OF THE PEROXISOMB PROLIFERATOR 
AcSnATED RECEPTOR WITH 0- PNUHAR 
PROTEINS 

Martin OLlfflicha. Katy Wi. Mch&le Teboul, Eva Wjdmnrk, and 
Jan-&. Guatafsson, Dcparrmcat of Medical Nulxifion, Karolinska 
Instimoe, NOVUM. S-14186 Huddinge 

The paolrisomc pmlifpltor activaml nxeptnr urprcsstd in the 
baculovh system binds to a DNA-target elanmt in the 
promoter of the scyl-CoA oxidrst gene which u conrtituttd by L direct 
rcpcdIofthchcuwrc ' motil'AGG(A/T)CA s p d  by one nudsotide 
flugwood et d. (1992) EMBO 1. U. 433-439). We puci6ai PPAR to 
>90% homogeneity fram baxlovinrr infected insect cellr by Ni2+- 
chelate chmmatogrlphy afm ragging the lrnino terminus of the 
receptor with 6 histidine rcsirlues. Rnified PPAR does 110 longa bind 
to iu DNA-recognition motif but DNA-binding can be numstiWtcd by 
addition of extracts 6um non-infected Spodoptno frugipda cells 
(Sf-9). 

In analogy to the hecaomerizawn of otha nuclear nscpmn 
with the rednoid X receptor (RXR), rRXRb EM subptitvre the PPAR 
complementing h v i t y  in Sf-9 insect cells. 'Thus, in vlfm translated 
rRXRa supplemen@ binding of PPAR to a PPARR Furthatnorc. the 
expression of RXR in CHO lells is a pmequisitc for thc response to 

peroxisome prolifaaton of a npomr gene unda the control of a 
PPARE u p m  of the Heqw Simplcx thymidine ~ ~ M S C  promokr. 

Additionally 10 rRXRo, an activity prcseat in nuclear extracts 
from COS cells appum to enhance binding of PPAR to iu responsive 
eiamnt. D i f fmt  clectroptiorctic mobilities of PPAR containing 

exuacts or r M a  suggest that WAR can interact with s e v d  disrinct 
nuclear facton. The implications of heraomaization of WAR with 
other nuclear futon for the nsponsc to aaivstors of PPAR nrch a~ 
WY 14,643 or faay acids will be discussed. 

pmtein-DNA COHIP~CXCS formcd with Sf-9 cell COS all 
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B 144 DYNAMIC lNTERPLAY BETWEEN THE 
GLUCOCORTICOID RECEPTOR AND A LIVER- 

SPECIFIC 
FAaOR DURING TRANSCRIPTIONAL ACIlVATION OF THE 

RAT 
TYROSINE AMINOTRANSFERASE GENE 

T.GRANGE, G. RIGAUD, 1. ROUX and R. PICTET. 
Instirut I. Monod du CNRS, Univcnite Paris 7. Tour 43. 
2 Place Jussicu, 75251 PARIS CEDEX 05, FRANCE. 

specifically in liver cells where its transcription is inueased by 
glucocorticoid hormones. Two remote glucocorticoid 
responsive units (GRUs) interact cooperatively to promote full 
induction of the TAT gene (1). These two GRUs function in a 
cell-type specific way (2,3). They are constituted of multiple 
contiguous and overlapping binding sites for three trans-acting 
factors: the glucocortlcoid receptor (GR), C/EBP (and the C/EBP- 
like family) and a liver-specific factor: HNF5 (3). One of the GR- 
binding site is also an HNF5-binding site and these two factors 
cannot interact simultaneously with that site (4). 

1 )  the interaction of the GR with DNA does not last long 
enough to be detectable, 2) before maximal GR-mediated 
activation of transcription is achieved (10 m i d ,  one of the 
GR-binding site is occupied by HNF5 and not by the GR, 
3) the interaction of HNF5 with its target sites appears to 
require beforehand an alteration of the chromatin structure 
which is mediated by the activated GR over only one of the 
two GRUs (4). 

Based on these observations, we propose a hit-and-run 
mechanism for GR-mediated activation of transcription of the 
TAT gene which involves GR-dependant alteration of 
duomatin structure. 
1. Grange el nl (1989) Nucl. Add Res. 17,8695-8709. 
2. Grange et al(1989) Exptl. Cell Res. 180,220-233. 
3. Grange el nl (1991) Nucl. Acid Res. 19, 131.139. 
4. Rigaud PI a/ (1991) Cell 67, 977-986. 

The tyrosine aminotransferase (TAT) gene is expressed 

In v i m  footprinting analysis of the two GRUs reveal that: 

B 146 ARABIDOPSIS RNA POLYMERASE II SUBUNIT GENES. 
Tom J. Guilfoyle, Tim Ulmasov, Rob Larkin, Xiang Yang Shi, and Yi 
Li, Depanment of Biochemisuy, University of Missouri, Columbia, MO 
65211 
We have cloned full length Arabidopsis cDNAs and genes for the three 
largest subunits (205, 135, and 35 kDa) and a small subunit (19.6 kDa) 
which are found in plant RNA polymerase II, but not in I or In. The 
three largest Arabidopsis RNA polymerase II subunits are related to 
bacterial RNA polymerase p’, p, and a subunits, respectively. The two 
larger subunit cDNAs were obrained by screening an Arabidopsis cDNA 
library with yeast probes and the smaller subunit cDNAs were obtained 
by subunit antibody screening of an Arabidopsis cDNA expression 
library. Each gene, with the possible exception of the a homologue, is 
present as a single copy in the Arabidopsis genome. We are testing 
whether the plant subunits can complement yeast cells defective in 
specific subunit genes. We are expressing the cloned cDNAs in E .  coli 
and in in vitro hanscriptiodtranslation systems to study subunit 
interactions. The promoters of the genes have been fused to the E. coli 
uidA reporter gene which encodes P-glucuronidase (GUS), and the 
expression patterns of the genes are being analyzed in transgenic tobacco 
plants. 

6145 A MEMBER OF THE NFl FAMILY BINDS TO 

PROMOTER AND 5’-FLANKING REGION OF THE HUMAN 
DISTINCT CIS-ACTING ELEMENTS FROM THE _ _  - -~~ 

CRBPI GENE. Sylvain L. GuCrin, WinnieEskild’. Jacques 
Simard, and Vidar Hansson*, Molecular Endocrinology Laborato- 
ry, Laval University Medical Center, Quebec, Canada, GIV 4G2 
and ‘Institute of Molecular Biochemistry, University of Oslow, 
0317 Oslow 3, Norway. 

The gene encoding human cellular retinol-binding protein 1 
(CRBPl) is expressed in a number of tissues and particularly high 
levels are found in liver, epididynis and testis. To better understand 
how this gene is controlled, we have studied the nuclear proteins 
which bind to the promoter and 5’-flanking region of the CRBPl 
gene and the effects of such interaction on gene expression in 
several cell types. Within the first 500 base pairs of the 5’-flanking 
and promotor region, DNaseI footprinting identified 7 specific 
sequences which interacted with nuclear proteins from liver and 
prostate. Two of these sequences (designated as Fpl and Fp5) were 
highly homologous, sharing the core sequence “GGCCAAC“, 
which is homologous to the half site of the concensus sequence for 
the NF1 binding site. Our results from competition experiments in 
both gel mobility shift and DNaseI footprinting indicated that a 
commom protein interacted with both elements. Furthermore, 
immunological and biochemical data indicated that this protein 
belongs to the NFl family of transcription factors. Transient 
uansfections of several cell types were used to study the ability of 
the Fpl  and Fp5 sequences to control gene expression. Only Fpl 
possess the ability to induce reporter gene expression, when 
inserted upstream of the heterologous basal promotor from the 
mouse p l2  gene. Hence, despite the close sequence homology, the 
common core sequence and a similar ability to bind nuclear proteins 
in vitro, Fpl and FpS appear to function differently in vivo. 

B 147 DMS-II IS REQUIRED AND SUFFICIENT 
FOR THE RNA POLYMERASE II RNA 

CLEAVAGE ACTIVITY Hongliang Guo and David H. 
Price, Department of Biochemistry, University of Iowa, 
Iowa City, IA 52242 
RNA polymerase 11 can remove nucleotides from the 
growing point of nascent RNA in the presence of the 
elongation factor, SII,  which was initially shown to 
suppress pausing and stimulate elongation. We 
examined the Dmophila factor, DmS-11, using a dC- 
tailed template transcription system and showed that 
purified, bacterially expressed, DmS-I1 was able to 
induce the polymerase to back-up. The backup activity 
required an intact transcription elongation complex 
and was Mg2+ dependent. The RNA cleavage activity 
was sensitive to a-amanitin. The shortened transcripts 
remained in elongation complexes and could be chased 
into longer transcripts. Delaying the addition of 
nucleotides to the reaction containing DmS-I1 (allowing 
backup) did not effect the ability of the factor to 
suppress pausing or stimulate elongation in the 
presence of nucleotides. The DmS-I1 mediated 
nuclease activity of RNA polymerase 11 was not 
dependent on the RNA being in heteroduplex. Kinetic 
experiments indicated that the DmS-I1 mediated 
backup is very fast. More than 80% of the short 
released products are dinucleotides with some 
mononucleotides also being released. The RNA 
cleavage is an obligatory step during suppression of 
pausing by DmS-11. Other details of the action of DmS 
I1 are currently being examined. 
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B~~~DIFFXRCNTIAL XTIVATION OF TRANSCRIPTION 
BY GLUCOCORTICOIDAND PROGESTZRONERZCIrPTORS 

ON MROItRTIN TEMPLATES. Cordon L. agar, Trevor 
Archer and Cathorine hith. Lab of Uolmcular 
Virology, National Cancer In8titutm. B a t h m m d a ,  MD 
Z o m a .  
The mouse -f tuwr virus (larv) prolotar 
adopt. a phasod array of  sir nuclwamoa whmn 
introdwed into cells. The truucription factor 
NF1 is arcludmd fnu its binding aitm in t h m  
promoter by thia nuclwprotmin structura. In 
contraat. on traaiontly introdwad tqlatea, 
NFl ia baud conatitutively. Thua, induction by 
glucocorticoids ia a birod.1 procoas involving 
racmptor-dependent remodelling of chromatin and 
dirmct receptor-mmdiatod rocruitlsnt of 
additionbl transcription factor.. 

W e  have addraased t h m  ability o f  diffemt 
receptorr to d i a t m  chromatin remodelling, as 
opposad to traaactivation via protoin-protmin 
intaractions in transient tranafoctiona. Using 
a 0-galactoaidaae-basmd f~uoraacmce-activated 
coll aooting procmdurc. y. obtainmd a call 
population grmatly enrichod in tr-facted cells. 
W e  report that in thia population truuimntly- 
exprmaaad progesterone rmcaptor can activate 
tranaienaly-traosfected lQcN tamplatas, but not 
corresponding chroutinterplataa. Thmreforu, in 
contrast with thm mndogenoua glucocorticoid 
receptor, newly oxprmsaod progmaterone recmptor 
doe. not productivmly intermct with thr chrolo- 
0-1 W V  prorotor in thmse calla. Theme 
rocults indicate that nuclcoprotein atructurm can 
madfato dfffermntial interaction of tranocription 
factors uith the in vivo templatm. 

B 150 PURIFICATION AND CHARACTERIZATION OF 
YEAST RNA POLYMERASE I1 GENERAL 

INITIATION FACTOR g, N. Lynn Henry, Michael H. Sayre, 
and Roger D. Kornberg, Department of Cell Biology, Stanford 
University School of Medicine, Stanford, CA 94305 

RNA polymerase II general initiation factor g was purified to 
near homogeneity from yeast whole cell extract on the basis of 
its function in a reconstituted transcription system. 
Polypeptides of 30, 54, and 105 kDa co-purified with 
transcriptional activity, forming a complex with a mass of 300 
kDa as judged by gel filtration, but only 100 kDa based on 
sedimentation in glycerol gradients. After separation of the 
three polypeptides under denaturing conditions, transcription 
activity could be reconstituted; the 54 and 105 kDa subunits 
were both essential, while the 30 kDa subunit was slightly 
stimulator).. The factor was required for initiation at all 
promoters tested, including those from Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, and adenovirus. 
Factor g can stably associate with RNA polymerase 11, as 
shown by co-sedimentation in a glycerol gradient. 

B149 The Identification of a Truncated Form of 
HNF1-f3 Which Potentially Functions as a 

Repressor of Transactivation by HNF1-p 

Linda P. Hansen and Gerald R. Crabtree 
Howard Hughes Medical Institute, Stanford University, 
Stanford, CA 

HNF-1 a and 18 (also known as LF-B1 and LF-B3) 
are distantly related to the homeodomain protein 
family. HNF-la and 1p are unique among mammalian 
homeoproteins in that they dimerize, via their amino 
termini, before binding to their target DNA sequence. 
We have recently cloned a cDNA for a naturally 
occurring truncated form of HNFl-p, which encodes the 
amino terminal part of the protein, but lacks the 
putative DNA binding homeodomain and carboxy- 
transactivation domain. This gives rise to the 
possibility that a dominant-negative heterodimer of 
HNFl proteins could be formed. Western analysis shows 
that the truncated form of HNFl-p exists at a high 
concentration in liver. The liver contains nearly equal 
amounts of full-length HNF1-a and HNF1-p protein, but 
in gel mobility shift assays virtually all of the DNA 
binding activity is due to HNF1-a. We are currently 
testing the hypothesis that the truncated form of HNF1- 
p preferentially dimerizes with full length HNFl -p, 
creating a non-DNA binding dimer, similar to the 
MyoDlld interaction. 

B 151 THE BINDING OF YEAST TBP TO DNA: ANALYSIS OF 
KINETIC AND THERMODYNAMIC PROPERTIES WITH 

FLUORESCENCE TECHNIQUES. Stefan Hermann and Diane K. 
Hawley; Institute of Molecular Biology and Department of 
Chemistry, University of Oregon, Eugene, OR 97403 

Yeast Tata Binding Protein 
(yTBP) is a 27 kilodalton 
protein that binds to DNA in 
a sequence specific manner. 
yTBP has a single 
tryptophan, located in its N- 
terminus, that emits 
fluorescent light when 
excited at 275 nm. The 
emission maximum is at 315 
nm. Upon binding to DNA 

the fluorescence is quenched and the emission maximum shifts to 
345 nm (see fig. 1). We have used these signals to follow the 
kinetics of binding of yTBP to various DNA sequences. From the 
temperature dependance of the kinetic parameters we were able 
to estimate activation energies. Using titration techniques, we 
have determined the binding constants for low affinity binding 
sites 

lMl 

75 



Transcription: Factors, Regulation and Differentiation 

B 152 FUNCTIONAL ANALYSES OF ATF-2 STRUCTURE, 
James P. Hoefflerl, David J. Krolll, Gary L. Johnson2, Lynn 

Heasleyl, Joseph Avruch3, John M. Kyriakis3, and Hany AMel-Hafizl. 
University of Colorado HSC, Denver, CO 80262, 2National Jewish 

Hospital, Denver, CO 80262, 3Mass General Hospital East, 
Charlestown. MA 02129. 
Dimerization of leucine zipper-containing proteins has characteristically 
been associated with the formation of a coiled coil structure between two 
compatible leucine zipper motifs. In the present study we demonstrate the 
association of the leucine zipper of CREB with a zinc finger motif of 
ATF-2. The association of the CREB leucine zipper with the ATF-2 zinc 
finger is stabilized if the ATF-2 leucine zipper is intact, implying that the 
preferred interactive structure of ATF-2 juxtaposes the amino-terminal 
zinc finger motif of this protein with the carboxy-terminal leucine zipper 
of this same protein. Furthermore, we demonstrate that the association of 
the CREB leucine zipper with the ATF-2 zinc finger in  virro blocks the 
association of the adenoviral Ela protein with ATF-2. Similarly, 
overexpression of full-length CREB, or a mncated version of this protein 
corresponding to the carboxy-terminal74 amino acids which make up the 
DNA-binding and dimerization domains, can block the ATF-2 mediated 
uanscriptional stimulation by Ela in vivo. We have expressed full-length 
and truncated peptides corresponding to various regions of the ATF-2 
protein in bacteria and the baculovirus insect cell system in order to 
investigate the precise mechanisms and structural requirements for 
productive transcriptional coupling by this factor. Analyses of these 
recombinant ATF-2 products demonstrated that bacterially expressed 
truncated (350-505). but not full-length ATF-2, was able to bind a 
consensus CRE-containing oligonucleotide, suggesting the N-terminal 
moiety may serve as a negative regulator of DNA-binding activity. In 
contrast, the full-length ATF-2 protein expressed utilizing a recombinant 
baculovirus was fully competent to bind DNA. Protein phosphatase 2A 
reversed the DNA-binding activity by dephosphorylating the ATF-2 
polypeptide. MAP kinase catalyzed the phosphorylation and stimulated 
the DNA-binding activity of bacterially expressed full-length ATF-2. 
Phosphopeptide mapping of phosphorylated ATF-2 proteins identified a 
single peptide in the N-terminal moiety of ATF-2 phosphorylated by p42 
or p54 MAP kinase (MAPK). Therefore, we propose that 
phosphorylation of this regulatory site is sufficient to induce an allosteric 
structural change in the ATF-2 protein, which allows dimerization and 
subsequent DNA-binding. 

B 154 CLASSIFICATION OF TATA BOX SEQUENCES, 
Barbara C. Hoop,  D. Barry Starr, James F. LeBlanc, 

and Diane K. Hawley, Institute of Molecular Biology, 
University of Oregon, Eugene, OR 97403 
The DNA sequence of the TATA box is highly conserved, and 
mutations in the TATA box alter the level of transcription 
both in uiuo and in aitro. In addition, studies from several 
laboratories have indicated that certain activator proteins 
require  particular TATA box sequences t o  act ivate  
transcription. To understand the relationship between the 
sequence of the TATA box and the mechanism of preinitiation 
complex assembly, we  are studying the effect of TATA box 
mutations on  both transcription initiation in aitro and the 
binding of the general transcription factor TBP. We have 
generated a number of basepair mutations in the TATA box of 
the Adenovirus Major Late promoter, which contains a 
consensus TATA box sequence. We have characterized these 
altered sequences for their transcriptional activity, affinity for 
TBP, and  for the  stability of the resulting TBP:TATA 
complexes. These assays have allowed us to place different 
TATA box sequences into several classes. The implications of 
our  findings to the role of TBP in transcription initiation and 
to mechanisms of activation will be discussed. 

B 153 ANALYSIS OF TATA-BINDING PROTEIN 
AND ASSOCIATED FACTORS 

Frank C.P. Holstege. Peter C. van der Wet  and H.Th.Marc 
T-rs, Laboratory for Physiological Chemistry, Unecht 
University, Vondellaan 24a, 3521 GG Unecht, The 
Netherlands. 

Using a panel of monoclonal antibodies specific for the 
TATA-binding protein W P )  we have exatnined the 
composition of TBP-containing complexes in human cell lines 
of various origin. Immunoprecipitation experiments with [35S]- 
methionine and [32P]-phosphate labeled lysates have resulted in 
the identification of at least 10 putative TBP-associated factors 
(TAFs). These proteins remained associated with TBP under 
both mild and smngent assay conditions, indicating that the 
interaction of these. TAFs with TBP is relatively stable. The 
metabolic half-life of TBP was found to be more than 10 hours 
in HeLa cells, implying that TBP itself is a stable protein. 

Surprisingly, no major differences in TBP-TAF complexes 
could be detected when lysates from several cell lines were 
compared. Immunoprecipitation and immunoblotting analysis 
showed that the mobility of TBP in denaturing protein gels 
differed significantly between individual cell lines. We are 
currently investigating the nature of these differences in TBP 
mobility. 

B155 F U N C T I O N A L  S E L E C T I O N  A N D  
CHARACTERIZATION OF BINDING SITES FOR THE 
E. COLI TRP REPRESSOR, 

Bany K. Hurlburt and Piotr J. Czemik, Department of 
Biochemistry and Molecular Biology, University of Arkansas for 
Medical Sciences, Little Rock, AR 72205 

rrp repressor controls transcription initiation in four operons 
involved in tryptophan biosynthesis: trp, aroH, trpR, and mr. 
The dimeric repressor, when bound by two molecules of L- 
tryptophan, binds symmetrical operator sequences within the 
promoters of the regulated operons. The structure of the 
crystalline rrp repressor/operator complex lead to a controversial 
proposal: "indirect readout", the conformation of the operator 
resulting from the constituent bases, was responsible for specificity 
of binding. We applied the functional selectiodPCR amplification 
strategy (variations of this technique have been termed: CASTing, 
SELEX, SAAB, etc) to examine the DNA-determinants of 
specificity for the rrp repressor/operator interaction without bias 
based on known operator sequences. Purified r r p  repressor was 
coupled to Sepharose C U B  and the resultant affinity matrix was 
used to select binding-competent DNAs from a randomized 3O-bp 
template (complexity = 1 x 10"'). DNAs with tryptophan- 
dependent, high-affinity binding were eluted by competition with 
the tryptophan analog B-indole acrylic acid and amplified by PCR. 
Following 7 cycles of selection and amplification, the percent- 
bound DNA had increased 500-fold and reached saturation. The 
selected DNAs were cloned, sequenced and used in binding-site 
mapping and quantitative binding affinity measurements. The 
consensus sequence from the selected DNAs defined only a half- 
site. This result supports previous biochemical and genetic studies 
indicating that the two halves of np repressor bind DNA 
independently. Evolution of a binding-competent half sites could 
have occurred independently. 
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B 156 ANALYSIS OF THE REGULATORY REGION OF THE 

CSF. IL-3 and IL-5 RECEPTORS, Takashi Iwamoto, Daniel M 
Gorman, and Atsushi Miyajima. DNAX Research Institute, Palo 
Alto, CA94304 
The high affinity receptors for hematopoietic growth factors, IL- 
3, IL-5, and GM-CSF are composed of a and p subunits. Each 
high affinity receptor has a cytokine-specific a subunit which 
binds its ligand with low affinity by itself. There are two 
homologous p subunits (AIC2A and AIC2B) in the murine 
receptors. AIC2A is the specific p subunit for the IL-3 receptor 
and AIC2B is shared by the three receptors. These receptor 
subunits are expressed mainly in hematopoietic cells. To study 
the cell type specific expression of these genes we have 
characterized the chromosomal genes for the two mouse p 
subunits, AIC2A and AIC2B. Both genes were mapped on 
murine chromosome 15 and consist of 14 exons and span about 
28 kb each. Sequence analysis revealed that they are 95% 
identical up to 700 bp from the transcription initiation sites. 
Interestingly, potential recognition sequences for hematopoietic 
trans2ription factors including GATA-1 and PU.l are present in 
the 5 flanking region and a stretch of 20 bp including the 
initiation site is homologous to the corresponding region of the 
erythropoietin receptor and the IL-7 receptor genes. Using the 
luciferase gene as a reporter gene we found promoter activity in 
the 5’ flanking sequences. We are currently analyzing these 
sequences to find regulatory elements responsible for 
transcription. 

MURINE GENES FOR THE p SUBUNITS OF THE GM- 

B158 Lipid Modification of FBR (Gag-Fos) Controls 
Transactivation of Alpha (111) Collagen, Robert M. Jotte, 

Nobuyuki Kamata, and Jeffrey T. Holt, Department of Cell Biology, 
Vanderbilt University,Nashville, TN 37232 

Post-translational modification of banscription factors mediates many of 
the processes involved in cellular p w t h  and differentiation. Previously, 
we have shown that myristylation of FBR results in decreased 
transactvation of the TRFYAP-1 binding site (MCB 11:765) and decreased 
transrepression of the c-fos promoter relative to Fos (MCB 12376). Here 
we show that FBR transactivates the alpha (In) collagen promoter. 
Transient hansfections in HeLa cells and 3T3-LI fibroblasts demonstrate a 
25-40 fold induction of the alpha (III) collagen promoter-CAT reporter by 
FBR which occurs at the level of CAT “A. Analysis of FBWc-Fos 
chimeras indicates that induction by FBR is dependent upon the N- 
terminally myristylated glycine in the gag sequace. Detailed S’deletions 
and internal deletions of the collagen III promoter in HeLa cells map FBR 
transactivation to a region within 3 bp of a potential SV40 axe UEBP 
consensus binding sequence. UEBP transiently cetransfected in HeLa 
cells represses the ability of FBR to transactvate the alpha (In) promoter- 
CAT reporter to a level below basal activity. Gel shift analysis with this 
SV40 core sequence demonshates specific binding to UEBP. However, 
myristylated FBR inhibits UEBP binding, while MR (non-myristylated 
FBR) and c-Fos do not DNAse I footprinting with HeLa nuclear extracts 
demonsaates binding in a region overlapping the SV40 core sequence. 
This footprinted region is crucial to collagen 111 gene regulation, since the 
collagen JIl promoter deleted of -67 to -93 (which lacks FBR 
bansactivation in HeLa cells) is activated in differentiated 3T3-Ll cells 
which normally down-regulate collagen III expression. These results 
indicate that FBRs ability to bansactivate a l p  (In) collage? is attribukable 
to a cotranslatid modification due to retrowal bansduchon. lhls v-fos 
specific induction maps to a UEBP binding region implicated in both 
negative and positive regulation of alpha (m) collagen gene expression. 

B 157 REGULATION OF VON WILLEBRAND FACTOR GENE 
EXPRESSION INVOLVES GATA ELEMENT. Nadia 

Jahroudi and Dennis C. Lynch. Dana-Farter Cancer Institute and 
Dep-nts of Medicine and Pathology, Harvard Medical School, 
Boston, MA 021 15 
von Willebrand factor is a large heavily glycosylated protein which is 
expressed exclusively in endothelial cells and megakaryocytes. We have 
studied the mechanism of transcriptional regulation of von Wdebrand 
factor (vWf) gene and identified the cis-acting elements which regulate its 
highly resmctive cell type specific expression Plasmids containing 
fragments of vWf 5’ region fused to the human growth hormone 
structuml gene were transiently transfected into bovine aomc 
endothelial(BAE) cells, which express their endogenous vWf gene and 
cells such as HeLa and bovine smooth muscle cells which do not. Results 
of these experiments indicated that DNA element(s) located within the 90 
base pairs immediately upsueam of the vWf nansCription start site can 
activate the expression of the fused growth hormone gene. ’Ihis promoter 
activity was observed when constructs were transfmed into all cell types 
used. Furthermore element(s) located between 300 and 500 base pairs 
upsueam of the vWf transcription start site have a strong inhibitory effect 
on the observed promoter activity. The effect of the negative element was 
abolished only in BAE cells when the entire fust exon was included in the 
consmaion of the expression vector. Thus a fragment of vWf gene 
spanning 500 bp of 5’ flanking region and the entire 246 bp of the first 
exon appears to regulate the cell type specific expression of the vWf gene. 
Sequence analysis of the first exon indicated that there is a SPl binding 
site, a GATA element, and an octamer binding site located within the 
terminal 100 bp of the first exon. To investigate the role of these elements 
in regulation of vWf gene expression, they were subjected to point 
mutation. Transfection of BAE cells with a plasmid containing the 500 bp 
5’ flanldng region and the first exon containing the mutated GATA site 
was shown to abolish the expression of this plasmid,while the mutation 
of either SP1 or octamer binding site individually or in combination had 
no effect on promoter activity. Gel mobility assay also indicated the 
formation of a specific complex by the wild typeDNA fragment and the 
BAE nuclear exuact which was different fium the complex formed with 
the fiagment containing mutated GATA site. These results suggest that 
cell type specific regulation of vWf gene is controlled by a complex 
mechanism which involves a negative regulatory elemnt(s), a core 
promoter and positive regulatory elements such as the GATA site located 
downsueam of the W p t i o n  initiation site. 

B 159 MFTl: AN ACE1-RELATED PUTATIVE 
TRANSCRIPTION FACTOR REQUIRED FOR 
GROWTH UNDER STRESS CONDlTIONS 

Joem J u n e m m  , Hans-Alben Reins and Stefan Jentsch 
Friedrich-Miescher-Laboratorium der Mm-Planck-Gesellschaft 
Spemannsuak 37-39, D-7400 Tubingen, Germany 

We have identified a gene, MFTI ,  which encodes a protein of 
417 amino acids with significant sequence similarity to the 
uanscription factor ACE1. ACEl is a copperdependent 
transcription activator of the yeast metallothionein gene, CCIPl. 
MFTl and ACEl share 53% amino acid identity at their N- 
terminal domains. This domain is required for DNA- and copper- 
binding of ACEl. Two amino acids of ACEl known to be 
essential for DNA-binding are present in MFT1 at identical 
positions. The arrangements of the cysteine residues in MFTl 
and ACEl are similar and suggest that MFTl is also a metal- 
binding protein. 

Loss-of-function mutations in MFTZ lead to a slow 
growth of m f Z  mutants, indicating that MFTl is important even 
under normal growth conditions. Moreover, m f l  mutants are 
hypersensitive against a variety of stress conditions including 
heavy metal exposure (GI2+, Pb”, Zn2+) and oxidative stress 
(H20.9 and they are respiratory deficient. Interestingly, mfrZ 
mutants are also heat-shock sensitive. They are inviable at 37% 

We constructed a MFT1-p-galactosidase fusion protein 
that can rescue normal growth of m f l  mutants even under stress 
conditions. This fusion protein localizes to the nucleus, 
supporting the notion that MFTl acts as an banscription factor. 
The target genes are not known at present but they may include 
known stress-inducible genes. 
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B 160 THE EBNA2-RELATED RESISTANCE TOWARDS lFNa IN BL 

NOT THE ACTIVATION OF ISGFJ, Kayoko Kanda. Thomas Decker, Pierre 
Aman,Margret Wahlstrh. Bengt Kallin and Alexander von Gabain. 
Department of Bacteriology, Karolinska Insbtute Box 60400 30401 
Stockholm.Sweden. 
The initial studies with interferons (IFN) concerned their antiviral effect which 
they induce in target cells. Later studies have disclosed that several l@c 
viruses have been found to counteract the antiviral action of IFN. A lack of 
response towards IFN has been attribvted to an impaired induction of IFN 
induced genes (ISGs) in the case of IFN resistant variants of the Daudi cell 
line and in wnnecbon wtth hepatitisB virus and adenovirus infection. In the 
case of adenovirus and hepatitisB virus-related IFN resistance, adenovirus 
E1A and hepatitis virus terminal protein mediate the transcriptional block of 
ISGs to be due to inhibition of ISGF3 activation. The present result suggest 
that the insensible effect to IFN is involved in expressing Epstein-Barr virus 
nuclear antigen 2 (EBNA2) in human lymphoma cells. We studied the 
expression of ISGs in pairs of cell lines, differing in the expression of EBNA2. 
In EBNA2 expressing cells, the induction of five ISGs by a-IFN was strongly 
reduced or in some cases eliminated. CAT reporter gene constructs 
contarning different IFN response elements, ISREs, were transfected into 
EBNA2 negative and EBNA2 positive cells. Induction of CAT activity by lFNa 
was suppressed in EBNA2 positive cells. However gel shift assays of EBNA2 
positive and EBNA2 negative cells exhibited a nearly identical pattern of ISRE- 
binding proteins. Most important activation of the ISGF3 was not inhibited in 
IFN resistant cells expressing EBNA2. The mechanism of the EBNA2 related 

CELLS EFFECTS INDUCTION OF IFN-INDUCED GENES BUT 
B 161 TranscriDtional reaulation of the rat liver sodium- 

M Ananthanarayanan. and Frederick J Suchy Departmeit of 
Pediatric GastoenterologylHepatology. Yale University School of 
Medicine New Haven, C T  06510 

Recently, the cDNA encoding the rat liver sodium- 
dependent bile acid transporter gene, [Nbtcp .whose proauct 
transports bde acids across the sinusoidal surface of the 
hepatocyte] has been cloned (Hagenbuch et a/ PNAS 88 10629 
10633. 19911 Analysis of the expression of the Nbtcp gene 
would provide insight into the transcriptional regulation of this 
integral component of the enterohepatic circulation of bile We 
have screened a rat genomic library with the Nbtcp cDNA. and 
isolated three overlapping lambaa clones that appear to f.&y 
encompass the Nbfcp gene The span is approximately 16 
kilobases [kb], and tne clones also include 9 kb of 5' upstream, 
and 5 kb of 3' flanking sequences Southern blots inaicale t to be 
a single copy gene Primer extension analysis piaces the mRhA 
transcnption start site at 10 nucleotides [nt] upstream of the 
published cDNA sequences A 1 3 kb fragment spannmg from an 
upstream Bglll site to cDNA nt +42 was subcloned into the Lnique 
Hindlll site of the basic luciferase expression vector pSVoAL A5' 
[de Wet eta/ Mol & Cell Biol 7, 725-737 19871 Four hours after 
plating pnmary rat hepatocyte cultures, this recombinant plasmid 
[p l  3NbtcpI was transfected in serum-free media via Iipofection 
overnight The cells were harvested 24 hours later Con l ro  
Iransfections with pSVoALA5 and pSV2ALU5' (containing the 
SV40 Dromoter-enhancer1 were also Derformea ~1 3Nbtcr 

&wendent b ile acid t ransDorter aene Sau. Karpen, 

IFN resistance seems to be distinct from both the resistance mediated by 
hepatitis virus and adenovirus products as well as from the IFN resistance 
found IFN resistant in BL cell variants. 
References: 
/iman,P. and A. von G+ain. (1990) EMBO J., 9, 147-152. 
Kanda.K., Decker, T., Aman, P.,WahlstrOm, M., von Gabain, A. and B. Kallin. 
(1992) Mol.Cell.Biol., in press. 

directed luciferase activity at approximately 10% of the level of 
pSV2ALAA5', and hence appears to contain a functional promoter. 
Preliminary studies suggest that physiologic concentrations of 
cholic acid upregulates pl.3Nbtcp activity. Sequence analysis of 
the 5' upstream region reveals homologies to several known 
transcription factor recognition sequences, including a TATA box 
at nt -28, and CIEBP. CRE, and GRE binding sites. This assay 
system will be used to explore the effects of various hormones and 
bile acids, as well as promoter sequence deletion and mutation 
experiments, on Nbtcp gene promoter activity. 

B162 SlNl INTERACTS WITH A PROTEIN COMPLEX THAT 

GENE. Don Katcoff, Eyal Yona, Orly Dgany, Hadas Friedman and Yael 
Cohen, Dept. of Life Sciences, Bar Ilan University, Ramat Gan 52900, 
Israel 
Recently, evidence has been mounting suggesting that a number of 
chromatin components previously thought to primarily or exclusively have 
structural function, also have a regulatory role in eukaryotic transcription. 
Notably, in yeast, histone H4 N-terminal sequence has been shown to be 
required for promoter activation of certain genes in vivo, and mutations in 
histone H3 (SIN2) or in SINI (which has some sequence similarity to 
HMGI) are able to suppress swil ,  swi2, and swi3 mutations, restoring 
uanscription to HO as well as a number of other genes. Furthermore, a 
functional interaction has been shown between the C-terminal domain of 
RNA polymerase I1 and the SINl protein. We are seeking to answer the 
question of how SINl molecules that are known to bind DNA non- 
specifically and that are found throughout the chromatin in large numbers, 
are able to specifically affect the transcription of a relatively small set of 
genes. 
In the work carried out in our laboratory, we have identified a novel protein 
that specifically binds the HO regulatory region on the one hand, and on the 
other somehow appears to contact the SINl protein. The protein that we 
have identified binds a s d  defined DNA sequence in the HO promoter in- 
vitro, and is detected in cell extracts made from wild type cells. However, 
it is undetectable in extracts made from sinl-2 mutants. We have shown 
that the DNA binding activity does not contain SINl, since extracts from 
sinld strains retain the activity. Mixing of wild type. with sinl-2 extracts 
has shown that one or more components in extracts made from sinl -2 
strains is able to prevent the DNA binding activity in wild-type extracts. 
SIN1 and sinl -2 have been cloned and overexpressed in bacteria as fusion 
proteins. Sinl-2 fusion protein added to an exnact used in a gel retardation 
assay can dissociate the DNNprotein complex while a similar SINl fusion 
protein has no effect on the complex at similar concentrations. These data 
imply that the sinl-2 protein can interact directly with the DNAIprotein 
complex. Sequencing of sinl -2 has revealed that sinl -2 is a point mutation 
very close to the C-terminus which substitutes a lysine for a glutamic acid. 
Interestingly, proteinDNA complex made from sinlA exaacts is far more 
resistant to dissociation by sinl-2 exnact than the complex made from wild 
type extracts. Several models of SINl function are presented to explain 
these and published results. 

BINDS THE REGULATORY REGION OF THE YEAST HO 
B 163 TRANSCRIPTION FACTORS REGULATING THE EXPRESSIOh OF 

Suzuki Yuriko, Hirayama Yasutaka. Masuda Kazuyuki, datan- 
abe Yuko and Nagano Ke i ,  Depar tment  o f  B i o l o g y ,  J i c h i  
Medical School, Minamikawachi. Toch ig i .  329-04 Japan 
Na.K-ATPase i s  the  enzyme respons ib le  f o r  ma in ta in ing  Na' 
and K' g rad ien ts  across t h e  c e l l  membrane. It i s  composed 
o f  two subun i ts  named alpha and beta. Three isoforms have 
been i d e n t i f i e d  bo th  f o r  a lpha and be ta  subuni ts.  The 
alpha 1 subun i t  gene (ATPlAl)  i s  expressed v i r t u a l l y  i n  
a l l  animal t issues. We have i d e n t i f i e d  c i s - a c t i n g  e le -  
ments o f  t h e  gene which are  common t o  severa l  c e l l  l i n e s  
o f  v a r i o u s  t i s s u e  o r i g i n ' .  The e lements  i n c l u d e  Spl  
b i n d i n g  consensus sequenece and t h e  newly i d e n t i f i e d  ARE 
(ATPlA1 r e g u l a t o r y  element). The b i n d i n g  f a c t o r s  t o  t h e  
ARE a r e  c e l l  t ype  s p e c i f i c .  That i s ,  C1 and C2 complexes 
were i d e n t i f i e d  i n  8103 ( r a t  n e u r o b l a s t o m a  c e l l  l i n e )  
nuc lear  e x t r a c t ,  w h i l e  C1, C2 and C3 complexes were iden- 
t i f i e d  i n  MOCK (canine k idney  c e l l  l i n e )  o r  HeLa nuc lear  
e x t r a c t  by g e l  r e t a r d a t i o n  assay us ing  ARE sequence as  t h e  
probe. The core sequence o f  t h e  ARE i s  found i n  several  
o t h e r  genes invo lved i n  c e l l u l a r  energy metabolism such as 
malate dehydrogenase and pyruvate  kinase. suggest ing the  
sequence t o  be a comnon r e g u l a t o r y  element responsive t o  
the  s t a t e  o f  c e l l u l a r  energy metabolism. We have i d e n t i -  
f i e d  two cDNA clones which s p e c i f i c a l l y  b i n d  t o  t h e  ARE by 
South Western c l o n i n g  w i t h  a probe o f  ARE sequence. One 
o f  them was i d e n t i c a l  t o  HEB (Hu e t  al., MCBlZ 1031-1042, 
1992). The o ther  c lone i s  now under c h a r a c t e r i z a t i o n .  
The b i n d i n g  reg ion  o f  t h e  f a c t o r s  coded by t h e  cDNAs were 
a n a l y z e d  w i t h  use o f  GST- fus ion  p r o t e i n .  The b i n d i n g  
r e g i o n  o f  t h e  f a c t o r s  coded by these clones were d i s t i n c t  
from those o f  g e l  r e t a r d a t i o n  complexes. The p r e l i m i n a r y  
p u r i f i c a t i o n  o f  t h e  b i n d i n g  f a c t o r s  r e v e a l e d  t h a t  t h e  
f a c t o r  f o r  C3 c m p l e x  b inds  t o  WGA column, wherease fac- 
t o r s  f o r  C1 and CZ d i d  not.  
'Suzuki, Y. e t  al.. MCB12 i n  press, 1992 

NA,K-ATPASE ALPHA 1 SUBUNIT GENE, Kawakami Kiyoshi ,  
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B 164 

Daniel D. Kephart. Margaret Peek Price. Zachary F. Burton1, Ann 
’inkelsteinl. Jack Greenblatt2. AND Davd H. Price, Department of 
3mhemistry University of Iowa. Iowa City, IA 52242, USA, lDepartrnent of 
hchemistry and Agricultural Ex eriment Station. Michigan State University. 
C .  Lansing, MI 48824. USA and &anling and Best Deparlrnent of Medical 
+?search and Deparlment of Molecular and Medical Genetics. University of 
roronto, Toronto, Ontarto MSG 1L6, Canada. 

’actor 5 is a Drosophila RNA polymerase II initiation factor which also 
affects the elongation phase of transcription. To further our 
Jnderstanding of how factor 5 functions during initiation and 
-?longation, we have used a RAP74 cDNA to isolate a full-length cDNA 
‘hat putativeiy encodes the large subunit of Drosophila factor 5 (factor 
i a ) .  A Drosophila Kc cell cDNA library was probed at low stringency 
uith a cDNA encoding RAP74, the large subunit of the human 
:ounterpart of factor 5. A I100 bp cDNA with extensive sequence 
;imilarity to the amino terminus of RAP74 was isolated. The Kc cell 
:DNA was used to screen a Drosophila embryonic cDNA library and a 
1929 bp cDNA with similarity to the entire RAP74 sequence was 
solated. The deduced amino acid sequence of the Drosophila clone 
#as 43% identical and 65% similar to the sequence of human RAP74. 
3ased on this similarity, we propose that this cDNA encodes the large 
wbuntt of Drosophila factor 5 (factor 5a). Production of factor 5a using 
Dacterial expression systems or an in vitro transcription/translation 
system yields a protein product of approximately 85 kD, consistent with 
the molecular mass of the large subunit of purified factor 5. Sequence 
comparisons of the Drosophila and human proteins and the position of 
introns deduced from the sequence of Drosophila genomic DNA 
suggest that the proteins contain highly conserved N-terminal and C- 
‘erminal domains separated by a central region rich that is highly 
:barged (51% D+E+K+R) but less well conserved. Evidence is 
xesented which suggests that at least one copy of the gene for factor 
5a in Kc cells has been disrupted by the insertion of a 412 
‘ransposable element. In contrast, the factor 5a gene in Drosophila 
.?mbryos or adult flies does not seem to be disrupted by a 412 element 

CLONING OF A DROSOPHILA HOMOLOG OF RAP74, A 
GENERAL RNA POLYMERASE II TRANSCRIPTION FACTOR 

F3 166 TRANSCRIPTIONAL ANALYSIS OF YEAST TFIID 

:N YEAST AND HUMAN IN VITRO SYSTEMS. 
POINT MUTANTS BY ACIDIC ACTIVATORS 

Tae Kook Kiml, Shigeru Hashimotol, Peter M. 
l anagan2 ,  Raymond J. Kelleher III2, Roger D. 
Lornberg2, Masami Horikoshil~3 & Robert G. Roederl, 
IIab. of Biochemistry and Molecular Biology, The 
Rockefeller University, New York, NY 10021. 2Dept.of 
:ell Biology, Stanford University of Medicine, 
,;tanford, CA 94305. 3Institute of Applied 
Microbiology, University of Tokyo, Bunkyeku, Tyoko 
113, JAPAN. 
Ihe TATA-binding factor TFIID plays a key role in e u k q o t i c  
ranscription initiation. Consistent with its central role in 

.xeinitiation complex assembly, TFIID and the deri\,ed TATA- 
?inding subunit (TFIIDr) have been shown to be targets for 
iarious regulators including acidic activators. Here, functional 
n MVO and in vitro analyses were carried out to identify 
-esidues in yeast TFIID 
ranscriptional acti\.ation b). acidic acti\ atom. Three 
iidi\iJual point mutations (11 13K,  L183K and K211L) abolished 
.ranscriptional actimtion by acidic activators (GAI.1VPl6/AH) 
.~hi le  maintaining basal transcription in a yeast-derived 
rFilDdependent in \.itru transcription s)stem. With these 
lclective TFllD point mutants, we al\o analyzed direct 
ntenctions with the acidic activation domain of VP16 and the 

effects on growth of yeast cells. Transcriptional activities of 
:hese activation-defective point mutants were also determined 
n a TFllDdeficient heat-treated nuclear enract from human 
:HeLa) cells. TFllD mutants L189K and K 2 l l l  but not L114K, 
mediate normal acidic activator responses in the HeLa system. 
These results suggest that species-specific interactions within 
TFIlD are involved in the function of acidic activators. This 
species-specificit), may reflect differences in the ability of 
yeast TFIID to interact with cofactors that may be required for 
transcriptional activation by acidic activators. The inability of 
mutant L114K to function in either yeast or human systems 
raises the possibility either that the altered site is involved in  
direct interactions with acidic activation domains in both 
organisms or that an evolutionary conserved cofactor 
function i s  involved. 

hich are important for 

B 165 ROLE OF DNA BENDING IN TRANSCRIPTION ACTIVATION AND 
REGULATORY SPECIFICITY AMONG FOS AND JUN FAMILY 

PROTEINS, T.K. Kerppola and T. Curran, Department of Molecular 
Oncology, Roche Institute of Molecular Biology, Nutley. NJ 071 I 0  

We have previously demonstrated that Fos and Jun Induce opposite 
orientations of DNA bending upon binding to the AP-1 site (Cell, 66: 
317, Science, 254: 1210). To investigate the functional role of DNA 
bending in transcription activation, we have mapped the domains in Fos 
and Jun that control DNA bending. The region that determines DNA bend 
orientation was localized to the basic DNA contact surface. A 33 amino 
acid peptide encompassing the basic region was sufficient to induce a bend 
in the same orientation as the full length protein. The regions that 
determine the DNA bend angle were localized to proline-rich domatns in 
both Fos and Jun. These regions coincide with the transcription 
activation domains of these proteins. In Jun, the amtno-terminal 
repressor region reduced the DNA bend angle. Deletions across this 
region displayed a perfect correlation between DNA bend angle and 
transcription activation. Thus, DNA bending IS likely to be integral 10 
transcription activation by Fos and Jun. 

The AP-1 site is recognized by a large number of bZlP family 
proteins. To investigate i f  DNA bending could confer functional 
specificity to members of this family, we determined the DNA bends 
induced by twelve bZlP family proteins at several variants of the AP-1 
site. Each protein induced a DNA bend of distinct orientation and 
magnitude. The sequence of the recognition site had different effects on 
the DNA bend angle depending on the binding protein. Therefore, DNA 
bending can provide specificity to proteins binding to the AP-1 site. 
First. different complexes can induce distinct DNA bends when binding to 
the same site. Second, a complex binding to differenl sites can have 
diverse effects on DNA structure. 

The structural differences between Fos and Jun correlate with 
functional differences between these proteins. Several regulatory 
interactions between Fos/Jun and the giucocorticoid receptor (GR) have 
been reported. We have analyzed the functional interactions between 
Fos, Jun and GR in vifro using purified proteins. The GR DNA binding 
domain inhibited DNA binding and transcription activation by Fos-Jun 
heterodimers, but not Jun homodimers. implicating Fos as the primary 
target of GR inhibition. Fos and Jun are targets of multiple kinases that 
phosphoryiate different sites in the proteins. Mutation of the 
phosphorylatton sites in Jun had different effects on DNA binding and 
transcription activation by Fos-Jun heterodtmers and Jun homodimers 

B 167 
OF THE HUMAN AND RAT SPERMATID TRANSITION PROTEIN 1 
GENES T O  IDENTIFY DNA-PROTEIN BINDING SITES. Malathi K. 
Kistler, E.A. Shipwash and W.S. Kistler, Department of Chemistry, 
University of S. Carolina, Columbia, SC 29210. 
During spermatogenesis the nuclear proteins undergo 
replacement in a stage specific manner. Transition proteins (Tp) 
are basic proteins that replace histones but are themselves 
eventually displaced by protamines in the maturing sperm. We 
have obtained genomic clones for rat and human Tpl , and 
comparitive alignment of the upstream DNA sequences of these 
shows remarkable similarities within a I 0 0  base pairs upstream of 
the transcriptional start sites. Examination of this 100 bp region for 
potential transcription factor binding sites revealed a cyclic AMP 
response element (CRE) , a CACC / S p l  box and a CAAT motif. 
The rat T p l  gene displays a perfect CRE element (TGACGTCA), 
while human T p l  has two nucleotides deviating from the 
consensus sequence (TGACagCA). Gel mobility shift experiments 
were conducted using HeLa nuclear protein extract and DNA 
fragments from rat and human Tpl upstream regions. A set of 
retarded bands that were competed only with cold CRE oligo 
nucleotide were obtained for both human and rat. Another shifted 
band that was competed with a synthetic 21-mer containing a S p l  
binding site was also obtained with the rat and the human genes. 
DNAsel footprinting experiments gave protected regions 
corresponding to the CRE and S p l  binding sites. These 
experiments with HeLa cell extracts showed that there are 
potential binding sites for CRE and S p l .  Gel mobility shift 
experiments with rat testis nuclear protein extracts and the CRE 
regions of rat and human T P l  revealed an extra band that is a 
candidate for a tissue-specific variant of theCRE binding protein. 
Supported by NlH grant HT) 10793. 

COMPARITIVE STUDY OFTHE PROMOTER REGIONS 
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8 168 CHARACTERIZATION OF THE ETS-DOMAIN GENE, 
PU.1, Michael J. Klemsz”, Richard A. Maki and Robert 

Hromas’, Depts. of “Microbiology and Immunology and 
‘Biochemistry and Molecular Biology and the Walther Oncology 
Center, Indiana University School of Medicine, Indianapolis, IN., 
46202. and La Jolla Cancer Research Foundation, La Jolla, CA., 
92037. 

The trans-activating protein PU. l  is a member of a 
growing family of transcription factors related to the e t s  
oncogene. The region of identity between these proteins, termed 
the ETS-domain. encodes for a novel DNA binding motif. We  
have studied P U . l  and compared it to ets-2 and Fli-1 to  
understand how ETS-domain proteins bind to DNA and function 
as transcription factors. Using degenerate oligonucleotides, we 
have defined consensus DNA binding sites for PU. l  and ets-2. 
The two proteins are 40% identical in the ETS-domain. Their 
consensus DNA binding sites are the same at 9 of 12 bases. 
This difference, however, prevents either protein from binding to 
the others consensus site. To study the binding motif, we have 
made amino acid substitutions in the ETS-domain of PU.1. 
These data show that the conserved amino acids of this motif are 
required for DNA binding, and defines the ETS-domain as a new 
DNA binding structure. These three related genes were used in 
co-transfection studies to determine their ability to trans-activate 
from appropriate DNA binding sites. Additionally, we have made 
deletions in the PU. l  and FIi-1 proteins to begin to define their 
activation domains. 

6 1 7 0  S T A R T - S I T E  S E L E C T I O N  
BY R N A  P O L Y M E R A S E  I 1  

R i c h a r d  K o l l m a r  and Peggy J. Farnham, M c A r d l e  
Laboratory  for  Cancer Research, Un ive rs i t y  o f  Wisconsin, 
Madison, WI 53706 

Two types of posit ioning elements control site-specific 
i n i t i a t i on  by R N A  polymerase 11: A “selector”, such as the 

TATA box, directs the enzyme to the correct reg ion in the 

promoter; the “ ini t iator” then determines the exact s ta r t  si te 
within t h a t  region. We have compared the sequences o f  

k n o w n  i n i t i a t o r  elements t o  t h e  eucaryot ic  s ta r t - s i t e  

consensus a n d  have analyzed published data about  t h e i r  

function; we find that all i n i t i a to r  elements belong to the 

same fami ly .  
The  m i n i m a l  f unc t i ona l  p romote r  o f  t h e  S y r i a n  

hamster  C A D  gene between -81 and +26 contains two  S p l  
binding sites and a close ma tch  to the start-si te consensus, 
but no consensus T A T A  box. We are character iz ing the 

pos i t ion ing elements of the C A D  promoter to  answer these 

t w o  questions: 
1. Can an S p l  binding site function as a selector? 

2. W h a t  sequences define the C A D  in i t ia tor? 

8 1 6 9  CHARACTERIZATION OF p21SNF, A NOVEL bZlP 

(TRC-1) IN HTLV-TRANSFORMED T-CELLS, Daniel P. Kolk, 
Wolfgang M. Klump, Tracy L. Martin, Ian B. Murton, Wolfgang H. 
Fischer, and William Wachsman, Research Service, San Diego VAMC, 
The Salk Institute, and Division of Hematology-Oncology, UCSD School of 
Medicine, La Jolla, CA 92093-0677 

The human T-cell leukemia virus (HTLV) encoded Tax is 
required for efficient viral replication and acts in-trans t o  regulate 
expression of specific genes involved in transformed T cells. It appears 
to  act indirectly on several cis-acting sequences, including the cyclic- 
AMP response element (CRE) and NF-KB sites. Others have identified 
factors that bind to  Tax-response elements, but none that are expressed 
specifically in HTLV-transformed T cells. We have identified a factor, 
termed Tax-response complex-1 (TRC-1 ), that specifically binds the 
CRE-like 21-bp repeats in the HTLV LTR. TRC-1 is detected only in 
productively infected HTLV-transformed T cells. Its presence is 
independent of Tax, however, indirect functional data suggest that Tax is 
required for transactivation of CRE sequences that interact specifically 
with TRC-1. We purified TRC-1 by affinity chromatography and 
determined that it is composed of 4 polypeptides of 21 (p21SNF [small 
““clear 40, 41, and 43 (p40/43) kD. UV cross-linking and 
reconstitution studies indicated that both p21 and p40/43 are necessary 
to  form TRC-1. Western blot analysis revealed that p40/43 is 
differentially phosphorylated JunB. Using probes derived from partial 
amino sequencing of pZlSNF, we obtained cDNA and genomic clones of 
this factor. Analysis indicated that it is a novel member of the basic 
region/leucine zipper (bZIP) transcription factor family. Northern 
blot and RNase protection assays showed that snf and junB mRNA are 
constitutively expressed in HTLV-transformed T cells, but are not 
detectable in the non-infected CEM or Jurkat human T-cell lines. 
Comparative analysis of snf cDNA and genomic clones suggest that it is 
alternatively spliced in the HTLV-1-transformed SLB-l T-cell line. We 
are currently investigating whether Tax regulates expression of pZISNF 
and how Tax regulates the action of TRC-1 on the HTLV LTR and other 
Tax-responsive genes in T cells. 

PROTEIN COMPONENT OF TAX-RESPONSE COMPLEX-1 

8 1 7 1  T H E  PU.l A C T I V A T I O N  D O M A I N  BINDS RB AND 
TFI ID IN VZTRO: RB SHOWS SEQUENCE SIMILARITY 

T O  TFIID AND TFIIB. Tony Kouzarides, Christian Hagemeier, 
A n d r e w  Bannister a n d  A l i s ta i r  Cook, W e l l c o n e / C R C  
Insti tute, Un ive rs i t y  of Cambridge, Tennis Cour t  Road, 
Cambridge CB2 lQR, U.K. 

We have used a n  assay w e  term “GST pul l -down” to  analyse 
protein-protein interactions between regulatory transcription 
factors  a n d  the T A T A - b i n d i n g  factor, T F I I D  or the 
Retinoblastoma tumour suppressor protein, RB. In this assay, 
in vitro translated, radiolabel led transcript ion factors are 
incubated with GST-TFIID or GST-RB. Fol lowing “pul l-down” 
of the GST-fusion with glutathione agarose beads the amount 
of co-precipitated transcription factor i s  established. Using this 
assay we  f i nd  that f ive factors, Myc, MyoD, C/EBP, Fos and PU- 
1 can interact w i t h  TFIID and RB whereas two 0 t h  factors, 
S p l  and  CTF, cannot bind to either TFIID or RB. 

We have characterized further the interaction of TFIID and RB 
w i t h  the PU-1 protein (a lymphoid specific transcripkon factor). 
U’e find a 75 amino acid activation domain of PU-! contacts 
the C-terminal, basic region of  TFIID and the pocket domain of  
RB. 

These results prompted us to examine the RB and TFI ID 
sequences for pr imary sequence conservation. This analysis 
revealed that the RB pocket domain has two separate regions 
w h i c h  show homology to  TF I ID  and  a second general 
t ranscr ip t ion factor, TFIIB. The TFIID s imi lar i ty  overlaps 
domain A, whereas the TFIIB similari ty overlaps domain B of  
the R B  pocket. These results suggest that RB m a v  mimic 
functions performed b y  TFIID and TFIIB. 
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B 172 ELEMENTS IN THE WHEY ACIDIC PROTEIN GENE 
NECESSARY F O R  P O S I T I O N  INDEPENDENT 
EXPRESSION IN TRANSGENIC MICE 

Michael John Krnacik and  Jeffrey M. Rosen, Dept. of Cell 
Biology, Baylor College of Medicine, Houston, TX 77030 

It is clear that the expression of a gene in a given system, requires 
not only the appropriate cis and nans-acting elements, but also that the gene 
in question be situated within a region of the genome capable of 
transcription, commonly termed "open" or "active" chromatin. Two types of 
elements have been discovered which seem to have the ability to create 
active chromatin. They are locus conmol regions (LCRs) and matrix 
atrdchment regions (MARS). When included in exogenous genes, both types 
of regions can confer integration site-independent expression to the gene. 
They may or may not enhance the absolute level of expression. Using a 
functional assay in transgenic mice, we have identified a region necessary 
for position independent expression of rat milk protein gene encoding whey 
acidic protein WAP). This region is more highly conserved than the WAP 
coding region and is novel in that it is located within the 3'UTR and it has 
no homology with previously identified LCRs or MARS. 

A genomic rWAP transgene (+2020) comprised of 949bp of 5' 
flanking sequences, intragenic sequences, and extending 70 base pairs into 
the 3' flanking DNA, was expressed at endogenous levels in a position- 
independent manner in independent lines of mice. lnternal deletions within 
the t2020 3'UTR or replacement of the rWAP 3'UTR and flanking region 
by analogous sequences from the SV40 late region resulted in position 
dependent expression (1). This result has lead us to ask 1) 1s the rWAP 
3'UTR sufficient for position independent expression of a heterologous 
transgene? and 2) What is the mechanism of the rWAp 3'UTR influence? In 
an attempt to answer the first question, we have are characterizing lines of 
mice carrying a O-casein promoter/CAT transgene with either the +2020 
rWAP 3'end (CCW) or the analogous &casein 3'end (CCC). Preliminary 
results show 4/4 CCW lines express CAT mRNA while only 1/4 CCC lines 
express. To address the second question, we have begun by using 
electrophoretic mobility shift assays (EMSAs) to look for specific 
interactions between the rWAP UTR and nuclear factors in virro. Initial 
results indicate at least two distinct nuclear factors associate specifically with 
this  region. Finally, we have established an in vivo nuclear matrix 
association assay which we will employ in an attempt to correlate nuclear 
mamx association with the influence of the rWAP 3'UTR. 

1 Dale. T C.. M 1 Kmaclk. C.  Schmidhaurer. C L ~ Q  Yang. M.J. B~sncll. and 1.M. Rosen 
(1992) Hieh Level  Exmewon of rhe Kar W h w  Acidic Rotem Gene I S  Medlated bv Elcmenir 
)n the P~omotei and ihc ? Unnanslaied Reelon Mu1 Cell. 8101. 12. pp 905-14 

B 174 CLONING OF A cDNA ENCODING THE 220 kDa SUBUNIT 
OF THE HUMAN TRANSCRIPTION FACTOR IIIC 

Giorgio Lagna, Robert Kovelman, Marco Gottardo 
and Robert G. Roeder 

Laboratory of Biochemistry and  Molecular Biology, The  
Rockefeller University, New York, NY 10021 

Transcription Factor IIIC (TFIIIC) is  an activity required for 
t he  assembly of a pre-initiation complex on 5s RNA, tRNA 
a n d  adenovirus VA RNA genes. The most  purified form of 
h u m a n  TFIIIC, which is still able to  bind to t h e  internal  
control region of t he  VA RNA gene, contains five polypeptides 
ranging i n  molecular weight from 220 to 63 kDa (Kovelman 
a n d  Roeder, in t h e  press). The major subunit (TFIIICa,  220 
kDa) can  be directly cross-linked to the DNA binding site. As 
a f i rs t  s t ep  to elucidate in  fur ther  detail  t h e  qua te rna ry  
s t r u c t u r e  of TFI I IC ,  as well  as t h e  mechan i sm of 
t ranscr ipt ion activation and  DNA recognition, we  have  
cloned a cDNA encoding TFIIICa.  Antibodies raised against  
t h e  r ecombinan t  protein can  specifically inh ib i t  RNA 
polymerase I11 transcription, and  the  transcriptional activity 
can be rescued by adding back partially purified TFIIIC. The 
results of immunoprecipitation and  supershift  experiments 
will also b e  discussed. The availability of the TFI I ICa  cDNA 
clone will allow us to investigate possible modifications of 
TFIIIC,  as well  as interact ions with other  subun i t s  of 
TFI I IC ,  a n d  wi th  other  pol111 factors.  Moreover, t h e  
expression of an epitope tagged TFI I ICa  in human cells 
could consti tute a powerful tool for purification a n d  fur ther  
characterization of natural TFIIIC and associated factors. 

Anne Kuhn, Vkfor Stefambsky, Renate VOI?. Gisek HeiQenthal Raymond 
Eves, and Ing& Grummt, German C a m r  Reseanh Cent&, 06900 
 he^^, Genneny 
We have established a rwanstiiuted transcription system from mouse 
cells which contains four panially purified fractions (i.e. RNA 
polymerase I. TIF-IA. TIF-16, and TIF-IC) to analyze the mode of UBF 
anion. UBF. the fador which interacts both with the proximal aod distal 
dement of the rDNA promoter and with the 140 bp enhancer repeats. is a 
doublet 01 97 and 94 kD polypeptides which originate from alternative 
splicing. UEF is a phosphoprotein and the degree of phosphorylation Is 
affected by the growth rate of the celk. UBF is phosphorylated both R 
vilro and in wivo by casein kinase II. Multiple serine residues In the 
carboxy-terminal hyperacidic lail of UBF are the targels of 
phosphorylation. 
We have don& the two forms of murine UBF and show that only the 9RD 
polypeptide (UBF1) is able to transactivate rDNA transcription. The 
shorler form (UBFP) Is transcriptionally inactive. although it binds 
with the same affinity as UBFl to me gene promoter and enhancer. 
Consistent with their different trans-activating properties. the ratio of 
UBFl to UBFP as well as their curraspding m R W  changes in response 
to call growlh and differentiation. 
Using co-immunoprecipitation assays, Far-Weslern blots and protein- 
affinity chromatography with matrix-bound RNA polymerase I. we 
demonstrate that UBF interscls specifwlly with RNA polymerase I. This 
interaction between UBF and polymerase I appears to have been 
mnserved during avolullon since mammalian UBF binds also to hbhly 
purified RNA polymerase I from yeast. Specific interaction kttween UBF 
and RNA polymerase I invokes h e  34.5 kD subunit of the yeast enzyme 
and the 65 kD subunit of the mouse enzyme. 
Furthermore, data will be presented showing Mat an important pari of 
the transactivating lunction of UBF 0 lo warmme the inhibitory action 
of a negative-acting DNA binding proteln which competes with TIF-IB for 
bindirq to the promoter and thus prevents the assembly of preinitiation 
complexes. This inhibitory factor has been purifmd 10 homogeneity and 
shown to consist of two polypeptides of 75 and 95kD. The complex 
interplay of positively and negatively acting factors provides a versatile 
mechanism which enables the cell to adapt me rate of rDNA transcription 
to a variety of etracellular signals. 

B 175 A SINGLE AMINO ACID EXCl 
VP16-INDUCED F'OSlllVE C( 

OCT- 1 TO THE OCT-2 HOMEODOMA 
Lail.2. Michele A. Clearv1.s. and Wins 

4NGE TRANSFERS 
WROL FROM THE 
J. Jiann-Shiun 
lp Herrl. 1Cold 

Spring Harbor LaboratGq, Cold Spring Harbor. NY 11724 
2Genetics Program, and Department of Molecular 
Microbiology. State University of New York at Stony Brook, 
Stony Brook, NY 1 1794 

The selective association of the herpesvirus transactivator 
VP16 with the human Oct-1 homeodomain is a model for 
differential positive transcriptional control by 
homeodomains. VP16 discriminates between the closely 
related homeodomains of Oct- 1 and Oct-2 by 
distinguishing among their seven amino acid differences: 
these differences lie on the surface that is thought to be 
accessible when the homeodomain is bound to DNA. Only 
two of these swen differences are recognized b VP16, one 
in each of the Arst two a helices of the trl-a-heical 
homeodomain. The major determinant for selective 
association with VP16 in vitro and VP16-induced positive 
control in vivo is a single glutamic acid residue at position 
22 in the Arst a helix of the Oct- 1 homeodomain. but the 
acidic properttes of this residue are not critical for 
association with VP16 in vitro or in vivo. because it can be 
replaced by glutamine with little or no deleterious effect. 
Mere replacement of the sin e correspondin alanine 
residue in the Oct-2 homeogmain with the fey glutamic 
acid residue is sufficient to confer on the Oct-2 
homeodomain the ability to associate with VP16 in vitro 
and respond to VP16-induced 
Thus. the specificity of homeXmain ositive control can 
be conferred by a single amino acid &ereme. 

sitive control in vivo. 
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B 176 A NOVEL HUMAN INSULINOMA-ASSOCIATED 
cDNA, IA-1, ENCODES A PROTEIN WITH "ZINC- 

FINGER DNA-BINDING MOTIFS, Michael S. Lan, Yasuhiro 
Goto, Mark G. De Silva, Antonio Toscani, Bellur S. Prabhakar 
and Abner Louis Notkins, Laboratory of Oral Medicine, 
National Institute of Dental Research, National Institutes of 
Health, Bethesda, MD 20892 
A subtraction library was constructed from human insulinoma 
(beta cell tumor) and glucagonoma (alpha cell tumor) cDNA 
phagemid libraries. Differential screening of 153 clones with 
end-labeled mRNAs from insulinoma, glucagonoma and HeLa 
cells resulted in the isolation of a novel cDNA clone designated 
IA-1. This cDNA clone has a 2838 bp sequence consisting of 
an open reading frame of 1530 nucleotides which translates into 
a protein of 510 amino acids with a PI value of 9.1 and a molec- 
ular mass of 52,923 daltons. At the 3'-untranslated region there 
are seven ATITA sequences between two polyadenylation 
signals (AATAAA). The IA-1 protein can be divided into two 
domains based upon the features of its amino acid sequence. 
The N-terminal domain of the deduced protein sequence (1-250 
a.a.) has four classical pro-hormone dibasic conversion sites and 
an amidation signal sequence, Pro-Gly-Lys-Arg. The C-terminal 
domain (251-510 a.a.) contains five putative "zinc-finger" DNA- 
binding motifs of the form X,-Cys-XU-Cys-Xl,-His-X,-His-X, 
which has been described as a consensus sequence for members 
of the Cys,-His, DNA-binding protein class. Northern blot 
analysis revealed IA-1 mRNA in five of five human insulinoma 
and three of three murine insulinoma cell lines. Expression of 
this gene was undetectable in normal tissues. Additional tissue 
studies revealed that the message is expressed in several tumor 
cell lines of neuroendocrine origin including pheochromo- 
cytoma, medullary thyroid carcinoma, insulinoma, pituitary 
tumor and small cell lung carcinoma. The restricted tissue 
distribution and unique sequence motifs suggest that this novel 
cDNA clone may encode a protein associated with the 
transformation of neuroendocrine cells. 

B 178 PURIFICATION OF TATA-BINDING PROTEINS FROM 
PLANTS, Rob Larkin and Tom Guilfoyle, Department of 

Biochemistry, University of Missouri, Columbia, MO 6521 1 
We have isolated and sequenced soybean cDNA clones encoding a 
TATA-binding protein (TBP) of about 22 kDa. We have expressed the 
N-terminal half of a soybean TBP cDNA in E .  coli and raised polyclonal 
antibodies to the expressed TBP. These antibodies recognize TBPs in 
both monocotyledonous and dicotyledonous plants. We have 
fractionated wheat germ and other plant WCEs by Polymin P 
precipitation, phosphocellulose chromatography, and heparin Affigel 
chromatography and used the TBP antibody to determine how plant 
TBPs fractionate. The bulk of the TBPs from ungerminated wheat germ 
and soybean embryos does not precipitate with Polymin P and is found 
in the Polymin P supernatant. When these Polymin P supernatants are 
fractionated on phosphoceliulose (PC100, PC300, PC600, and PClooO 
fractions), nearly all of the TBPs are recovered in the PClooO fraction, 
although minor amounts are also found in the PC300 and PC600 
fractions. Based on gel filtration chromatography, we estimate that the 
bulk of the TBPs in ungerminated embryos have a native molecular mass 
of about 22 kDa and, like yeast, are not associated with TAFs. Upon 
germination, the TBPs show some alteration in their fractionation 
panems. We are attempting to determine if germination results in the 
association of TAFs with the TBPs. 

8177 CLONING OF A NOVEL TRANSCRIPTION FACTOR 
THAT BINDS TO THE INTERFERON RESPONSE 
SEQUENCE OF THE 202 GENE IN MURINE LEUKEMIA 

CELLS.T S. Landolfo, M. Gariglio, M. Gaboli, Z. 
Dembic*, R.G. Clerc*. University of Turin, 
Medical School, Italy; *Hoffmann La Roche, Basel, 
Switzerland. 
The 5' flanking region of the IFN inducible gene 
202 contains a 42bp IFN-stimulatable response 
element (ISRE), called GA box, which has been 
demonstrated to be necessary and sufficient to 
make the expression of a gene responsive to IFN. 
In bandshift assays this GA box yielded with 
nuclear extraxts obtained from IFN-a/B treated 
L1210 cells a DNA-protein complex which was 
maximally induced 30' after IFN treatment. A 
lambda gtll cDNA expression library was 
constructed from poly A+RNA prepared from L1210 
cells treated with IF a/@ for 30'. By screening 
this library (7 x 10% recombinant phages) with 
the GA box as a probe we have isolated one single 
positive clone that bind the GA box but not other 
unrelated regulatory sequences. The protein 
encoded by the 4181bp full length cDNA is 708 Aa 
in length and has an estimated Mr of 78 kd. Upon 
cotransfection in NIH3T3 cells, GAbf-1 could 
transactivate a reporter plasmid in which the GA 
trimer was linked to the minimal for promoter and 
the CAT gene. The full length cDNA of GAbf-1 (has 
been fully sequenced and) showed no homology to 
any of the previous cloned transcription factors 
that bind to the ISREs of the IFN-inducible genes 
and therefore represents a nember of a different 
gene family. 

B 179 Reconstitution of Chromatin with Core Histones Purified 
from Yeast Strains Carrying Mutations in the N-termini of 

Histones H3 and H4. 
Paul J. Laybourn. Department of Biochemistry, Colorado State 
University, Fort Collins, Colorado 80523 
The objective of these experiments is to better characterize the 
role of chromatin in RNA polymerase II transcriptional regulation. 
The approach is to use both biochemical and genetic analyses. 
The best organism for this two pronged attack is yeast. There 
exists a large background of genetic studies in yeast on the role 
of chromatin in transcriptional regulation. These studies form the 
foundation of the experiments described here. Michael 
Grunstein and his colleagues have shown through genetic 
analyses that positively charged residues in the N-terminal tails 
of histone H3 and H4 have an important role in the activatlon and 
repression of transcription by RNA polymerase II [Durrin et a/. 
(1991)Ce//, 65, 1023-1031; Johnson et a/. (1990) Proc. Nafl. 
Acad. Sci. USA 87, 6286-62901. Mutations in the N-termini of 
histone H3 and H4 may mimic the hyperacetylation of the basic 
residues in these domains, which has correlated with actively 
transcribed chromatin regions, by removing the positive charges. 
The effect of mutations in the N-termini of histone H3 and H4 on 
the stability of nucleosomes has been investigated. In addition, 
the average number of supercoils formed in the DNA template 
per nucleosome formed during reconstitution with wild type and 
mutant core histones has been measured. Finally, the relative 
ability of nucleosomes reconstituted with wild type or mutant core 
histones to repress RNA polymerase II transcription in vitro has 
been determined. 
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B180 MOLECULAR ANALYSIS OF TISSUE INHIBITOR 

Elaine T. Lea, T.K. Chen, and Mark D. Johnson, 
Departments of Cellular, Molecular and 
Structural Biology, and Pathology, Northwestern 
University, Chicago IL 60611 

metalloproteinases (ie. interstitial and type IV 
collagenases) are altered in tumor cells, 
resulting in enhanced invasive and metastatic 
capabilities. Thus, TIMP-1, a high affinity 
inhibitor of matrix metalloproteinases, may help 
control extracellular matrix stability and 
degradation. 
to be transcriptionally induced by various 
agents including serum, EGF, PDGF, phorbol 
esters and TGF-beta. Analysis of a TIMP-1 
promoter/ chloramphenicol acetyltransferase 
(CAT) construct containing 3.9kb of mouse 
genomic sequence 5' to the start site confers 
responsiveness to serum, 12-0-tetradecanoyl- 
phorbol-13-acetate (TPA), TGF-beta and okadaic 
acid (OA), in both transient transfections and 
stable expression assays. Under conditions 
resulting in the induction of endogenous TIMP 
gene expression, relative CAT activities are 
induced as follows: 2 0 %  serum (1.5 fold), 100 
ng/ml TPA (3.7 fold), 5 ng/ml TGF-beta (1.4 
fold) and 100 ng/ml OA (1.5 fold). In addition, 
corresponding inductions of CAT mRNA are seen, 
Sequence analysis shows regions of homology to 
AP-1, AP-2, PEA-3 and NF-1 response elements 
within 150 bp of the start site. The AP-1 and 
PEA-3 elements are also found in the promoters 
of stromelysin and interstitial collagenase, 
suggesting that the binding of transcription 
complexes to these sequences may mediate the 
responses of metalloproteinases and TIMP-1 to 
mitogens. Understanding this balance will help 
define the role of TIMP-1 in tissue and wound 
repair as well as in tumor invasion and 
metastasis. 

OF METALLOPROTEINASE (TIMP-1) PROMOTER, 

Levels of proteolytic activity by matrix 

TIMP-1 has been previously shown 

(Supported by NIH grant CA 49916) 

B182 TRANSCRIF'TIONAL ACTIVATION OF THE GENE 

DEHYDROGENASE BY HETEROLOGOUS PEROXISOME 
PROLIFERATOR ACTIVATED RECEPTORS, S. Marcus, B. Zhang, K. 
Miyata, S .  Subramani', R. Rachubinski, J. Capone, Department of 
Biochemistry, McMaster University, Hamilton, Ontario, Canada, L8N 
325 and B e p r m e n t  of Biology, UCSD, La Jolla, CA, 92093 
A peroxisome proliferator responsive element (PPRE) has been localited 
to a region between -2965 and -2924 upstream of the nanscription start 
site of the rat hydratasedehydrogenase gene (ID). Transient transfection 
studies in rat hepatoma cells showed that this element was necessary and 
sufficient to confer ciprofibrate responsiveness to a heterologous promoter, 
irrespective of its orientation or position. Gel retardation analysis showed 
that rat liver nuclear factors could interact with this element in a sequence- 
specific manner. The minimal PPRE contains 3 imperfect, directly 
repeated nuclear receptor Mf-site motifs T G A C m  (Fig.), suggesting that 
the binding activity in rat extracts is due to a perolisome proliferator 
activated receptor (PPAR). Co-transfection of unresponsive COS-1 cells 
with cDNAs encoding either mouse PPAR or Xenopur a-PPAR, and a 
reporter construct contaming the HD PPRE, led to a 2- to 4- fold 
induction of reporter activity in the presence of the pcroxisome 
proliferator ciprofibrate. Gel retardation analysis using extracts of cells 
expressing cDNAs encoding (I, 8,  or y Xenopur PPARs or mouse PPAR, 
showed that these receptors interact specifically with the PPRE. 
Mutations in the PPRE that abolished in v i m  binding to the PPARs also 
resulted in a loss of ciprofibrate responsiveness in viw. In v i m  
transcribed and translated PPARs could interact with the PPRE only in the 
presence of a COS-1 cell nuclear extract, indicating that an additional 
cellular factor is required for PPAWPPRE interaction. Thcse results 
indicate that heterologous PPARs can activate the rat HD gene and further 
suggest that PPAR binding to the PPRE is necessary, but not sufficient, 
to mediate ciprofibrate responsiveness. 

ENCODING RAT PEROXISOMAL HYDRATASE- 

-2956 -2924 
S'-CCTCTCcrrTGA CCTA G A A C T A m A C A  

B 181 PURIFICATION OF THE PUTATIVE SOS REPRESSOR 
FROM BACILLUS SUBlTUS. Charles M. Lovett, Jr., Kerry 

Cho, Thomas OGara, and Joanna Lowell, Department of Chemistry, 
Williams College, Williamstown, MA 01267 

Inducible DNA repair in the bacterium Bacillus subtilis is similar to the 
well characterized SOS system of Ercherichiu coli. Exposure of B. 
subnlis cells to a variey of treatments that damage DNA results in 
enhanced DNA repair capacity, enhanced mutagenesis. and inhibition of 
cell division. Corresponding to these induced physiological responses, 
several damage-inducible (din) or SOS genes are !mnscriptionaJly 
activated by a mechanism that requires the RecA protein, activated by an 
SOS inducing signal. We report here the purification of a protein from 
B. subtilis crude exuacts that binds specifically to DNA sites upstream of 
four distinct din genes: dnA, d i d ,  dinC, and recA. We show by 
mutational analysis and competition experiments that the protein binds to 
the consensus sequence SGAACN4G1TC-3' located within the 
promoter regions of these four din genes. Gel filtration chromatography 
resolves the DNA binding activity into two distinct peaks corresponding 
to 15-kDa and 3MDa proteins, which we attribute to a monomer-dimer 
equilibrium. The specific DNA binding activity of this protein decreases 
significantly in RecA+ cells following treatment with UV or mitomycinc; 
the rate of this decrease correlates with the induction kinetics of din 
promoters and RecA protein. B. subtilis r e d  mutants, deficient in SOS 
induction, show no change in the level of the DNA binding activity 
following DNA damaging treatments; however. addition of purified B. 
subtilis RecA, activated in v i m  by the addition single-stranded DNA and 
dATF', abolishes the DNA binding activity in crude extracts from r e d  
mutants. Taken together these results suggest that the protein is a B. 
subtilis SOS gene repressor which is inactivated following DNA damage 
by a mechanism requiring a functional RecA protein. Surprisingly, 
activated RecA does not abolish the binding activity of the purified 
repressor, instead, RecA increases the protein's apparent affinity for the 
putative SOS operators. This suggests that RecA interacts with the 
repressor but that, unlike El coli, additional factor@) are involved in the 
regulation of the B. subrilis SOS system. 

B 183 HOMEODOMAINLEUCINE ZIPPER PROTEINS IN PLANTS. 
Jim, Eva Soderman, Marie Svenson and Peter 

Engstrom, Dept of Physiological Botany, University of Uppsala. 
Box 540.75121 Uppsala.Sweden 

To test the hypothesis that plants, like other eukaryotes, use 
homeobox- containing genes to control developmental 
processes, we set out to isolate such genes from plants. We 
screened cDNA libraries from carrot and Arabidopsis fhaliana 
using a degenerate pool of oligonucleotides matching the most 
conserved part of Anfennapedia. One clone was isolated from 
each species. The clone from A. fhaliana was then used as a 
probe in a second screen to isolate additional clones from this 
plant. At present, six homeobox- containing clones have been 
sequenced. 

The homeodomains of all these clones show at most 30- 
40% overall sequence identity to any homeodomain from the 
animal kingdom, but contain all four invariant and six out of 
eight highly conserved amino acid residues found in other 
homedomains. More remarkably, all proteins contain a putative 
leucine zipper next to the carboxy- terminus of the 
homeodomain. The distance between the leucine zipper and 
the homeodomain is identical in all proteins, indicating that it is 
critical for proper functioning of these proteins. Although there is 
no obvious sequence- similarity between these proteins outside 
the homeodomain/ leucine zipper, all of them have short 
stretches rich in prolines, acidic residues or residues with 
hydroxyl groups, which may potentially function as activating 
domains in transcriptional regulation. 
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9 1 8 4  CHARACTERISATION OF THE TATA-BINDING PROTEIN 
HOMOMGUE IN THE EXTREMELY A+T-RICH HUMAN 

MALARIAL PARASITE, PLASMODIUM FALCIPARUM, Michael 
8. McAndrew, Paul F.G. Sims and John E. Hyde, Dept. 
of Biochemistry and Applied Molecular Biology, 
University of Manchester Institute of Science and 
Technology (UMIST), Manchester, UK 

The TATA-box, present in many RNA Pol I1 
promoters, is recognised by the TATA-binding 
protein (TBP or TFIID). This, with associated 
factors, is required for correct initiation of both 
TATA-containing and TATA-less promoters. TBP is 
also involved in transcription of RNA pol I and pol 
111 promoters. TBP contains a highly conserved 180 
residue C-terminal domain. This encodes a repeated 
region exhibiting DNA-binding activity, separated 

a basic region involved in protein-protein 
Zteractions. The N-terminus of TBP is species- 
specific and mediates interactions with 
transcription factors such as Spl in higher 
eukaryotes, although its function in lower 
eukaryotes is unclear. 

The genome of the malaria parasite P. falciDarum 
is 81% A+T-rich with many intergenic regions 
exceeding 90% A+T. Thus, sequences resembling the 
consensus TATA-box are very common, often appearing 
several times in the lOObp upstream of genes. We 
wondered if the malarial TBP homologue recognised 
TATA sequences, and if s o ,  how it differentiated 
between genuine and fortuitous occurrences. 

We have characterised the gene encoding the 
plasmodia1 homologue of TBP. This gene exists as 
a single copy on chromosome 4 and encodes a protein 
of 228 aa with a Mr of 26kDa. The C-terminus is 
overall poorly conserved in comparison to others, 
exhibiting only 38 and 4 2 %  homology to the human 
and yeast domains. However, residues identified as 
being functionally important are conserved, as is 
the overall molecular architecture. DNA binding 
studies using recombinant plasmodia1 TBP are 
currently in progress. 

B 186 FUNCTIONAL AND STRUCTURAL ANALYSIS OF 
MAMMALIAN TFllD COMPLEXES : SUBUNIT 

COMPOSITION OF 8-TFIID. Rachel E. Meyersl, H. Th. Marc 
Timmers2, Phillip Sharp1 SlCenter for Cancer Research and 
Department of Biology, Massachusetts Institute of Technology, 
Cambridge. *Laboratory of Physiological Chemistry, University 
of Utrecht. The Netherlands 
The basal transcription factor TFIID, an essential component of 
the RNA Polymerase II transcription reaction. interacts with the 
TATA element of promoters. The DNA binding component of 
human TFllD has been cloned and antisera specific for this 38 
kD component show that this protein fractionates into at least 
two distinct complexes of 300 kD (€3-TFIID) and >700 kD (D- 
TFIID); the majority of the protein being present in the B-TFIID 
complex. Both complexes stimulate the basal transcription 
reaction with comparable efficiency. However, in contrast to the 
previously characterized D-TFIID. transcriptional initiation 
complexes formed with the B-TFIID complex do not respond to 
upstream factors containing acidic or glutamine-rich activation 
domains. 

These functional and physical differences are likely to be 
caused by differences in the protein composition of the TFllD 
complexes. Using conventional and immunoaffinity 
chromatography, the B-TFIID complex was shown to consist of 
the 38kD protein and a 170kD protein of unknown identity. The 
170 kD protein appears to be a unique component of the B- 
TFllD complex and is not contained within the larger D-TFIID 
complex. We are currently investigating the functions of the B- 
TFllD complex, and pursuing the purification and 
characterization of the 170 kD protein. 

B 185 TRANSCRETION FACTOR Spl BINDS AN EGF 
RESPONSE ELEMENT IN THE HUMAN GASTRIN 

PROMOTER. Juanita L. Merchant. Dale Shumaker. Diane 
Abracdnkas. Dept. of Internal Medicine, Gastrointestinal Division, 
University of Michigan, Ann Arbor. MI 48109-0682 
Gastrin is the most potent gastric specific growth factor known and is 
the most potent hormonal stimulus of gasuic acid secretlon. It is 
synthesized by the anaal G cell from which it is normally released 
during digestion in response to senetagogues. We have shown 
previously that EGF stimulates gasmn-reporter c o n s ~ c t ~  and that this 
response is conferred by a 16 bp GC-rich DNA element (PNAS 8 6  
3036, 1989). This gastrin EGF Eesponse Element or #ERE (- 
68GGGGCGGGGTGGGGGG-53) binds to nuclear protein in  DNascI 
footprinting and gel shift assays and docs not appear to be related 10 
other regulatory proteins that recognize GC-rich DNA elements . In 
particular, Spl did not bind to the gERE element despite the presence of 
a high affinity Spl binding site in the 5’ half-site of the gERE (Mol. 
Cell. Biol. 11: 2686, 1991). We now repon that Spl does indeed bind to 
the EGF response element from the human gastrin promoter but only in 
the presence of zinc ion. Increasing concentrations of zinc added to the 
gel shift assay induces the appearance of several complexes. The major 
slower migrating complex binding to gERE is supershifted with Spl 
antibody. comigrates with affinity-purified Spl  and is competed 
specifically with the hMTIla Spl binding site. In the absence of zinc, 
only the faster migrating complex is observed as previously de r r ibed  
This faster migrating complex is not recognized by Spl antibody. We 
therefore conclude that at least one of the slower migrating complexes is 
actually Spl  or an Spl-like protein. The faster migrating complex 
@ERE binding protein or gERP) comigrates with the 43 Kd protein 
marker on Southwestern blots. Moreover, when crude MKN-45 nuclear 
protein resolving adjacent to the 43 Kd marker is excised and eluted. the 
shifted complex formed by the eluted protein comigrates with the gERP 
complex on gel shift assays. Although these results suggest that Spl 
may participate in EGF regulation of the gastrin promoter. EGF did not 
consistently induce the 8.2 kb Spl mRNA detected on Nonhern blots. 
Instead. regulation of Spl  binding 10 gERE may bc a function of 
inmuclear  zinc concentrations present after EGF induction rather than 
synthesis of new protein. In summary, the EGF response element of the 
human g a s h  promoter binds at least two DNA binding proteins: Spl  
and the 43 Kd gERP. Moreover, EGF regulation of the gastrin promom 
appcars 10 bc the result of a complex interplay of DNA binding proteins 
whose binding ratha than synthesis are differentially regulated. 

8187 IN VITRO STUDIES ON THE HSP26 GENE 

EJUCLEOSOME. Cathy Mitchelmore, Cay1 Wall and Peter 
Becker, European Molecular Biology Laboratory, 
Meyerhofstr. 1,6900-Heidelberg, Germany. 
Chromatin has been shown to play an important role in 
the transcriptional regulation of many genes. In the 
hsp26 gene promoter, a nucleosome is positioned in 
vivo (Thomas and Elgin. EMBO J. 7, 2191-2201, 1988) 
such that distal Heat Shock Elements (HSE 6 and 7) may 
be brought into juxtaposition with promoter-proximal 
elements. Although rhese distal elements are crirical for 
heat shock inducrion in vivo, our data shows char 
promoter mutations abolishing Heat Shock Factor 
binding at these sites are fully active in v i m  using 
heat-shocked Drosophila transcription exnacts. Under 
these conditions, HSE 1 and 2 retain their functional 
importance. Using recombinant or p d i e d  rranscn ’ption 
factors and a variety of nucleosome reconstitution 
procedures, we are trying to approach the in vivo 
situation. We show that the hsp26 promoter sequence, 
in the context of 5 kb of genomic DNA, directs suong 
rotational positioning of nudeosomes in v i m ,  but is not 
sufficient m speufy the uanslational position observed 
in vivo. We are currently studying the abiliry of HSF 
and the GAGA Factor, which both have binding sires on 
either side of the in vivo nucleosome position, to 
determine the active conformation of the promoter in 
chromatin. With this bottom-up approach we hope to 
better understand the role of chromatin in 
nanscriptiod regulation of the hsp26 promoter. 

PROMOTER : TRANSCRIPTION FACTORS MEET 
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Biochemistry and Molecular Biology, The Rockefeller University, New 
York, NY 10021 
Human TFlIlA has been purified from HeLa S100 using a 
combination of classical and affinity chromatographic methods. A 
single polypeptide of 42 kD copurifies with both 5s gene specific 
DNA binding and transcription activities and has been positively 
identified as TFlllA by its ability to direct 55 gene transcription 
following renaturation from SDS PAGE gels. In addition, Western 
blot analysis reveals that this polypeptide is recognized specifically 
both by polyclonal antisera raised against X e n o D u s m  TFIIIA, 
and by a monoclonal antibody generated to the Xenoous protein. 
These data suggest that human TFlllA isolated from a somatic cell 
line IS structurally related to TFlllA derived from XenoDus oocytes. 
In addition, direct peptide sequencing of the human protein reveals 
that mammalian TFlIlA is more highly conserved with respect to 
the amphibian protein than might be expected from previously 
published reports. We have used the cross reacting monoclonal 
antibody to isolate a putative TFlllA clone from a human placental 
cDNA library. Characterization of the properties of both the 
human protein and the cDNA will be presented. 

PURIFICATION AND CHARACTERIZATION OF HUMAN TFIIIA, 
Beth Moorefield and Robert G. Roeder, Laboratory of 

B 190 SEROTONIN~A RECEPTOR GENE STRUCTURE AND 
TRANSCRIPTIONAL REGULATION, Bita Nakhai, 

Annabel Bolos, David Goldman and David A. Nielsen, 
Section of Molecular Genetics, LN. NIAAA, Bethesda. MD 
20892 

Serotonergic activity is regulated, in part, by 
binding of serotonin to the serotonin (5- 
hydroxytryptamine, 5-HT1 A) receptor. Binding of the 
~ - H T ~ A  receptor by 8-OH-DPAT reduces aggression in 
male rats. Furthermore, serotonin has been shown to be 
involved in a variety of physiological and behavioral 
functions such as intolerance to delay and control of 
temperature and sleep. To define the mechanisms 
controlling 5-HTl A receptor gene expression, we 
isolated several overlapping genomic clones from a 
human genomic library and are constructing gene 
fusions. 

To determine the transcription start site(s), cDNA 
clones were isolated and sequenced from a human brain 
stem cDNA library. To confirm these start site(s), we 
are performing primer extension analysis of mRNA 
isolated from brain stem. The regulation of 5-HT1 A 
receptor expression is being studied in various tissue 
culture cell lines that express this gene. The effects of 
various drugs on 5 - H l - 1 ~  receptor mRNA content in 
these cells are being investigated to elucidate factors 
controlling its expression. Various deletions of the 5- 
H T l A  receptor gene promoter have been fused to the 
luciferase reporter gene. These will be transfected 
into several tissue culture cell lines to assay for 5- 
HT1 A receptor gene expression. Regions necessary for 
tissue specific expression and regulation by the various 
drugs are to be identified through the use of various 
deletion constructs. 

B 189 ACETYLATION OF HISTONE H4 IN DROSOPHlu HEAT 
SHOCK OENES, RdKEu I.L. M u d ,  h u m  P. O'Neill, l a p  S. 
Lavender and Bryan M. Tumcr, Anatomy m m l ,  Univusity of 
Birmingham Mcdicll School. Birmingham, U.K 
Antibodies spedfic for I14 molosulcr mcetylrtd at each one of the four 
l y s k  residues acctylatd in vivo (5, 8, 12, md 16) are being use4 to 
Investigate the role of H4 aceylation h chromatin function in 
Dmuphlla. lmmunolabclling of polyhc shromosoma fmm larval 
salivary glsrids has shown that Ii4 molmks .caylatsd at each one of 
rhcse sites have d i s h s t  pa- of dirtdbuth through the genome 
p u m a  ei d., Cell 69, 375-384). Surprisingly, sctively tranrribed 
(puffed) regions do not label puriculuuy strongly with MY of these 
antissm. Thus, H4 aaaylatos at lyr 5, 6, or 12 (lyr 16 i n  d y  
aceglared in aumsomes) is disrributed at only moQale h e l a  thmugh 
the enrirc hca~ shuck pun a 87C 0 bp70 gcnu) and is abscnt from 
the cenvpL reglon of the djurnt puff at 87A (2 hq70 genes). To 
aamlne the dlsnibution of vclylakd H4 dong hv70 gcnw at highcr 
mlut iun.  chromatin fragmcnta (up (0 six nuclmsomu long) h v c  
been prepared from culnned Kc cells befure and aILu heat shock and 
immunoprectpiarcd with antikxliea lu scclylntcd HL. DNA from 
+nlibOdy-boUnd and unkrvd fRdions i s  m a l y d  by slot blotting and 
tho prulci~~ by Western blocrlng, 0 ~ n f i n n  enxiclimcnt of sa~ylntcd 
W in the bound h.cUonr. Chromalin pmipitltcd with an antibody 
(K12) to H4 acetylatd at IYJ 6 ir mrlched .bout 3-5 fold in hq70 
genes k&l b e f m  and Ir&J heat shock. A greater cnrichrncnt i s  .ccn 
fur 1 1 ~  5' regulatory rglon. which m a i n s  rhr TATA boa nnd the 
Hear Shock Elcmcnu. Hybridition of the runr do1 blots with the 
mdlng region of the H4 grnc (whoae lr~rripcion is not affected by 
heat shock. but is d ryck dcpndcnt) ~hows no such wrichmcnt 
eilhcr bdurr or after hat slmck. Tbgc IUU~LI show lhal€14 in one or 
m m  nuclcuJomeJ dcmg (he hsp70 gene ia xctyhtcd at lys 8 md (hat 
the level of acctylntion docs not change on induction. Experiments in 
progresx will dclaminc whaher this i s  tnr dm for ac+ation at other 
1yPlne.s. Supported by grants from U.K Cpnccr R-h Campaign. 

B 191 REGULATION OF C-FOS TRANSCRIPTION BY DNA 
BENDING MEDIATED BY p62mFNYl. Sridaran Natesan 

and Michael Gilman. Cold Spring H a M r  Laboratory, PO Box 100, 
Cold Spring Harbor, New York 11724. 
Regulation of c-fos transcription in response to a variety of 
extracellular signals is mediated by the serum response element 
(SRE). Previous work from our laboratory identified and 
characterized a 62 kd SRE binding protein termed Direct Binding 
Factor (DBF). DBF binds directly to the 5' side of the SRE in an 
asymmetrical fashion, in contrast to the symmetrical binding of 
another major SRE-binding protein, SRF. Recent data from 
Gualberto et al. (Mol. Cell. Biol. 12, 4209) suggested that the DNA- 
binding properties of DBF resemble those of W1, a ubiquitously 
expressed zinc finger protein that functions as a transcriptional 
repressor or activator depending on the promoter context. We have 
confirmed using specific W 1  antibodies and affiniity-purified DBF 
that these proteins are identical. We have also identified two 
additional YY1 binding sites in the c-fos promoter, located at 
approximately -246 and -55. Our initial analyses of DBF binding 
activity on various SRE mutants suggested that DBF may be a DNA 
bending protein. Circular permuation analyses using all three sites 
in the c-fos promoter showed that both W1 and DBF bend the DNA 
in all three sites with the bend center located at the 5' side of the 
site. Phasing analyses using the SRE confirmed the DNA bending 
activity by W1. To test whether DNA bending by YYlDBF has any 
role in the regulation of c-fos transcription, we have introduced poilit 
mutations that abolish YY1 binding or reverse the orientation of the 
-55 binding site in a fos-CAT promoter fusion. Transient transfection 
assays using these constructs show that W1 binding represses 
transcription in one orientation and activates in the other. We 
suggest that this unusual orientation-dependence of W 1  activity 
reflects its ability to bend DNA, either facilitating or interfering with 
contact between upstream factors and the basic transcription 
machinery. 
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B 192 MURINE HELIX-LOOP-HELIX TRANSCRIPTIONAL 

MOTIF OF THE Akv MURINE LEUKEMIA VIRUS ENHANCER. 
Anders Lade Nielsen, Niels Pallisgaard, Peder Lisby Nerby. 
Finn Skou Pedersen and Poul Jergensen. Department of 
Molecular Biology, Aarhus University, DK-8000 Arhus C 
(Denmark) 
From NIH3T3 fibroblast cells, w e  have recently identified a 
cDNA sequence that codes for a protein, termed ALF1, with 
affinity for the E-box sequence of Akv murine leukemia 
virus. (MCB 12 page 3449 (1992)) .  The cDNA sequence of 
ALFl suggests that w e  have recovered a gene similar, but 
not identical, to  the gene for the transcription factor A l ,  the 
murine analog of the human transcription factor E47. Thus 
ALFl codes for a new member of the basic-helix-loop-helix 
protein family. Two splice variants of ALFl cDNA have been 
found, differing by a 72 bp insertion, coding for putative 
proteins of 682 aa and 706 aa,  respectively. The two ALFl 
mRNAs are expressed a t  varying levels in mouse tissues. ln 
vitfo DNA binding assays, using prokaryotically expressed 
ALFl proteins, demonstrated specific binding of the ALFl 
proteins to  the Akv murine leukemia virus E-box motif ACA- 
GATGG. The consensus binding sequence was  determined 
a s  ( ~ / C ) C A G ( G / C ) T c ( C l G l A ~ )  with the most frequently 
found bases underlined. Expression in NIH3T3 fibroblasts of 
ALFl protein stimulated expression from an intact Akv 
enhancer-promoter region, a s  well a s  from a minimal pro- 
moter, indicating the existence of a transcriptional activator 
domain in ALFl. 

ACTIVATOR PROTEINS BINDING TO THE E-BOX 

8194 NOLECULAR C L O N I N G  AND CHARACTERIZATION OF AN IL-3 
PRONOTER BINDING FACTOR. 5. Nimer, H. Wolin, 

K. Kwan, C. Hong, H. Kornuc. UCLA School o f  Hedicine, 
10s Angeles, CA 90024 
To understand the  t r a n s c r i p t i o n a l  regula t ion  o f  IL-3 
expression i n  T-cel ls  we and others have mapped regulatory 
e lements  w i t h i n  t h e  5 '  f l a n k i n g  region of the IL-3 
promoter. We have correlated the presence of regulatory 
sequences w i t h  the  binding o f  nuclear  proteins  from T 
c e l l s .  A reg ion ,  l o c a t e d  between bp -165 a n d  -128  
( a l t e r n a t e l y  c a l l e d  f o o t p r i n t  A, NF-IL3A. o r  t h e  
oct-like/CRE-like sequences), binds T-cell nuclear proteins 
i n  DNase I foo tpr in t ing ,  e lectrophoret ic  mobility s h i f t  
a s s a y s ,  and m e t h y l a t i o n  i n t e r f e r e n c e  a s s a y s .  To 
charac te r ize  the DNA binding proteins  t h a t  b i n d  t o  t h i s  
region (and r e g u l a t e  IL-3 e x p r e s s i o n )  we screened a 
PHA-stimulated human T-cell cDNA l ibrary w i t h  radiolabelled 
concatamerized double-stranded synthet ic  oligonucleotides 
containing these  IL-3 sequences. We obtained a 1.9 kb 
ful l - length cDNA clone t h a t  encodes a -60 kD member of the 
b Z I P  family of transcription factors .  This factor, which 
we c a l l  NF-IL3A, i s  s i m i l a r  t o  i f  not ident ica l  t o  a 
t ranscr ip t ion  factor  recently cloned from human placenta, 
E4BP4. Northern blot analysis of poly A t  RNA demonstrates 
t h a t  t h i s  p r o t e i n  i s  expressed  i n  both r e s t i n g  a n d  
activated T c e l l s  and PCR analysis of a variety of human 
hematopoie t ic  c e l l  l i n e s  s u g g e s t s  t h a t  t h e  gene i s  
ubiquitously expressed in the hematopoietic system. The 
NF-IL3A gene appears to  be a s ingle  copy gene on Southern 
blot analysis. I n  v i t r o  t ranscr ipt ion and t ranslat ion of 
t h i s  pro te in  has j u s t  been completed t o  de l inea te  i t s  
precise DNA binding c h a r a c t e r i s t i c s  and character ize  i t s  
physiologic importance i n  regulating IL-3 gene expression. 

B 193 MOUSE HOMOLOGUES T O  XENOPUS DNA BINDING 

PROTAMINE 2 PROMOTER, B.S. Nikolajcyk', M.T. Murra? and 
N.B. Hecht', 'Dept. Biology, Tufts Univ., Medford, MA 02155 Tenter  
for Molecular Biology, Wayne State Univ., Detroit, MI 48202. 

Y box binding proteins have been implicated in transcriptional 
control of both HLA class I1 and hsp 70 genes. The mouse protamine 
2 (mP2) gene promoter, defined by transgenic mouse studies, contains 
a 9 of 12 consensus binding sequence for Y box proteins. The 
objective of this study is to determine if mouse germ-cell specific Y 
box binding proteins homologous to the Xenopus Y box binding 
proteins p54/p56 interact with the testis-specific mP2 promoter. 

Western blot analysis using anti-p54/p56 antibody identified two 
immunologically similar proteins a t  48 and 52 kDa in transcriptionally 
active testis nuclear extracts (TNX) but not in brain or HeLa nuclear 
extract. Both proteins remained soluble after heat treatment, a 
process utilized for purification of Xenopur p54/p56. D h A  binding 
activity of purified p54/p56 and TNX was tested using a 62bp mP2 
promoter fragment that contained the consensus binding sequence for 
Y box binding proteins. Both the denatured DNA fragment (ssDNA) 
and the isolated sense strand formed one major and two minor 
complexes with purified p54/p56. These complexes were competed 
with either double-stranded (ds) or ssDNA, but non-specific DNAs 
did not compete. Supershifts further confirmed the identity of the 
ssDNA-p54/p56 complex. dsDNA also bound purified p54/p56, but 
the anti-sense strand alone did not form specific complexes. Both 
dsDNA and ssDNA formed multiple specific complexes Hith TNX. 
The isolated sense strand formed a single complex with TNX, while 
the anti-sense strand did not specifically interact with TNX 
components. Furthermore, heat treated TNX formed a single 
complex with ssDNA. In conclusion, TNX contains proteins that are 
immunologically and functionally related to the Y box binding 
proteins p54/p56, and the Y box of the mP2 promoter specifically 
interacts with TNX proteins. Supported by NRSA to BSN and HD- 
28832 to NBH. 

PROTEINS INTERACT WITH THE TESTIS-SPECIFIC MOUSE 

6195 THE HIV-1 TAT BINDING PROTEIN IS A 
TRANSCRIPTIONAL ACTIVATOR BELONGING TO A 

NEW FAMILY OF EVOLUTIONARILY CONSERVED GENES, 
Bella Ohanal, Paul A. M o o d  S e w n  M. Ruben', Christopher D. 
Southgatez, Michael R. Grccnz~ and Craig A. Rosen'. 1DcpamMnt 
of Gene Regulation, Roche Institute of Molecular Biology, 340 
Kingsland St. Nutley, NJ 071 1O.zRogram in Molecular Medicine, 
University of Massachusetts Medical Center, 373 Plantation S m t ,  
Suite u)9, Worcester, MA 01605 

The HIV Tat binding protein, TBP-1 was previously 
described and identified in OUT laboratory, through it's interaction 
with the HIV trans-activator protein, Tat. The observation that TBP- 
1 interacts with Tat and is localized to the nucleus, suggested the 
potential involvement of TBP-I in transcriptional activity. H m  we 
show through protein fusion experiments, that TBP-I, although 
unable to bind DNA, is a strong transcriptional activator when 
brought into proximity of several praoter elements. Transcriptional 
activity depends upon the integrity of at least two highly conserved 
domains; one resembling a nuclwtide binding motif and the other 
motif common to proteins with helicax activity. Our studies further 
reveal that TBP-1 represents one member of a large. highly 
conserved, gene family that encode proteins demonstrating strong 
amino acid conservation across species. In addition, we have also 
identified a second family member, that although 77% similar to 
TBP-I, docs not activate transcription from the promoters 
examined. This finding, together with the observation that TBP-1 
docs not activate each promoter examined, suggests that this gene 
family may encode promoter-specific transcriptional activators. 
Furthermore. in  common with other transcriptional activator 
proteins, TBP-1 has the ability to form homodimers as well as 
heterodimerise with at least one related family member. The 
dimerization domain reside outside of the highly conserved region, 
and resembles a leucim zipper structure. 
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Debabrata Patra, Eileen M. Lafer, and Rui Sousa, 
Department of Biological Sciences,University of Pittsburgh, 
Pittsburgh PA, 15260. 
During transcription DNA directed RNA polymerases go through 
abortive cycling, a phase characterized by the synthesis and 
release of transcripts ranging from 2 to 9 bases in length. Once 
the RNA chain reaches a length of -9 bases it becomes stably 
associated with the polymerase and the polymerase enters 
processive transcription. Muller ef a/., (Biochemistry 27, 1988) 
obtained evidence that for bacteriophage T7 RNAP this transition is 
triggered by the binding of the RNA to a site located within the 20 
kD N-terminal domain of the enzyme. Patra eta/., (J. Mol. Bio. 
224, 1992) obtained evidence from mutagenic studies that at least 
part of this RNA product binding site lies within the first 50 N- 
terminal residues of T7 RNAP. We have saturated the region 
between T7 RNAP 512 and E48 (inclusive) with point mutations 
and characterized the abortive cycling behavior of these mutant 
enzymes. We find that mutations within two regions--E15-N22 and 
L37-G47--decrease the polymerase's ability to escape abortive 
cycling. Enzymes with mutations in these regions show increased 
levels of abortive transcripts, especially of 7-9mer products 
(corresponding to the RNA length at which the polymerase escapes 
abortive cycling). Gel-retardation assays reveal that these mutant 
enzymes display decreased affinity for single-stranded nucleic 
acids, a feature diagnostic of decreased affinity for the nascent 
RNA. In the crystal structure of T7 RNAP, E l  5-N22 and L37-G47 
map to two a-helices which form one side of the DNA-binding cleft: 
these regions are appropriately positioned for binding to a 7-9 base 
RNA molecule which has its 3 end located in the polymerase's 
catalytic pocket. These experiments define part of the RNA 
binding site on the polymerase to which the RNA must bind for the 
enzyme to escape abortive cycling. 

MAPPING THE RNA PRODUCT BINDING SITE ON T7 
RNA POLYMERASE BY TARGETED MUTAGENESIS 

B 198 MULTISTATE RECEPTOR BINDING AT THE NON- 
CONSENSUS SITES OF A DELAYED SECONDARY 

CLUCOCORTICOID RESPONSE ELEMENT (sGRE), Farhang 
!ayvar,' Per-Erik Stromstedt,+ and Guy C.-K Chan,* The 
Department of Biochemistry and Molecular Biology, St. Louis 

University School of Medicine, St. Louis, MO 63104, and the 
+Department of Medical Nutrition, Karolinska Institute, Huddinge 
University Hospital F60, Novum, S-141 86 Huddinge, Sweden. 

The rat a,.-globulin (RUG) sGREs memorize a hormonal 
pulse and clock the delayed transcriptional activation of an sGRE- 
linked promoter, Hess and Payvar (1992) L BioL Chem. 267,3490. 
These sGREs bind the purified glucocorticoid receptors via 
nonconsensus binding sites involving GRE-like hexanucleotide half- 
sites arranged as distinctive sequence motifs, Chan et aL (1991) 
1. BioL Chem. 266, 22634. 

We examined the binding of the purified intact receptor and 
a truncated receptor (X556; Freedman er d ,  1988, Nature 334, 
556) to the RUG sGREs containing mutations within and outside 
of the hexanucleotide half-sites. The results show that the 
hexanucleotides specify a hierarchy of cooperative receptor binding; 
each of four hexanucleotides of two tandem receptor footprint sites 
bind the receptor inefficiently, but together they increase, by two 
orders of magnitude, the stable assembly of receptor multimen. 
Our data predicts that the interaction between receptor 
homodimers bound at each half-site is crucial for cooperative 
interactions within and between tandem footprint sites. 
Surprisingly, the hexanucleotides are not essential for binding of 
the monomeric receptors. In contrast, the sGRE sequence outside 
of the hexanucleotide half-sites specify binding of receptor 
monomers and stabilize multirner assembly. We will discuss the 
speculative notion that the sGREs bound cooperatively by multiple 
receptor homodimers or by monomeric receptors provide, 
respectively, windows of time lag and inductive phase. 

B197 YEAST RNA POLYMERASE II: FUNCTiONAL REDUNDANCY OF 
CARBOXY-TERMINAL OOMAiN OF THE LARGEST SUBUNIT IN 

IN VlTRO TRANSCRIPTION. Meers Patturaian, A. Antony and G. Ramananda 
Raa, Oepartment of Microbiology and Cell Biology, indian Institute of Science, 
Bangalore 560 012, India. 
Eukaryotic RNA polymerase II contains two distinct structurel domains: 1) 
a catalytic core consisting of submits that are homologour to those present 
in other multisubunit RNA poiymerases and 2)  a mique carboxy-terminus 
of large subunit comprising tandem repeats of $even amino acids (YSPTSPS). 
The evolutionary conservation of the carboxy-terminal domain (CTD) in 
RNA polymerase II from animals, plants and prottsts suggests that i t  plays 
a fundamental role in transcription. The CTO is very sensitive to proteolytic 
cleavage, upon which it yields a mixture containing intact RNA polymerase 
II (consisting of ll0 6. IIA) and palymerase lacking CTO (110). 
In Candida utilis CBS 8511, a fodder yeast, purification of RNA polymerase 
II using standard protocol had resulted in different forms of RNA polymerase 
II. Western blot analysis using polyclonal antibodies raised against bovine 
RNA polymerase II had revealed that these antibodies cross-reacted with 
all the farms. Partial digestion of RNA poiymeare II by chymatryprin yielded 
RNA polymerase llB wherein the resulting large rubunit is 180 KD. The 
protease treatment removes the CTD of large subunit without detectably 
degrading other subunits of the enzyme. A time course of chymotrypsin 
treatment was done and analysis of submiti after SDS-PAGE indicated 
that the conversion of subunits llo and ila to a faster migrating species 
Ilb is nearly mmpiete by 20 min of incubation at room temperature. Aliquots 
drawn at different time intervals after commencing digestion were wed 
to assay the transcription using calf thymus DNA. It was observed that 
partial removal of CTO had m significant effect M transcription. But on 
complete conversion of subunit Ila (215 KO) to subunit Ilb (100 KD), there 
wss 20% decrease in RNA polymerase activity. The apparent dispensability 
of -me portion of CTD without significant loss of transcriptional activity, 
suggests that i t  may be functionally redundant (for transcription). 
Subunits of RNA polymerase Ii have been reported to be phosphorylated. 
Hence it was of interest to examine whether CTD of large wbunit of RNA 
polymerase II from c. is phosphorylated and if LO ' I effect on tranr- 
cription. C. utilis cells were g o w n  in the presence of "Pi and 32P-labeled 
RNA polymerase II was immunoprecipitated s i n g  palyclanal antibodies. SOS- 
PAGE and autoradiography revealed that a subunit > 200 KD was phospho- 
rylated and no phosphorylation was detected in polymerase Ilb subunit. 
There results indicate that CTD of large subunit is phosphoryleted. Phospho- 
rylation has been implicated in regulation of CTD interaction with specific 
prOmOter-transcription factor complexes. 

-- 

- _  
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B200 INTERACTION OF EC CELL SPECIFIC PROTEINS 

Werner Peter, Karin Hiihner and Hans R. Schiiler, Gene Expression 
Programme. European Molecular Biology Laboratory, MeyerhofstraDe 1, 
D-6900 Heidelherg, Germany. 

WITH TRANSCRIPTION FACTOR OCT-4. 

Oct-4 is a transcription factor expressed in the pluripotent progenitor 
cells of the early mouse ernhryo (1). Previously, we have shown that Oct-4 
requires additional factors - termed coactivators or hridging factors - to exert 
its transcriptional activity from a distance (2). 

To identify and characterize ES and EC cell specific factors that specifically 
interact with Oct-4 several in vivo and in vitro assays have been used. In a 
functional squelching assay, overexpression of an Oct-4 DNA binding 
mutant in P19 EC cells results in a strong decrease of vanscriptional acti- 
vation mediated hy endogenous Oct-4. With improved hinding conditions 
three additional Oct-4 containing DNA complexes are detectable in gel 
retardation assays. one of which appears to he EC cell specific. Finally, 
radiolaheled Oct-4 protein was used in a "far western like" approach to 
detect interacting proteins from EC and 3T3 cells and again, at least one 
protein appears to he specifically present in EC cells. 

To identify the surface(s) required for protein-protein interaction, deletion 
mutants of Oct-4 are tested in the squelching assay. The region(s) deter- 
mined will he further examined in the "far western" - like assay to see if the 
functional activity and the presence of one of the proteins correlate. Using 
this region as a prohe an EC cell expression lihrary will he screened in order 
to clone the respective factor. The identified cDNAs will then be tested in 
the in vivo assay which was originally used to determine the functional 
interaction of Oct-4 and EIA (2). 

(1) Schiiler, H.R. Trends Genet 7,323-329 (1991) 
(2) Schiiler, H.R., Ciesioka, T., and Gruss, P. Cell 66,291-304 (1991) 

B 202 A CONSERVED DNA STRUCTURAL CONTROL 
ELEMENT MODULATES TRANSCRIPTION OF A 

MAMMALIAN GENE, Andrew J. Pierce, Robert C. Jambou. David 
E. Jensen and Jane Clifford Azizkhan, UNC Lineberger 
Comprehensive Cancer Center, University of North Carolina, 
Chapel Hill, NC 27599-7295, USA 
The mammalian dihydrofolate reductase (DHFR) gene promoters 
contain several conserved sequence elements which have been 
shown to bind protein through in vitro footprinting assays, and yet 
there are other conserved DNA sequences that do not footprint. 
We report here that mutation of one of these conserved non- 
footprinting regions increases transcription from this promoter both 
in an in vitro transcription assay and in vivo as shown by a transient 
transfection assay. This sequence lies in a region sensitive to 
atterations in spacing between binding sites for the transcription 
factors SP1 and E2F. We show that this conserved region is 
flanked by sites hypersensitive to cleavage by methidiumpropyl- 
EDTA-Fe(ll). Furthermore, multimers of a double-stranded 
oligonucleotide comprised of the region delineated by the 
hypersensitive sites display faster migration through polyacrylamide 
than control DNA. The difference in mobility is not the result of 
bending, nor does the primary sequence contain features which 
would predict altered mobility. We propose that this "Structural 
Control Element" is rigid and down-regulates transcription by 
inhibiting interactions between proteins binding adjacent to this 
region. 

B 201 CWIUCTEUUATION OF A DNA-BWDDIG 
DOMAIN COMMON TO AN ERYTHROID- 

SPECmCTRANSCRWlTON FAC")R AND ASPIIRGILUCF. 
Rar. D.G. .QddidsM.X. .Hooky, P. DcpurmcatofGadCa 
.ad Microbiology, University of livepool, P.O. Box 147. Liwpool 
L69 3BX. U . h  
'Ibc pmduct d the weA ~UIC 0fAPwrgillvr nidvlonr is a @Err- 
rting resulltory win Conuinog a single. pufptivc, D N A - b h g  
zhr Kngcr (1). liSs spDcpllt  shows xcmarkabk similarity u) tvm 

(GF-I. NF-1. Eryf-1) of human. llllu~c (2) and ChiflrarUymmia 
cells. Both areA and GATA-I can be daaibad as '@a" 
mgubtmy pmeim in rhcir nxpcctive oqpiinac; areA r t iv i ty  
invoked in dICcootrol o f n h g m  mcmbolirm d GATA-1 in h e  
ccntrol of Crytbroi-spdfii gene nplutioe W e  have dcvclopcd a 
Gel-Shift MY using crude wholwxA ulnm o f A s p c r d i / l ~  ad 
hive uscddrcre u) I R O ~  a vidc rangeof areA mmtsfor DNA- 
biding scrivity. In a&Wion UIC hvc 0- GATA-1 ud a 
number of chimzic duiv- of GATA-I ud areA in ArpergilfIu. 

rinc-fisgm found in thc lnammhm . ~gulatotyp~kh,  GATA-I 

mC 
Shihlnalyrir. 

of which h r ~ e  brm slndkd by pd~ Ccscing ud Gcl- 

ll&ud!& 
1). Kudlq 6.. eddielr. M X  IAI@W T., M d - R o s s i  N.. 
Bcnnctt CF.. Sibkv. S.. Daviu. RW., Arst H.N.. Jr. and E m .  
T..(1990). EM90 J:;X 135S1364. 
2). Tsai, S.F., Marlin, D.J.K., ZaS LL. D'Andru AD., WMg, 
G.G. and0rkin.S.H. (1989).Natu1~,~446451. 

B 203 IN VITRO "COMPLEX" FORMATION BETWEEN 
THE VIRAL TRANSACTIVATOR ICP4 AND THE 
TATA BINDING PROTEIN (TBP). 

L m  1, C. Doerigl, Y. Lid ,  J.P. Hoefflerland K.W. Wilcox2. 
1Univmity of Colorado, Denver, CO. 80220; 2Medical College 
of Wisconsin, Milwaukee. WI. 83226. 

To understand how viral transactivators, stimulate RNA synthesis 
will require detailed infortnation on how these proteins interact 
with the cellular proteins of the transcription complex. We have 
investigated the protein-protein interactions between the HSV- 
transactivator ICP4 and the human TATA-box binding protein 
component of TFIID (TBP). Radioactive TBP synthesized in virro 
was immune precipitated in the presence of partially plllified ICP4 
by antisera directed against ICP4. In a complimentary experiment 
ICP4 radiolabeled in vitro was immunoprecipitatcd by an 
antiserum directed against a TBP fusion protein expressed in E. 
coli. The region of TBP involved in the protein-protein interaction 
resides within the carboxy-terminal half of the molecule since 
truncated TBP failed to coprecipitate with ICP4 using anti-ICP4 
Serum. The region of ICP4 previously defined as the DNA-binding 
domain (Codons 262 to 490) is involved in the interactions with 
TBP since a protien extract from bacteria expressing only this 
domain substituted for intact ICP4 in immunoprecipitation assays. 
To extend these observations, plasmids containing segments of the 
ICP4 gene [IE-3] have been constructed. The fusion proteins 
encoded by these plasmids will be expressed in E. coli. The 
function of analogous plasmids has been tested in cultured 
mammalian cells. Promoters for HSV genes show considerable 
variation in TATA-box smcture and the ability to bind ICP4. A 
protein complex composed of TFIID and ICP4 can potentially 
make multiple contacts with DNA and bind to promoters with 
different affinities. Differential binding of this complex provides a 
mechanism for modulating gene expression. 
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B 204 RECOGNITION OF THE OCT-1 POU-HOMEODOMALN 
SURFACE BY aTIF, Joel L. Pomerantz, Thomas M. 

Kristie, and Phillip A. Sharp, Center for Cancer Research and 
Department of Biology, Massachusetts Institute of Technology, 
Cambridge, MA 02139 
Homeodomain proteins are transcription factors which are 
critical determinants in the processes of development and 
differentiation in a wide variety of organisms. The mechanisms 
by which these proteins exert extremely specific regulatory 
actions have remained largely undefined, since most 
characterized homeodomain proteins display similar DNA- 
binding target site specificities. The contribution of selective 
protein-protein interactions to the functional specificity of 
homeodomain proteins is modeled by the preferential assembly 
of the Oct-1 protein, over the closely related Oct-2, into a 
multiprotein complex on the Herpes Simplex Virus 
a/immediate early enhancer. This complex (Cl) is composed of 
Oct-1, the viral aTIF protein(VP16), and an additional cellular 
component, the C1 factor. The specific recognition of Oct-1 in 
C1 complex assembly depends on determinants contained 
within the protein's POU-homeodomain. In order to map these 
determinants, variants of the Oct-1 POU-homeodomain were 
generated by site-directed mutagenesis, in which residues 
predicted to form the exposed surface of the domain-DNA 
complex were altered. Mutants with single amino acid 
substitutions on the surface of either helix 1 or 2 of the Oct-1 
POU-homeodomain had diminished abilities to form the C1 
complex. Each of the mutants deficient for C1 complex 
formation failed to interact cooperatively with the aTIF protein, 
suggesting that nTIF is principally responsible for recognition of 
Oct-1 in C1 complex assembly. The preferential recognition of 
Oct-1 over Oct-2 can be attributed to a single amino acid 
difference between the two proteins on the surface of helix 1. 

B 206 THE GAL4 (& ZINC CLUSTER DOES NOT CONFER 

and Mark Ptashne, Department of Biochemistry and Molecular 
Biology, Hmard University, 7 Divinity Ave, Cambridge. MA 
02138. 

GAL4 is a well characterized yeast transcriptional activator. Its 
amino terminal end contains a (& metal binding domain. that 
interacts with DNA, and a coiled-coil dimerization element. The 
carboxy terminus of GAL4 is an acidic activating region. GAL4 has 
been shown to bind to a 17 base-pair DNA sequence (CGGNllCCG) 
found upsaeam of its target genes. The crystal structure of GAL4 
with DNA indicates that specific interaction, between protein and 
DNA, occurs at the CGG mplets at each end of the binding site. The 
inner 11 bases only provide non-specific interactions. PUT3 is an 
activator of the proline utilization genes that bears a number of 
similarities to GAL4. PUT3 contains a putative Q metal binding 
domain and binds to a similar DNA sequence (CGGNloCCG). We 
have localized the DNA-binding activity of PUT3 to residues 31-100 
of the intact protein. These residues are also sufficient to provide a 
dimerization function - presumably via a coiled-coil structure as is 
the case in GALA. We have also constructed, over-produced and 
purified various chimeric proteins of GAL4 and PUT3 in an attempt 
to define the elements within each protein that determine DNA- 
binding specificity. We have found that a molecule bearing the 
GAL4 zinc cluster and the PUT3 dimerization element binds to DNA 
with the specificity of PUT3. Similarly, a molecule bearing the 
PUT3 zinc cluster and the GAL4 dimerization element binds DNA 
identically to GAL4. Therefore, the metal binding domain of either 
protein contributes very little to its DNA-binding specificity. The 
implications of these findings to other fungal Cg zinc cluster proteins 
will be discussed. 

DNA-BINDING SPECIFICITY IN VITRO, Richard J. Reece 

B 205 REGULATION OF THE EIUMAN HEAT SHOCK 
RESF'ONSE, Sridhar K. Rabiindran, Raymond I. b u n ,  

Carl Wu, Laboratory of Biochemistry. Bg 37, Rm 4C-09, National 

Human cells respood to heat and other forms of stress by the rapid 
synthesis of heat shodc pmteins. This heat shock response is mediated 
at the tranmptional level by the heat sbock factor (HSF) which binds 
to heat shock elements (HSEs) in tbe promoter of heat shock genes. 
The activation of HSF for DNA binding is accomplished by a change in 
the oligomeric state from a m m e x  which is unable to bind to DNA 
to a tximer which binds to the HSEE with high aflinity. To understand 
the mechanisms by which HSF might sense the stress signal in 
vertebrate cells, we cloned the heat shock factor in humans. Using 
degenerate primers deduced from regions of homology present between 
the yeast and Drosophih Ewers we amplified a DNA frdgment from 
human cDNA using the polymerase chain reaction which was then used 
to obtain the full-length gene from a HeIa cell library. HSFI 
expressed in bacterial cells and in rabbit reticulocyte. lysates in the 
absence of heat shock is active as a DNA binding transcription factor. 
However, expression of the protein in human 293 cells by transfection 
results in heat shock dependent activation suggesting that the intrinsic 
activity of the factor is under negative regulation in human cells. To 
examine the regions of HSFl required for heat shock dependent 
regulation, wild-type and mutant forms of the protein were introduced 
into 293 cells by transfection. Using s i t d k c t e d  and nesteddeletion 
mutagmais, two domains within the carboxy-terminal region werc 
identified that appear to act independently; one spans a region of 
homology between the two dated, but distinct, human HSP proteins, 
while the other contains a leucine zipper motif which is conserved 
b e e n  insect and vertebrate factors. Human HSFI, like its 
counterparts in yeast and Dmophilu, is a multi-zipper protein with the 
amino terminal zippers being involved in trimeriZation required for high 
affinity binding to DNA. Our results suggest that under nonnal 
conditions the carboxy-terminal zipper suppresses the aggregation of the 
amino terminal zipper elements possibly through heat shock sensitive 
coiledcoil interactions. 

cancer Institute, NIH, BetJleSda. MD 20892. 

B 207 PHYSICAL AND FUNCTIONAL INTERACTIONS OF 

MACHINERY AND REGULATORY PROTEINS 
Ananda L. Roy, Ernest Martinez, Cindy Carruthers, 
Thomas Guthjar, Bernhard Kirschbaum and Robert G. 
Roeder, Laboratory of Biochemistry and Molecular Biology, 
The Rockefeller University, New York, NY 10021 

TFII-I has been shown to be a basal transcription factor 
which can substitute for TFlIA in transcription assays 
reconstituted with the Adenovirus ML core promoter and other 
basal initiation factors. Moreover the core promoter activity of 
TFII-I is correlated with the ability of TFII-I to bind specifically 
to the initiator (Inr) element. Further studies with the TATA- 
and Inr-containing ML core promoter have demonstrated that 
TFII-I and TFIIA can form distinct preinitiation complexes in 
the presence of other general factors. These observations 
indicate alternate pathways for preinitiation complex assembly 
and transcription initiation: one that is TFIIA and Inr 
independent and another that is dependent upon both TFll-I and 
Inr. In addition, TFII-I also was demonstrated to interact 
cooperatively with TFIIDT (the TATA binding subunit of 
TFIID) in the formation of promoter complexes on a TATA- 
less promoter, thus providing a means to recruit TFIID on 
TATA-less promoters which nonetheless require TFIID for 
activation. 

Apart from its core promoter function, TFII-I also has 
been shown to interact with USF and c-Myc, both members of 
the b-HLH class of regulators. Importantly, these interactions 
are not restricted just to the classical E-box site known to be 
recognized by such regulators, but can be observed at an Inr 
element as well. The physical and functional interactions 
through the Inr may have important ramifications as they show 
the involvement of regulatory proteins in transcription initiation 
via direct interactions with the general transcription machinery. 

TFII-I WITH THE GENERAL TRANSCRIPTION 
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B 208 

Yoel Sadovsky. Gabriela Lopez, Paul Webb and Peter J. Kushner, 
Metabolic research Unit, University of California San Francisco, San 
Francisco, CA 94143 

The TATA box binding protein (TBP), a component of TFIID, is one 
of the candidate targets for transcription activation by the estrogen 
receptor. W e  tested whether estrogen response is limited by the 
availability of TBP, and additionally, whether titration of TBP causes 
the “squelching” observed when estrogen receptors are overexpressed 
in cells. To test this hypothesis, we transiently overexpressed vectors 
for the estrogen receptor and for TBP in HeLa and CHO cells, along 
with a reporter gene which contained an ERE at varying distances 
from the herpes virus thymidine kinase (tk) TATA-box. 
W e  found that TBP overexpression substantially potentiated the 
estrogen response (2-8 fold), yet this effect was seen only when the 
ERE was combined with a simple TATA box, and not with the 
complete tk promoter, that contained SP-1 and NF-1 sites. In 
addition, TBP overexpression did not relieve the squelching seen with 
overexpression of estrogen receptors. Estrogen response potentiation 
by TBP in both CHO and HeLa cells was dose dependent in the range 
of 0.3-10 pgs of TBP plasmid. I n  vino protein-protein binding assay 
demonstrated that TBP binds to glutathione-estrogen receptor agamse 
beads, but not to control beads. 
W e  conclude that TBP interacts with the estrogen receptor, and is 
limiting for estrogen response when the ERE is combined with a 
simple TATA box but not with a full tk promoter, suggesting that this 
consauct recruit TBP less efficiently when compared to more complex 
promoters. Furthermore, the squelching observed when estrogen 
receptors are overexpressed is not explained by the limiting amount of 
TBP. 

TATA BOX BINDING PROTEIN IS LIMITING FOR 
ESTROGEN RESPONSE 

8210 CLONING, EXPRESSION AND FUNCTIONAL 
ANALYSIS OF THREE PLANT HEAT STRESS 
TRANSCRIPTION FACTOR GENES; K.-D. Scharf, 

E. Treuter. S. Rose and L. Nover. Institute of 
Plant Biochemistry, 0-4050 Halle 
Induced binding of the tomato heat stress 
transcription factor(s) (HSF) is observed after 
treatment with heat or chemical stressors. 
Using differential screening of ahgtll expres- 
sion library with a functional HSE oligonucleo- 
tide we isolated three clones coding for tomato 
HSFs. They are characterized by a highly con- 
served 93 amino acid HSE-binding domain at the 
N-terminus characteristic of all eukaryotic 
HSFs. The C-terminal parts of the factors are 
not conserved except a pattern of heptad hydro- 
phobic repeats of the leucine-zipper type. 
Surprisingly, two of the HSF are heat stress- 
induced themselves, suggesting a cascade of 
HSFs, which may influence quantitative and 
qualitative aspects of the hs response (1, 2 ) .  
Functional analysis of the HSF clones was done 
(i) with the proteins overexpressed in E. coli 
and (ii) by transient expression in tobacco 
mesophyll protoplasts using hs promoter x gus 
reporter constructs. Depending on the position 
of inserted HSEs activator and repressor func- 
tions of different HSF constructs can be moni- 
tored. Analysis of C-terminal deletions iden- 
tify acidic sequence elements with a central 
tryptophane residue to be important for acti- 
vity control of all three HSFs. 
(Scharf et al., Treuter et al. submitted for 
publication). 

1. L.Nover (ed.) Heat Shock Response, CRC Press 

2 .  K.-D. Scharf, S .  Rose, W. Zott, F. Schoffl, 
Inc., Boca Raton 1991 

L. Nover, EMBO J. 9 (1990) 4495-4501 

B 209 a-NAPTHOFLAVONE-INDUCED C Y P l  A 1  
GENE EXPRESSION AND CYTOSOLIC ARYL 
HYDROCARBON RECEPTOR TRANSFORMATION, 
M. Santostefano, M. Merchant, L. Arellano, V. 
Morr ison,  M.S. Denison a n d  S. Safe, 
Department of Veter inary Physiology and 
Pharmacology, Texas A & M University, 
College Station, Texas 77843-4466 
a-Napthoflavone (aNF) is a weak aryl hydrocarbon (Ah) 
receptor agonist and inhibits the Induction of CYPl A1 
gene expression of 2,3,7,8-tetrachlorodibenzo-pdioxin 
(TCDD). It has been suggested that the Ah receptor 
antagonist activity was due to the formation of aNF- 
cytosolic Ah receptor complexes which fail to undergo 
transformation. This hypothesis was consistent with data 
obtained in this and other studies using aNF 
concentrations from 10-1000 nM. However, 10 pM aNF 
was a strong Ah receptor agonist. Incubations of rat 
hepatic cytosol with 10 pM aNF caused transformation of 
the Ah receptor as determined in a gel retardation assay 
using a 3zP-labeled oligonucleotide containing a single 
dioxin responsive element (DRE). Incubation of rat 
hepatoma (H4l l  E) cells with 10 p.4 aNF not only resulted 
in the induction of CYPlAl mRNA levels but it also 
increased cloramphenicol acetyl transferase (CAT) 
activity from a DRE-containing CAT reporter plasmid. 
Moreover, the rates of dissociation of the transformed 
cytosolic Ah receptor liganded with either TCDD or aNF 
from the DRE were similar. These data confirm that aNF 
is an Ah receptor agonist and exhibits partial antagonist 
activity via competition for receptor binding sites. 

B211 PHYSICAL ASSOCIATION OF PIT-1 AND THE T R  

OF THE BASAL TRANSCRIPTION MACHINERY, 
F. Schaufele, J.D. Baxter and R.C. Forde, 
Metabolic Research Unit, University of California, 
San Francisco CA 94143 

rat growth hormone (rGH) gene promoter is 
regulated by a wide variety of transcription 
factors most of which are also present in cells 
that do not express GH. in vivo complementation 
experiments showed that two of these factors. the 
pituitary-specific transcription factor, Pit-1, 
and the thyroid hormone receptor (T,R) 
synergistically activate the rGH promoter 
suggesting one model for explaining the 
integration of tissue-general information into 
tissue-specific expression patterns. A number of 
domains within Pit-1 were essential both to the 
activity of Pit-1 by itself and to the synergistic 
response with the T,R. Interestingly, the mutation 
of one particular domaln dramatically inactivated 
the synergistic activation of the rGH promoter 
with the T,R without affecting the low-level 
activation observed with Pit-1 expression alone. 
Thus, at least some transcription factor functions 
may be synergism-specific. Assuming that the 
synergistic activation of transcription may 
require some direct communication of the 
synergistic factors either with themselves, with 
components of the basal transcription machinery or 
with novel factors, in vitro binding assays were 
developed. Far-western blots identified ca. six 
proteins that interact stably with labelled Pit-1. 
-- in vitro precipitation assays were also performed 
to test whether any factors known to be required 
for rGH promoter activity can interact. Pit-1 and 
the TIR can physically associate with each other 
and with the same components of the basal 
transcription machinery (with some minor 
variations). Mutational studies identifled domains 
required f o r  these interactions. 

WITH EACH OTHER AND WITH SELECTED COMPO~ENTS 

The pituitary-specific transcription of the 
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B212 ROLE OF PHOSPHORYLATION OF THE RNA WLYHERASE I1 
cI1) IN BASAL lXANSCRIPTION, Hiroaki Serizawa, Joan 

W. Conaway. Ronald C. Conaway, Program in Molecular and 
Cell Biology, Oklahoma Medical Research Foundation. 
Oklahoma City, OK 73104 
We previously purified RNA polymerase I1 initiation factor 
6 from rat liver and showed that it possesses both DNA- 
dependent ATPase activity and a protein kinase activity 
that phosphorylates the RNA polymerase I1 CTD. The 6- 
kinase phosphorylates the CTD on serine residues, in a 
reaction that can be strongly stimulated by DNA, but is 
not significantly affected by the presence of the TATA 
factor or other general initiation factors. 
evidence argues that DNA activates phosphorylation of 
polymerase by interacting with the CTD. making it more 
accessible to the kinase. In further studies the 
relationship between ATPase and kinase activities has been 
investigated by comparing their nucleotide specificities, 
DNA effector requirements, and sensitivities to a number 
of inhibitors. 
ATPase and kinase are distinct catalytic activities. Of 
particular interest are the findings (i) that CTD kinase. 
but not DNA-dependent ATPase, is strongly inhibited by H- 
8 .  a compound shown previously to inhibit a variety of 
protein kinases by competing with nucleoside triphosphates 
for active site binding, (ii) that DNA-dependent ATPase. 
but not CTD kinase. is inhibited by the non-hydrolyzable 
ATP analog ATPyS, and (iii) that promoter-specific 
transcription, reconstituted vith highly purified RNA 
polymerase I1 and basal initiation factors, is inhibited 
by ATPiS but not by concentrations of H-8 that prevent 
conversion of the IIA form of RNA polymerase I1 to the 
highly phosphorylated I10 form of the enzyme. 
together, these results argue that conversion of the IIA 
form of polymerase to the highly phosphorylated I I U  form 
is not an obligatory step in basal transcription. but 
leave open the possibility that 6 ' s  associated DNA- 
dependent ATPase participates in ATP activation of the 
preinitiation complex. 

A variety of 

Results of these experiments argue that 

Taken 

8214 -1ZATION OF TEE CAW? RESPONSIVE REGIONS 

SOMATOMAMMOTROPIN PROMOTERS, Allan R. Shepard and 
Norman L. Eberhardt, Departments of Medicine and 
Biochemistry/Molecular Biology, Mayo Clinic, 
Rochester, MN 55905. 
The human growth hormone (hGH) and chorionic 

somatomammotropin (hCS) genes are -95% identical 
and yet are exclusively expressed in pituitary and 
placenta, respectively, and are differentially 
regulated by triiodothyronine (T3). These 
differences are explained in part by subtle 
structural differences between the two genes. We 
have examined 500 bp of the 5'-flanking region of 
the hGH and hCS genes for responsiveness to the 
CAMP elevating agent forskolin (F). The hCS and 
hGH promoters were coupled to the chloramphenicol 
acetyltransferase (CAT) reporter gene and 
transiently transfected into rat anterior pituitary 
tumor cells (GC). F treatment ( 4 8  hr) stimulated 
hGHp.CAT expression 3.6-fold, a value significantly 
greater (p<O.Ol) than that for hCSp.CAT (2.6-fold), 
suggesting that the hGH promoter contains 
additional CAMP responsive element ( s )  . Site- 
specific mutations of the hCS and hGH promoter GHF- 
1, Spl, AP-2 and T3 receptor (TR) binding sites did 
not affect CAMP responses, indicating that these 
factors do not contribute to CAMP responsiveness in 
GC cells. Mutations in the hCS -7O/-40 T3 response 
element did abolish T3/cAMP-mediated synergism. A 
CGTCA motif with homology to the canonical CREB 
binding site (TGACGTCA), is present at -101/-97 in 
the hCS and hGH promoters and at -188/-184 in the 
hGH promoter. Elimination of the hCS -101/-97 
sequence by either substitution or deletion 
mutations significantly reduced hCSp.CAT CAMP 
responsiveness by -33% (p<O. 05.) . The data indicate 
that the CGTCA motif partially mediates CAMP 
regulation of the hCS promoter. The presence of an 
additional CGTCA motif in the hGH promoter may 
account for the differential CAMP regulation of the 
hGH and hCS promoters. 

OF THE EUMAN GROSDTE EORMOHE AND CHORIONIC 

B 213 THE IDENTIFICATION OF AMINO ACIDS INVOLVED 
IN DNA BINDING AND BINDING SITE RECOGNITION 

BY THE SERUM RESPONSE FACTOR (SRF), Peter E Shaw, 
Fr iedr ich von Hesler and Andrew D Sharrocks Spemann 
Laboratories, Max-Planck-lnstitut f u r  Irnmunbiologie, 
Postfach 1 169, 7800 Freiburg, Germany 
The Serum Response Factor (SRF) binds as a homodirner 
t o  a palindrornic sequence i n  the c-fos Serum Response 
Element (SRE) A second protein, p62TCF, binds i n  
conjunct ion w i t h  SRF t o  fo rm a ternary complex and i t  
i s  through t h i s  complex tha t  rnitogenic s t imu la t ion  of 
c - fos t ranscr ip t ion  i s  thought t o  take place 
A ninety amino acid domain of SRF, coreSRF, i s  able t o  
dimerise, b ind t o  the SRE and rec ru i t  p62TCF Analysis 
o f  coreSRF mutants  generated by s i te-directed 
rnutagenesis has al lowed the ident i f i ca t ion  of residues 
essential f o r  DNA binding and dirnerisation The resu l ts  
support the pred ic t ion  of s t ruc tu ra l  m o t i f s  involved in  
DNA binding 
The re la ted  SRF pro te in  RSRFC4 harbours a region w i t h  
sequence (and presumably s t ruc tu ra l )  s im i l a r i t y  t o  
much of coreSRF I t  binds t o  sequences resembling but 
d is t inc t  f rom SRF binding s i tes  The binding spec i f i c i t y  
o f  coreSRF has been converted to  tha t  of RSRFC4 This 
coreSRF der iva t ive  supports ternary complex fo rmat ion  
a t  s i tes  divergent f rom bona Tide SREs The required 
changes imp ly  tha t  SRF and RSRFC4 bind to  the i r  
cognate s i t es  i n  d i f fe ren t  ways 

B 215 A SlGLE AMINO ACID CHANGE IN THE HELIX 1 

FACTOR, E12, CHANGES ITS OLIGOMERIZATION SPECIFICITY, 
Masaki Shirakata and Bruce M. Paterson, Laboratory of 
Biochemistry, National Cancer Institute, National Institutes of 
Health, Bethesda. MD 20892 
E l2  is a transcription factor encoded in a E2A gene that also 
produces E47 and E2-5 transcripts by alternative splicing. Many 
types of cells express E2A proteins during development which are 
involved in the regulation of the differentiation process through the 
formation of functional complexes with cell type specific factors. 
The DNA-binding and dimerization domain of E l2 is a basic-helix- 
loop-helix (bHLH) motif. The motif enables E l2  protein to form a 
oligomer with another bHLH protein such as the myogenic factor, 
MyoD, and bind to the specific DNA sequence, CANNTG, referred 
to as an E-box. The oligomerization of bHLH proteins appears to 
have some specificity. E l 2  forms a dimer with MyoD or with other 
myogenic bHLH factors, but does not form a homodimer. E47 can 
make a stable homo-oligomer or a heterodimer with MyoD. Our 
mutation analysis in the HLH region of E l2  demonstrates that a 
single amino acid replacement from Asp to Arg In the helix 1 
domain dramatically changes the oligomerization specificity. The 
mutant E l 2  can form a homo-oligomer as well as a heterodimer 
with MyoD. The mutant E l  2 is equivalent to E47 in its ability to 
homodimerize. A previous study identified the inhibitory domain 
for homo-oligomer formation within the acidic region amino 
terminal to the basic region. The mutation releases the inhibitory 
effect of the acidic region and consequently converts the 
dimerization specificity of E l 2  to that of E47. The molecular basis 
of the above observation is not yet clear, but it suggests that a 
modification or a slight change induced in the conformation could 
regulate the oligomerization specificity of E l  2. 

DOMAIN OF THE HELIX-LOOP-HELIX TRANSCRIPTION 
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Kenneth A. Slmmen, Jordi Bern*. Joe D. Lewis and lain W. 
M M j .  E.hl.B.1 Meyerhofsiraste 1. Postfach 1OZzQ9, D-6900 
Heidelberg, Federal Republic of Germany., 
The TATA-binding protein, TBP, has been revealed as a general 
polymerase coiactor necessary for transcription by all three 
nuclear polymerases. In TATA-less promoters, TBP recruitment 
presumably reflects association with other proteins. Indeed. TBP 
is detected in muhiprotein complexes within cell extracts. The pol 
II D-TFIID complex isolated from a high salt fraction (PC D) of 
HeLa or Drosophila extracts contains TBP and several 
associated factors (TAFs). A second TBP complex capable of 
supporting basal pol II transcription. B-TFIID. has been purified 
from a low satt fraction (PC B). The identiication of TBP and 
three distinct TAFs in SL1. an essential pol I factor, suggested 
that TAFs may function in directing polymerase choice. Do the 
three polymerases utilize distinct TBP-TAF complexes: SL1 and 
D-TFIID for pol I and pol II respectively, and a third, unidentified 
complex for pol Ill? 
Two activities, TFlllB and TFIIIC. found in the HeLa PC B 
(0.35M) and PC C (0.6M) fractions respectively, are defined a s  
necessary and sufficient, with pol 111. for in vitro transcription of 
tRNA genes. Given the requirement for TBP in pol 111 
transcription, and the observation that 75% of human TBP is 
fractionated into PC B. we addressed whether this fraction 
contained a TBP-TAF complex capable of supporting pol 111 
transcription. 
Three lines of evidence suggest that F l l lB  is a TBPsontaining 
complex. First, that immunodepletion of TBP from the Heb PC B 
fraction inactivates reconstituted pol 111 transcription of tRNA and 
5s templates. Secondly. that TBP cofractionates with TFlllB 
activity over four chromatographic steps. Finally, that these 
TFlllB fractions are capable of supplying TBP in the form 
necessary for pol 111 initiation, and cannot be substituted for by 
other TBP complexes. or TBP alone. 

COFRACTlONAflON OF HUMAN TEP WITH THE 
POLYMERASE 111 FACTOR TFIIlB. 

B 218 CLONING O F  THE 110 KD SUBUNIT O F  TFlllC 

Eric Sinn. Robert Kovelman, and Robert G. Roeder. 
Laboratory of Biochemistry and Molecular Biology. 
The Rockefeller University, New York, NY 10021 

TFlllC is a transcription factor required for the Pol 111 
mediated transcription of 5S, VA, tRNA, and 7SL genes. 
HeLa cells have two forms of TFlllC (active and inactive) 
which differ in their mobility in a gel shift assay. The active 
form has  5 subunits: 220 kD, 110 kD. 102 kD, 90 kD, and 
63 kD. The inactive form appears  to be  composed of the 
same 5 subunits, except for the apparent replacement of 
the 110 kD subunit with a 95 kD subunit. In order to 
determine if the  difference between the active and the 
inactive form lies in the 1 10  kD subunit, we have cloned a 
cDNA encoding the 110 kD subunit. The structure of the 
encoded protein will be discussed. Regions of the 110 kD 
subunit are being expressed and used to produce antibody 
to determine if the 110 a n d  the 9 2  kD subunits are 
immunologically related a n d  to investigate previous 
suggestions that the active and inactive form may reflect 
differences in phosphoryiatlon or possible proteolysis. 
Epitope tagging and subsequent expression in mammalian 
cells are being used as a method to ease the purification of 
TFlllC for future studies. 

Factors, Regulation and Differentiation 

B217 BUMAN CYTWGALOVIRVB XAJOR II(EIED1ATI 

TAZ BABLC INTER-RPPSAT Or TBP V I A  A PROTEIN 
D O X A I N  N E C S S S A R Y  FOR HSTEROLOQOUS PROMOTER 
TBAISBACTIVATION, John S i n c l a i r ,  Richard Carwell ,  
C h r i s t i a n  Hagemeier', Tony Kouzarides',  Chuang- 
J i u n  Chiou' and Gary Hayward'. Department of 
m e d i c i n e ,  u n i v e r s i t y  of C a m b r i d g e ,  U K ;  
W e l l c o m e / C R C  I n s t i t u t e ,  Cambridge*, UK and The 
J o h n s  Hopkins U n i v e r s i t y  School o f  Medicine,  
B a l t i m o r e ,  MD 1205' 
The human cytomegalovirus  (HCMV) immediate e a r l y  
(IE) 1 and 2 p r o t e i n s ,  which arise from d i f -  
f e r e n t i a l  s p l i c e  p r o d u c t s  of t h e  HCMV major  I E  
r e g i o n ,  are independent ly  a b l e  t o  t r a n s a c t i v a t e  
he t e ro logous  c e l l u l a r  and v i r a l  promoters. Also,  
I E 1  acts as a p o s i t i v e  a u t o r e q u l a t o r  whereas IE2 
n e g a t i v e l y  a u t o r e g u l a t e r .  
W e  have  r e c e n t l y  shown t h a t ,  u n l i k e  I E l  which 
ac t s  TATA independen t ly  and does n o t  i n t e r a c t  
d i r e c t l y  w i t h  TATA b i n d i n g  p r o t e i n  (TBP) ,  IE2 
acts  i n  a TATA dependent  manner and i n t e rac t s  
d i r e c t l y  vith t h e  C-terminal conserved domain of 
TBP . 
W e  p r e s e n t  d a t a  t o  show t h a t ,  l i k e  Adenovirus  
ElA, I E 2  i n t e r a c t s  v i t h  t h e  b a s i c  i n t e r - r e p e a t  
of TBP b u t  other sequences  i n  t he  N-terminal  
r e p e a t  of TBP s t a b i l i s e  t h i s  i n t e r a c t i o n .  
The r e g i o n  of I E 2  r e s p o n s i b l e  for i n t e r a c t i o n  
w i t h  TBP maps t o  a p r o t e i n  domain necessa ry  f o r  
I E 2 - m e d i a t e d  t r a n s a c t i v a t i o n  of h e t e r o l o g o u s  
promoters  i n  t r a n s i e n t  c o - t r a n s f e c t i o n  a s s a y s .  
S u r p r i s i n g l y ,  d e l e t i o n s  of t h e  first 290 amino 
acids of TE2 r e s u l t  i n  a s u b s t a n t i a l  i n c r e a s e  i n  
TBP b i n d i n g .  T h i s  s u g g e s t s  t h a t  IE2 may a l s o  
c o n t a i n  a domain which i n h i b i t s  TBP i n t e r a c t i o n .  

EARLY 2 PROTEIN INTERACT8 DII I ICTLY WITH 

B 21 9 ACTIVATION OF HEAT SHOCK F A m O R  2 (HSF2) IN 
HEMIN-TREATED HUMAN ERYTHROLEUKEMIA 

CELLS, Lea Sistonen, Kevin D. Sarge, Benette Phillips, Klara 
Abravaya and Richard 1. Morimoto, Department of Biochemisuy. 
Molecular Biology and Cell Biology, Northwestern University, 
Evanston, IL 60208 

Hemin treatment of human erythroleukemia K562 cells induces 
transcription of embryonic and fetal globin genes as well as the 
stress genes hsp70, hsp90 and grp78IBiF'. As in heat-shocked cells, 
hemin-induced transcription of hsp7O is mediated by activation of 
heat shock transcription factor (HSF) through binding to the heat 
shock element (HSE). However, the kinetics and magnitude of hsp70 
transcription differs greatly between heat-shocked and hemin .treated 
K562 cells. In contrast to a rapid and transient activation of HSF 
upon heat shock, HSF can be maintained in an activated state for an 
extended period of time in hemin-mated cells. Both hemin and heat 
shock ueatments result in equivalent levels of HSF:HSE complexes 
as analyzed in vifro by gel mobility shift assay, yet transcription of 
the hsp7O gene is stimulated much less by hemin-induced HSF than 
by heat shock-induced HSF. Since two HSF genes, HSFl and HSF2, 
have been cloned from human and mouse, we wished to demmine 
whether HSF activated by hemin was identical to HSF activated by 
heat. By using specific antibodies raised against HSFl and HSF2, we 
show that the HSE-binding activity in hemin-treated cells consists 
predominantly by HSFZ and in heat-shocked cells of HSFl. 
Genomic footprinting experiments reveal that HSFl and HSFZ bind 
to the HSE of the human hsp7O promoter in a similar, yet not 
identical manner. Chemical cross-linking studies indicate that HSFZ 
undergoes a similar oligomerization during hemin treatment as has 
been shown for HSFl upon heat shock. Yet, unlike HSFl, which 
exhibits heat-induced phosphorylation, HSF2 displays no hemin- 
induced covalent modification. Our results of differential activation 
of HSFl and HSF2 in the same cell type support the hypothesis that 
these factors might mediate transient and sustained mponses and/or 
responses to different stimuli in higher eukaryotes. Whether 
activation of HSFZ is directly involved in the differentiation process 
remains to be determined. 
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B 221 NUCLEAR F A m R  I INDUCED DNA BENDING 
Vuk Stambolic' and Richard M. Gmnostajski'a, 

Laboratory of Biochemistry, University of Groningen, 'Department of Medical Biophysics, University of Tomnto. 
Nyenborgh 4, 9747 AG Groningen, The Netherlands. Tomnto, ONT M4X 1K9. %2leveland Clinic Foundation, Dept. 
The chicken Very Low Density Apolipoprotein I1 subunit is 
specificially expressed in the liver in an estrogen Nuclear Factor I (NFI) comprises a family of site-specific 
dependent way. The 300 bp 5 '  flanking region of the apo DNA binding proteins that function in the regulation of 

transcription of a variety of cellular genes and in the replication VLDL I1 gene contains two EREs (1) and a number of other 
binding sites for known transcription factors. One of the 
ERES overlaps with an element D which resembles the rat of viral DNA. DNA mutational analysis has chmcterized the 
albumin gene Element D ( 2 ) .  A trimer of the chicken optimal sequence fa NFI binding as TEGC(N)fiCCAA. NFI 

binds to these sequences as a dimer. NFI family members share element D was used as a recognition site probe for cloning 

a high degree of homology within their N-terminal 185 amino the VZDL gene D-box binding protein, VDBP (3). The M B P  
Construct was expressed in E. coli by using the expression 
system developed by Studier et. al. ( 4 ) .  acids. It has been shown that the fust 220 amino acids of the N- 
In vitro DNase I footprinting revealed in addition to terminal domain of NFl ~IE sufficient fa DNA site-specifjc 

binding, stimulation of Adenovirus DNA replication and element D several binding sites for the protein in the 
apo-VLDL I1 promotor region. The protected segment of 
element D overlaps one of the Ems. The interference or dimerization. 
interplay of the M B P  with the ER will be investigated in To assess NFI induced DNA bending, the circular permutation 

assay of Wu and Ckothen was used. Seven NFI binding sites, futher detail by in v i t r o  DNase I footprinting with 
recombinant chicken estrogen receptor (CER)(S) and 
transfection experiments. In Western blots, probed with differing in sequence withiin the spacer region and non-conserved 
antibodies made against the VDBP protein, it appeared that residues were analyzed for DNA bending by a truncated form of 
in liver two proteins are expressed with molecular NFI consisting of the 220 N-terminal amino acids of NFI-C 

(NFI-C220). The analysis has revealed that NFI-C22O binding to weights of about 45 kD. Also possible degradation products 
were observed. Analysis of the tissue distribution of VDBP 
in chicken is in progress. any of the investigated binding sites induces a bend in the DNA 

helix of approximately 500. The centre of the NFI-C220 
induced DNA bends is placed at, or very near m, the center of 

0220  VDBP, A LIVER ENRICHED TRANSCRIPTION FACTOR IS 
INVOLVED IN REGULATION OF THE CHICKEN APO-VLDL I1 

GENE, Marten P. Smidt, Jan Wijnholds and Geert AS, 

of Cancer Biology, 9500 Euclid Ave.. ClevelanQ Oh. 44195 

1. Wijnholds, J., Muller, E. and AB, G. (1991) Nucleic 
Acids Res., 19, 33-41. 

2. Mueller, C . R . ,  Maire, P. and Schibler, U. (1990) the binding site. Phasing analysis is cumntly underway 
Cell. 61, 279-291. determine the direction of NFI-C220 induced DNA bends. 

3. Wijnholds, J.(1991), Thesis, 54-61 
4 .  Studier, F.W., Rosenberg, A.H., Dunn, J.J. and 

5. Krust, A., Green, S., Argos, P., Kumor, V., Walter, 
Dubendorff, J.W. (1990) Methods Enzym., 1 8 5 ,  60-89 

P., Bornel, J-M. and Chambon, p. (1986). EMBO , 5 ,  
891-897. 
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Starr and Diane K. Hawley, Institute of Molecular Biology, 
University of Oregon, Eugene, OR 97403 
The role of TFIIA in in oitro transcription has  been 
controversial for many years. Here we show that TFIIA has a 
profound effect upon the conformation of TBP bound at  the 
TATA box. We use dimethyl sulfate (DMS) to  probe the 
accessibility of the major and minor groove surfaces of the 
TATA box in complexes containing TBP, TFIIA, and TFIIB. 
We found that the minor groove contacts were protected from 
DMS methylation in all complexes probed. In contrast, the  
major groove was protected in complexes containing TBP or 
both TBP and TFIIB, but not in complexes containing TFIIA. 
We have recently shown that TBP does not require major 
groove contacts within the TATA box in order to bind. 
Preliminary evidence using similar techniques suggests that 
the major groove of the TATA box is important for in oitro 
transcription. Taken together, these results suggest that the 
function of TFIIA is to induce a conformational change in TBP 
such that the major groove of the TATA box becomes solvent 
accessible. Reconciliation of these results with recent findings 
from other laboratories regarding the function of TFIIA will be 
discussed. 

TFIIA INDUCES A CONFORMATIONAL CHANGE 
IN THE TATA BINDING PROTEIN (TBP), D. Barry 

to 

B 223 COOPERATIVE DNA-BINDING INTERACTIONS 
BETWEEN A ZINC FINGER PROTEIN AND A 

HOMEODOMAIN PROTEIN AND THEIR ROLE IN GENE 
REGULATION, David J. Stillman. Robert M. Brazas, and Paul R. 
Dohmann, Department of Cellular, Viral and Molecular Biology, 
University of Utah Medical Center. Salt Lake City, UT 84132 

We have previously identified two parallel pathways of 
transcriptional regulation in yeast (Genes and Lkv. 6:93). SWI5 and 
ACE2 are yeast transcription factors with essentially identical zinc finger 
DNA-binding domains. However, SWIS and ACE2 regulate different 
genes in uiuo, HO and Cl31, despite having identical DNA-binding 
domains. SWI5 and ACE2 show additional parallels: Transcription of 
both genes and subcellular localization of the SWIS and ACE2 proteins is 
regulated in the cell cycle. Additionally, HO and D S I  show identical 
patterns of cell cycle regulated tmscription. 

We have now demonstrated that SWIS and ACE2 recognize the 
same DNA sequences in uitro at the HO and C T S  1 promoters. This raises 
the following question: How do SWIS and ACE2 differentially regulate 
gene expression in viuo when they bind to the same DNA sequences in 
vim? We will present evidence that additional DNA binding proteins are 
needed for specific promoter recognition. 

The SWIS protein has been expressed in E. coli and purified to 
homogeneity. The purified protein forms a "low affNty" complex in 
v im with the HO promoter, since binding is competed by low 
concentrations of non-specific DNA. This result was surprising since 
genetic evidence. demonstrated that SWIS functions at the HO promoter 
via this site in uiuo. A "SWI5 Stimulatory Factor" (SSF) was identified 
by the ability to promote "high affinity" binding of SWIS in the presence 
of a large excess of non-specific carrier DNA. This assay has been used 
as an assay for purification of SSF. Final purification of SSF, an 83 kD 
protein, was achieved by a novel procedure, Cooperative Interaction 
Based DNA Affinity Chromatography ("CIBDAC"). 

The purified SSF protein was sequenced, leading to the 
determination that SSF is a homeodomain protein. The SSF protein has 
been expressed in E. coli, and the purified SSF protein has been used in 
v i m  studies. Like SWIS, SSF binds to the HO promoter with low 
affinity. SWIS and SSF show coopt ivi ty  in DNA-binding in vifro. NO 
interaction between SWI5 and SSF is seen in the absence of DNA. 

been constructed, and the results of in viw studies on the the mle of SSF 
on regulation of HO and CTSl will be presented. 

Yeast strains with null mutations in the gene encoding SSF have 
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B 224 REGULATION OF RNA POLYMERASE I ACTMTY IN 
Acanthwmeba castellanii, Christopher Terpening, Victor 

Duarte, and Marvin Paule, Department of Biochemistry, 
Colorado State University, Fort Collins, CO 80523 
Acanthamoeba castellanii is a small free-living amoeba found in 
soil and water which undergoes cellular differentiation into 
dormant cysts upon starvation. Concomitant with cyst form- 
ation, ribosomal RNA transcription is turned off in Acanth- 
amoeba. This loss of transcriptional activity is mimicked in an  
in uitro assay on a specific template. This assay requires two 
protein components, 1) a fraction containing the transcription 
factors TIF-IB and UBF, and 2) a fraction containing the RNA 
polymerase I (pol I). Previous work has demonstrated that while 
the TIFcontaining fraction is fully functional whether isolated 
from growing trophozoite cells or from cysts, the pol I is only 
active on the specific template when isolated from trophozoite 
cells. Thus, either a subunitb) of the polymerase itself must be 
modified or the pol I fraction must contain a regulatory factor. 
A change in the mobility of the 39 kDa subunit of pol I on a 
Western blot occurs over the encystment time course. The 
apparent modification correlates with the loss of transcriptional 
activity. Numerous attempts to  identify this modification have 
been made. New data suggest that encystment of the cells in the 
presence of sodium butyrate blocks the mobility shift in the 
Western, implying that the modification may be an  acetylation. 
Transcriptional effects of sodium butyrate are being tested. A 
putative regulatory factor has been reported to be associated 
with, but separable from, the mouse pol I. However, no such 
factor is separated from Acanthamoeba pol I when purified in an  
identical manner. In order to  more clearly ascertain whether or 
not a separable initiation factor is required for regulation, an  
assay using a mutant rRNA promoter linked to agarose beads is 
being developed. This bead-linked assay can also be used to 
determine whether the elongating pol I is capable of reinitiation 
at a distinct promoter following run-off. 

B 226 ANALYSIS OF HUMAN AND MOUSE TATA- 
BINDING PROTEINS, USING MONOCLONAL 
ANTIBODIES 

Nancy Thompson, Lee Strasheim, Katherine Nolan, Jill 
Slansky, Peggy Farnham, and Richard Burgess. McArdle 
Laboratory for Cancer Research, University of Wisconsin, 
Madison, WI 53706. 

Recombinant human TATA-binding protein (TBP) 
was used to generate monoclonal antibodies (MAbs) by 
standard hybridoma methods. Three hybridomas were 
isolated that produce MAbs that react strongly with 
human TBP in ELISA and immunoblot assays. Reaction 
of these MAbs with different peptides from proteolyzed 
TBP suggested that at least two epitopes were 
represented. Despite the strong reactivity of the MAbs 
in the ELBA, none of these MAbs could immunc- 
precipitate native TFIID or purified TBP effectively. 
However, when used in a gel shift assay, at least one of 
the MAbs supershifted the TBP-DNA complex, 
suggesting that the epitope for this MAb becomes 
accessible after binding to DNA. In immunoblot assays, 
none of the MAbs reacted with yeast TBP or with any 
protein in extracts prepared from Xenopus oocytes or 
silkworm silk glands; however, all  of the MAbs reacted 
strongly with only one protein in mouse nuclear 
extracts. This mouse protein had a faster mobility on 
SDS-polyacrylamide gels (corresponding to 
approximately 3 0  kDa) than HeLa cell TBP, perhaps 
reflecting the di€ferences in the number of the 
glutamine residues in the TBP molecules. The ability of 
the MAbs to inhibit the activity of native TFIID in HeLa 
and mouse nuclear extracts was examined. 

B 225 TRANSCRPTIONAL ACTIVATION OF mRNA PROMOTERS 
BY THE OCTAMER MOTIF IN NON-LYMPHOID CELLS. 

William Thomann and Winship Herr, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY 11724 

The octamer motif, ATTTGCAT, is found in a variety of cellular and 
viral enhancers and promoters and binds the POU-homeodomain proteins 
Oct-1 and Oct-2. The octamer motif activates transcription of the U2 
snRNA gene but not for the &globin mRNA gene in non-B cells unless the 
B cell activator Oct-2 is present This and other results establish Oct-1 as a 
preferential activator of snRNA transcription. There is, however, one 
mRNA promoter whose activation is octamer motif dependent in the 
absence of Oct-2, the histone H2B promoter. 

To investigate this octamer motif dependence further, we used the 
histone H2B gene promoter, the non-responsive 8-globin mRNA 
promoter, and a B-cell specitic promoter, the immunoglobulin kappa light 
chain gene promoter, as test promoters in non-B cells. The histone H2B 
promoter is unique among octamer-containing promoters in that the 
octamer motif is close to the transcriptional start site. By deleting all 
promoter sequences 5' to the octamer motif in the H2B promoter, all of the 
remaining correctly Kitiated transcription is octamer motif dependent 
Using point mutagenesis and transient transfection assays m the human 
embryonal kidney cell line, 293, we determined that there are many 
parameters required for octamer motif dependent mRNA transcnpuon in 
non-B cells, and that changing any of these parameters results in a lower 
level of uanscription. These parameters include; the affinity of the octamer 
motif; the position of the octamer motif in the promoter; the orientation of 
the octamer motif, and the 5' flanking sequences of the octamer motif. 
These results show the ubiquitous activity of the octamer motif for mRNA 
activation to be critically dependent on the precise promoter context 

Additionally, preliminary results show that the TATA box and 
surrounding sequences are important; when the histone H2B TATA box 
and surrounding sequences are replaced by corresponding sequences from 
the immunoglobulin kappa light chain gene promoter, transcriptional 
activity is lost. This result suggests that octamer motif dependent mRNA 
transcription is also dependent on the sequence of the TATA box. 

B 227 THE BACTERIAL TRANSCRIPTION FACTOR 
OxyR RECOGNIZES DNA THROUGH A 

DEGENERATE CODE, Michel 8. Toledano and Gisela Storz, 
Cell Biology and Metabolism Branch, National Institute of 
Child Health and Human Development, NIH, Bldg. 18T, 
Room 101. Bethesda, MD 20892 
Treatment of bacterial cells with low doses of H202 results in 
the induction of at least 30 proteins and resistance to kcling 
by higher doses of H202. The expression of 9 of the H202- 
inducible proteins is controlled by the regulator OxyR. OxyR 
is homologous to the "LysR" family of bacterial regulators. 
As with other members of this family, OxyR is both a 
negative regulator of its own expression and a positive 
regulator of the H2Oz-inducible proteins. OxyR binds to the 
promoters it regulates with high specificity and affinity, but 
unexpectedly, the binding sites show very little sequence 
similarity. This has led to the suggestion that OxyR might 
recognize DNA according to a degenerate code. In addition, 
the OxyR footprint patterns on each promoter sequence are 
different suggesting that OxyR may adopt different 
conformations at different binding sites. To gain insights 
into the mode of OxyR DNA recognition, we selected OxyR 
binding-sites out of a pool of random oligonucleotides. The 
analysis of 60 specific binding sites showed that the OxyR 
protein does have a degenerate DNA recognition code. The 
specific OxyR-DNA contacts were further examined by 
hydroxyl radical footprinting experiments. A model for how 
OxyR interacts with DNA will be presented. 
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B 2281NTERACTION OF MEMBERS OF THE STEROID I THYROID 

HORMONE SUPERFAMILIY WITH BASAL TRANSCRIPTION 
FACTORS, MingJer Tsai, AM Baniahmad. Nancy H. Ing, llho Ha, Danny 
Reinberg, Sophia Y. Tsai, and Bert W. OMalley. Department of Cell Biolcgy, 
Baylor College of Medicine, Houston, Texas 77030, and Robert Wood 

Johnson Medical School, University of Medicine and Dentistry of New 
Jersey, P~scataway. New Jersey 08854 
The mechanism of transcriptional activation by steroid hormone receptors is 
largely unknown. The basal transuption factor TFllD has been implicated as 
a target for transactivation. Recombinant TFllD has been shown to directly 
interact with the acidic activation domain of the herpesvirus VP16 and the 
adenovirus Ela proteins. Recent work shows that the binding of TFllB 
seems to be the rate limiting step of transcriptional activation. Furthermore, 
recombinant human TFllB also interacts directly with the VP16 activation 
domain suggesting that both TFllB and TFllD basal transcription factors may 
be targets of transcriptional activation. We present evidence that the C- 
terminal domain of the human thyroid hormone receptor p functions as  both 
an active silencer and a hormone dependent activator on ditferent minimal 
promoters containing only a TATA-box. This suggests that the 
transcriptional machinery is not only the target for transcriptional activation 
but also for transcriptional silencing. In addition we show that the 
progesterone and the thyroid hormone receptor as  well as  other members 
of the steroid\thyroid hormone superfamily do interact with basal 
transcription factors. Protein-protein interaction experiments with 
recombinant TFllB demonstrate specific interactions with steroid hormone 
receptors in solution. These facts implay that TFllB is one of the targets for 
transcnptional modulation. Future studies will define the regions important 
for such interactions. 

6 2 3 0  COMPARISON OF NATIVE TFllD AND 
RECOMBINANT TBP IN BASAL 

TRANSCRIPTION, Curtis M. Tyree and James T. 
Kadonaga, Department of Biology, University of 
California, San Diego, La Jolla, CA 92093. 

We have fractionated an in vitro transcription system from 
Drosophila embryo extracts containing the fractions TFIIB, 
TFIIHF, TFIID, and RNA polymerase 11. This system will 
transcribe a wide variety of promoters both possessing and 
lacking TATA boxes. We expressed the Drosophila TATA 
box-binding protein (TBP) in E. coli and substituted it for the 
TFllD fraction in reconstituted transcription assays. On 
different promoters, the TFllD fraction did not show a large 
difference in activity, but the TBP possessed a marked 
promoter specificity. The TFllD was further fractionated to 
yield a subcomponent that contained no TBP protein, but 
would complement TBP on certain promoters. 
In addition, recombinant TFIIB, TFIIE, and TFllF will 
substitute for their native Drosophila fractions in 
reconstituted transcription assays. This demonstrates that 
the TFIID fraction is a source of factors that may contribute 
to promoter specificity of basal transcription. Further work 
on this subject will be presented. 

B 229 INTERACTION OF TRANSCRIPTION FACTORS WITH 
CHROMATIN USING AN IN VlTRO NUCLEOSOME 
ASSEMBLY SYSTEM 

Toshio Tsukiyama', Peter B. Becker'** and Carl Wu' 'Laboratory of 
Biochemistry, NCI, NIH, Bethesda, MD 20892, *Gene Expression 
Program, EMBL, Meyerhofstrasse 1, D-6900 Heidelberg, Gemany. 

We have developed a cell-free system derived from preblastoderm 
Drosophila embryos for the efficient assembly of cloned DNA into 
chromatin. The chromatin assembly system utilizes endogenous core 
histones and assembly factors, and yields long arrays of regularly spaced 
nucleosomes with a repeat Iength of 180 bp. We have used the assembly 
system and the heat shock gene 70 as a model for the analysis of 
transcription factor interactions with chromatin. Previous work from this 
and other laboratories has indicated binding of several transcription factors 
within hsp70 promoter sequences. Specifically, the TATA-binding factor 
TBP, the GAGA factor, and an arrested RNA polymerase molecule 
appear to interact with the hps70 promoter even in the absence of a heat 
shock stimulus. Binding of the heat shock transcription factor HSF is 
observed upon heat shock, and the bound HSF in thought to act by 
releasing the arrested polymerase. We have overexpressed TBP, GAGA 
factor, and HSF , and have purified these factors to near homogeneity. 
The purified transcription factors were introduced individually or in 
combination, before, during, and after the process of chromatin assembly, 
followed by micrococcal nuclease and DNase I digestion to map the 
position of nucleosomes and transcription factors on the DNA. The ability 
of the factors to create a nucleosome free region over the hsp7O promoter 
is under investigation. 

B 231 DNA-BINDING AND HETERODIMERIZATION PROPERTIES 
OF DROSOPHILA AND BOMBYX HOMOLOGUES OF 

NUCLEAR HORMONE RECEPTORS, George Tzenzinis, Anastasia M. 
Khoury, and Fotis C. Kafatos, Harvard University, Dept. of Cellular and 
Developmental Biology, 16 Divinity Ave., Cambridge MA, 02138, USA. 

of chorion gene s15, is a member of the RXR subfamily of nuclear 
hormone receptors, and recognizes a region of the sl5 promoter with 
palindromjc sequences similar to hormone response elements (HRE's) 
(Shea et al., Genes and Dev.,1990,4, 1128). Genetic studies have shown 
that this RXR homologue is encoded by the ultraspiracle ( u p )  locus of the 
X chromosome and is required for pattem formation both maternally and 
zygotically (Or0 et al., 1990, Nature, 347,298). 

Using PCR with degenerate primers based on CFllurp. a 
homologous cDNA (BmCF1) was cloned from the silkmoth Bombyx mori . 
B.mori chorion genes have been shown to be succesfully regulated in 
transgenic flies. The zinc finger DNA-binding domain of BmCFl has 96% 
identity in amino acid sequence to DmCFl (Drosophila melanogasrer CFI). 
The ligand domain is - 56% identical to DmCFl and it also contains a set 
of leucine residues that have been proposed to participate in protein-protein 
interactions. The amino terminal domain which has been implicated in 
transcriptional activation in other receptors is very different in the 
Drosophila andBombyx proteins. Both DmCFl and BmCFl have been 
expressed in bacteria and the proteins produced have been used to compare 
binding specificities towards the s15 binding site. The s15 imperfect 
palindrome is T A G G T C A C G T M E T S A G .  Full length protein 
apparently does not bind DNA whereas truncation of the figand/ 
dimerization domain leads to high affinity specific binding. Using PCR- 
mediated binding site selection the optimal binding site for DmCFl was 
determined to be the sequence GGGGTCAC which has a two base 
difference from the wild type s15 site. The optimal binding site increases the 
binding affinity of DmCFl by approximately 5-fold over the wild type DNA 
sequence. Both Drosophila and Bornby* proteins heterodimcrize with 
mammalian hormone receptors and the heterw.iimers bind with high affi i ty 
to the sl5 binding site. This leads to the hypothesis that in vivo they act as 
heterodimers with as yet unidentified partners for modulation of gene 
expression. These partners should be identifiable by exploiting pmtein- 
protein interaction cloning methodologies. We are cumntly testing the 
transcriptional function of DmCFl and BmCFl in Drosophilu tissue culture 
cells as well as in hansfamed flies that cany the urp mutation . 

The D.rnelanogarrer CF1 protein, a putative mscriptional regulator 
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B 232 ACTIVATION OF THE c-fos SERUM RESPONSE 

SEQUENCE (FAP) BY THE ACTIVATED Ha-ras PROTEIN IN A 
MANNER DEPENDENT OF PROTEIN KINASE C. Florian Uberall, 
Sonja Kampfer, Wolfgang Doppler, Alexander Kekule* and Hans H. 
Grunicke. Institute of Medical Chemistry and Biochemistry, University 
of Innsbruck, Fritz heglstr. 3, A-6020 Innsbruck, Austria, *Max- 
Planck-Institute of Biochemistry, Am Klopferspitz 18a, D-8033 

ELEMENT (SRE) AND THE CfOSAP-1 BINDING 

Martinsried, FRG. 
Stable transfection of a MMTV-LTR-driven Ha-ras construct and the 
transient transfection of an Uras exoression vector to the mouse 
mammary epithelial cell line HCll activated the c-fos gene enhancer 
linked to the chloramphenicol acetyl transferase reporter gene (CAT) in 
a manner dependent of Protein Kinase C (PKC). Activation of c-fos 
expression was determined by measuring CAT-activity of a c-fosCAT 
construct in which the CAT gene is expressed under the control of thc 
endogenous human c-fos promoter or in constructs spanning isolated 
sequences of the c-fos promoter (DSE, DSWFAP) under the control of 
the thymidine kinase promoter of herpes simplex virus. 
The serum response element (SRE) rather than the c-fosAP-1 binding 
sequence (FAP) was found to be responsible for the Ha-ras-induced 
activation of c-fos. 
Constitutive expression of Uras in HCll cells resulted in a 
translocation of PKC E from the cytosolic fraction to plasma membrane. 
Phorbol ester (TPA)-induced expression of the c-fos enhancer was 
employed as an additional marker for intracellular PKC activity. 
Prolonged treatment of transfected HCll cells with TPA caused 
downregulation of PKC E. In PKC-depleted cells the expression of 
Ha-ras did not stimulate the DSE-TK-CAT or DSE-FAP-TK-CAT 
gene enhancer. The same inhibitory effect of the Ha-ras-mediated 
transactivation of cfosCAT-reporter plasmids was obtained if the 
PKC-inhibitors BM41440 (a thioether-alkyllysophospholipid) or 
hexadecylphosphocholine were used. These results suggest that the 
serum response element is responsible for the Ha-ras-induced 
activation of the endogenous c-fos gene enhancer and that the signal 
pathway from Ha-ras to the nucleus may involve an active PKC E - 
isoenzyme. 

B234 CCAAT ELEMENT BINDING PROTEIN, NF-Y, INTERACTS WITH 

NUCLEATING FACTOR IN PROTEIN COMPLEX FORHATION. B. Vilen, 
Y. Itoh-Lindstrom, J. Badley Clarke, Bernd Stein and 3 .  
P.-Y Ting. LCCC, UNC-CH, Chapel Hill, NC 2 7 5 9 9 .  

This study vill shed light on the mechanism by vhich 
a large number of tissue-specific promoters can be 
activated by a seemingly finite number of transcriptional 
activators. We shov evidence that a CCAAT element binding 
protein, NF-Y, participates in direct protein-protein 
interactions vith tvo unrelated DNA binding proteins 
suggesting that promiscuity in these interactions may play 
a crucial role in creating unique combinations of factors 
specific in gene activation. 

The major histocompatibility complex class I1 genes 
contain tvo proximal promoter elements, X and Y, vhich are 
separated by a conserved spacer of tvo helical turns of 
DNA. Promoter analysis of the DRA gene has shovn that the 
Y element, vhich contains an inverted CCAAT sequence and 
binds the CCAAT element binding protein NF-Y, must be 
stero-aligned vith the X element for promoter function.'n2 
This requirement for helical periodicity is maintained 
vhen as many as 80bp separate the CCAAT element and the X 
element. Direct protein-protein interactions betveen NP-Y 
and X element binding proteins (XEBP) are nov demonstrated 
by the binding of XEBP to solid-phase immobilized, 
bacterially expressed NF-Y. Imunoprecipitation studies 
are undervay to confirm this interaction. 

Previously it has been reported that the CCAAT 
element of the albumin promoter must be stereo-aligned 
vith an upstream C/EBP binding site for synergistic 
activation of the albumin gene. To address vhether NF-Y 
can interact vith other promoter proximal binding factors, 
ve performed immunoprecipitation and coprecipitation 
studies. Results indicate that NF-Y can indeed be 
immunoprecipitated vith C/EBPB. This indicates that NF-Y 
can participate in direct protein-protein interactions 
vith at least tvo promoter proximal binding factors. 
Since many genes contain CCAAT elements, interactions at 
this site may represent a central nucleating point in 
protein complex formation on the proximal promoter. 
'Vilen et a1 HCB U 2406-2415. 2Yilen et a1 JBC i n  press. 

XEBP AND C/EBP AND MAY SERVE AS A CENTRAL 

6233 MEDIATION OF TRANSCRIPTION STIMULATION BY 
USF AND Spl THROUGH TFIID-INITIATOR 

INTERACTIONS, Michael W. Van Dyke and Jo C. Wang, 
Department of Tumor Biology, University of Texas 
M. D. Anderson Cancer center, Houston, TX 77330 

The general transcription factor IID has been 
shown to interact with DNA sequences downstream 
of the start site of transcription on a subset of 
class I1 promoters (Nakajima et al., 1988, Mol. 
Cell. Biol., 8:4028-4040) and that this 
interaction can be enhanced by the proximal 
binding of stimulatory transcription factors such 
as ATF and GAL4-AH (Horikoshi et al., 1988, C e l l  
54:665-669; ibid., 1033-1042). Recently we have 
shown that this downstream interaction by TFIID 
is directed by sequences within the initiator 
element and that this interaction is required f o r  
maximal transcription efficiency in vitro. We 
have now investigated the role of this 
interaction in mediating transcription 
stimulation by transcription factors USF and Spl. 
For both of these stimulatory factors, no 
qualitative or quantitative changes in the 
downstream promoter binding of TFIIO were 
observed when either of these proteins were bound 
upstream of the TATA element. Both factors 
stimulated transcription to an equivalent degree, 
whether or not a strong initiator element was 
present in the promoter construct. This apparent 
additive and not multiplicative increase in 
transcription would suggest that upstream 
stimulatory factors such as USF and Spl increase 
transcription rate by a mechanism different from 
that used by TFIIO-initiator binding. 

B 235 EMERGENCE OF NEW TRANSCRIPTION REGLTLATGKY 
FUNCTIONS DURING EVOLUTION ; THE DROSOPHILA 
SR Up AND 6 PROTEINS. 

Main Vincent. Francois Payre. Michele Crozatier, Stephane Noselli. 
Centre de Biologie du Developpement, CNRSIUPS, 118 route de 
Narbonne. 31062 TOULOUSE Cedex France. 

Within the f3s71HC;r7 finger protein multigene family, the drosophila 
q v p  and 6 protem present an interesting problem in the diversification 
of structure and function. 4EMS induced lethal QY 6 mutatlocs of 

different strength have been characterized in detail (Geneticsu 905- 
916, 1992). showing that qv6 may be involved in regulation of genes 
required for viability (with a sex-bias) and genes required for gonadal 
development These four mutations correspond to single amino acld 
replacements in either the third (out of six) zinc finger or a NH2- 

terminal domain proposed to be involved in specific protein-protem 
interactions required for binding of the protein qv 6 at defined 
chromosomal sites (MCB 12. 724-733. 1992). None of the QY 6 

mutations is rescued by an extra copy of the qv 6 gene. Data will be 
presented on Q Y ~  target genes and in Firm DNA recogrution propemes 
of the q~ 6, QY 6 (wild type and mutant) and chimaenc 9' p/6 

proteins. 
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B 236 THE ROLE OF TFllB IN THE INITIATION OF RNA 
POLYMERASE II TRANSCRIPTION, Sharon L. 

Wampler, Lucy M. Lira, and James T. Kadonaga, 
Department of Biology, University of California, San Diego, La 
Jolla, CA 92093 
RNA polymerase I1 alone is unable to recognize a class II 
promoter and initiate specific transcription. Accurate 
transcription initiation requires, in addition to RNA polymerase, 
several other proteins referred to as the general transcription 
factors. One of these factors, TFIIB, has been purified and 
cloned from several sources including human, Xenopus, 
Drosophila, rat liver and yeast. We have cloned TFllB from 
Drosophila (dTFIIB) and conducted a functional analysis of the 
recombinant protein. Recent evidence suggests that TFllB 
plays an important role in gene activation. To further 
understand the role of this factor in both basal and activated 
transcription, we have constructed a series of deletions and 
point mutations in dTFIIB. Using in vitro transcription and gel 
shift analysis, we are performing experiments to delineate 
important functional domains in the dTFllB polypeptide. 
Exciting results will be presented. 

6 238 A PROMOTER-LINKED REGION REQUIRED FOR STIMU- 
LATION OF a-FETOPROTEIN TRFiNSCRIPTION 

BY DISTANT ENHANCERS, Ping Wen, Nancy Crawford 
and Joseph Locker, Department of Pathology, 
University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261 
The a-fetoprotein (AFP) gene is expressed at high 
level in fetal liver but repressed about 10,000 
fold after birth. This tissue-specific and 
developmental stage-specific expression 1s 
controlled primarily at the level of transcrip- 
tion, governed by the 6 kb 5l-flanking sequences. 
We previously demonstrated that this region in 
rat contains three enhancers at -6.0, -4.2, and 
-2.5 kb, and a promoter extending to -201 bp. 
(The promoter alone can weakly stimulate tran- 
scription). The three distant enhancers act 
through the AFP promoter additively in HepG2 
cells. In the present study, we identified by 
deletion analysis a promoter-linked segment ( -  
179 to -155) required for interaction with 
distant enhancers but dispensable when enhancers 
were moved close to the promoter. This promoter- 
coupling element (PCE) was required for the 
interactions with each individual AFP enhancer, 
and appears to be able to accommodate three 
enhancers simultaneously. When coupled to the 
distant enhancers, the -155 promoter was stimu- 
lated about 4-fold less than the -179 promoter. 
Footprints with HepG2 extracts revealed protein 
binding at two sites in the region of the PCE. 
The identity of these DNA binding proteins is 
under investigation. The data indicate a psi- 
tive transcriptional control mechanism by which 
the distant enhancers stimulate the AFP promoter 
through a specific promoter-linked element. 
Similar mechanisms may be involved in the stimu- 
lation of promoters by distant enhancers in other 
genes. The PCE could be one of the targets for 
the postnatal repression of AFP gene expression. 
(Supported by NIH Grant CA 43909). 

6 237 

promoter activation 
Nobuo Horikoshi, Ullrich Graeven 8 Roberto Weinmann. 
The Wistar Institute, Philadelphia. PA 191 04. 

Direct interactions have been shown to occur 
between the adenovirus early E1A oncoprotein 
and the human TATA binding protein (TBP) 
132. These interactions can be demonstrated in 
mammalian cells and in vitro with recombinant 
TBP or native TBP complexes. We localized the 
regions of interaction between E1A and TBP to 
conserved domain 3 containing the Zn finger of 
E l A ,  and the basic sequences between 
aminoacids 217 and 250 of TBP. Functional 
assays using an adenovirus E l B  basal promoter 
construct demonstrate that E1A and T B P  
cooperate in the transactivation of this viral 
promoter. The unique T B P  aminoterminal 
region (1-101)  required for SP1 mediated 
ativation 12  is dispensable for E1A mediated 
activation of a basal promoter. A second TBP 
element in the basic region, required for basal 
transcription and DNA binding of the yeast 
TBP, is not required for cooperative E1A 
mediated transactivation, suggesting that this 
mutant T B P  may be positioned in the 
transcriptional  complex by interactions 
involving accesory proteins but not the DNA. 
Supported by Deulsche Forschungsgemeinschafl Gr 984/2-1 

Cooperation between adenovirus E1A 
and TBP proteins in E1B basal 

6239 ACTIVATION TEMPERATURE OF HUMAN HEAT SHOCK 
FACTOR (HSF1) IS REPROGRABMED IN DROSOPHILA 

C E U  ENVIRONMENT. Jan Wieniewski, Joachim Clos, 
Sridhar Rabindran and Carl Wu, Laboratory of 
Biochemistry, National Cancer Institute, National 
Institutes of Health, Bethesda, W 20892. 

The transcriptional regulation of eukaryotic heat 
shock genes is mediated by the activator protein 
called heat shock factor (HSF) vhose activity is 
modulated at two separate levels: DNA binding and 
transcriptional activation. Induction of DNA 
binding activity is believed to be accomplished by 
a stress-induced trimerization of preexisting, 
inactive HSP monomer. While this general model of 
regulation appears to be shared amongst a wide 
range of eukaryotic species, there is significant 
variation in the temperature at which HSF binding 
activity (and its oligomerization) is induced. In 
Drosophila cells, HSF is activated above 32OC. 
while in human cells it is inactive at that 
temperature but undergoes activation above 42OC. 
In order to examine the regulation of HSF 
activation, we expressed human HSFl and Drosophila 
HSF both in Drosophila Schneider 2 cells and human 
293 cells. HSFs expressed in homologous cells vere 
found to be regulated exactly as their endogenous 
counterparts. However, the results of heteroloqous 
expression were different. Surprisingly, in 
Drosophila cells the induction temperature of 
human HSFl was reprogrammed to 32OC, while 
Drosophila HSF was fully active in human cells 
even when the culture was incubated at room 
temperature. Our results indicate that the 
temperature response of HSF protein is highly 
dependent on cellular environment, and suggest 
that HSP is unlikely to be directly sensitive to 
the absolute environmental temperature. 
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B 240 Members of the ThyroidlSteroid Receptor Superfamily That Regulate 
Apolipoprotein A1 Gene Expression, Norman C.W. Wong and Frances E. 

Carr, Dept. of Medicine Univ. of Calgary, Calgary, AB, CANADA, and Kyle 
Metaboiic Unit, Walter Reed Army Medical Center, Washington, DC, 20307. 
Apolipoprotein A1 (Apo At) is the major protein constituent of the serum 
lipoprotein particle, HDL. This particle mediates reverse cholesterol transport 
(RCT), a process where by excess cholesterol from peripheral tissues is shuttled 
to the liver for disposal. An increase in Apo A1 will augment RCT and reduce 
the consequences of hypercholesterolemia. In an attempt to increase Apo A1 we 
have been studying this gene in rat liver and uncovered three cis-regulatory 
elements; A, B, and C [-232 to -187, -186 to -146, and -141 to -102, respectively]. 
Previous studies showed that Apo A1 mRNA is low in the liver of hypothyroid 
rats and is induced 20-fold following exposure to L-triiodothyronine (T3). To 
determine whether proximal sequences contained within the promoter mediated 
effects of T3, we constructed a template, Apo474-CAT containing the -474 to - 
7 sequence fused to the CAT gene. CAT activity increased 3-fold in human 
hepatoma cells, HUH-7 co-transfected with Apo474-CAT and human T3- 
receptor Q (TRQ). We speculated that site A mediated the effects of T3 
because it contained a motif that matched closely with the T3-response element 
(TRE). Deletion of the A-site from Apo474-CAT not only abolished induction by 
T3 but the construct that lacked site A decreased 4-fold in response to T3. 
These observations suggest that the -474 to -7 contained both positive and 
negative TREs. Next we noted a striking similarity between the sequences in 
sites A and C. This lead us to speculate that similar proteins may interact with 
the two sites. Since ARP-I and RXRQ as well as TRa have been shown to 
interact with site A, we wondered whether these and other members of the 
same superfamily may bind to site C. Therefore, we chose 3 additional family 
members; HNF-4, COUP-TFII, and ARP-1 because their recognition sites were 
similar to sequences in site C. Both HNF-4 and ARP-1 but not COUP-TFII 
interacted with site C. Whereas, HNF-4 increased promoter activity 6- to 7-fold, 
ARP-1 repressed CAT activity by 2- to 4-fold. Both HNF-4 and ARP-1 
expressed in COS cells bound to site C at the same motif. Based on the 
opposing effects of HNF-4/ARP-1 and their known tissue distribution, we 
postulated that balanced interactions of these two factors with site C regulate 
tissue specific expression of rat Apo A l .  In summary, we have shown that the 
stimulatory effects of T3 on Apo A1 is mediated by TRn binding to site A of 
Apo A1 DNA. Two additional factors, HNF-4/ARP-1 from the same superfamily 
interact with site C to regulate tissue specific expression of the rat Apo Al. 

B 242 CCAAT BOX BINDING PROTEINS FACILITATE IN YIVO 
RECRUITMENT OF UPSTREAM DNA BINDING 

TRANSCRIPTION FACTORS. Kenneth L. Wright, Terry L. Moore 
and Jenny P.-Y. Ting, Lineberger Comprehensive Cancer Center, Uni. 
o f  North Carolina, Chapel Hill, N C  27599. 
Studies of proteinprotein interaction and promoter assembly have 
been limited by the necessity of using isolated proteins and DNA 
fragments in an in vim system. We have now developed a system to 
address these questions in the more physiologically relevant chromatin 
environment of the intact cell. We have developed a panel o f  
transfected cell lines that maintain stable, chromatin integrated wild 
type and mutant promoter constructs. These lines were analyzed by in 
viw genomic footprinting which dissected the importance o f  specific 
DNA binding events on the recruitment of additional DNA binding 
factors and promoter assembly in an intact cell. Our previous in vivo 
genomic footprint studies o f  the major histocompatibility complexclass 
11 gene promoter, DRA identified four protein/DNA interactions 
including a CCAAT box element which binds to the CCAAT box 
binding factors NF-YA/B in vim'. Functional analysis o f  the CCAAT 
box has shown it to  be required for both basal and interferon7 (IFN7) 
induced expression. I n  viw analysis of the endogenous DRA promoter 
in an IFN7 inducible glioblastoma cell line displaqned interactions at 
the CCAAT box and an upregulation of interaction at the X box upon 
1m-1 induction. We now show that the in viw protein/DNA 
interactions and IFN7 induction on a stably integrated wild type DRA 
promoter are identical to  those o f  the endogenous gene. Analysis o f  
cell lines maintaining a mutated CCAAT box-DRApromoter exhibited 
a loss o f  the protein/DNA interactions at the CCAAT box and no 
transcriptional activity. More interestingly, the in vivo binding activity 
at the upstream X box was also significantly impaired. In contrast, 
mutation of two additional sites atTected only the mutated interaction 
but had no effect on CCAAT box binding. This is the first report o f  an 
analysis capable o f  directly revealing the in vivo affect o f  individual 
DNA binding events on transcription factor-promoter assembly. These 
results implicate protein binding at the CCAAT box as a primary event 
in the recruitment of additional DNA binding proteins. 
'Wright & Tmg. PNAS ~7601,1992. 

B 241 STRUCTURAL AND FUNCTIONAL REIAllONSHtPS BETWEEh 
EUKARYOllC NUCLEAR RNA FOLYMERASES. N m ~ y  A. 

Woychik, Keith McKune and Richard A Young', Department of Gene 
Regulation. Roche Institute of Molecular Biology. Nutley NJ Oil 10 
and 'Whitehead Institute for Biomedical Research, CambrKlge h4A 
02142 

The characterization of RNA polymerase subunit genes has revealed 
that some subunits are shared by the three nuclear enzymes. some 
are homologous, and some are unique to RNA polymerases I, 11, 3r  Ill 
SDS-polyacrylamide gel electrophoresis of purified RNA polymerase 
II using an improved gel system revealed that the RPB9 subunit 
closely migrates with a previously unidentified subunit. RPBl 1 
The gene which encodes the RPBl 1 subunit was isolated and shown to 
be present in single copy and localized directly upstream of the gene 
encoding tcpoisomerase I, TOPI, on chromosome XV The sequence of 
the gene predicts an RPBll subunit of 120 amino acids (13.600 
daltons). only two amino acids shorter than the RPBQ polypeptide 
RPBl1 was found to be an essenbal gene which encodes a protein 
closely related to an essenbal subunit shared by RNA polymerases I 
and Ill, AC19. Thus, at least nine of the twelve known RNA 
polymerase II subunits are related or idenhcal to the subunits of RNA 
polymerases I and Ill. indicating that the three RNA polyrnerases may 
have significant structural and functional similarities. 
contains a 19 amino acid segment found in three other yeast RNA 
polymerase subunits and the bacterial RNA polymerase subur i t  7 

Some mutabons that affect RNA polymerase assembly map wimii 
this segment. suggesting that this region may play a role in sJoJnit 
interactions. 

RPBl 1 

B 243 TRANSCRIPTIONAL AUTOREGULATION BY WILD 
TYPE P53 VIA AN NF-kB MOTIF, Hongyun Wu, Abdul 

Deffie, Valerie Reinke and Guillermina Lozano, Department of 
Molecular Genetics, University of Texas M.D.Anderson Cancer 
Center. Houston, Texas 77030 
p53 is the most frequent target inactivated in various tumors. 
In transformation assays, addition of a p53 expression plasmid 
decreases the number of foci. Overexpression of wtld-type 
p53 is incompatible with continued cell growth. Being defined 
as an important tumor suppressor gene, the mechanisn by 
which p53 suppresses tumor formation is  still unknown. We 
first noted that p53 could function as a transcriptional activator 
via a heterologous DNA binding motif. The correlation 
between the transcriptional regulation of various genes by p53 
and its tumor suppression capability suggests that p53 
controls cell growth by regulating key genes in the process. 
Finding the targets of p53 transactivation will be critical to our 
understanding of p53 in the cascade of events leading to 
tumor suppression. We studied the ability of p53 to regulate its 
promoter. Our results showed that wild-type p53 c a r  up- 
regulate its expression in various cell lines. Deletion analysis 
of the promoter has minimized the region responsible for 
autoregulation to within 45 base pairs. Methylation 
interference was then performed to define the nucleotides 
involved in protein-DNA interaction. The nucleo:ides 
protected in this assay were identical to those protected by NF- 
kB. Site-directed mutation analysis and concatemerization of 
this site in  front of a heterogenous promoter further suggested 
that the NF-kB motif is  responsible for p53 autoregulation. 
Further experiments involving EMSA with antibody supershifts 
and transfection/transcription experiments will help us to 
def ine the  protein(s) specif ical ly invo lved in p53  
autoregulation. The identification of these proteins will be 
important in the understanding of p53 in tumor suppression. 
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B 244 THE CARBOXY-TERMINAL DOMAIN OF THE RNA B245 DISTINCT ROLES FOR THE TWO CGATA-1 
POLYMERASE II LARGEST SUBUNIT CAN FUNCTION FINGER DOMAINS IN DNA-BINDING AND 

AS AN ACTIVATOR OF TRANSCRIPTION, Hua Xiao.ls2 John T. 
Lisp and James D. Friesen,l Department of Genetics, The 
Hospital for Sick Children, University of Toronto, Toronto, Ontario 
M5G 1 X8, Canada,l Section of Biochemistry, Molecular and Cell 

TRANSCRIPTIONAL ACTIVATION, Heng-Yin Yang 
and Todd Evans, Department of Biological Sciences, 
University of Pittsburgh, Pittsburgh, PA 15260 

Biology, Cornell University, Ithaca, NY 14853, USA2 
It is widely proposed that upstream activator proteins stimulate 
transcription by making direct contact with the general 
transcription machinery. In this study, we tested whether a 
domain of a protein that can make direct contact with the general 
transcription machinery could stimulate transcription. One 
candidate that we tested was the carboxy-terminal domain (CTD) 
of the RNA polymerase II largest subunit. It was recently shown 
that the heptapeptide repeat which constitutes the CTD interacts 
with the TATA-box-binding subunit (TBP) of the general 
transcription factor TFIID. We constructed hybrid proteins that 
contain the CTD of the yeast or Drosophila RNA polymerase II 
fused to the DNA-binding domain of the upstream activator 
protein GAL4, and tested the ability of the hybrid proteins to 
stimulate transcription in yeast. Our results showed that the 
GAL4-CTD fusion proteins stimulate transcription by over 1000- 
fold from a GAL1-lac2 reporter gene. This result prompted us to 
search for sequence similarities between the CTD and known 
transcriptional activation domains. We found that the proline-rich 
transcriptional activation domain of the CCAAT-box-binding 
factor CTFINFI contains a sequence that is identical to the 
heptapeptide repeats of the CTD. Deletion of a region including 
this CTD-like sequence from the proline-rich activation domain 
dramatically reduced its transcriptional activity, and insertion of 
the CTD heptapeptide repeats from RNA polymerase II into this 
deletion derivative restored the transcriptional activity. These 
results suggest that RNA polymerase II and at least one class of 
proline-rich activator proteins possess a common structural and 
functional component that can interact with the general 
transcription factor TFIID. We propose that an activator protein 
such as the GAL4-CTD can function at both pre-initiation and 
post-initiation steps to increase transcription. 

Transcription II 
~ 3 0 0  CHARACTERIZATION OF &-ACTING ELEMENTS 

REGULATING TRANSCRIPTION OF THE DF3 BREAST 
CARCINOMA-ASSOCIATED A N T I G E N .  Abe,M. a n d  
Kufe,D.W. Dana-Farber Cancer  I n s t i t u t e ,  Harvard 
Medical School ,  Boston, MA 02115. 
DF3 a n t i g e n ,  a polymorphic  g l y c o p r o t e i n  (300-500 
Kd) c o n t a i n i n g  20 amino a c i d  r e p e a t s  i s  
a b e r r a n t l y  overexpressed  i n  t h e  c y t o s o l  of human 
b r e a s t  c a n c e r  c e l l s .  E x p r e s s i o n  o f  t h i s  
a n t i g e n  i s  r e g u l a t e d  a t  t h e  t r a n s c r i p t i o n a l  
l e v e l .  DF3 genomic DNA was c l o n e d  from human 
MCF-7 b r e a s t  c a r c i n o m a  c e l l s  t o  s t u d y  t h e  
mechanisms r e s p o n s i b l e  f o r  c o n t r o l  of t h e  DF3 
g e n e .  A r e g i o n  1656 bp ups t ream t o  t h e  DF3 
t r a n s c r i p t i o n  i n i t i a t i o n  s i t e  was l i g a t e d  t o  t h e  
CAT r e p o r t e r  gene .  T r a n s i e n t  e x p r e s s i o n  a s s a y s  
u s i n g  a s e r i e s  of  d e l e t e d  c o n s t r u c t s  
demonst ra ted  t h a t  t h e  r e g i o n  from p o s i t i o n  -618 
t o  c 3 1  c o n t a i n s  t h e  r e g u l a t o r y  s e q u e n c e s  
n e c e s s a r y  f o r  DF3 t r a n s c r i p t i o n .  F u r t h e r  
a n a l y s i s  o f  i n t e r n a l  d e l e t i o n s  w i t h i n  t h i s  
r e g i o n  a n d  h e t e r o l o g o u s  p r o m o t e r  c o n s t r u c t s  
i n d i c a t e d  t h e  involvement  of  c i s - a c t i n g  e lements  
i n  t h e  f ragment  from p o s i t i o n s  -598 t o  -485.  
D e l e t i o n s  a t  e i t h e r  end  o f  t h i s  r e g i o n  were 
a s s o c i a t e d  w i t h  d e c r e a s e d  o r  comple te  l o s s  of  
t r a n c r i p t i o n a l  a c t i v i t y .  T h e s e  r e s u l t s  
s u g g e s t e d  t h a t  t h e  DF3 t r a n s c r i p t i o n  i s  
r e g u l a t e d  by a t  l e a s t  two d i s t i n c t  e l e m e n t s .  
Gel  r e t a r d a t i o n ,  DNaseI  f o o t p r i n t i n g  a n d  
Southewes tern  s t u d i e s  have i d e n t i f i e d  a p r o t e i n  
(45 Kd) t h a t  r e c o g n i z e s  sequenes a t  p o s i t i o n s  

r e s u l t s  s u g g e s t  t h a t  DF3 gene t r a n s c r i p t i o n  i s  
r e g u l a t e d  by a f a c t o r  t h a t  r e c o g n i z e s  a novel  
consensus sequence .  

-505 t o  -485 (GGGAAGTGGTGGGGGGAGGGA). These 

We have generated and analyzed by functional assays 
mutations of the chicken erythoid transcription factor 
GATA-1. The cGATA-1 protein contains two related 
finger domains highly conserved across species and 
characteristic of the family of GATA-binding factors. We 
find that mutations in the C-terminal finger or adjacent 
basic region abolish sequence-specific DNA-binding, 
confirming that this region constitutes a novel DNA- 
binding domain sufficient to recognize the consensus 
WGATAR motif. At least three separate regions outside 
of this finger I1 domain contribute in a cooperative 
manner to the trans-activation potential of the protein. 
As expected from the previous results analyzing the 
mouse homolog, we find that the N-terminal finger plays 
a role in DNA-binding by affecting the stability of the 
DNNprotein complex. In addition, we find mutations of 
finger I altered subtly in DNA-binding function which 
greatly diminish trans-activation. Our results support 
the notion that the GATA-1 protein must be positioned 
precisely on the GATA cis-element to enable the 
activation of target genes. 

B 301 THE HUMAN HEAT SHOCK PROTEIN 
HSWO INTERACTS WITH THE HEAT SHOCK FACTOR 
(HSF), AND PREVENTS THE ACTIVATION OF HSF IN 
VITRO. Klara Abravaya, Michael P. Myers, Shawn P. 
Murphy, and Richard I. Morimoto. Department of 
Biochemistry, Molecular and Cellular Biology, 
Northwestern University, Evanston, IL 60208 

All organisms respond to physiological stress conditions such 
as elevated temperature, by inducing the synthesis of a group of 
proteins called s m s  or heat shock proteins (hsps). The transcriptional 
induction of heat shock genes is mediated by the activation of a 
transcription factor, heat shock factor (HSF). A homeostatic 
mechanism where heat shock proteins negatively regulate their own 
expression has been proposed. It has been postulated that this 
regulation could be achieved by interaction of hsps with the protein 
that regulates their expression, HSF. We sought to determine whether 
the human heat shock protein, hsp7O interacts with HSF and whether 
hsp70 modulates HSF activity in human cells. By the use of 
monoclonal antibody specific for hsp70 (C92). in a gel mobility shift 
assay, we demonstrated that in vivo activated HSF is associated with 
hsp7O and that this interaction is detected as the levels of hsp7O 
increase in the cell. (Abravaya et al., 1992 Genes & Dev. 6:1153). 
Consistent with the property of 70kD hsps (their interaction with 
protein substrates is disrupted by ATP), HSFhsp70 interaction is 
disrupted upon addition of ATP, but not upon addition of non- 
hydrolyzable analog AMP(PCP). Recombinant wild type hsp70 is 
able to associate with in vivo activated HSF. while an N-terminal 
deletion mutant which retains the peptide binding domain and a C- 
terminal deletion mutant retaining A P -  binding domain fail to interact 
with HSF. Complexes between HSF and hsp70 can also be formed 
using recombinant purified hsp70 and HSF. Association of hsp70 with 
HSF does not impair the DNA binding ability of activated HSF. A 
potential regulatory role of hsp70 in HSF activation is suggested using 
an in vino system for HSF activation. HSF can be converted from a 
non-DNA binding form to a DNA binding form by treating 
cytoplasmic extracts by heat or non-ionic detergent "40 (Larson et 
al., 1988 Nature 335:372; Mosser et al.. 1990 PNAS 87:3748). We 
found that hsp70 blocks the conversion of HSF from an inactive form 
to an active form in this system. This inhibitory effect of hsp70 was 
relieved by ATP but not by AMP(PCP). We thus suggest that hsp7O 
may have a regulatory function in the activation of HSF. 
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B 302 EXPRESSION OF CADDIS3 AND OTHER MEMBERS OF 
THE UEBP FAMILY IN RESPONSE TO ACUTE STRESS . 

Colette M.J.ap Rhys, Sara Carlson, Sheme Reichenbaugh, Jennifer D. 
Luethy and Nikki J. Holbrook. Laboratory of Molecular Genetics, 
National Institute on Aging, Baltimore, MD 21224. 
The gaddl53 gene encodes a protein related to the UEBP family of 
transcription factors. In  v i m ,  the formation of gaddl53 heterodimers with 
members of the C/EBP family has been shown to block their ability to bind 
to DNA and act as transcriptional activators. The gadd253 gene has been 
shown to be responsive to a wide variety of acute stresses that result in 
arrest of cell growth or damage to DNA. In order to determine whether 
other members of the C/EBP family would respond similarly, cultured cells 
were stressed by inducing DNA damage by MMS or by UV light, and 
growth arrested by nutrient depletion or by the addition of F'GAz. The 
mRNA levels of W B P a  were unchanged by these treatments. On the other 
hand, mRNA levels of gadd153, UEBPP and UEBPG were significantly 
elevated in response to all of these treatments. Since the expression of 
WBPP and CEBPS increase significantly during the acute phase response, 
in vivo studies were undertaken in order to determine whether gadd153 
expression increases and, if so. to define the temporal nature of its 
expression in relation to C/EBF'p and C/EBPG. LPS-induced acute 
inflammation in the rat resulted in a rapid increase in the expression of 
UEBF'p and C/EBPS . Maximal expresson occurred between 2 to 4 hours 
and declined thereafter. In contrast, gaddl53 showed no change in 
expression before 4 hours after LPS treatment but was highly induced by 8 
hours. Examination of the gaddl53 pmoter  region revealed a putative ' 

UEBP binding site. Conansfection of a gaddl53 promoter-CAT 
construction with UEBP expression vectors demonsnated that the gaddl53 
promoter can be hansactivated by UEBPa, C/EBP/p and C/EBPS in HeLa 
cells and to a much greater extent in HepC2 cells. A deletion of the gaddl53 
promoter-CAT construction that removes the putative UEBP site proved 
nonresponsive. Since gaddl53 expression overlaps with the expression of 
C/EBP/p and UEBPI under the described conditions, it is likely that they 
contribute to the activation of gaddl53 following s!xss. 

B304 REGULATORY ELEMENTS CONTROLLING THE EX- 
PRESSION OF THE FIBRONECTIN RECEPTOR a4 SUB- 

UNIT IN CORNEAL EPITHELIAL CELLS. Jean-Francois Audet. 
Christian Salesse and Sylvain L. Gutrin, &UL Reseakh Center; 
QuCbec. (Canada), GlV 4G2 

Extracellular mamx is a complex cross-linked structure of proteins and 
polysaccharides which organize the geometry of normal tissue. Some 
components of this mamx an involved in cell adhesion, migration and 
proliferation. One of these is fibronectin, a 440 kd glycoprotein that is 
recognized by the cellular a4/p1 and d / B 1  cellular fibronectin receptors, 
two members of the integrin superfamily. These receptors in combination 
with fibronectin seem to exert critical functions in the mechanism of 
reepithelialisation during wound healing. In fact, histochemical studies 
performed on rabbit cornea provided the evidence that high levels of 
fibroncctin are detected during the reepithelialisation process and then 
returns to normal levels after healing. Immunological studies carried out 
using antisera raised against the fibronectin receptor clearly indicated that 
its concentration also increases duri:ig that same healing process. In order 
to define what are the cis-acting regulatory elements controlling the 
expression of the a4 subunit gene (a component of the FNR) during the 
reepithelialisation process. CAT reporter constructs containing various 
lengths of the promoter and 5'-flanking region of this gene were 
transiently transfected into primary cultures of rabbit corneal hepithelial 
cells. These results revealed that negative regulatory elements located in 
the 5'-flanking region of the a4 gene were clearly repressing the level of 
CAT gene expression when compared to the level driven by the basal a4 
promoter. In addition, crude and heparin-sepharose enriched nuclear 
extracts prepared from either non-confluent (which simulate the healing 
process) or confluent cultures of hepithelial cells were used for both gel 
mobility shift assays and DNaseI footprinting experiments. A number of 
distinct DNNprotein complexes were identified and correlated with the 
results from transient uansfection analyses. Here we present a detailed 
conclusion of the observations obtained from these studies. 

B 303 CLONING OF A NOVEL C-FOS SRE-BINDING 
PROTEIN Ricardo Attar and Michael Gilman, Cold 

S ring Harbor Laboratory, P.0 Box 100, Cold Spring Harbor, 
I& 11724 
Transcription of the c-fos-proto-onco ene is induced within 
minutes after activation of sever9  intracellular signal 
transduction pathwa s and rapidly repressed soon 
thereafter. Many of ties, signals act through a small 
regulatory element that flanks the c-fos gene, the serum 
response element (SRE). The SRE is a binding site for at least 
three cellular DNA-binding proteins. To achieve a better 
understanding of the mechanism by which the SRE 
regulates c-fos transcription, we have screened a HeLa cell 
cDNA ex ression lib'? for {luge expressin roteins that 
s ecificafy bound an RE o 'gonudeotide. isolated a 
{age that encoded a lac2 f u s i o n r t e i n  that specifically 

gound wild-type SRE oli onudeoti es  but not a mutant site 
that is inactive in vivo. f i e  fusion rotein binds s ecificall 
to the SRE in both a Southwestern%lot and a mo!ility-shi~ 

B 305FUNCllONAL CHARACTERIZATION OF 
THE TRANSCRIPTION FACTOR hUCRBP. 

Kevin G. Becker, Paul Jedlicka and Keiko Ozato. 
Laboratory of Molecular Growth Regulation, 
National Institute of Child Health and Human Development, 
National Institutes of Health, Bethesda, MD 20892. 
We have cloned the transcription factor HUCRBP (Wl, NF-E1.I). 
a G-H2 type zinc finger protein which may be involved 
in the regulation of many viral and cellular genes, including 
the human LINE-1 element. hUCRBP accounts for much of the 
cellular UCR binding activity seen in EMSA gels. This was 
determined by (a) complete removal of binding activity by 
anti-hUCRBP antibody by (b) UV crosslinking of nuclear extracts 
with the UCR core element and by (c) western blot analysis. 
The protein sequence predicts that there are nine potential 
serine/threonine phosphorylation sites in hUCRBP. Treatment 
of nuclear extracts with potato acid phosphatase removes all 
binding to the UCR core element, while the phosphatase 
inhibitor 4-nitro-phenyl phosphate blocks this loss of activity. 
We have also carried out functional analysis of hUCRBP 
using transient co-transfedon assays and show that hUCRBP 
can act as both a positive and negative regulator of 
transcription, and that this dual activity may depend 
upon the level of hUCRBP expressed. 

1 00 



Wanscription: Factors, Regulation and Differentiation 

B 306 TRANSCRIPTION OF A PROGESTERONE 
RESPONSIVE GENE IS SPECIFICALLY INHIBITED BY 

A TRIPLEX FORMING OLIGONUCLEOTIDE, Johanna M 
Beekman'. Nancy, H Ing', Donald J Kesslerz. Michael E 
HoganP, Bert W O'Malley' and Ming-Jer Tsail, Department of 
Cell B,ologyl, Center for Biotechnology2, Baylor College of 
Medicine Houston, TX 77030 
Antagonists of steroid hormone receptors are gaining medical 
popularlty for reproductive control and cancer treatment 
Oligonucleorades provide novel reagents for inhibition of gene 
expression because of their high affinity binding to specific 
nucleotioe sequences Single-stranded DNA oligonucleotides 
bind to the major groove of a double-stranded target DNA to form 
a triple-helix or "triplex" in a sequence specific manner When 
trip ex-forming oligonucleotides (TFOs) are targeted to a vital 
promoter region of a test gene, they have been shown to 
selectively repress transcription in a dose-dependent manner 
We describe a 38 base, single-stranded DNA that forms a triple 
helix on progesterone response elements of a target gene This 
triplex-forming oligonucleotide. containing natural 
deoxyguanosme and deoxythymidine. binds with a Kd = 100 nM 
at 37OC at physiological pH Bandshift experiments show that the 
TFO blocks binding of progesterone receptors to the target DNA 
Funhermore, it completely inhibited progesterone receptor- 
dependent transcription in vitro This demonstration of specific 
gene inhibition by triplex formation joins growing evidence for 
therapeutical potential of oligonucleotides 

B 308 ATFa, MEMBERS OF THE ATF FAMILY, MEDIATE E l a  

ACTING WITH Ela, Bruno Chatton, JosB L. Bocco, Jean Gatz 
and Claude KBdinger. L.G.M.E. (CNRS). Unit4 184 (INSERM) 11, 
rue Humann, 67000 Strasbourg, France. 
The 289-aminoacid adenovlrus € la  protein is both a potent 
activator of viral gene transcription and an oncoprotein. Three 
regions, designated regions 1, 2, and 3, highly conserved among 
Eta proteins from different serotypes are responsible for the 
various activities of Ela. Regions 1 and 2 are requlred for cellular 
transformatlon, whereas reglon 3 is necessary and suffldent for 
transcriptional actlvatlon. Eia is not a sequence-spedflc DNA- 
binding protein and may associate to promoter DNA by Interacting 
with cellular transcription factors already bound to DNA. Several 
of the adenovirus early promoters, transcriptionally adlvatad by 
the viral € l a  protein, contain binding sites for members of the ATF 
family 01 transcription factors. These sites correspond to sequence 
motifs which have also been identified as CAMP-responslve 
elements (CRE) within the promoter of many CAMP-inducible 
genes. 
We have isolated from a HeLa cell cDNA library three related 
clones encoding proteins (ATFal, a2. a3) with speclflc ATF/CRE 
DNA-binding activities. Uslng cotransfectlon experiments, we 
show that these proteins mediate the transcriptlonal actlvatlon 
induced by Ela, and that the zinc-binding ebments both present 
in the E la  region 3 and the ATFa proteins are essential for this 
effect. Using reciprocal co-immunoprecipitation and "far-weaern" 
experiments, we demonstrate that the E la  products directly 
contact the ATFa proteins and that the respective zlneblndlng 
elements are partly involved in this interaction. The cimuHaneous 
alteration of both N-terminal and C-terminal domains of ATFa 
abolishes € la  binding, while either mutatlon alone falls to do SO. 
Further deletional analysis of ATFa has revealed the existence of 
a negative regulatory domain located wlthln the Leu-zlpper region 
of ATFa. The nature and function of this element will be 
discussed. 

INDUCED TRANSACTIVATION BY DIRECTLY INTER- 

B 307 IDENTEICATION OF A GROWTH HORMONE RESPONSE 
ELEMENT IN THE SOMATOSTATIN PROMOTER Nils 

B 309 CONSERVED REGION 1 OF THE ADENOVIRUS EIA GENE 
ENCODES A POTENT TRANSCRIPTIONAL ACTIVATOR 

FUNCTION, Maria Bondesson, Mattias Manncrvik, Catharina Svensson 
and Goran Akusjsfvi, Department of Microbial Genetics, Karolinska 
Institute, 104 01 Stockholm, Sweden 

The adenovirus EIA 289 amino acid protein contains an efficient transcrip- 
tional activation domain, designated conserved region (CR) 3. Revious 
studies have shown that CR3 is a saung activator when fused to the DNA 
binding domain of Gal4 (Gal4 DBD) and assayed on a promoter containing 
Gal4 binding sites (Lillie & Green (1989) Nature, 338, 3 9 4 ) .  However, 
we show here that the amino terminal end of E1A (amino acids 23-188, 
lacking CR3) is as efficient as CR3 in activating transcription, when fused 
to the Gal4 DBD or the E2 DNA binding domain of bovine papilloma 
virus. Deletion of CR2 or a truncation of the protein at amino acid 91 
created an activator that was stronger than CR3. In conuast, a deletion of 
CR1 abolished the activation potential completely. Collectively, these 
results show that CRI encodes a very potent transcriptional activator func- 
tion. CRl has previously been shown to be important for the i m m d z a -  
tion/transformation activity of E1A and has furthermore been shown to be 
involved in the repnssion of enhancer driven transcription. 
Experiments where the activating capacity of the Gal4 E 1 A  fusion proteins 
was measured in the presence of an excess of free E1A proteins (not bound 
to DNA) showed that Gal4-CRI mediated transcription was efficiently 
competed by an excess of wtElA or EIA-12s proteins, but not by a CRI 
mutant. Gal4 CR3 mediated transcription was competed by wtElA or the 
CR1 mutant, but not by the ElA-12s protein. These results indicate that 
CRl and CR3 mediate transcriptional activation through distinct factors 
which independently interact with the basal transcriptional machinery. In 
addition, CR1 and CR3 were able to activate transcription synergistically 
(around 10 times). The synergistic,actiyation was also apparent when CRl 
and CR3 were localized on heemdunen c molecules (one polypeptide chain 
encoding the CRl activator and the other the CR3 activator), held together 
by the Gal4 dimerimtion domains. 
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B 310 

COMPETE WITH ISGF3, Chiara Bovolenta, Paul H. Driggers, 
Michael S .  Marks, Jeffrey A. Medin, Alex D. Politis, 
Stephanie N. Vogel, John E. Coligan and Keiko Ozato, LMGR, 
NICHD, NIH, Bethesda MD, 20892. 

ICSBP is a transcription factor involved in IFN-mediated gene 
induction. It belongs to the IRF family and is induced by IFN-y. 
ICSBP has some homology with ISGF3y. ISGF3y is a subunit of the 
ISGF3 complex believed to act as an inducer of IFN regulated 
genes. By western blot analysis we show that ICSBP protein (48 
kDa) is exclusively localized in the nucleus of immune cells. We 
have studied how ICSBP binds to the interferon stimulated response 
element (ISRE) derived from IFN inducible genes. 
We noted that neither recombinant ICSBP (rICSBP) produced in a 
baculovirus vector (or in a bacterial vector) nor in vitro translated 
ICSBP binds to ISRE at high affinity. However we now show that 
rICSBP can bind at high affinity when mixed with IFN treated cell 
extracts. The newly formed ICSBP complex was identify in gel 
mobility shift assays, was specific for ISRE and was "supershifted by 
anti-ICSBP antibody. The ability of ICSBP to bind to ISRE was 
dependent on treatment of cells with IFN and cell type specific. 
These results suggest that ICSBP, like ISGF3y, requires a 
cytoplasmic accessory molecule to bind to ISRE. We present 
evidence that binding of ICSBP to the ISRE interferes with the 
binding of ISGF3. The ISGF3-ISRE complex is formed with IFNa 
treated cell extracts in gel shift assay. However when rICSBP was 
added, the intensity of the ISGF3 band was reduced in a 
concentration dependent manner. The reduction was specific for 
ICSBP since control proteins showed no reduction. Possible 
competition between ICSBP and ISGF3y for an accessory molecule 
will be discussed. 

ICSBP REQUIRES AN ACCESSORY MOLECULE FOR 
HIGH AFFINITY DNA BINDING AND MAY 

B 312 ALU SEQUENCES ARE INVOLVED IN THE CELL- 
SPECIFIC TRANSCRIPTIONAL REGULATION OF THE y 

CHAIN OF Fc AND T CELL RECEPTORS, Anna T. Brini, Gai M. 
Lee and Jean-Pierre Kinet, Molecular Allergy and 
Immunology Section, National Institute for Allergy and 
Infectious Diseases, National Institutes of Health, 
12441 Parklawn Drive, Rockville, MD 20852 
The FcERI y chains are expressed in a variety of 
hematopoietic cells where they play a critical role in 
signal transduction. They are part of the high affinity 
IgE receptor in mast cells, basophils, Langerhans cells, 
and possibly other cells, part of the low affinity 
receptor for IgG (FcyRIIIA or CD16) in NK cells and 
macrophages, and part of the T cell antigen receptor in 
subsets of T cells. Here we report the transcriptional 
regulation of the y chain gene by analyzing the 2.5 kb 
sequence upstream of the transcription start site. This 
sequence contains a promoter confering tissue 
specificity. It is functional only in hematopietic cells, 
regardless of whether they express the FceRl y chain 
transcripts. We have identified two adjacent regulatory 
elements, both of which contain Alu sequences. The first 
(-445/-365) is the positive element active in both 
basophils and T cells. The second (-369-295) binds to 
nuclear factors different in basophils and T cells and 
acts as a negative element in basophils and as a positive 
one in T cells. Thus, Alu sequences found in the 5' region 
of the y chain gene play a role in its cell-specific 
regulation. 

B 31 1 SUPPRESSION OF MUTATIONS WITHIN THE 
GLUTAMINE-RICH REGIONS OF CREB BY A GAL4 

ACIDIC ACTIVATION DOMAIN, Paul Brindle, Steve Linke. 
Marc Montminy, The Salk Institute, La Jolla, CA 92037. 
The cyclic AMP response element binding protein (CREB) 
activates transcription when phosphorylated a t  serine 133 by 
the CAMP-dependent protein kinase (PKA). A repressor of CRE- 
dependent transcription, termed CREM (N. S. Foulkes et al. 
Cell 64:739,1991), is  nearly identical to CREB except that  i t  
lacks portions of two glutamine-rich regions that  flank CREB's 
ser 133, termed Q1 (N-terminal of ser 133), and 62. (C-terminal 
of ser  133). By comparison to CREM and by deletion 
mutagenesis of CREBs Q1 region (Gonzalez et al. MCB 11:1306, 
1991), Q1 and Q2 have been postulated to be activation domains 
analogous to glutamine-rich activators found in SPl, for 
example. To test if QZ was required for CREB function, we 
performed deletion mutagenesis studies and found tha t  
numerous deletions within Q2 decrease CREB activity. One 
model for how phosphorylation of ser 133 increases CREB 
activity is that phosphorylation causes an allosteric change that 
increases the activity of the Q1 and $2 regions. This model 
suggests tha t  the ability of CREB to function would be 
dependent on specific activation domains ( Q l  and Q2), and their 
positions relative t o  ser 133. To test this hypothesis we 
exchanged the Q1 and QZ regions with the GAL4 acidic 
activation domain (aa 768-881). Remarkably. the GAL4 acidic 
activator could suppress the effect of Q1 and Q2 deletion 
mutations, with the GAUICREB fusion proteins retaining the 
ability to be activated by PKA. In addition, the GAL4CREB 
fusions had more activity than would be predicted from adding 
the activities of each activator tested separately, suggesting that 
multiple activation domains can act synergistically when fused 
in the same molecule. These results have several implications: 
1 )  the Q1 and QZ regions are not inseparable parts of'a CREB 
activation domain in that  they are  replaceable arid PKA 
inducibility is retained; 2)  it  is unlikely that phosphorylation of 
ser 133 activates CREB by causing a structural change in $1 
and Q2; 3) CREB is made up of modular activation darnairs that 
act synergistically with one another to activate transcription. 

B 313 TRANSCRIPTION INITIATION AT THE MUKINE 
REP-3 PROMOTER, Andrew B. Buermeyer and Peggy 

J. Farnham,  McArdle Laboratory for Cancer Research, 
University of Wisconsin, Madison, WI 53706 

The proximal promoter of the murine R e p 3  gene has 
six binding sites for the transcription factor Spl ,  bu t  no close 
match to a consensus TATA box. We a r e  studying how the 
preinitiation complex forms a t  this  promoter. Promoter 
sequences extending from -49 to +14, relative to the  s tar t  site 
a t  +1, a r e  sutlicient for accurate initiation of transcription. 
Two proteins bind to this  minimal R e p 3  promoter. The 
activator protein S p l  binds to one site at -41. We have found 
that the  second protein is the transcription factor YY1. YY1 
i n  crude nuclear extracts or  a s  a recombinant protein 
purified from bacteria bound to sequences from -21 to -13. 
This is approximately where a consensus TATA box is found 
in  many class I1 promoters. At this position, YY1 could aid 
or block the interaction of TFIID with a nonconsensus TATA 
box in the  Rep-3 promoter. Both YY1 and Spl have been 
implicated in star t  site selection by RNA polymerase 11. We 
a r e  now investigating how these transcription factors 
influence the  formation of preinitiation complexes at the  
proximal Rep3  promoter. 
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B 314 FUNCTIONAL ANALYSIS OF TIIE CAP SITE- 
PKOXIMAL HUMAN INTERLEUKIN-lg POMOTEK, 

Jon A. Buras, Brian G. Monks, Bridget A. Martell and Matthew J. 
Fenton, Department of Medicine, Boston University Medical Center, 
Boston, MA 021 18 
Activated monocytes and macrophages express several potent 
proinflammatory cytokines, including interleukin lo (IL-10). Regulation 
of this gene appears to be mediated by both upstream and cap site- 
proximal (CSP) sequence elements. Interaction between these elements 
constitutes the molecular basis for inducible expression of the I L l g  gene. 
We have identified two novel nuclear proteins, termed NFgA and NFpC, 
which bind to specific sequences within the IL-lp CSP promoter, and a 
novel upstream factor, termed NFpB. NFgA binds to a highly conserved 
sequence adjacent to the TATA box of the IL-lg gene, whereas NFpC 
binds to a DNA sequence which spans the cap site of the ILlg gene. 
Functional analyses show that NFgA is required for expression from the 
IL-lg CSP promoter and that NFgA is also involved in transcriptional 
transactivation or transrepression by the cytomegalovirus IEl gene 
product in a cell type-specific manner. Studies using transfected RAW 
264.7 and COS cells show that NFpA can activate transcription from a 
heterologous promoter in a distance and orientation independent manner. 
In these cells, Wsactivation mediated by NFpA is also dose-dependent, 
with increasing expression correlating with the placement of 1.4, and 6 
copies of the NFpA binding site upstream of the herpes virus thymidine 
kina= promoter. F u c t i o ~ l  comparison of the I t - l g  CSP promoter and a 
thymidine kinase promoter containing a single added copy of the NFpA 
site in transfected RAW 264.7 and COS cells reveals the presence of a 
repressive element within the IL-lp promoter fragment. Our data suggest 
that NFgC is responsible for the reduced level of expression from the LL 
10 CSP promoter. Interestingly, the DNA-binding activity of NFpC 
appears to require association with a distinct factor, termed NFDB, that 
binds to an unrelated sequence 300 bp further upstream. Competition 
experiments show that NFgC and NFpB can specifically interact, possibly 
through a shared subunit that is required for the DNA binding activity of 
NFpC. We propose that NFgB constitutes a subunit of NFDC that does 
not directly contact DNA, in addition to its ability to bind to DNA at a 
distinct site in the IL-lg promoter. The interaction between factors 
binding at both proximal and distal promoter elements suggests that the 
interplay of these factors may be important for coordinate regulation of IL- 
1g gene expression. 

B316 CCjEBP, A CHICKEN TRANSCRIPTION FACTOR OF THE 

Geert AB and Jan Wijnholds, Department of Biochemistry, 
University of Groningen, Nijenborgh 4, 9747 AG Groningen, 
The Netherlands. 
The chicken apoVLDL I1 gene encoding the Very-Low-Density- 
apo-Lipoprotein I1 subunit is specifically expressed in 
liver and is strictly estrogen-dependent. The 300 bp 5' 
flanking sequence contains two ERE5 as well as recognition 
sequences for the ubiquitous factor COUP-TF and the liver- 
enriched factors LF-A1, C/EBP and DBP (1). The question is 
whether and how these factors interact in regulating 
transcription of the apoVLDL I1 gene. We have focussed on 
a binding site (element D )  immediately flanking one of 
the E m s  that is strikingly similar to element D of rodent 
albumin genes. From competition footprinting it appeares 
that binding in vitro to site D interferes with the 
occupation of the ERE. To study possible interactions 
between D-binding proteins and the estrogen receptor we 
have cloned cC/EBP (chicken CCAATIEnhancer binding 
protein) using a rat CjEBPa probe (2). Comparative sequence 
analysis shows that the derived 324-amino acid chicken 
C/EBP sequence is highly similar (68.5 % )  to the 358- 
residue CjEBPa sequence of rat (3). The C-terminal moieties 
constituting the basic, DNA-binding and leucine zipper, 
dimerisation domains are virtually identical (94 % ) .  The 
N-terminal moieties are partially conserved (59 % ) ;  three 
highly conserved regions, designated I, I1 and 111, can be 
distinguished and may correspond to individual functional 
domains. Our conserved region I coincides with the 
N-terminal trans-acting sequence defined in rat C/EBPo. 
Regions I1 and I11 map in a region of which the function 
is not clear. The conserved regions revealed in our 
investigations may help to further define the functional 
domarns. We produced large quantities recombinant C/EBP in 
E .  coli. Binding studies with recombinant cC/EBP are in 
progress. 
1: Wijnholds, J., Muller, E. and AB, G. (1991) Nucleic 
Acids Res., 19, 33-41. 2: Calkhoven, C.F., AB, J. and 
J Wijnholds J. (1992) Nucleic Acids Res., 2 0 ,  4093. 3: 
Landshulz, W.H., Johnson P.F., Adashi, E.Y., Graves, B.J. 
and McKnight, S.L. (1988) Genes Dev., 5 ,  786-800. 

LEUCINE-ZIPPER C/EBP FAMILY, Cor F. Calkhoven, 

B 315 5 
3. ' 1  7 Peter 
Burbelo. Atsushr UtaPi l  and Yoshihlko Yamada. Laboratory of 
Developmental Biology, National institute of 3enrai Research, 
N.i.H.. Bethesda. MD 20892. 

A bidirectional promoter consisting of an 130 bp fragment has 
been shown to separate the transcriptional unit of both the 
a1 and a2 collagen I V  genes. Withrn this bidirectional 

promoter are two CCTCCCCTT rich regions, vhicn are also found 
in the promoters of a number of other matrix genes including 
laminin and fibronectin. Using Southwestern screening of a 
14-day mouse embryo cDNA expression library with the 
CCTCCCCTT-containing oligonucleotide ICIVj, a 1.4 kb partial 
cDNA encoding a DNA binding protein (SW) was obtained. 
Cloning of the full length cDNA for SW revealed it coded for 
a large basic protein lMr=130 kd). Sequence analysis revealed 
that SW contained three notable protein motifs: I 1 1  a 110 
amino acid domain with 49% homology to Thermus thermophilus 
bacterial DNA ligase, (2) an acidic region commonly found in 
many transcription factors and (3) a nucleotide binding site 
found in many cell cycle control genes regulating DNA 
replication. Northern analysis revealed a high level of SW 
mRNA expression in the testis, spleen, thymus, and in the 
kidney. Gel shift assays of recombinant SW fusion protein 
showed sequence-specific DNA binding to the C I V  sequence and 
not to other unrelated sequences. The 110 amino acid "ligase- 
like" domain of SW was found to be required for DNA binding. 
These results suggest that the SW may be a sequence-specific 
DNA binding protein involved in DNA replication and/or 

B 317 IDENTIFICATION OF A NEGATIVE REGULATORY 
ELEMENT IN THE PROMOTER OF THE MOUSE 
ALCOHOL DEHYDROGENASE GENE, Adh-1. 

Lucinda G. Carr, Zhonghua Lin and Howard J. Edenberg, 
Departments of Medicine, Pharmacology, and Biochemistry 
and Molecular Biology, Indiana University School of 
Medicine, Indianapolis, IN 46202-5121 

Mouse alcohol dehydrogenase (Adh-m) catalyzes the rate- 
limiting step in ethanol metabolism in mouse liver. The 
mouse Adh-A2- encoding gene, Adh-I, is expressed in a 
tissue-specific and stage-specific manner. To analyze the 
transcriptional activity of Adb- 7 promoter regions, 
transfection studies were performed in which various 5'- 
flanking Adh-I sequences fused to the luciferase gene were 
introduced into H411E-C3 hepatoma cells. Initial studies 
reveal that there are positive regulatory elements between 
-229 to +53 and a negative regulatory element between nt 
-323 and -229. To identify the sequences implicated in 
supression of Adh-I gene expression, we performed gel 
retardation and footprint assays on the -323 to -229 
promoter fragment to determine the regions of the promoter 
being bound by nuclear proteins from mouse liver and the 
hepatoma cell line, H411E-C3. DNasel footprint assays 
revealed that the region between -324 and -297 was bound 
by a nuclear protein. Methylation interference assays were 
conducted to more precisely localize the protein-binding site 
within the nt -324 to -297 bp region. Methylation of two G's in 
the coding strand at nt -314 and - 304 and one G in the non- 
coding strand at nt -307 block formation of the protein-DNA 
complex. Thus, close protein-DNA contacts for this negative 
regulating site are within the sequence G A A G T C A G G ,  
which may represent a novel regulatory sequence. 
Supported by PHS AA07611.08553, and 06460. 
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B 318 
REGULATION OF THE HUMAN BiP GENE BY BREFELDIN 

A, TUMCAMYCIN, AND CALCIUM IONOPHORE A23187, Chuck 
C.-K. Chao, Wai-Ching Yam and Nian-Kan Sun, Tumor Biology 
Laboratory, Department of Biochemistry, Chang Gung Medical College, 
Taoyuan, Taiwan 33332, Republic of China. 

In this study, we report the transcriptional induction of polypeptide- 
binding protein (BiP), an endoplasmic reticulum-resident protein, by 
agents which blocks protein transport from the endoplasmic reticulum to 
the Golgi apparatus. The transcriptional rate of the BiP gene in 
mammalian cells was coordinately induced by calcium ionophore 
A23187 (18-20 fold), azetidine (8-15 fold), brefeldin A (15-20 fold), 
castanospermine (2.5-8 fold), 2-deoxyglucose (10-15 fold) and 
Iunicamycin (4-5 fold). Analyses of the transfection with a PCRdoned 
human BiP promoter indicate that HeLa cells utilized a transcriptional 
mechanism to increase the expression of BiP in resonse to A23187 and 
tunicamycin; whereas, utilized a post-transcriptional mechanism in 
response to azetidine, brefeldin, castanospermine and 2-deoxyglucose. 
Studies in NIH3T3 cells indicate a similar mechanism for the BiP 
induction by these agents except brefeldin A in which a transcriptional 
mechanism play a major role. We further demonstrated that in 
mammalian cells a region of the human BiP promoter responsive to 
A23187, brefeldin and tunicamycin was within a 69-bp region between 
-107 and -39, containing two direct-rept sequences including CCAAT 
elements. Using a DNA mobility shift assay, a nuclear factor which 
recognizes the BiP promoter sequence was induced in both cell lines by 
A23187, azetidine and brefeldin A. The results indicate the regulation 
of BiP expression in mammalian cells at both the transcriptional and 
post-transcriptional level. The data also suggest that the nuclear factor 
may play a role in mediating transcriptional activation of the gene. 

A DIRECT-REPEAT SEQUENCE IS REQUIRED FOR UP- 

B 320 

AN OCT- 1 RESPONSIVE SITE. Michele A. Cleary. Seth Stem, 
Masafumi Tanaka. and Winship Herr. Cold Spring Harbor 
Laboratory. Cold Spring Harbor. NY 11724 

and related B cell Oct-2 protein recognize the same regulatory 
site, the octamer motif. yet participate in dBerent programs of 
transcription. The possession of different activation domains 
flanking their similar DNA-binding domains provides one 
mechanism for achieving differential activation. Another 
mechanism is demonstrated by the ability of Oct-1 to activate 
transcription from a site that bears little octamer similarity and 
that is responsive to neither Oct-1 nor Oct-2 alone. This 
activation is dependent on the potent herpesvirus transactivator 
VP16. which forms a multiprotein-DNA complexwith Oct-1. but 
not Oct-2. on an immediate early gene promoter element called 
the TAATGARAT motif. In vivo. a form of the TAATGAFAT motif 
that lacks an overlapping octamer motif is transcriptionally silent 
in Oct- 1 and Oct-2-expressing cells. but can be activated by 
coexpression of VP16. presumably through its interactions with 
Oct- 1. In vitro data support this observation by showing a 
recruitment of Oct- 1 by VP16 to this site. An analogous 
recruitment of Oct-2 by VP16 does not occur. 

Previously. the responsiveness of Oct-2 to VP16 could not 
be assayed in vivo due to interference by VP16 interaction with 
endogenous Oct-1. We have found that VP16 alone does not 
activate transcription well in mouse NIH 3T3 fibroblasts. probably 
because of differences in the human and mouse Oct-1 
homeodomalns as supported by in vltro mobility retardation 
analyses. After transient expression. however. human Oct- 1. but 
not Oct-2. can activate transcription in these cells in response to 
VP16. This assay system shows that the Oct-1 DNA-binding 
domain is sufident for VP16-induced positive control on the 
TAATGARAT immediate early gene promoter element and that the 
critical determinant for VP16-responsiveness is the Oct- 1 
homedomain because substitution with the Oct-2 homeodomain 
is sumcient to disrupt activation. Thus through selective DNA- 
binding domain interaction and recruitment to a new regulatory 
site. VP16 expands the repertoire of sites responsive to the 
ubiquitous activator Oct-1. without affecting activation by its 
close relative Oct-2. 

SELECTIVE POSITWE C O m O L  OF A HOMEODOMAIN 
PROTEIN: VP16 RECRWTS OCT-1 BUT NOT OCT-2 TO 

?he ubiquitous human FQU-homedomain protein Oct- 1 

B 319 THE RB PROTEIN BEHAVES AS A TRANSCRIPTIONAL 
COACTIVATOR IN THE PRESENCE OF THE ADENO- 

VIRUS E4 17 kD PROTEIN, IN UNDIFFERENTIATED CELLS, 
Jose L. Bocco, Bernard Reimund, Bruno Chatton and Claude 
Kbdinger, L.G.M.E. (CNRS), Unit6 164 (INSERM), 11 rue Humann, 
67000 Strasbourg, France 
A series of independent obsafvations have recently demonstrated 
the reversible Interaction of the retinoblastoma susceptibility gene 
product (Rb) with the mliuiar transcription fador E2F, in human or 
mouse cells. The E2F tactor was initially Identified in studies of the 
transcriptlonal control of the adenovirus E2a early promoter which 
contains two adjacent binding sitw for this fador. 
Transcriptional actlvation of the E2a promoter by Ela correlates 
with the ability of both early Ela proteins (289R and 2433) to 
sequester Rb and thereby release E2F from lnactlve complexes 
with this proteln. In addition to Its responsiveness to the Ela 
proteins, the E2a promoter Is effidently stimulated by a product of 
the viral E4 transcription unit, a 17 kD polypeptide encoded by the 
open reading frame 6/7 (E4-ORF6n) of this early unit. The E4- 
dependent activation results from specific interactions between 
the E2F and E4-ORF6n proteins leading to the formation of 
complexes which bind cooperatively and stably to the two 
neighbouring E2F binding sltes In the E2a promoter. 
We have previously shown that in undifferentiated F9 cells 
(FOEC), the E2a promotrer is refmdoly to E2F-mediated activatlon 
by Ela. Using both band-shifi and transfedion experiments, we 
now show that in FOEC cells, the EI-ORffiI7 produd recruites the 
Rb protein into a stable multi-protein complex with E2F and that In 
these mils, as opposed to differentlated cells, Rb is actlvely 
involved in the transcriptional stimulation of the E2a promoter by 
€4. in the absence 01 €la activity. 
Our results suggest that, depending on the cell state, Rb may 
behave either as a transcriptional activator (FQEC cells) or a 
transcriptional inhibitor (differentiated Fg cells). They also suggest 
that the adenovirus has evolved a dual strategy for the activation 
of Its early genes, using Ela in differentiated cells. and the €4 
product in undifferentiated a i l s  where it circumvents the € l a  
functional defect. 

6321 OLIGOMERISATION PROPERTIES AND DIRECT 

Y. Waltersson, C. Grundstrem, B. Hallberc, A. 
Thornell and T. Grundstrem. Department of 
Applied Cell and Molecular Biology, University 
of Umed, S-90187 Umed, Sweden. 
The SL3-3 Enhancer Factor 2-1 (SEF2-1) gene 
encodes basic-Helix-Loop-Helix (bHLH) E 
proteins. We show that the gene spans more than 
135 kb and is composed of at least 22 exons. 
Characterisation of many distinct cDNAs 
demonstrates a complex regulation by 
differential splicing. Two major types of 
encoded proteins with distinct N-terminals, 
denoted SEFZ-1A and SEF2-1B (also named ITFZ), 
were identified. Furthermore, the use of two 
alternative splice sites determines the 
presence of four extra amino acids in the 
region preceding the bHLH domain. 
We have used a coupled in vitro transcription/ 
translation system to study functional 
properties of SEF2-1 encoded proteins and 
E12/E47 proteins encoded by the related E2A 
gene. We show that the region preceding the 
bHLH domain of the proteins affects the 
stability of the DNA binding oligomers, and 
that homo-oligomers of SEF2-1 proteins lacking 
the 4 amino acids, SEFZ-1-, and El2 are less 
stable than homo-oligomers of SEF2-1+ proteins 
and E47. 
We also demonstrate that calcium loaded 
calmodulin directly interacts with both SEF2-1 
and ElZ/E47 proteins and thereby specifically 
inhibits their DNA binding. This interaction is 
strictly calcium dependent and occurs through 
the highly conserved bHLH domains. These 
results imply a direct link between calcium 
regulation and bHLH transcriptional control. 

CALCIUM/CALMODULIN INHIBITION OF BASIC- 
HELIX-LOOP-HELIX E PROTEINS. B. Corneliussen, 
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B 322 DELINEATION OF A SMALL REGION WITHIN 

THE GLUCOCORTICOID RECEPTOR THAT 
MEDIATES TRANSCRIPTIONAL. 
TRANSACTIVATION, Karin Dahlman-Wright, Anthony 
Wright, Tova Almlof and J a n - h e  Gustafsson, Centre for 
Biotechnology, Karolinska Institute, S-141 57 Huddinge, 
Sweden. 

The glucocorticoid receptor is a soluble receptor protein 
that is activated by binding of steroid hormone and which 
subsequently binds to specific DNA elements and 
transactivates transcription. Previous deletion analysis of 
the human glucocorticoid receptor localised the major 
transcriptional transactivation activity of the receptor to a 
region of 185 amino acid residues in the amino terminus of 
the receptor protein. This region was named Tau 1 
(Hollenberg S.M. and Evans R.M., 1988, Cell 55,899- 
906). 

To delineate the smallest active region within the Tau 1 
domain we have tested the the transactivation activity of 
fusion proteins containing intact or deleted Tau 1 domains 
fused to the DNA-binding domain of the glucocorticoid 
receptor in yeast cells. Data showing deletions of the N- 
and C-termini of Tau 1 as well as internal deletions will be 
presented. These indicate sequences important for the 
transactivation activity of Tau 1. The activity of small 
fragments containing these sequences will also be 
presented. 

THE MAJOR TRANSACTIVATION DOMAIN OF 

B 324 IDENTIFICATION AND CHARACTERIZATION OF 
GABP-8-RELATED cDNAs. Fabienne Charles de la Brousse*, 

and Steven L. McKnight*. D e p m e n t  of Embryology, Carnegie 
Institution of Washington, Baltimore, Md 21210. * Tularik. Inc.. South 
San Francisco, CA 941 10. 
GA Binding Protein-p (GABP-p), an ankyrin repeat containing 
polypeptide, forms a complex with GABP-a. an ETS-related DNA 
binding protein, that recognizes purine-rich target sequences in the 
regulatory region of Herpes Simplex Virus immediate early genes 
(LaMarco and McKnight, 1989  LaMarco et al., 1991; Thompson et al., 
1991). We have used a standard molecular approach to identify and clone 
cDNAs of GABP-8-related proteins. We constructed a mouse DNA 
genomic library and screened it with probes representing the ankyrin 
repeats or the 3' dimerization region of GABP-p. Southern analysis of the 
library clones revealed one genomic clone that hybridized only weakly to 
the ankyrin repeats probe. This novel GABP-p-related fragment shows 
80% sequence similarity with the region spanning the ankyrin repeats of 
GABP-8. Subsequent Northern blot analysis identified a RNA species of 
approximately 9kb that is present in most tissues examined. Since 
Northern analyses with the GABP-p cDNA had previously identified 
2.7kb and 1.5kb mRNAs (LaMarco et al., 1991). these results suggest the 
presence of a novel GABP-p-Ue polypeptide in the mouse. Sequence 
analysis and characterization of putative GABP-8-related cDNAs is in 
progress. Cloning of full-length GABP-8-like cDNAs clones will permit 
studies that address the association of this novel polypeptide with ETS- 
related proteins such as GABP-a and the importance of this association 
with respect to transcription activation. 

B 323 REGULATION OF TRANSCRJFTION FROM THE j3- AND 
y-AClIN PROXIMAL PROMOTERS. Sandra L. Danilition, 

Catherine Y. Taylor, and Neil G. Miyamoto. The Ontario Cancer 
Institute and Depamnent of Medical Biophysics, University of Toronto, 
500 Sherboume Street. Toronto, Ontario. M4XlK9 CANADA 

500 bp of 5' flanking sequences of the human p- and y-actin 
promoters are sufficient for activation of transcription in transiently 
transfected HeLa cells. Sequence analysis of the promoters has 
revealed two common regulatory motifs located upstream of the TATA 
box (-29): a CArG box that interacts with serum response factor (SRF), 
and a CCAAT box that binds nuclear factor Y (NF-Y). In the Factin 
promoter the CCAAT and CArG boxes are located at -91 and -62, 
respectively. Point mutation of either motif resulted in loss of both 
protein binding and hanscriptional activity invj,o. In the 7- 
actin promoter the CCAAT and CArG boxes are located 30 bps funher 
upstream from the TATA box at -122 and -92, respectively. Point 
mutation of either motif resulted in loss of protein binding in; 
however, only mutation of the y-actin CArG box resulted in significant 
loss of transcriptional activity in. 

In addition to the CCAAT and CArG boxes, the Factin 
proximal promoter contains a CACGTG sequence (E-box) at -143. 
This E-box specifically interacts in vim with upstream stimulatoly 
factor (USF). Interestingly, point mutation of the CACGTG motif such 
that DNA-protein interaction in v i m  was disrupted showed no 
profound effect on transcriptional activity in. 

To further understand the role of SRF and NF-Y in regulating 
p- and y-actin transcription, we investigated the formation of multi- 
protein complexes -. It is well established that SRF interacts 
with the c-fos CArG box as a multi-protein complex, and we have 
identified similar complexes on the actin CArG boxes. Using the y- 
actin CArG box as probe a complex containing SRF and a protein 
antigenically related to ~ 6 2 ~ m K - 1  was detected. We have also 
begun to analyze the specifii DNA bends induced by S R F  and NF-Y 
in. Each of these factors individually bend the pactin promoter 
DNA by more than W. Cumnt studies are to determine more 
precisely the location and angle of the DNA bends induced by S R F  
and NF-Y, and to examine the DNA structure of the higher order 
protein-DNA complexes containing NF-Y, SRF, andor P ~ ~ ~ E L K - ~ .  

B 325 MULTIPLE REGULATORY ELEMENTS MEDIATE 

PROSTAGLANDINS AND CAMP. Ulrich Dendorfer and 
Towia A. Libermann, Department of Medicine, Beth Israel Hospital 
and Harvard Medical School, Boston, MA 02215. 

IL-6 expression is physiologically restricted to conditions associated 
with tissue injury and inflammatory reactions, and is aberrantly 
activated in a variety of autoimmune and malignant diseases. To 
elucidate the molecular mechanisms leading to constitutive activation 
of the IL-6 gene in autoimmune and malignant diseases, we have 
started to systematically investigate the regulation of the IL-6 gene in 
response to a variety of exogenous stimuli. Several extracellular 
mediators connibute to IL-6 induction via different signal transduction 
pathways, among which prostaglandins and their second messenger 
CAMP are particularly relevant. 

We previously demonstrated that an apparent NF-KB binding site 
found upstream of the IL-6 gene is an indispensable component of the 
IL-6 promoter region for induction of IL-6 gene expression by LPS. 
double-stranded RNA, phytohemagglutinin, phorbol 12-myristate 13- 
acetate (PMA) and TNF-a in monocytes. In order to identify 
prostaglandin and CAMP-responsive cis-acting elements in the IL-6 
promoter, we have generated point mutations at several potential 
transcription factor binding sites. A transient transfection assay 
involving IL-6 promoter/chlorampbenicol acetyltransferase (CAT) 
reporter gene constructs and the murine monocytic cell line Pu5-1.8 
was used to quantitate promoter function. Whereas a 1.2 kb fragment of 
the wildtype human IL-6 promoter is virtually inactive in unstimulated 
cells, addition of prostaglandins E l  or E2 (PGE). the prostaglandin 
analogue misoprostol, or dibutyryl cAMP leads to a dramatic increase 
in IL-6 promoter activity. Stimulation with both cAMP and LPS shows 
a marked synergistic effect. A significant reduction in inducibility by 
cAMP and PGEl is observed for mutations within the multiple 
response element (MRE) and the AP-1, NF-IL6, and NF-KB binding 
sites. Mutations of additional putative regulatory elements have 
marginal effects. Mutations in the NF-KB binding site completely 
abolish LPS-induced promoter activity, but affect cAMP responsive- 
ness to a much lesser extent. In contrast, the MRE mutations have 
stronger effects on CAMP signalling as compared to LPS stimulation. 

We conclude that cAMP and prostaglandins act via multiple 
regulatory elements to induce IL-6 expression. 

I N T E R L E U K I N - 6  G E N E  A C T I V A T I O N  BY 
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B326 A ZINC-DEPENDENT FACTOR IS REQUIRED B 327 INCREASED EXPRESSION OF THE LEISHMANIA TOR 
GENE ARISES FROM ITS SEPARATION FROM A 

SILENCER DURING DNA AMPLIFICATION, Siegfried Detke, 
Department of Biochemistry and Molecular Biology, University of 
North Dakota, Grand Forks, North Dakota, 58202. 

Leishmania were made 100 to 500 times more resistant to toxic 
nucleosides by gradual adaptation to increasing levels of inosine 

FOR TRANSCRIPTION FROM BOTH HUMAN 
C - ~ Y C  PROMOTERS, Pl AND PZ AND MEDIATES 

THEIR RELATIVE ACTIVITIES, Edward DesJardinsl.2 and 
Nissim HayL3,rThe Ben May Institute and Departments of 
2Molecular Genetics and Cell Biology, and JPharmacological and 
Physiological Sciences, The University of Chicago, Chicago, IL 60637. 

Expression of the nuclear protooncogene c-myc is implicated in 
the regulation of cell proliferation/differentiation and in the genesis 
of a variety of tumors. Normal regulation of c-Myc expression is 
found to occur through a number of mechanisms, including 
transcriptional initiation. Previous studies have delineated elements 
in the 5' upstream region and in the first exon of the human c-myc 
gene which are responsible for accurate and elevated transcription 
from both the PI and F2 promoters. Our study characterizes one of 
these elements upstream of the PI promoter. This element, which 
has the consensus sequence CCCTCCCC (the "CT element"), appears 
in an array of 5 tandem copies 101 base pairs upstream of the PI 
promoter. We demonstrate that the integrity of all 5 of these 
elements is required to initiate transcription from PI and for 
maximal activity of F2. Additionally, we show that these elements 
are able to function in an orientation and position independent 
manner, and can be h u r c t i ~ ~ l l y  replaced by a heterologous enhancer 
element (MSV enhancer). A single copy of this same element also 
appears in an inverted orientation 51 base pairs upstream of the P2 
promoter. We show that this single element is required for 
transcription from P2, and has an inhibitory effect on transcription 
from PI. Previous studies have shown that the five tandem 
elements upstream of PI and the single element upstream of F2 are 
localized within DNase I hypersensitive sites which are prominent 
only when c-myc is actively transcribed. We have characterized a 
trans-acting factor, which we designate (for "CT factor"), which 
binds these DNA elements located upstream of both PI and P2 in a 
sequencespecific manner and requires zinc for its DNA binding 
activity. Methylation interference assays show identical guanine 
residues are required for DNA binding to the elements upstream of 
both PI and P2. We show by UV DNA/protein crosslinking that this 
protein has an approximate MW of 105 kD. 

B 328 EXPRESSION OF THE HUMAN ALCOHOL 
DEHYDROGENASE GENES ADH1, ADHZAND ADH3. 

Howard J. Edenberg, Celeste J. Brown, Lu Zhang. Dept. of 
Biochemistry & Molecular Biology, Indiana Univ. School of 
Medicine, Indianapolis, IN 46202-51 22 USA 

Humans have three closely related alcohol dehydrogenase 
genes, ADH1, ADHZand ADH3, that are all expressed at high 
levels in adult liver. These genes differ in their pattern of 
expression in other tissues. We are examining the transcriptional 
regulation of these genes in order to understand the subtle 
differences that lead to their differential expression. 

The regions extending about 350 bp upstream from the 
transcriptional start site contain many sequences that bind 
nuclear proteins. We have mapped binding sites for the known 
transcriptional regulators CIEBPa, C/EBPP, C/EBPG, USF/MLTF, 
Spl ,  CTF/NF-I, and HNF-la. Comparisons among ADH1, ADH2 
and ADH3 show differences in the affinities for some factors, 
which could affect the expression of these genes. There are 
interesting differences in the positions at which a CTF/NF-Mike 
protein binds to the three promoters. Within the region from -100 
to -146 bp, all three genes show a footprint that can be eliminated 
by competition with a consensus NF-I oligo. The position of the 
footprint differs, however, despite great overall similarity in the 
sequences: ADH3 shows a large footprint covering the left half of 
this region, ADH7 shows a smaller footprint partially overlapping 
that of ADH3, and ADHZshows a small footprint at the right end 
that does not overlap either of the others. We believe the 
differences in binding are in part due to competition with other 
factors that bind nearby. This CTF/NF-I site acts to reduce 
transcription in CAT assays, in contrast to the stimulation seen in 
the promoters originally studied. 

This and similar subtle differences among the three ADH 
genes should provide important information on the evolution of 
tissue-specificity. 

Supported in part by NlAAA grant AA06460 and 132-AAO7463. 

dialdehyde or the adenosine analog tubercidin. Both of the resistant 
cells exhibited cross resistance to each of these compounds as well as 
to other toxic purine nucleoside analogs. These cells also exhibited a 
greatly reduced capability of accumulating exogenous adenosine, 
guanosine, thymidine and guanine. This decreased ability to 
accumulate nucleosides and at least one nucleobase appeared to be 
due to reduced activity of at least three distinct purine transporters 
as the differences between purine metabolizing enzymes were not 
sufficiently different to account for the decreased accumulation 
capability. 
These effects arose from the amplification of a 55 kilobase region of 
DNA yielding an extrachromosomal DNA which was not detected in 
wild type cells or revertants which lost the resistance to toxic 
nucleosides. The resistant cells contained 2 to 4 times as much DNA 
homologous to the extrachromosomal DNA as did wild type cells 
and there appeared to be only a single copy of the TOR gene (1.e.. 
Toxic nucleoside Fsistance gene) on each of these 
extrachromosomal DNAs. 
The TOR gene from wild type Leishmania also conferred resistance 
to toxic nucleosides upon transformed Leishmania but only if it was 
separated from a regulatory element located approximately 20 
kilobase away. This region of DNA was not present in the 
extrachromosomal DNA described above but would inactivate the 
TOR gene from the extrachromosomal DNA if cloned cis to this 
gene. The repression of the TOR gene by this regulatory element 
was position and orientation independent, properties characteristic 
of a silencer. It appears that resistance occurred not through a large 
increase in copy number of the target gene as reported in other 
systems but by the separation of a resistance confemng gene fiom a 
negative regulatory element which acts as a silencer. 

B329 EFFECT OF CATIONS ON LOW AND HIGH 
AFFINITY DNA BINDING BY THE "ZINC FINGER" 

PROTEIN EGR-1, Steven A. Edwards, Department 
of Biochemistry. Meharry Medical College, 
Nashville, TN 37208 

Egr-1 is a transcriptional activating 
protein containing three Cys-His zinc finger 
domains. Murine egr-1 was expressed in 
baculovirus infected insect cells. Cell 
extracts were tested for their ability to bind 
specifically to an Egr-1 target 
oligonucleotide. Binding was specific with a 
high affinity, K d c  1 nM. DNA binding was 
blocked by an antiserum to the protein. High 
affinity DNA binding was completely inhibited 
by 1 , l O  phenanthrolene at 100 uM. Inhibition 
with EDTA or EGTA required high concentrations 
(>lo m M ) .  Extracts were dialyzed vs EDTA and 
water, then the effect of various cations on 
DNA binding activity was measured. A rank 
order of the stimulatory effect found is as 
follows: Fe(II1) > Co(I1) > Ca(I1) > Zn(I1) 
> Mg(I1) > Mn(I1). Cd(I1) inhibited DNA 
binding in both dialyzed and undialyzed 
extracts. Scatchard analysis of the effect of 
Ca(I1) indicated that "high affinity" DNA 
binding was not affected, but that the amount 
of lower affinity, but specific, DNA binding 
by egr-1 extracts was substantially increased. 
The results will be discussed in terms of a 
two site model for DNA binding by egr-1. 
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ment of Medical Radiobiology, Karolinska Institute, S-10401 Stockholm. 
An identical UV-dose response was found for the inactivation of uan- 

scription and for initiation of excision repair in normal human fibroblasts. It 
is concluded that the size of the targetsldomains for repair and transcription 
are identical. Inhibition of RNA polymerase XI transcription by the nucleo- 
side analog 5,6-dichlom 1 -B-D-ribofuranosylbendmidazol @RB) also in- 
hibits UVdependent repair by reducing the number of domains that are in- 
cised. Thus transcription and repair Seem to be initiated by a common event 
in potentially active c h m a t i n  domains. Both processes are blocked by the 
presence of a repair-induced strand break. The results are consistent with a 
requirement for torsional strain in DNA-domains and/or an association with 
the nuclear manix for the initiation of both transcription and repair. 

The kinetics of UV-induced DNA repair was followed by monitoring 
the single-strand breaks formed by incision at DNA lesions and by direct 
measurements of cyclobutyl-pyrimidine-dimers (CPD) by a lesion-specific 
endonuclease. The rate of CPD removal was measured both in the genome 
overall and in accessible regions of chromatin. The rate of incorporation of 
labelled nucleosides during repair was also determined. 

At a dose of 2 J/m2 (254 nm UV-light), 50% of the lesions measured by 
these assays have been removed in about 30 minutes. The kinetics indicate 
that all assays are looking at the same rate limiting event, an event that is in- 
volved in the preparation of chromatin domains for recognition and incision. 
These cells initially recognize and repair DNA lesions in a certain fraction of 
their genome by an efficient pathway which involves a DNA polymerase 
sensitive to aphidicolin and cytosinanbinoside. This preferential repair is 
localized in a part of the genome that is in an "open" chromatin conforma- 
tion, such that the lesions are accessible to the exogenously added repair en- 
donuclease in gently penneabelized cells. 

It is suggested that the activation of a chromatin domain for incision de- 
pends on a conformational change also involved in transcription. About 
equal numbers of CPDs and non-CPDs are being repaired by this preferen- 
tial pathway. About 200.000 repair-domains are present in these cells. The 
domains have a calculated average size of about 15 kbp. 

COUPLING OF TRANSCRIPTION AND DNA REPAIR 
IN OPEN CHROMATIN DOMAINS, Klaus Erixon, Depart- 

B332 REGULATION OF T CELL LYMPHOKINE GENE 
TRANSCRIPTION BY THE ACCESSORY MOLECULE 

CD28. James D. Fraserl, and Arthur Weiss1.2 Departments of 
Medicine and of Microbiology and Immunology1 and the 
Howard Hughes Medical Institutez, University of California at 
San Francisco, San Francisco, California 941 43 

T cell activation results in the production of multiple 
lyrnphokines. Efficient lymphokine gene expression appears to 
require both T cell antigen receptor (TCR) signal transduction 
and an uncharacterized second or costimulatory signal. CD28 is 
a T cell differentiation antigen that can generate intracellular 
signals that synergize with those of the TCR to increase T cell 
activation and interleukin 2 (IL-2) gene expression. In these 
studies we have examined the effect of CD28 signal transduction 
on granulocyte-macrophage colony-stimulating factor (GM-CSF), 
interleukin 3 (IL-3). and interferon y (IFN-y) promoter activity. 
Stimulation of CD28 in the presence of TCR-like signals 
increases the activity of the GM-CSF. IL-3, and IFN-ypromoters 
by 3 to 6 fold. As previously demonstrated for the IL-2 promoter, 
the IL-3 and GM-CSF promoters contain distinct elements of 
similar sequence which specifically bind a CD28-induced 
nuclear complex (CD28RC). Mutation of the CD28 response 
elements in the IL-3 and GM-CSF promoters abrogates the 
CD28-induced activity without affecting phorbol ester and 
calcium ionophore-induced activity. U V  cross-linking indicates 
that the CD28RC contains polypeptides of approximately 35.36 
and 44 kD. These studies indicate that the TCR and CD28 
regulated signal transduction pathways coordinately regulate the 
transcription of several lymphokines and that the influence of 
CD28 signals on transcription is mediated by a common 
complex. 

B 331 CLONING, EXPRESSION AND FUNCTIONAL 
ANALYSIS OF THREE POTATO &ZIP 

PROTEINS THAT BIND T O  THE MANNOPINE SYNTHASE 
BIDIRECTIONAL PROMOTER Dorothee Feltkamp, Robert 
Masterson, Jeff ScheU and Sabine Rosahl. Max-Planck-Institut f i r  
Ziichtungsforschung. Carl von Lme-Weg 10, D-5000 KOLN 30, Fede- 
ral Republic of Germany 
We dissected the dual 1'-2' mas promoter from Agrobucrenum 
turnefacrens into three parts. Gel retardation assays with potato nuclear 
extracts using these three fragments as a probe showed binding to the I '  
and the central part of the mas promoter. By South-Western screening 
of a potato root expression library and cross-hybridization with PCR 
products we were able to isolate three cDNA clones, designated 
MASBF1,2 and 3 with high homology to each other. All three proteins 
contain a basic domain followed by a leucine zipper motif common to 
the bZip funiliy of transcription factors Sequence analysis revealed high 
homology to the tobacco TGAla factor that binds specifically to the 
TGACG-motif in the as-1 element of the 35s promoter. This motif, also 
known as part of the ocs element, is present both in the 1' and 2' part of 
the mas promoter. Mer overexpression in E. cofi all three proteins 
showed specific but differential binding to the 1' and 2' Fragment of the 
dissected 1'2' mas promoter which could be competed by oligonucleo- 
tides coaesponding to the ocs elements of this promoter as well as by 
the as-] element. One half site of the 1' ocs element which showed 
strongest binding was multimerized and fused to the 35SA-6OGUS 
construct as well as the 2' ocs element. Data will be presented on 
protoplast transformation with these constructs as well as cotransfom- 
tion with constructs expressing one of the MASBFs 

B 333 A NOVEL 7 NUCLEOTIDE MOTIFLOCATED IN 3' 
UNTRANSLATED SEQUENCES OF THE JMMEDIATE- 

FAR1 .Y GENE SET MEDIATES PDGF INDUCTION OF THE JE GENE. 
~~~~~ ~~ ~ ~ 

Rolf R. Freter, Jean-Claude Irminger, Julie A. Porter, Susan D. Jones, and 
Charles D. Stiles, Department of Microbiology and Molecular Genetics, 
Division of Clinical Oncology, and Division of Cellular and Molecular 
Biology, Harvard Medical School and the Dana-Farber Cancer Institute, 44 
Binney Street, Boston, MA 02115 
A cohort of the serum and growth factor regulated "immediatezarly gene 
set" is induced with slower kinetics than c-fos. Two of the fust immediate- 
early genes characterized as such. c-myc and JE, are contained within this 
subset. Cis-acting genomic elements mediating induction of the slower 
responding subset of immediate-early genes have never been characterized. 
We have characterized two widely separated genomic elements which are 
together essential for induction of the murine JE gene by platelet-derived 
growth factor (PDGF), serum, Interleukin-1. and double-stranded RNA. 
One of these elements is novel in several regards. It is a 7-mer, I??TGTA, 
found in the proximal 3' sequences downstream of the JE stop codon. The 
3 element is position dependent and orientation independent. It does not 
function in polyadenylation, splicing, or destabilization of the JE transcript. 
Copies of the 7-mer or its inverse are found at comparable 3' sites in 25 
immediate-early genes that encode transcription factors or cytokines. Given 
its general occurence, the 7-mer may be a required cis-acting control element 
mediating induction of the immediate-early gene set. 
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B334 THE ACTIVITY OF THE LATE PROMOTER OF HUMAN 
PAPILLOMAVIRUS TYPE 8 IS REGULATED BY A CEL- 

LULAR REPRESSOR AND THE VIRAL TRANSACTIVATOR E2, 
Pawel G. Fuchs, Michael May, Karin Grassmann and Herbert 
Pfister, lnstitut f u r  Klinische und Molekulare Virologie, Friedrich- 
Alexander-Universitat, D-8520 Erlangen, Germany 

T w o  negative regulatory elements have been identified in t h e  
non-coding region (NCR) of the  highly oncogenic,  epidermodys- 
plasia verruciformis-associated human papillomavirus 8 (HPV8). 
A 38 bp sequence (SIL) located in the  5'-part of the  NCR 
upstream to the  late promoter P,535 down-regulated expression 
from the  homologous as well a s  t he  heterologous rk-gene 
promoter. independently of its orientation relative to t h e  test 
promoter. It showed reduced activity when cloned downstream 
of the  transcription units. Quantitative RNase protection analysis 
confirmed that  t he  SIL-sequence ac t s  as a silencer of transcrip- 
tion. SIL s h o w s  homology t o  a 29 bp motif (M29) in t h e  3' -part 
of the  HPV8-NCR that  displayed the  same negative regulatory 
properties as SIL in functional tests with homo- and heterologous 
promoters.  Gel retardation tests suggested tha t  SIL and M29  
specifically interact with the  same nuclear factor. In vivo com- 
petition experiments and mutational analysis proved tha t  binding 
of this protein is necessary for the negative activity of t h e  SIL- 
element.  DNasel footprint within SIL overlaps partially with t h e  
binding site of t he  viral trans-activator protein €2. It could be 
shown  that  t he  expression of E2 overrides the  inhibitory effect  of 
SIL without interfering with t h e  binding of t h e  silencer-specific 
cellular factor. The bifunctional nature of SIL d u e  to its interac- 
tion with t h e  cellular repressor and the  viral trans-activator offers 
an  interesting possibility t o  regulate t h e  switch from early to late 
transcription in t h e  HPV life cycle. The protein binding to SIL and 
M29  may consti tute a part of t he  cellular surveillance mechanism 
controlling the  viral infection. 

B 336 THE Sp-Cp INTPON OF THE IMMUNOGLOBULIN 

DEPENDENT REPRESSOR OF TRANSCRIPTION IN 
HEAVY-CHAIN LOCUS IS A POSITION- 

ACTiATED B CELLS: Andre7 Gartel. Leslie Moraan and 
Amy Kenter, Department of Microbiology and 
lmmunolo y, College of Medicine, University of Illinois at 
Chicago, l! hicago, IL 60612 
The Sp-Cp intron of the IgH locus is conserved in 
evolution but its biological function is unknown. Switch 
recombination focuses on the repetitive sequences within 
Sp region in mitogen activated normal B cells. In 
myelomas and lymphomas these breakpoints most 
frequently occur at the 5' end and upstream of the Sp 
DNA while the Sp-Cp intron appears remarkably 
protected from recombination. We have considered the 
possibility that this intron contains regulatory elements 
which inhibit recombination from occuring downstream of 
the Sp region. Since there may be overlap in the 
nucleoprotein complexes which drive transcription and 
recombination we decided to determine the transcriptional 
potential of this fragment. The Sp-Cp intron was cloned at 
different positions relative to the promoter in the TKCAT 
vector and the resulting constructions were transiently 
transfected into mitogen stimulated splenic B cells. By 
measuring CAT activities we found that this element acts 
as orientation-independent repressor of basal level of 
transcription when positioned upstream of the TK 
promoter. However, this fragment was inactive when 
placed in other positions in the plasmid. Furthermore, this 
fragment represses CAT activity in B cell line (5558) and 
does not affect CAT e ression in T cell line (EL4) and 
nonlymphoid ceH IinesTHeLa, Hep G2). This suggests that 
Sp-Cp intron may be a B cell specific positiondependent 
repressor. 

- 

E 335 TRANSCRIPTIONAL ACTIVATION BY THE TAX PROTEIN 

Jun-ichi Fujisawa. Takeshi.Suzuki and Mitsuaki Yoshida. 
Institute of Medical Science, University of Tokyo, Minato- 
ku. Tokyo 108. Japan 

The trans-activator TAX of human T-cell leukemia 
virus type I IHTLV-1) activates multiple enhancers and 
stimulates transcription of the viral and some cellular 
genes but  does not bind directly to the enhancer 
sequences. 

We have previously shown that a fusion protein of TAX 
with the DNA binding domain of yeast GAL4 (GU-TAX) 
can activate transcription dependent on the GAIA- 
binding site in the reporter plasmid (J.Virology. 6 5 .  
4525-4528). Furthermore, this activation with GAL4-TAX 
was interfered with by the free form of TAX . These 
results suggest that TAX associates with DNA through 
interaction with DNA binding protein(s) and also 
interacts with other transcription factorb) to elicit the 
activation. To analyze the interaction with these proteins, 
we introduced a series of deletion mutations into the tax 
coding sequence and examined their activation capacities 
in fused form with GAL4 and also in their free form. Most 
mutant TAX proteins lost activities both in fused- and in 
free-form, however, a mutant lacking three amino acids a t  
amino-terminus(A.3-TAX) retained the activity as a GAL4 
fusion protein but not in a free form. In addition. free 
form of A3-TAX could interfere with the transcriptional 
activation by GAIA-TAX. These observations indicate that 
the amino-terminal domain is involved in the interaction 
with DNA binding protein. As a candidate for such DNA 
binding protein, we demonstrated that CREB and CREM 
proteins make complex with TAX but not with A3-TAX. 

OF HUMAN T CELL LEUKEMIA VIRUS TYPE 1 (HTLV- 1) 

B 337 IDENTIFICATION AND CHARACI'ERJZATION OF ClS-AClTNG 
SITES THAT MODULATE G C R J - D E P E N D E N T  

TRANSCRIPTIONAL ACTIVATION OF THE YEAST ENOLASE GENE 
E N 0 2 .  Claire Mazow Gelfman, Catherine E. Willett. and Michael J. 
Holland, Department of Biological Chemistry. School of 
Medicine, University of California, Davis, California, 9561 6. 
The yeast G C R l  gene encodes a positive activator of glycolytic 
gene expression. Transcription of the yeast enolase genes E N 0 1  
and E N 0 2  is reduced 50-fold in strains carrying a g c r l  null 
mutation. To identify cis-acting sequences that modulate GCR J - 
dependent activation of transcription. a series of overlapping 
sequences from the 5' flanking region of the yeast enolase gene 
E N 0 2  were ligated upstream from the core promoter regions of 
the E N 0 2  gene as well as a yeast CYClLacZ  gene fusion and 
tested for their ability to activate transcription in strains 
carrying the wild-type G C R l  gene or a g c r l  null mutant allele. 
A 60 base pair E N 0 2  sequence was identified that conferred high 
level, G C  R 1 -dependent. transcriptional activation on both 
promoters. A binding site for RAPl was identified near the 3' 
end of the 60 base pair sequence. GCRl protein was 
overexpressed in yeast and fractionated b) MonoS 
chromatography. Using partially purified GCRl protein. a 
binding site for GCRl protein was identified adjacent to the 
RAPl binding site by gel mobility supershift assay using an 
antibody directed against a GCRl peptide. To access the role of 
RAPl and GCRl in activation of transcription. the 60 base pair 
sequence was divided into a 30 base pair sequence that bound 
RAPl and GCRl in v i m  and a 30 base pair sequence that did not 
contain RAPl or GCRl binding sites. The 30 base pair sequence 
containing the RAPl and GCRl binding sites failed to activate 
transcription from the EN02 o r  CYCl core promoters whereas 
the 30 base pair sequence which lacked RAPl or GCRl binding 
sites conferred moderate levels of G C R I - i n d e p e n d e n  t 
transcriptional activation on both promoters. These 
observations suggest that the GCRl protein activates 
transcription indirectly by staging binding andlor activation 
by a factor which binds immediately upstream from the GCRl 
and RAPl binding sites. We are currently testing the individual 
contributions of RAP1 and GCRl binding within the 60 base pair 
G C R l  -dependent element by testing the activity of site-directed 
base pair substitution mutations in each binding site. 
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B 338 ETSl AND SP1 ACT SYNERGISTICALLY TO ACTIVATE 
TRANSCRIPTION OF THE ETS-RESPONSIVE REGION OF THE 
HLTVl LTR, Jacques Ghysdael, Remy Bosselut, Rose-Aim& Bailly 
and Anne Gegonne, Institut Curie, Section Biologie, 91405 Orsay, 
France 

Etsl is the prototype of a family of transcriptional activators whose 
activity depends upon their binding to specific DNA sequences 
characterized by an invariant GGA core sequence (for review, see 
Ghysdael and Yaniv, Curr. Opin. Cell. Biol. 3, 484-492). We have 
previously demonstrated that transcriptional activation by Etsl of the 
LTR of human T cell lymphotropic virus type 1 is strictly dependent 
upon the binding of Etsl to two sites, ERE-A and ERE-B, localized in 
a 44 bp-long Ets-responsive region (ERRl) (Bosselut et al., EMBO J .  
(1990), 9 ,  3137-3144 ; Gitlin et al., J. Virology (1991), 65, 5513- 
5523). 

We report here that the activity of ERRl as an efficient Etsl response 
element in HeLa cells also depends upon the integrity of an Spl 
binding site localized immediately upstream of ERE-A. The response 
to Etsl of an element restricted to the SPUERE-A binding sites is also 
stnctly dependent upon both the Etsl and Spl binding sites. 
Reconstitution experiments in D. melanogaster Schneider cells show 
that Etsl and Spl act synergistically to activate transcription from 
either the ERRl or the SPlIERE-A elements and that synergy requires 
the binding of both Spl and Etsl to their cognate sites. In vitro, Spl  
and Etsl are shown to bind cooperatively to the SPlIERE-A element, 
suggesting that synergy between these factors involves their 
cooperative binding to DNA. SPIIERE-A elements are found in the 
enhanceripromoter region of several cellular genes, indicating that 
synergy between Etsl and Spl  is likely not to be restricted to the 
ERRl region of the HLTVl LTR. These results further strengthen the 
notion that Etsl as well as other members of the Ets family usually 
function as components of larger transcription complexes to regulate 
the activity of a variety of viral and cellular genes. 

B 340 SEQUENCE DISCRIMINATION BY 

BINDING C2H2 ZINC FINGER DOMAIN Joseph A. Gogos, Jingmin 
Jin. Tien Hsu and Fotis C. Kafatos Department of Cellular and 
Developmental Biology, Harvard University, Cambridge MA 02138 

The major form of the Drosophila putative chorion transcription 
factor, CF2, contains four zinc fingers of the C2H2 type in the C-terminal 
DNA binding domain. However transcripts of this gene are subject to three 
alternative modes of splicing, which are under smct developmental control 
and result in three isoforms that differ in the number of zinc fingers. One 
tesris-specific isoform includes a frame-shifted segment of drastically 
different amino acid sequence in the C-terminal finger domain. 

zinc finger motif inserted within the DNA binding domain. Detailed 
bindingkelection studies with oligonucleotides of high and low degeneracy 
have determined the respective preferred DNA binding sites 
(GTA.TAT.ATA and GTA.TAT.TAT.ATA), which are distinguished by an 
internal duplication of TAT in the site recognized by the isoform with the 
extra finger. The dinstict binding properties of the two isoforms are 
reflected in recognition of distinct target promoter sequences: the isoform 
with the extra finger binds to the CF2 gene promoter suggesting 
autoregulation; the four finger isoform binds to the s15 chorion gene 
promoter leading, at low concentrations, to transcriptional activation as 
assayed in Drosophila Schneider cell line system. Thus, because of 
alternative splicing, the single CF2 gene generates in vivo multiple distinct 
DNA-binding proteins, which could act as developmental switches, 
regulating different gene sets in different tissues and developmental periods. 
Efforts are underway to clone some of these genes using 
immunoprecipitation protocols that enrich for chromatin fragments 
containing CF2 binding sites. 

interactions between zinc fingers and mnucleotides, as in the Zif 268 
complex with GC-rich DNA, and show for the first time how these modular 
finger/uinucleotide interactions can be used, in conjunction with alternative 
splicing, to change the binding specificity and increase the spechum of sites 
recognized by a zinc finger DNA binding domain. They also suggest new 
rules for recognition of AT-rich DNA sites by zinc finger proteins; 
molecular modelling and extensive mutational analysis are underway to test 
these rules. We are particularly interested in the rules governing base pair 
selection by Glutamines and Lysines as well as in the effect that the length 
of the H-C link has in determining the DNA binding specificity of zinc 
finger domains. 

ALTERNATIVELY SPLICED ISOFORMS OF A DNA 

The other two developmentally regulated isoforms differ by an extra 

The results are consistent with a basic panem of modular 

B 339 MULTIPLE PROMOTERS. ALTERNATE SPLICING AND 
FACTORS INFLUENCING TRANSCRIPTIONAL 

REGULATION OF THE HUMAN PARATHYROID HORMONE- 
RELATED PRoTEnv GENE, Matthew T. GiUspie. Jane A. Glatz, 
Talreshi Kiriyama, Larry I. Suva', Seiji Fukumoto, Joan, K. Heath, 
Jane M. Moseley and T. John Martin. St. Vincent's Institute of 
Medical Research, Mdboumc. Australia. +Deputmeat of Bone Biology 
and Osteoporosis Research, Merck. Sharp and Dohme Research 
Laboratories, West Point, PA, USA 19486 
The parathyroid hormone-related protein (PIHIP) gene is an unusually 
complex uanscripuonal unit comprised of nine WON under the control 
of three promoter elements (5' to ~ X O N  I. III and IV) which direct 
alternate 5 exon usage. In addition, alternative 3' splicing events 
resulrr in protcin products of 139. 141 or 173 amino acids in length. 
However little is known in relation to the regulation of the alternate 
splicing and factors whicb influence Pl?frP genc expression. We have 
identified that csuogur, EGF and TGBl uprcgdak PTHrP study sate 
mRNA and protein levels, whilst dexamethasone down-regulates 
PTHrP expression by 70 %. None of thcx agcnts appcar to alter 
PTHrP mRNA stabilitv, the half-life of which is 1-2 hr: each of the 3 
untranslated scqucna; of PIHrP rnRNA contains rnulnple copies of 
the instability motif AUUUA 
With h e  aim of identifying the gcnomic sequences responsible for 
vdnscriptional conuol. 5' flanking sequences of the human P m r P  gene 
were fused to a bacterial chloramphenicol pcctylhansferase gene and 
these promom/uprrssion constn~ts w c l ~  mmfected into a variety of 
c d  lines including, BEN, COLCI 16. CV-1 and the keratinocyu: line 
HaCaT. The promoter activity of one construct, pSMR38 
(encompassing the region -1 100 to -20 bp from the initiating ATG), 
was upregulated by estmgcn, EGF and X F p l  treatments. The 
stimulatory effecu (two- to thmfold) of estrogen (lO.9M). EGF (10- 
8M) and TGFBl (10-8M) were equivalent to, or lower than, the 
enhanced production of PTHrP mRNA and protein in responsive cell 
lines. This region includes potential AP-1 and NF-1 binding sim, rhe 
latter which is known to be the TGFpi-responsive element in the a(2) 
type 1 collagen CM. and t h e  may be the ra onsive squences by 
which EGF and kFpl acdvau the expression of&PT?frP gene. 

B 341 REDOX REGULATION OF TRANSCRIPTION FACTOR 

Shertlyn D. Goldstone and Nicholas H. Hunt, Department of 
Pathology, University of Sydney, NSW 2006, Australia. 

ACTIVITY DURING T-LYMPHOCYTE ACTIVATION 

The redox status of T lymphocytes is intimately associated 
with their proliferative capacity. We have previously 
demonstrated, by assessing intracellular oxidation of 
dichlorofluorescin to dichlorofluorescein, the occurrence of a 
burst of reactive oxygen species formation commencing 30-60 
minutes after mitogenic stimulation of T lymphocytes. We also 
have shown that certain antioxidant compounds such as radical 
scavengers, iron chelators and aminothiols not only abrogate 
this oxidative response, but also inhibit T cell proliferation and 
result in a G1 phase cell cycle arrest. 

Recent reports have suggested a role for redox mechanisms 
in the regulation of the activity of certain transcription factors. 
Given the requirement for both intracellular oxidative events and 
altered gene expression during the early stages of the 
proliferative response, we have investigated the effect of 
antioxidant treatment on the DNA binding activity of transcription 
factors AP-1 and NF-KB in mitogenically activated T 
lymphocytes. Inhibition of the DNA binding activity of both AP-1 
and NF-KB by cysteamine, an aminothiol compound, was 
detectable by 1 hour post-stimulation, and continued for at least 
8 hours post-stimulation. This aminothiol-induced inhibition of 
proliferation was found to correlate with inhibition of DNA 
binding activity of both of these factors, thus suggesting a link 
between the obligatory oxidative event and the altered gene 
expression which ultimately results in DNA synthesis and cell 
division. 
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B 342 INTERACTION OF SERUM RESPONSE FACTOR WITH 
HOMEODOMAIN PROTEINS. Dorre Grueneberg, Ken 

Simon, and Michael Gilman. Cold Spring Harbor Laboratory, PO 
Box 100, Cold Spring Harbor. NY, 11724. 
We describe an interaction between a new homeodomain protein 
and the serum response factor that suggests a model for how 
homeodomain proteins may specify the transcriptional response to 
inductive signals. Homeodomain proteins establish cell identity and 
the Serum Response Factor (SRF) activates genes in response to 
growth factors. We used expression cloning in yeast to isolate a 
human homeodomain protein that interacts with the yeast 
transcription factor, MCM1. MCMl and SRF are MADS box 
proteins that are closely related in structure and function. The 
homeodomain protein, which we call Phoxl, is 70% identical to the 
homeodomain of the Drosophila paired protein. We have 
determined that Phoxl enhances SRF binding to the SRE in vitro. 
The mechanism by which Phoxl enhances SRF activity is by 
accelerating the rate of exchange of SRF with its binding site, the 
SRE. The ability of Phoxl to enhance SRF binding resides within 
the homeodomain of Phoxl and is independent of DNA-binding 
activity of Phoxl. In our original experiments, the mobility of the 
SRF/SRE complex did not change in the presence of Phoxl. 
suggesting that Phoxl was not present in the complex. More 
recently, however, we have found conditions in vitro where we are 
able to detect stable ternary complexes containing Phoxl, SRF and 
the SRE. The ternary complexes are dependent on the DNA- 
binding activity of Phoxl and residues in helix 2 of the 
homeodomain, which may be important for contacting SRF. Ternary 
complex formation in vitro correlates with the ability of Phoxl and 
SRF to activate a reporter gene in vivo. 

B 344 TWO DISTINCT PATHWAYS CAN INACTIVATE THE 
NF-KB ELEMENT IN THE ESELECTIN PROMOTER, 

R. HooR van Huijsduijnen, G. M. Smith, J. Whelm, R. 
Pescini, P. Ghersa and J.F. DeLamarter, GLAXO Institute for 
Molecular Biology, Chemin des Aulx, 1228 Plan-les-hates, 
Geneva, Switzerland. 
E-selectin (previously called ELAM-1) is transiently and 
tissue-speciiically expressed on endothelial cells upon 
stimulation with cybkines. We show here that the E-selectin 
promoter in endothelial cells is under-methylated in 
comparison with non-expressing HeLa cells. When plasmid 
constructs with reporter genes driven by the E-selectin 
promoter were methylated in uitro, these constructs could no 
longer be transcribed in transient transfection assays or in in 
uitro transcription systems. We show that the NF-KB site in 
the promoter is a likely target for this repression. We have 
also studied another case of E-selectin transcription 
downmodulation which occurs 24 h post Ll stimulation. We 
can reproduce this downmodulation by introducing E-selectin 
promoter-driven constructs into cells before and after Ll 
induction of the cultures. This repression of transcription can 
also be ascribed to an inactivation of the NF-KB element, 
despite the high levels of DNA-binding NF-KB found late 
following induction. Thus, the NF-KB-site in the E-selectin 
promoter appears to be inactivated by promoter methylation 
and by a different mechanism that involves NF-KB when it is 
active in DNA binding. 

B 343TRANSCRIPTIONAL REGULATION OF GENES 
D I F F E R E N T l A L L Y  EXPRESSED BETWEEN 

TUMORIGENIC AND NON TUMORIGENIC CLONES OF A 
HUMAN CO ON CARClNOMA CFLL LINE,MagaliGuntherl, 
Nicole Foss fr, Madeleine Laithier , Thierry Frebourgl. Da 'd 
A. Kulesh 9 . Robert G. Oshima2 and Olivier Brison r . 
ILaboratoire h'oncologie moleculaire, URA 1 58 CNRS, lnstitut 

Center, L a  Jolla Cancer Research Foundation, La Jolla, CA 
92037, USA. 
Tumorigenic in  nude mice (T) and non tumorigenic (N) 
subclones have been isolated from the SW613-S human colon 
carcinoma cell line. Several genes (TGF-a, IGF-2, ferritin- 
H, ...) were shown to be overexpressed in  T cells as compared 
to N cells as a consequence of an increased transcription rate 
(1,2,3). Among them the cytokerdtin K18 gene was chosen as a 
model to study the mechanisms of this transcriptional 
regulation. Constructions made with i t s  promoter fused to the 
CAT gene showed a higher level of expression in T than in N 
cells. BY succesive deletions, a segment of 101 bp uas shown to 
be sufficient for this increase. This region contains the TATA 
box and a GC-rich box which binds several factors as 
evidenced by band shift analyses. Deletions or point mutations 
in this box abolished binding and destroyed the activity of the 
promoter. One of the shifted bands was more abundant with N 
c e l l  than with T cel l  extracts but mutations which specifically 
prevented the binding of  this factor did not alter the 
differential activity of the promoter. The complete SV40 early 
promoter (72 bp repeats, GC-rich boxes and TATA box) as well 
as a chimeric promoter constructed with the enhancer and GC- 
rich u stream elements of the SV40 promoter and the T.4TA 
box o!the K18 promoter were equally active both in N and T 
cells. Deletion of the 72 bp repeats in  these two promoters 
confered on them a differential actvity. These results mdicate 
that factors which bind to GC-rich regions are implicated in 
the differential expression of the K18 gene between h and T 
cells of the SW613-S line. 

1) Lavialle er ul. (1989) Anficuncer Rrs. 9, 1265-1280. 
2) Modjtahedi er ul. (1992) Exp. Cell Res. 201, 74-82. 
3) Modjtahedi er ul. (1992) Int. J. Cancer 52, 1-8. 

Gustave Roussy, 94805 Villejuif, France and 5 Cancer Research 

B345 REGULATION OF THE CHICKEN OVALBUMIN 
GENE BY A SILENCER ELEMENT. Sarah A. E. 

Haecker and Michel M. Sanders, Department of Biochemistry, 
University of Minnesota. Minneapolis, MN 55455 

Most eucaryotic genes are controlled by a complex array of cis- 
acting regulatory domains. Two such domains were identified in 
the chicken ovalbumin (Ov) gene, a steroid-dependent regulatory 
element (SDRE, -900 to -780) and a negative regulatory element 
(NRE. -308 to -132). The SDRE is essential for the regulation of 
the Ov gene by steroid hormones, while the NRE appears to 
actively repress the gene in the absence of steroids. Deletional 
mutagenesis of the NRE identified three negative domains (-308 
to -256, -239 to -220, and -174 to -132) that act independently to 
repress transcription. The internal domain, -239 to -220, shares 
sequence homology (TCTCTCCNA) with negative elements in 
several other genes and thus was investigated in more detail. To 
determine whether this negative domain functions as a silencer, 
an oligomer to this sequence was ligated in one and multiple 
copies, in both orientations, and in two positions relative to the 
CAT reporter plasmid driven by either the Ov or thymidine kinase 
(TK) promoters. These plasmids were transfected into primary 
oviduct cell cultures, and transcriptional activity of the promoters 
was determined by CAT assay. This negative domain was able to 
repress both the Ov and TK promoters about 3-fold in an 
orientation- and position-independent manner, indicating that this 
sequence acts mechanistically as a silencer. Multiple copies did 
not enhance the extent of repression. Gel mobility shift assays 
revealed that the amount of protein that binds to this sequence is 
unaffected by treatment of chickens with estrogen. Although the 
silencer binding protein is a phosphoprotein, treatment with 
phosphatase does not alter the amount of binding. Because this 
DNA binding protein is present in all tissues examined and 
because this sequence is present in the negative domains of 
several genes, this silencer element is a candidate for a relatively 
ubiquitous repressor sequence. 
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9 346 REDOX REGULATION OF gadd153 and grp78 
STEADY STATE mRNA BY DITHIOTHREITOL 

M. M. Halleckl, H. Liul, N. J. Holbrook2 and J. L. Stevens' 
IW. Alton Jones Cell Science Center, Lake Placid, NY 
12946 and 2National Institute on Aging, Baltimore MD 
2 1 2 2 4  

Previously we have demonstrated that mRNA 
encoded by the growth arrest and DNA damage inducible 
( g a d d )  gene is elevated by dithiothreitol (DTT), a strong 
reducing agent which also increases expression of the 
glucose regulated gene g r p 7 8 .  The purpose of this work 
was to examine mechanisms by which alterations in 
redox status of intact cel ls  modulate expression of 
gadd l53  and g r p 7 8 .  Northern analysis of poly(A)+ RNA 
from renal epithelial LLC-PK1 cells revealed that DTT and 
trans-4,5-dihydroxy-1,2-dithiane (DTTox) were s t rong 
inducers of g a d d l 5 3  and g r p 7 8 .  Interestingly, DTT but 
not DTTox increased chloramphenicol acetyl transferase 
(CAT) expression in LLC-PK1 cells stably transfected with 
a gaddl53-CAT construct. Increased CAT expression was 
not blocked by addition of catalase or superoxide 
dismutase indicating that formation of oxygen radicals 
during oxidation of DTT did not mediate the induction. 
DTT and DTTox displayed different dose response and 
time course curves for gadd153  mRNA induction. In 
addition, induction of gadd153 by DTT and DTTox could 
also be differentiated on the  basis of sensitivity to  
cycloheximide and cytidine, a precursor of pyrimidine 
biosynthesis known to block induction of g r p 7 8  by 
glucose deprivat ion.  These resul ts  suggest  that  
modulation of cellular thiol redox status in either the 
oxidized or reduced direction elevates g a d d l  5 3  and 
g r p 7 8  mRNA, but by distinct mechanisms. 

B348 TWO DISTINCT TRANSCRIPTION FACTORS HAVE 
OVERLAPPING BINDING SITES IN THE 5'-FLANKING 

SEQUENCE OF THE MOUSE PI2 GENE. Mario Harvey, Suzanne 
Robidoux and Sylvain L. Guerin, Unit6 dEndocrinologie Mol6culaire.. 
Centre de recherche du CHUL, QuCbec. Canada GIV 4G2. 

?he product of the mouse p12 gene has been identified as a member of the 
Kazal family of secretory protease inhibitors. Its expression is restricted 
to the venaal prostate, the coagulating gland and the seminal vesicle. 
Although its precise function has not yet been precisely defined, it is 
likely that the p12 gene product is involved in the enzymatic regulation of 
the acrosome reaction at femlization or in the neutralization of acrosin 
when the enzyme is prematurely activated. Few years ago, we initiated the 
characterization of the cis-acting regulatory elements controlling p12 gene 
expression at the molecular level. More than 15 distinct nuclear proteins 
were found to bind either the promoter or the 5'-flanking region of the 
p12 gene. Although a significant effort has been directed to the 
identification and characterization of the transcription factors binding to 
the basal promoter of the p12 gene, little is known about the proteins 
involved in prostate-spccific control of pl2 gene transcription. Using 
DNAseI as well as gel mobility shift assays, we present the evidence that 
two distinct proteins from different tissues (one from the liver and the 
other from the prostate) have overlapping binding sites in a region from 
the p12 5'-flanking sequence located between position -505 to -549 
relative to the mRNA start site. Deletion of this particular region resulted 
in a significant reduction of CAT gene expression when transiently 
transfected in rat liver Hepa7.6 cells but an increased activity was 
observed in mouse liver CL-2 cells. A detailed analysis of the target 
sequence bound by the liver protein indicate that it possess a significant 
homology with the DNA target sequence recognized by a number of liver- 
specific transcription factor (NF-kB, LF-A1, HNF-I) as well as with the 
VRE element from the interferon i3 (PIFN) gene. On the other h q d ,  
analysis of the prostate-specific binding site revealed no homology wth 
the target sequence for any other known transcription factor characterized 
so far. 

B 347 THE ACIDIC ACTIVATION DOMAINS OF VP16 AND 
"HE EF'STEIN-BARR VIRUS R TRANSACTIVATOR ARE 

COMPOSED OF FUNCTIONAL SUBDOMAINS THAT CAN 
SYNERGIZE, 

L Marie Hardwick and Loretta Tse, Department of Neurology, Johns 
Hopkins School of Medicine, Baltimore, MD, 21287 

The R transactivator (Rta) encoded by Epstein-Ban virus (EBV) is a 
potent activator of transcription via enhancer sequences located 
upstream of EBV genes. One of the primary targets of Rta is the 
enhancer within the viral lytic origin of replication. Via this enhancer, 
Rta regulates thc expression of the EBV gene BHRFl which has 
sequence homology to the bd-2 oncogene. We have identified two 
domains of Rta which are important for transactivation. Domain 1 
(amino adds 416-519) had weak activation activity when linked to 
GAIA. Deletion of domain 1 from Rta Stimulated activity in Vero cells 
but nearly abolished activity in B cells. Domain 2 (amino adds 520-605) 
is a potent acidic activation domain. Deletion of this domain from Rta 
abolished activity in all cell types tested. Competition wrperiments 
indicated that the acidic activation domains of VP16 and Rta utilize 
overlapping but not identical sets of cellular transcription factors 
because neither could compete the other activator as eKIdenUy as it 
competed for its owo activity. Rta contains three overlapping sets of a 
pattern of hydrophobic residues shared with two adivation domains 
present in VP16. These three subregions of the Rta domain 2 were 
subcloned onto GAIA and found to function independently. When only 
one Rta subdomaio was linked to GAIA, it exhibited synergistic 
activation on a target with five GAL4 binding sites compared to a 
target with only a single site. Similar results were obtained with VP16 
subdomains. In contrast, the intact Rta domain 2 did not synergiz 00 

multiple sites, suggesting that the Rta subdomains were already 
synergidng with each other when bound to a single site. Unlike Rta 
which is an extremely potent activator when bound to a single site, the 
intact VP16 activation domain was a modest activator 00 a target with 
a single binding site but s y n e r e d  on a target with multiple binding 
sites. These results suggest the possibility that activation domains may 
be composed of subdomains with different functions. 

9349 INDUCI'ION OF INDOLEAMINE 2,3-DIOXYGENASE 
G E N E  EXPRESSION BY INTERFERON-7:  

IDENTIFICATION OF AN INTERFER0N-y-INDUCED DNA- 
BINDING FACTOR, Hamdy H. HasSanain and Sohan L. Gupta, 
Hipple Cancer Research Center, 4100 S. W r i n g  Blvd., Dayton, OH 
45439 
Interferon 0 - y  induces the expression of a number of cellular 
genes leading to induced synthesis of many gene products which 
mediate the biological effects of IFN-y. This includes the induction of 
indoleamine 2.3dioxygenase ( D O )  enzyme, which degrades 
tryptophan into N-formylkynurenine. The ID0 gene represents an 
example of cellular genes which are induced strongly by IFN-y but 
very poorly by IFN-a2. The induction of ID0 has been implicated in 
the antiproliferative and antiparasitic activities of IFN-y. Earlier 
studies carried out with a genomic clone of the ID0 gene have 
identified a 155 base pair @p) region upstream of the ID0 gene which 
was able to confer inducibility to a heterologous gene ( 
chloramphenicol acetyltransferase, or CAT, gene linked to herpes 
thymidine base, or TK, promoter) by IFN-y. This region contained 
a sequence element highly homologous to the ISRE (interferon 
stimulated response element) sequence found in all IFN-a, inducible 
genes. Thus, despite the presence of an ISRE homolog, ID0 gene 
responds very poorly to IFN-a2. Synthetic oligonucleotides spanning 
this 155 bp region were tested for their capacity to confer IFNy- 
inducibility to CAT gene. These experiments narrowed down the IFN- 
y responsive sequence to a 39 bp fragment. This fragment contained 
the sequence homologous to the ISRE sequence. Binding to the IFN- 
a,-inducible transcription factor ISGF3 was examined in order to 
investigate the lack of response to ma2. Gel mobility shift 
experiments were canied out to identify any IFN-y-inducible DNA 
binding factor(s) which bind specifidly to the IFNy responsive 
sequence upstream of the ID0 gene. A specific IFN-y-induced DNA- 
binding factor was detected with characteristics different from the 
IFN-cr,-regulated factor ISGF3. The appearance of this IFN-y-induced 
factor was abolished if the cells were treated with IFNy in the 
presence of cycloheximide, indicating a need for new protein 
synthesis. This is in agreement with our earliex results which showed 
that the transcriptional activation of the ID0 gene by IFN-y required 
new protein(s) synthesis. 
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B 350 CHARACTERIZATION OF PEA3, A NOVEL ETS 
TRANSCRIFTION ACTIVATOR, John A Hassell, Ji- 

hou Xin, Paul Desjardins and Sharen Bowman, Institute for 
Molecular Biology and Biotechnology, McMaster University, 
Hamilton, Ontario, Canada L8S 4K1 

The ets gene family comprises over a dozen individual 
member6 that have been conserved between diverse species. 
Membership in the family is defined by the occurrence of an 85 
amino acid stretch termed the ETS domain, which constitutes a 
sequence-specific DNA binding domain. Ets proteins act as  
transcriptional regulators which activate or repress transcription. 
Recently we identified a new murine member of this family termed 
PEAS. PEA3 binds to a motif known as  the PEA3 element initially 
identified in the polyomavirus enhancer. This motif also occurs in 
the promoters of many cellular genes including those of growth 
factors and their receptors, proto-oncogenes and proteases. We are  
interested in learning how PEA3 acts to regulate transcription. To 
achieve this objective we have defined the optimal DNA binding 
site for PEA3 and begun t o  map its functional domains. We used 
a variation of the SAAB assay to define a consensus DNA binding 
site for PEA3. Whereas this sequence is very similar to the 
binding site of other Ets proteins, use of a library of cloned binding 
sites and several different Ets proteins revealed that these proteins 
do not have identical DNA binding specificities. This suggests that  
the regulation of target gene expression in the face of several Ets 
proteins may be achieved by subtle differences in Ets binding sites 
resident in their promoters. Using a set of amino terminal and 
carboxy terminal deletion mutants of PEA3 we have mapped the 
DNA binding and activation domains of PEAS. An 83 amino acid 
segment comprising the ETS domain was suflicient for sequence- 
specific DNA binding. PEA3 appears to possess several activation 
domains as well as  domains that negatively inlluence its activity. 
Interestingly, a truncated version of PEA3 composed ofthe carboxy 
terminal 164 amino acids efficiently activated transcription. This 
region contains the ETS domain and flanking residues. Efforts are 
currently underway to map this activation domain more precisely. 

B 352 RECESSIVE AS WELL AS DOMINANT MUTATIONS IN 
THE YEAST TRANSCRIPTIONAL ACTIVATOR CAA4 

CAN LEAD TO CONSTITUTIVE EXPRESSION OF CHAI. Steen 
Holmberg, P.Schjerling, J.@.Pedersen, M.PriEtorius & T.Nilsson- 
Tillgren, Institute of Genetics, University of Copenhagen, Denmark. 
Expression of the CHAl gene in yeast is transcriptionally induced by 
serine (SO-lOO fold) and to a lesser extent by threonine. CHAl, 
encoding the catabolic L-serine (L-threonine) deaminase, allows the 
yeast to grow on media with serine or threonine as sole nitrogen 
source. Deletion analysis has identified a cis-acting element in the 
CHAl promoter, UAS,, needed for induction. This sequence 
confers serine induced expression to a heterologous promoter. 
We have isolated a recessive mutation, designated cha4-I, that 
prevents cells from utilizing serine/threonine as sole nitrogen source. 
The cha4-1 mutation causes non-inducible expression of CHAl and 
reduces basal level expression (aspargine as nitrogen source) 8-10 
fold. Furthermore, serine induced expression of a heterologous 
promoter through UAS,, depends on the presence of CHA4. 
The CHA4 gene has been cloned and sequenced. The CHA4 protein 
has a deduced length of 648 amino acids, including an N-proximal 
(residue 43 to residue 70) motif known as the Zn(II)?Cys, binuclear 
cluster, suggesting that CHA4 encodes a DNA binding protein. 
Furthermore, four acidic regions of 25 - 40 amino acids can be 
recognized. Gel retardation experiments employing an E. coli 
produced truncated version of CHA4 (residue 1 to residue 174) and 
wild-type and mutated forms of UAS,,, demonstrate that CHA4 
specifically binds to UAS,, in v im.  
Induction of CHAl leads to suppression of i lvl ,  i.e. the catabolic 
deaminase is able to substitute for the anabolic threonine deaminase 
encoded by the ILVI gene. We have identified a dominant mutation, 
SIL3, and a recessive mutation, silt, that both suppress ilvl by inducer 
independent, constitutive transcription of CHAl. Gap-repair analysis 
has demonstrated that sil2 and SIL3 both are alleles of c h 4 .  We have 
cloned six alleles of SILJ and two alleles of si22 and are in the process 
of localizing the mutated site in the CHA4 protein in order to relate 
domaine to functional role in transcriptional regulation. 

B 351 T h e  isolation of a novel mitogen-Inducible 
nuclear orphan  receptor - Cyrus V. Hedvat and 

Steven G. Irving, Dept. of Pathology, Georgetown University 
School of Medicine, Washington, DC 20007 

Cellular proliferation is normally a tightly regulated 
process, with key controls exerted as a series of sequential and 
dependent biochemical events. Studies that block the 
expression of specific gene products which are normally 
inducible by mitogens at  the Go or early G1 stages of the cell 
cycle have demonstrated the necessary role of these products 
in the progression of the genetic program initiated by the 
mitogenic stimulus. We have previously described the 
isolation of a number of inducible gene clones from PHAtPMA- 
stimulated human T cells using subtractive cloning and the 
characterization of their expression patterns in response to 
various stimuli. We now report the isolation of a previously 
undescribed member of the steroidhhyroid nuclear receptor 
family, termed mitogen inducible nuclear orphan receptor 
(MINOR). The expression of MINOR in response to PHA+PMA 
or PMA+Ca++-ionophore in Jurkat T cells, and in response to 
serum stimulation of quiescent fibroblasts results from 5!e novQ 
transcriptional activation. Interestingly, the induced expression 
of the MINOR gene in Jurkat T cells, but not fibroblasts, is 
strongly inhibited by cyclosporin A treatment. 

The amino acid sequence of MINOR is similar to that of 
other orphan receptors (e.g.. NGF I-B/nur 77), primarily in the 
Zn++-finger/DNA binding domain with lesser homology in the 
putative ligand binding and transactivating domains. 

We are currently examining the binding activity of 
MINOR and its ability to activate reporter gene expression. In 
light of the possibility for heterodimerization between members 
of the RxWorphan receptor subgroup among themselves and 
with other nuclear receptor peptides, the expression of an 
additional member of this superfamily may result in novel 
functional interactions in appropriately stimulated cells. 

B 353 identification of a negative cis-acting 
element and Its binding proteins In EGF 
receptor gene promoter 
X Y. Hou12 AC. JOhneon4, end M. R. ROSWfi3 

1 The Ben May Institute, 2 Department of Molecular Genetics 
and  Cell Biology, 3 Department of Pharmacological and Phy- 

siological Sciences, The  University of Chicago, Chicago, 
IL 60637,4 Laboratory of Molecular Biology, National Cancer 
Institute, National Institutes of Health, Bethesda, MD 20892 

Overexpression of the epidermal growth factor (EGF) receptor 
(c-etb B) proto-oncogene is a frequent occumnca in human 
carcinoma. Identification of the fadors controlling tmnswiption 
of the  EGF receptor gene is essential for understanding the 
mechanisms of EGF receptor gene regulation and Its rob 
inturnorigenidty. In this study, we have identified a 61-base- 
pair proximal element (-91 I to -850 relative to the AUG 
translation Initiation codon ) in the EGF receptor 5' promoter 
region that functions as a negative ds-acting element. We 
demonstrate by gel mobility-shift, methylatlon interference, 
DNase I footprinting that a transacting factor specifically 
binds a ATlTC (Ns) A l l T C  (-890 to -875 relative to AUG 
translation initiation codon ) dired repea! and protects a 
reglon from -900 to -869. Southwestern ( DNA-pratein) blot 
analysis shows that this element binds a 128-kDa 
polypeptide in Hela a i l s ,  which express normal levels of 
EGF receptor. In A431 human epidermoid carcinoma cells, 
which overexpress EGF receptor, this element speCmcally 
binds two factors-the 128-kDa polypeptide and another 
smaller 28-kDa polypeptide. These data wggost that specific 
transcription factors negatively mgulate EGF mceptor gene 
expression , and the naturo of these mgulatory factors 
depends upon the specific cell type. 
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B 354 THE CELL-SPECIFIC PROMOTER OF HOMEOBOX Cdx-l 
GENE: CHARACTERIZATION OF THE POSITIVE AND 

B 355 ANALYSIS OF THE PREEXISTING AND NUCLEAR FORMS 
OF NF-AT (NUCLEAR FAmOR OF ACTIVATED T CELLS) 

NEGATIVE REGULATORY ELEMENTS, Yinling Hul , Jan 
Kazenwadel 2and Robert James2 3 IMelbourne Tumour Biology 
Branch. Ludwie Institute for Cancer Research: ZDeoartment of 

Jugnu Jain, Zoe Miner, and Anjana Rao, Division of Tumor Virology. 
Dana Farbtr Cancer Institute, Boston, MA 02115 and Department of 
Pathology, Harvard Medical School, Boston, MA 021 15 

Medicin; ~ Meibourne University, Parkville , Victoria, PO. Royal 
Melbourne Hospital, 3050, Australia 
The murine gene, Cdx-1, encodes a homedomain containing protein 
that is expressed in the epithelial cells of the intestine. In order to study 
its regulation, we have isolated the Cdx-1 gene and found that it 
contains three exons and two introns. Sequence analysis of the gene 
reveals the presence of a typical TATA box motif at nucleotides -31. 
which is located within a CpG island. The promoter region of the Cdx- 
1 gene from nucleotides +72 to -1040 was functionally mapped by 
transient transfection assays, in which a series of chimeric constructs 
containing the deletion promoter fragments and the bacterial 
chloramphenicol acetyltransferase (CAT) gene were transfected into 
two colonic carcinoma cell lines (LIM1899 and LIM2099) and a 
fibroblastic NM 3T3 cell line. The expression level of the CAT gene is 
much higher in the two colonic carcinoma cell lines than in the NIH 
3T3 cell line. The results of this analysis show that nucleotides c72 to 
-47 have a basal promoter function which can be enhanced by the 
addition of sequences -48 to -380. Inclusion of sequences between 
-381 to -887 represses transcription of the CAT gene. This repression 
can be relieved by addition of nucleotides from -888 to -1040. Using 
gel shift assays, we observed cell specific protein-DNA complexes in 
the fragments from +72 to -47 and from -381 to -589. 
Furthermore, transfection experiments show that the sequences from 
-381 to -589 in both orientations can repress expression of the SV40 
promoter in both LIM1899 and 3T3 cell lines, suggesting that this 
region may act as a silencer for regulation of the Cdx-1 gene. DNA 
footprinting and gel shift experiments indicate that at least two dismct 
proteins bind to specific sequences within this silencer element. The 
findings suggest that the binding proteins may be be relevant for the 
regulation of the Cdx-1 gene. 

EL 356 THE EFFECT OF DNAMETHYLATIONON PROTEIN 
BINDING TO THE STAGE SELECTOR ELEMENT OF THE 

y-GLOBIN GENE PROMOTER. S.M. Jane, D.L. Gumucio, P.A. 
Ncy, J.M. Cunningham, and A.W.Nienhuis. Clinical Hematology 
Branch, NHLBI,Bethesda, hfDand Depart. of Anatomy and Cell 
Biol., University of Michigan, Ann Arbor, Michigan. 
The human y-globin gene promoter contains a stage selector 
element (SSE) as shown in transient transfection assays (EMBO J. 
1992 8:2961-9). Aprotein with fetal and erythroid specifcity (-5Oy) 
binds to this element. Spl  also binds in this region of the y- 
promoter. The contact nucleotides for the -50 y protein include two 
adjacent CpG dinucleotides known to be hypomethylated in fetal 
red cells but fullymethylated in adult erythroid cells. We have 
examined the effects of methylation on protein binding to the SSE. 
Gel mobility sh i f t  assays using nuclear extracts from K562 cells 
(which contain both Spl  and the -50 y protein) demonstrate 
preferential binding of the -5Oy protein to the SSE under 
conditions in which the probe is limiting. Methylation of the CpG 
residues reverses this preference with a marked increase in the 
binding of Spl at the expense of the -5Oy protein. Purified Spl  
binds with 10-fold higher affinity to the methylated versus non- 
methylated probe. An additional binding site for the -50 y protein is 
created by the -202 C-G HPFH mutation. This "de-novo" site is 
also adjacent to an Spl  binding site. In functional assays using 
reporter genes, a hybrid Sglobin gene promoter containing the - 
202 HPFH sequence 
t y p  Gpromoter or a hybrid containing the wild-type -202 
sequence when transfected into K562 cells. The -202 HPFH 
mutation creates a CpG dinucleotide, but methylation of this 
cytosine residue has no effect on the relative affinities of Spl  o r  - 
50 y. Because binding of the -50 y protein to the SSE correlates 
with enhanced promoter function, we infer that methylation- 
induced preferential binding of Spl with reduced binding of -5Oy 
may be part of the mechanism by which y-genes are repressed 
normal adult erythroid cells. In contrast, in cells containing the - 
202 HF'FH mutation, the inability of Spl to displace -50 y in the 
methylated state may explain the persistence of y-promoter activity 
and y-gene expression observed in adults with this mutation. 

was 10-fold more active than either the wild- 

in 

The nuclear factor of activated T cells (NF-AT) is an inducible 
DNA-binding protein which is essential for transcriptional induction 
of the Interleukin 2 gene during T cell activation. NF-AT is thought 
to consist of two components: a ubiquitous. inducible nuclear compo- 
nent which we have identified ar Fos and Jun proteins, and a preexis- 
ting, T cell-specific component (NF-ATp) which is the target for the 
immunosuppressive agents cyclosporin A and FK506. We have pre- 
viously shown that nuclear extracts from activated T cells form two 
inducible NF-AT complexes with an oligonucleotide corresponding to 
the distal NF-AT rite of the murine ILZ promoter, while hypotonic 
extracts of unstimulated T cells form a single complex containing NF- 
ATp. Here we show that the ability to detect NF-ATp in a gel shift 
assay, which is essential for purification and biochemical studies of 
this protein, is strikingly dependent on the precise sequence of the 
NF-AT oligonucleotide used as the labelled probe. Moreover we 
present evidence that the component which forms the faster-migrating 
("lower") nuclear NF-AT complex is derived by a calcium-dependent, 
cyclosporin-sensitive, posttranslational modification of NF-AT 
that Fos and Jun proteins stabilise its interaction with DNA. f i e  
results are discussed in the context of a model relating the two nuclear 
NF-AT complexes to NF-ATp. 

and 

6357 SP1 IS REQUIRED FOR PLACENTAL ENHANCER- BOT 

HUMAN CHORIONIC SOMFLTWTROPIN PROWTER IN J E G  
AND BEWO CELLS, Shi-Wen Jiang, Allan R. Shepard 
and Norman L. Eberhardt, Departments of Medicine 
and Biochemistry/Molecular Biology, Mayo Clinic, 
Rochester, MN 55905.  
The human growth hormone (hGH) and chorionic 

somatomammotropin (hCS) genes are duplicated genes 
with -95% sequence identity that are expressed 
exclusively in the pituitary and placenta, 
respectively. Cell-specific expression of the hGH 
gene is regulated by the pituitary-specific factor 
GHF-1. Placental-specific expression of the hCS 
gene may be controlled by an enhancer (CSEN) that 
appears to be related to the SV40 enhancer. The 
enhancer located 3' to the hCS-2 gene was inserted 
into vectors containing the hCS-1 or hGH-1 5'-  
flanking DNA (nts - 4 9 6 / + 2 )  fused to the luciferase 
(LUC) gene. Constructs with and without CSEN were 
transfected into choriocarcinoma cells (BeWo and 
JEG-31, rat anterior pituitary somatotrophs (GC) 
and HeLa S3 cells. CSEN stimulated LUC activity 
from the hCS and hGH promoters about 16- and 12- 
fold, respectively in BeWo and JEG-3 cells up to 
the comparable levels of expression observed for 
both the hGH and hCS promoters in GC and HeLa 53 
cells. CSEN did not affect hGH or hCS promoter 
activity in GC and HeLa S3 cells. hCS promoter 
constructs containing site-specific mutations of 
the Spl and proximal, distal or both GHF-1 sites 
with and without CSEN were examined. GHF-1 
mutations were without effect on CSEN-stimulated or 
basal hCS promoter activities in BeWo and JEG-3 
cells. The Spl mutation abolished CSEN-stimulated 
activity, but basal activity was not affected. 
Thus Spl is required for mediating CSEN activity; 
however, other factors mediate basal hCS promoter 
activity in choriocarcinoma cells. The ability of 
CSEN to efficiently stimulate the hGH promoter 
suggests that other factors are required to 
suppress hGH promoter activity in the placenta. 

NOT BASAL-MEDIATED TRANSACTIVATION OF TBE 
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6358 REGULATION AND CHARACTERIZATION OF THE 
SIS/PDGF INDUCIBLE FACTOR, Leisa Johnson, P. 

Sanjeeva Reddy, and Brent H. Cochran. Center for Cancer 
Research and Dept. of Biology, M.I.T., Cambridge, MA, 02139 

We have previously identified a PDGF-inducible DNA- 
binding protein, which binds to a conserved sequence 
approximately 346 bp upstream of the c-fos gene. We have 
called this factor SIF, for sis/PDGF-inducible factor. This DNA- 
binding activity is rapidly activated upon treatment of 
quiescent cells with sis/PDGF and occurs in the absence of new 
protein synthesis. PDGF-BB and PDGF-AA can both induce 
SIF binding activity, but the induction by the AA isoform is 
weaker. CSF-1 can also induce SIF in NIH 3T3 cells that express 
c-fms. Neither deletions of the kinase insert domain, nor a Tyr 
to Phe mutation at 809 of the receptor block the ability of CSF-1 
to induce SIF binding activity. When a single copy of the SIF 
recognition element is placed upstream of a truncated, 
uninducible c-fos promoter, c-sis/PDGF inducibility is restored 
even in the absence of the c-fos serum response element. 

To identify molecular clones of the SIF genek), we have 
developed a strategy to clone mammalian DNA-binding factors 
by screening cDNA libraries in yeast. A reporter strain was 
constructed by stably integrating the CYCl/lncZ gene in which 
the upstream activation sequence of the CYCl promoter has 
been replaced with multiple copies of a high affinity SIF 
binding site. The reporter strain was then transformed with a 
mammalian cDNA library that was constructed so as to fuse 
the activation domain of GAL4 to each cDNA. GAL4-cDNA 
fusion proteins that are capable of binding to the SIF element 
will activate the reporter gene and result in a blue colony. 
Upon screening about 1.5~106 independent clones, four cDNAs 
were isolated that were derived from two distinct genes. Partial 
sequence analysis reveals that both genes encode class I type 
zinc finger domains. Further characterization of these cDNA 
clones is underway to determine whether either of these genes 
encode the SIF factor. 

B 360 SEQUENCES DOWNSTREAM OF THE TRANSCRIPTION 
INITIATION SITE ARE IMPORTANT FOR HTLV-I BASAL 

GENE EXPRESSION, Fatah Kashanchi, Janet F. Duvall, Paul F. 
Lindholm, Michael F. Radonovich and John N. Brady, Laboratory of 
Molecular Virology, National Cancer Institute, National Institutes of 
Health, Bethesda, MD 20892 

Sequences which control basal HTLV-I transcription likely play an 
important role in initiation and maintenance of virus replication. We 
have identified and analyzed a 45 nucleotide sequence (DRE 1) at the 
boundary of the R/U5 region of the LTR which is required for 
HTLV-I basal transcription. The basal promoter strength of 
constructs that contained deletions in the R/U5 region of the HTLV-I 
LTR were analyzed by CAT assays following transfection of Jurkat 
T-cells. We consistently observed a ten-fold decrease in basal 
promoter activity when sequences between +202 to +246 were deleted. 
By RT/PCR RNA analysis, we confirmed that the drop in CAT 
activity was paralleled by a decrease in the level of steady-state 
RNA. DRE 1 did not effect the level of Tax, transactivation. Using a 
gel shift assay, we have purified a highly enriched fraction that could 
specifically bind DRE 1. This DNA affinity column fraction 
contained four detectable proteins on SDS/PAGE: p37, p50. p60 and 
p100. The affinity column fraction stimulated HTLV-I transcription 
approximately twelve-fold in vitro. No effect was observed with the 
HIV or AdML promoters. Following renaturation of the proteins 
isolated from an SDS gel. p37, but not the other protein fractions, 
was able to specifically bind to DRE 1. 

0359 5' REGULATORY REGION OF THE ICSBP GENE: 

CONSERVED I N  GENES OF THE I R F  FAMILY 

Yuka Kanno and Keiko Ozato, 
Laboratory of Molecular Growth Regula t ion ,  
Na t iona l  I n s t i t u t e  of Chi ld  Heal th  and Human 
Development, Nat iona l  I n s t i t u t e s  of Heal th ,  
Bethesda MD 20892.  

A m e m b e r  o f  the fami ly  of t h e  i n t e r f e r o n  (IFN) 
response  f a c t o r  ( IRF) ,  ICSBP, is expressed  
predominantly i n  lymphoid t i s s u e s ,  and is 
induced p r e f e r e n t i a l l y  by IFN-y. W e  analyzed 
t h e  S'upstream reg ion  of t h e  ICSBP gene t o  
i n v e s t i g a t e  t h e  mechanism c o n t r o l l i n g  its 
express ion .  An upstream reg ion  from -351 t o  
-151 r e l a t i v e  t o  t h e  t r a n s c r i p t i o n  s ta r t  s i te  
conta ined  a f u n c t i o n a l  i n t e r f e r o n  response  
element (IRE) which confe r r ed  IFN-y s e l e c t i v e  
induc t ion  on CAT r e p o r t e r  genes.  Th i s  reg ion  
inc luded  a pa l indromic  mot i f ,  m N N G U ,  
which a l s o  e x i s t s  i n  t h e  r e g u l a t o r y  r eg ion  of 
t h e  IRF-1 gene. By gel s h i f t  a s say ,  w e  detected 
an  IFN-r induc ib le ,  cycloheximide s e n s i t i v e  
b inding  a c t i v i t y  s p e c i f i c  f o r  t h i s  mot i f .  
The canon ica l  ISREs o f  t h e  MHC class I ,  
I S G 5 4  and GAS (IFN-y response  element) of GBP 
genes  f a i l e d  t o  compete f o r  t h e  b inding .  The 
r e s u l t s  sugges t  t h a t  t h i s  pa l indromic  I R E  motif  
b inds  an  as  y e t  u n i d e n t i f i e d  f a c t o r  s p e c i f i c a l l y  
induced by IFN-y, and t h a t  a common regu la to ry  
mechanism e x i s t s  f o r  t h e  ICSBP and IRF-1 genes.  

AN INTERFERON-y RESPONSIVE ELEMENT 

6361 IN VlTRO TRANSCRIPTIONAL ANALYSIS OF THE 
DROSOPHILA SUPPRESSOR OF HAIRY WING 

PROTEIN, Leslie A. Kerrigan, Deborah J. Frank, and 
James T. Kadonaga, Department of Biology. University of 
California, San Diego. La Jolla, CA 92093. 
We have purified suppressor of Hairy-wing [su(Hw)] to > 90% 
homogeneity from Drosophila embryos. su(Hw) contains an acidic 
domain and 12 copies of the zinc finger motif, which are 
characteristic of transcription factors. su(Hw) interacts specifically 
with the Drosophila transposable element gypsy in a 367 bp 
region that shows similarity to the octamer motif of mammalian 
transcriptional enhancers. Previous studies by V. Corces and 
others describe y2. a well characterized gypsy-induced mutation 
in which the gypsy element is inserted 700 bp upstream of the 
transcriptional start site of the yellow gene. In y* flies, the wing 
and body enhancers (which are 1-2 kb upstream of the gypsy 
insertion) are unable to interact with the yellow promoter when 
su(Hw) is present. However, other tissue-specific enhancers of 
the yellow gene that do not have gypsy inserted between the 
enhancer and the start site are unaffected by su(Hw), and continue 
to function normally. We have attempted to reconstruct this 
phenomenon in vitro by placing the su(Hw) binding sites between 
activator binding sites and a promoter to simulate both short range 
and long range activation. In vitro transcription is performed with 
purified transcription factors, using both naked DNA and chromatin 
templates. Recent results will be presented. 
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B 362 PARAMETERS INFLUENCING THE EXPRESSION OF 
HUMAN HEMOGLOBIN IN TRANSGENIC PIGS, 

Anastasia Khoury, Jeannine Okabe, Michael Martin, Ajay Sharma, 
Stephen Pilder, John Logan and Ramesh Kumar, DNX, Inc., 3038 
College Road East, Princeton, NJ 08540 
Various risk factors associated with human blood transfusions 
and the occasional scarcity of donated blood have contributed to 
the current interest in the development of a safe and effective 
blood-substitute. We are interested in producing human 
hemoglobin in a system that will ensure an abundant and 
inexpensive supply of this raw material for a blood-substitute. 
We have generated several transgenic pigs that carry human a 
and fl globin genes linked to a locus control region (LCR). In 
these animals, the transgenes are expressed in a tissue specific 
manner and functional human hemoglobin is produced in the red 
blood cells. Initially, the expression level in OUI founder pigs is at 
or below 10% the level of the endogenous protein. For 
commercial development, it is desirable to have higher level 
expression of human globin in the transgenic pigs. We have 
undertaken detailed analysis of the factors involved in the 
regulation of the transgenic and endogenous globin genes in the 
pig. Our results indicate that in both high and low copy 
transgenic founders, the transcription of the human genes is less 
efficient than that of the endogenous globin genes. Presently, 
experiments are directed to understand the basis of this 
deficiency. In one approach, an in yitra transcription/translation 
system will be employed. Concurrently, we are designing 
additional expression constructs for improving hemoglobin 
expression. Results of these studies will be presented 

B364 MOLECULAR C L O N I N G  OF THE DNA BINDING DOMAIN Of 
THE SV40 LATE TRANSCfIPZTION FfCTOR GENE, Chung Han K i m  
and Pitchai Sangan ' . Department of Molecular 
Biology, Coriell Insti tute for Medical Research, Camden, 
NJ 08103. 'Present address; Department of Molecular 
Biophysics and Biochemistry, Yale University, School of 
Medicine, 06510. 

Late simian virus 40 transcription factor ( L S F )  i s  a 
protein present in mamnalian ce l l s  which binds t o  t w o  
dist inct  s i t e s  within the SV40 promoter region. LSF 
specifically activates t h e  transcription of SV40 l a te  
genes. We have cloned a partial [DNA of about 872 bp 
which encodes LSF, by screening human HeLa cell [DNA 
expression library i n  h g t l l  using labelled catenated 
synthetic oligonucleotide duplex (GC1-3, n t  38 t o  7 3 ) .  
GC1-3 contains the SV40 GC-motifs 1 ,  2, and 3. The 8- 
galactosidase-LSF fusion protein was purified t o  
homogeneity by anti-8-galactosidase anti body 
irnmunoaffinity chromatography, and analyzed by SDS-PAGE. 
A single band appeared a t  150 kOa. DNA-binding  
specificity of the fusion protein was studied by 
different methods.  Southwestern blot analysis indicated 
t h a t  the I50 kDa fusion protein formed a DNA-protein 
complex w i t h  b o t h  GC1-3 and LSF-280 labelled probes. 
C o m p e t i t i o n  band mobility s h i f t  analysis showed t h a t  the 
fusion protein formed a DNA-protein complex with GC1-3 
and LSF-280 DNAs and n o t  with SP1 and AP1 binding s i t e  
DNAs. Methylation interference studies revealed that 
the guanine residues located a t  position 53, 58, 63, and 
68 i n  GC1-3 and 273, 279, and 283 in LSF-280 DNAs were 
the close contact points with the fusion protein. These 
data strongly suggest that  a partial cONA has been 
cloned which encodes the DNA-binding domain of LSF. 

0363 CHARACTERIZATIOll OF THE MURINE T C E L L  
RECEPTOR V61 PR.CIMgTER, Laura J. Kienker and 

Philip W. Tucker, Dept. of Microbiology, Univ. of 
Texas Southwestern Medical Ctr., Dallas, TX 75235 
T lymphocytes are divided into 2 classes (y6 and 
a151 based on the type of heterodimeric antigen 
receptor expressed on their surface. Each T C R  gene 
locus consists of V.J. or V,D,J and C gene seg- 
ments which undergo somatic rearrangement during 
development t o  generate functional TCR genes. TCR 
-15, -7, and -6 genes are rearranged and expressed 
by day 14 of mouse gestation; X R - a  genes by day 
17. Further, within the y and 6 genes, distinct 
variable gene segments are rearranged and express- 
ed in a programed fashion. Vy3. Vy4,  and V61 are 
utilized in early fetal stages, whereas Vy2 and 
V65 are frequently rearranged and expressed in 
adults. The tissue and stage specificity of TCR 
gene rearrangements may be regulatej by transcrip- 
tional activity at the germ-line loci controlling 
their accessibility to the recombinational 
machinery. Studying the regulation of a TCR gene 
can therefore provide insight into how tissue and 
lineage specific gene expression are achieved as 
well as how gene rearrangement might be regulated 
during T cell development. Toward this end, we 
have begun characterizing the V61 promoter region 
of the TCR 6 chain. V61 is a variable gene segment 
used exclusively in y6 T cells. S1 nuclease 
protection identified the 6 chain mRNA start site 
- 9 0  bp upstream from the initiator ATG. Transient 
transfections into Molt-13 cells of constructs 
containing various portions of the V61 promoter 
driving CAT reporter gene transcription revealed 
that -88 to + 3 6 1  is the region important for 
promoter activity. Sequencing identified several 
consensus binding sites in this region for T cell- 
and lymphoid-specific transcription factors (e.g. 
GATA-3, TCF-1. and E t s - 1 ) .  Currently, proteins 
binding to the minimal V61 promoter are being 
identified and characterized using gel mobility 
shift and in vitro MPE-Fe(I1: footprinting. 

B365 THE STRUCTURE OF THE N-ALKYL-SIDECHAIN 
IN 2-PHENYLINDOLE-BASED ANTIESTROGENS 

DETERMINES THE ANTAGONISTIC EFFECT ON ESTROGEN- 
DEPENDENT TRANSCRIPTION, Ronald Koop+', Stefan Leichtl' 
Eggehard Holler+ and Erwin von Angerer', +Instinit fur Biophysik 
und physikalische Biwhemie, 'Institut fiir Pharmazie, Universiat 
Regensburg, 8400 Regensburg, Germany 

The new nonsteroidal compound ZK 119.010 (2-(4-hydroxyphenyl)-3- 
methyl- 1-[6-( l-pyrrolidinyl)-hexyI]-indol-5-ol) [I] showed strong 
antiestrogenic effects in immature mice and ovariectomized adult rats 
but has only marginal estrogenic effects [2]. From cotransfection 
experiments with estrogen receptor-expression vectors and an estrogen- 
dependent luciferase-reporter plasmid in HeLa cells it became evident 
that only the ligand-inducible transcription-activating-function 2 (TAF- 
2) of the estrogen receptor (ER) was inhibited, whereas the constitutive 
TAF-1 was apparently not influenced. The partial anbestrogen 4- 
hydroxytamoxifen (OHT) has similar characteristics, what was also 
shown by other investigators [3]. 
Replacement of the N-alkyl-sidechain of ZK 119.010 by the 
70-sidechain of the "pure" antiestrogen ICI 164.384 [4] creates a new 
compound L 19 (N-n-butyl-ll-[2-(4-hydroxyphenyl)-3-methyl-5- 
hydroxyindole-1-yl]N-methyl-undecamide) which, like ICI 164.384, 
did not exert any TAF-I activity in the cotransfection experiments. 
Inhibition of estrogen-dependent transcription by these antiestrogens 
seems not to be based on disruption of ER-binding to estrogen- 
responsive-elements (ERE). Gel-shift-assays revealed specific ER-ERE 
interactions in the presence of estradiol, OHT, ZK 119.010, L 19 and 
ICI 164.384, although under these in virro conditions quantitative 
differences could be observed. 
Therefore, it seems likely, that the N-alkyl-sidechain is mainly 
responsible for the antagonistic properties, whereas the 2-phenylindole 
structure provides the ER specificity. 

Estrogen receptor-expression vectors were kindly provided by Prof. P. 
Chambon (StraBbourg, France). 

[I] von Angerer E., er al. (1990) 1. Med. Chern. 33, 2635-2640 
[2] Nishino Y., er al. (1991)I. Endocr. 130, 409414 
[3] Berry M., er al. (1990) EMBOI. 9, 2811-2818 
[4] Wakeling A. E. & Bowler J. (1987) 1. Endocr. 112, R7-RlO 
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B 366 

F A M I L I E S .  Kovacic-Milivojcvic,  8 .  aiid Cardncr .  D.C.  Mctabol ic  
Research  U n i t .  Univcraity of Cal i forn ia  21 S a i l  Francisco. C A .  
94 143 

Indiv idua l  meinbcr,  of thc  jun  f cnc  Family ( i . c  c - jun .  
j u n - B  and j u n - D )  bind 1 0  the  T P A  respansc  elcnicnt ( T R E )  as 
h o m o d i m c r s  o r  hc tc rodin iers  with c - f w  o r  oil icr mcnibcrs  of 
the  fos family 11 e. iosB.  I ra - l  and - 2 ) .  Employing  transicnt 
t r a n s f e c t i o n  a n a l y s i s  in neonata l  rat  veii tr iculdr c a r d i o c y t e  
cu l tures .  w e  h a v e  denions t ra ted  that ovcrexprcss io i i  of  c i l h e r  
c - jun  o r  j u n - B  resu l t s  in a dose-dcpcndcnt  ac t iva t ion  of thc 
human (h)  A N P  g c n c  promoter .  In  compara t ivc  tcrrns. JUWB is 
less  potenl ihan c - jun  in e f fec t ing  th i s  ac t iva t ion  whi le  JUn-D IS 

esscnt ia l ly  dcvoid  of activity in this contex t .  Sc lcc t ive  muta t ion  
of a T R E  located 2 3 5  bp upstrcani f rom Ihc transcriptioii  start  
s i tc .  s u p p r c s s e d  basa l  ac t iv i ty  s ign i r icant l )  and  t runca ted  c - j u n  
and  j u n - B  activation of the proniotcr Gcl  sh i l l  ana lys i s  
conf i rmed that hi\ region of thc h A K P  promoter  a \ \ o c i a t c d  
with c - j u n l c - f o s  o r  j u n  B/c- lo \  conip lckc \  in s c q u c n c c - s p c c i f i c  
iash ion .  I n t c r c s u n g l y ,  mtransfcc t io i i  of c- jun  arid j u n - B  into 
v e n t r i c u l a r  c a r d i o c y t e s  resulted in  a syricrgictiL acI ivJ t ion  of  
h A N P  prornotcr act iv i ty .  In  atrial  card iocyies  Jun-B did not 
activate h A N P  gciic t ranscr ip t ion  Fur thcr inorc .  w h c n  
co t ransfec tcd  wi th  c - j u n ,  it func t ioncd  as an  inh ib i tor .  ra ther  
than  an ampl i f ie r .  o f  c- jun  dcpcndcnt  a c t ~ v a t i o n  

C o t r a n \ f c c ~ i o n  0 1  llic sanic h A N P C A T  reporter with a c -  
fos exprcss ion  \,cctor rosultcd i n  an unprcdicfcd inhibit i i in of  
basal as  well  as c- jun- - \ t imula lcd  rcporlcr act iv i t y  On the cithcr 
hand ,  o v c r c x p r c ~ \ i a i i  o f  i r a - l  had l i t i l c  o r  110 c l l c ~ t  011 basal  
h A N P  gene pronio tcr  d c t i v i t ) .  whi lc  in ciinibinatioil  uaith c - jun .  
i t  effected a s l rong  act iva t ion  of  hi\ proin(itcr Ncitl ici  the 
J u n B I f r a - I  n o r  the j u n - D l f r a -  I combi i ia t ion \  rcsu i lcd  i n  

p r o d u c t i v c  t r a i i s - a c ~ i v a t i o n  of th i s  p r o m o t e r  

phys io logica l  ta rge t  for  j u n -  and fos-dcpcndcni  n c t i v i t )  
Individual m c m b c r s  o f  tlic jun and fos fanii ly can  bc 
d is l inguished  bascd  on the i r  rclativcly unique a c t i v i t i e s  at l h c  
levcl of th i s  gcnc's prornotcr.  in?pl! iii; di,tincl functioii ;~l  ro lcs  
for  each  Such divcrsity would s c i v c  10 broadcn thc  rcpctoirc 
of responses  which  th i s  gene  exhib i t s  f o l l o w i ~ i g  c x p o w r c  10 
d i f f e r e n t  e n r i r o n m e n t d l  s t i n i u l i .  

REGULATION OF A N P  G E N E  EXPRESSION BY 
DIFFERENT MEMBERS OF T H E  l U N  AND FOS 

T a k e n  togc thcr  tlicsc rcsults imply that thc  A N P  gcnc  is a 

B368 THE EXPRESSION OF THE PDGF B-CHAIN GENE IN 
MALIGNANT MESOTHELIOMA CELL LINES IS 

REGULATED AT THE TRANSCRIPTIONAL LEVEL 
A.W. Lanaerak', R.P.H. Dirks', H.P.J. Bloemers' and M.A. 
Versnel', 'Dept. of Immunology, Erasmus Univ. Rotterdam, and 
'Dept. of Biochemistry, Univ. of Nijmegen, The Netherlands 

Elevated PDGF 6-chain mRNA expression was observed 
previously in human malignant mesothelioma cell lines as 
compared to normal mesothelial cells. Therefore, the regulation of 
expression of this gene was studied in normal and malignant 
mesothelial cell lines. The PDGF B-chain expression level in both 
cell types was not increased by the protein synthesis inhibitor 
cycloheximide, whereas, in a run off assay nuclear PDGF B-chain 
mRNA levels in normal and malignant cells varied to the same 
extent as on Northern blots. So the elevated steady-state PDGF 
B-chain mRNA level in malignant mesothelioma cell lines is 
probably caused by increased transcription in the malignant cell 
type. Differences in degradation seem to be less important. 
DNAse I hypersensitive sites (DH's) were found in and around 
the PDGF 6-chain promoter in both normal and malignant 
mesothelial cells. Preliminary results indicate promoter-induced 
CAT expression in both cell types, whereas the methylation 
pattern in the promoter region was shown to be similar. In the 
first intron of the gene two DH's were found in malignant and not 
in normal mesothelial cells. However, in CAT assays these 
regions did not seem to increase the basic promoter-induced 
CAT expression. 

These resuits suggest that a difference in transcription rate is 
the decisive factor for the elevated PDGF B-chain mRNA 
expression in malignant mesothelioma cell lines, but that the 
promoter and the first intron do not seem to be the most 
important regions in this respect. 

Supported by the Dutch Cancer Society 

B367 IDEN 
WITH 

T H E  HlIMA 

Majello, B. ,  Di Cristofano, A. and Lania, L.Diparrirnento di 
Getierica, Biologia Geiierale e Molecolare. Universita degli stud; 
Federicoll. via Mezzoraiitione.8 80134 Napoli.ltuly 
We have recently identified human endogenous retroviral sequences 

(ERV9) that are preferentially expressed in undifferentiated embryonal 
carcinoma cells NT2D1. Whereas about 50 different E R W  loci 
containing pol-related sequences are present in the human genome, we 
have extimated that ERV9 LTR sequences are at least 4000 copies. It 
seems therefore that ERV9 LTRs can represent an important reservoir 
of potentially functional promoter sequences that could affect the 
pattern of expression of a number of cellular genes. Moreover, 
different ERV9 LTRs are capable to drive expression of a reporter gene 
in transient expression assays. 
We have analyzed the minimal promoter region located within the 
ERV9 LTR. Using the transient CAT expression assay we have 
identified the minimal promoter region, which includes sequences 
spanning from -70 to +6 relative to the major transcription ?tart site. 
One region located between -70 to -39 acts as a transcriptional 
activating sequence and contains an Spl binding site. The second 
region from -7 to +6, which resembles an initiator element (Inr), was 
necessary for the correct transcription Stan site utilization, and binds to 
a regulatory protein. Cross-competition experiments using vanous Inr 
elements have indicated that the protein that binds to the ERV9 Inr 
element can be competed by the HIV-1 and TdT Inr sequences. 
In the attempt to establish a more precise correlation between factor 
binding and proper site selection and to determine the relationship 
between the ERV9 Inr binding protein and the other known IN binding 
factors we have undertaken a detailed site-directed mutational analysis 
of the Inr sequences and swapping experiments between the ERV9 Inr 
sequences and theTdT and HIV-1 Inr sequences Finally , to estdblish 
if sequences upstream of -7 are also involved in positioning the start 
site we have constructed plasmids in which the -7/+6 sequences are 
moved to new locations. The results of i n  vivo and i& 

transcriptions assays will be discussed. 

B 369 FUNCTIONAL ANQ MUTATIONAL ANALYSIS OF THE 
DROSOPHILA KRUPPEL TRANSCRIPTIONAL REPRESSOR 

J .  Lichtl ,  M. English1, M. Ro2, J .  Reddyl, R. Shaknovichl, M. 
Grossel2 and U. Hansen2. I-Division of Molecular Medicine, Mount Sinai 
School of Medicine, New York, NY. 2-Dana-Farber Cancer Institute, 
Harvard Medical School, Boston, MA. 
The Drosophila Kruppel (Kr)  protein is a DNA-binding repressor of 
transcription in mammalian cells. (Nature 346: 76-9.1990). The 
transcriptional repression and DNA-binding activities of the Kr protein can 
be dissociated and the repression function of Kr can be transferred to a 
heterologous DNA-binding protein, the lac repressor Fusion genes 
between portions of the N-terminal region of the Kr protein and the lac 
repressor were assayed in vivo for their ability to repress transcnption from 
a reporter gene containing lac operators upstream of the herpes thymidine 
kinase ( tk)  promoter. We thus localized a repression region between amino 
acids 60 and 90 of the K r  protein. This portion of the Kr protein is 
predicted to form an alpha-helix with several hydrophobic faces. A K r  
mutant missing amino acids 28-213 was still able to repress transcription 
from a reporter gene containing Kr binding sites, suggesting tne presence 
of a second repression region within the C-terminal portion of the protein. 
Supporting this hypothesis, a fusion between the lac repressor and amino 
acids 345-466 of Kr repressed transcription from a lac operator containing 
reporter gene. In accordance with our prediction that alanine-ricn regions 
of other Drosophila transcriptional factors would mediate transcriptional 
repression, a lac repressor even-skipped fusion was three-times more 
potent a transcriptional repressor than lac-Kr. The presence of a suetch of 
1 1  alanines in a row in the lac-eve proteins was required for repression. Kr 
represses transcription when bound at kilobase distances upstream or 
downstream from the start site of tk transcription, suggesting function 
through protein-protein interactions with factors bound to the rk promoter. 
Low amounts of Kr co-transfected with a Kr binding site containing 
reporter gene do  not lead to activation and a monotonic decrease in 
transcription is observed with increasing amounts of K r  expression 
plasmid. We examined the ability of the Kr  protein to repress transcription 
activated by different GALA fusion activators. K r  selectivelv repressed 
uanscription activated by a GAL?-Spl, glutamine-rich activatoiprotein but 
could not repress transcription mediated by the acidic activator G U .  We 
currently believe that Kr functions to quench activation by glutamine-rich 
activation domains, perhaps by a direct protein-protein interaction, rather 
than interfering with some component of the basal uanscripnonal machinery 
required for all transcriptional activation events. 
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UPON ENKCRE-WAP-1 BINDING ELEMENT, Kenneth G.  

TRANSACTIVATION OF PROENKEPHALIN GENE 
EXPRESSION BY HTLV-1 TAX IS DEPENDENT 

Low, Gwynn M. Daniels*, Michael H. Melnert and Michael J. 
Comb, Laboratory of Molecular Neurobiology, Massachusetts 
General Hospital, Charlestown, MA 02129, and ?Division of 
Neuroscience, Oregon Regional Primate Research Center, 
Beaverton, OR 97006 

Human T-cell leukemia virus type 1 (HTLV-1) is responsible 
for adult T-cell leukemia. Transactivation of viral and cellular 
genes by HTLV-1 is dependent upon interactions between a 
viral tax protein and cellular transcription factors. In 
transactivation assays using human Jurkat T-lymphocytes, 
Tax transactivates basal expression of the proenkephalin 
(PENK) gene 3-fold. Treatment with 7 bg/d concanavalin A, 
500 fl cpt-CAMP or 10 n g / d  "PA enhanced Tax-dependent 
transactivation of PENK gene transcription between 40- to 70- 
fold. Deletion analysis of the human PENK gene promoter 
suggests that a region between -104 to -86 (relative to the s t a r t  
site of transcription initiation), which contains two consensus 
CAMP-responsive elements (CREs), mediates Tax-dependent 
trans-activation of PENK gene transcription. Further deletion 
analysis of this region identifies ENKCRE-2 (-92 to -86Xalso a 
consensus AP-1 binding element) as responsible for mediating 
the Tax-dependent transactivation. Transactivation assays 
with CAT reporter constructs comprising multiple copies of 
ENKCRE-1 and/or ENKCRE-2 confirms that ENKCRE-2 but not 
ENKCRE-1 is responsible for mediating the effects of Tax. 
These results implicate an involvement of members of the AP-1 
family of transcription factor proteins in mediating the 
transactivation of PENK gene transcription by Tax during 
HTLV-1 leukemogenesis. 

B 372 CRE-BPa, a Novel Member of the Gene Family 
Encoding the cAMP Response Element-binding 
Protein CRE-BPL. 

Toshio Maekawa', You-Li Yu', Nobuo Nomuraz. and Shunsuke Ishii'; 
1Tsukuba Life Science Center, The Institute of Physical and Chemical 
Research (RMEN), Tsukuba, Ibaraki 305, Japan: 2Institute of 
Gerontology, Nippon Medical School. Nakahara-h, Kanagawa 21 1, 
Japan. 
The cAMP response clement ((JRE) was firsl identified as bcing an 
inducible enhancer of genes that can be Uanrcxibcd in response to an 
increased cAMP level. Multiple CRE-binding proteins such as CREB, 
CRE-BPI (I),  and ATFs have been identifed by cDNA cloning and 
characterized. All of these proteins haw. a so-called "B-ZIP" smcfurc 
which is found in a group of enhancer-biding proteins such as Jun 

Among multiple CRE-binding proteins. CRE-BPI (also designated 
A n - 2 )  has two unique characteristics: it mediates thc adenovirus E1A- 
inducd aansactivation and forms a hetefudimer with c-Jun. Two 
smcturcs. aputative metal finger and a leucine zipper, in CRE-BPI are 
responsible for these capacities (2.3). Identification of other proreins 
containing similar smcture is useful to understand the mechanism of 
EIA- M other non DNA-binding proteins-induced transactivation. As a 
new member of a CRE-BPI family that has similar metal finger and 
leume zippcr smctures, we have isolated cDNA clones of CRE-BPa by 
cross-hybridizaion with CRE-BPI cDNA. CRE-BPa protein consists of 
508 amino acids and has a molecular weight of 56.840. CRE-BPa 
protein is highly homologous with CRE-BP1 in four regions: two of 
than are the regions containing the putative metal finger or tk DNA- 
binding domain. Like CRE-BP1, CRE-BPa binds to CRE with higher 
affinity than to the TPA response element as a homodimcr a a CRE- 
BPdc-Jun or CRE-BPdCRE-BPI heterodimer. 

protein(s) and c-Jun may be involved in the glucose-induced 
uansactivation of the human insulin gene (4). It will be inmesMg 
whether CRE-BPa can mediate the transactivation by the non DNA- 
binding proteins such as ElA or Rb, M whether CRE-BPa is also 
involved in the gluwscdependcnt regulation of gene expression. 
Reference: 1. hb=kaw. T.. Sakura. H.. Knnci-lshii. C.. Sudo. T.. Yoshimunr. T.. 
Fujisaua. I.. Yoshida. h4 B Ishii. S. €ME0 I 8 .  2023 (1989). 2. Zu, Y.-L.. 
Mschwa. T.. Maw&. S. & Ishii. S. 1. Bid .  Chcm 266,24134 (1991). 3. 
Mpulda. S.. Mackawa. T. & lshii. S. J .  B id .  C h .  266. 18188 (1591). 4. Inagaki. 
N., Msekawa, T., Sudo. T.. Irhii. S, Seino. Y. & Imura. H. Proc. Nd. A d .  Sci. 
USA 89. 1045 (1992). 

Recently, we demonsmted that an interaction between CRE-binding 

6371 THE VPl6 TRANSCRIPTION ACTIVATION DOMAIN IS 
FUNCTIONAL WHEN TARGETED TO A PROMOTER PROXIMAL 

RNA SEQUENCE, Steven J .  Madore, Laurence S .  Tiley, 
Michael H. Malim and Bryan R. Cullen, Howard Hughes 
Medical Institute, Duke University Medical Center, 
Durham, NC 27710 
Among eukaryotic transcriptional trans-activators. the 
Human Immunodeficiency Virus Type 1 (HIV-1) Tat protein 
is exceptional in that its target site, TAR, is an RNA 
rather than a DNA sequence. We have confirmed that 
fusion of Tat to the RNA binding domain of the HIV-1 Rev 
protein permits the efficient activation of an HIV-1 
long terminal repeat (LTR) promoter in which critical 
TAR sequences have been replaced by RNA sequences 
derived from the HIV-1 Rev Response Element (RRE). An 
RRE target sequence as small as 13 nucleotides was shown 
to form an effective in vivo target for Rev binding. 
Remarkably, a fusion protein consisting of Rev attached 
to the VP16 transcription activation domain was also 
observed to efficiently activate the HIV-1 LTR from this 
nascent RNA target. Like Tat, activation by the Rev 
VP16 fusion protein requires that the RNA target site be 
promoter proximal. These data demonstrate that 
trans-activation of transcription by acidic activation 
domains does not require a stable interaction with the 
promoter DNA and suggest that VP16, like Tat, can act on 
steps subsequent to the formation of the HIV-1 LTR 
preinitiation complex. The finding that the activation 
domains of VP16 and Tat are functionally interchangeable 
raises the possibility that these apparently disparate 
viral trans-activators may nevertheless act via similar 
mechanisms. 

B 373 A DNA-BINDING AND TRANS-ACTIVATING 
PROTEIN FROM SACCHAROMYCES CEREVISIAE 

RESEMBLING HUMAN E2F, Bernard Mai and Martin Lipp, 
Institut fur Biochemie der Ludwig-Maximilians-Universitat 
Miinchen, Am Klopferspitz 18a, D-8033 Martinsried, Federal 
Republic of Germany 

The promoter of the human proto-oncogene MYC has been the first 
cellular target subject to regulation by the E2F transcription factor. 
E2F mediates basal transcription and transactivation by EIA of the 
human MYC promoter. E2F also has binding sites in a variety of 
other promoters regulated by cell proliferation and during the cell 
cycle. Since a variety of eukaryotic transcription factors are 
evolutionary highly conserved, we have analyzed the budding 
yeast Sacchnromyce.s cerevisine for the presence of an E2F- 
analogous protein. GALI-based promoter constructs carrying the 
E2F binding site of the MYC or the adenovirus E2 promoter 
instead of the UAS element showed significant transcriptional 
activity in yeast cells. A DNA-binding factor of -12 kDa, designated 
YE2F. presumably mediating this activity was partially purified from 
yeast extracts specifically binding to the E2F consensus sequence. 
YE2F showed the same contact points within the MYC binding site 
as authentic E2F protein purified from mammalian cells. Furthermore 
yeast genomic Southerns, probed with an recently published human 
E2F-like cDNA, demonstrate the Occurance of a homologous gene 
in the S.C. genome. The results suggest the existence of an E2F- 
analogous protein in the yeast S. cerevisue. 
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B 374 TRANSCRIPTIONAL REGULATION OF THE HUMAN 

PROMOTER BY FOS. JUN AND ANDROGEN RECEPTOR 
S-ADENOSYLMETHIONINE DECARBOXYLASE 

Svetlana C. Marit, Marja Janne, Tarja Joensuu and OIli A. Janne, 
Department of Physiology, University of Helsinki, Helsinki, Finland. 
The proto-oncogenes c-fos and c-jun belong to the family of 
immediate-early responsive genes. Their protein products, Fos and Jun 
can form homo- and heterodimeric "leucine-zipper'' transcriptional 
regulator (AP-1). AP-1 complex can interact with other proteins which 
do not belong to AP-1 protein families, like the glucocorticoid 
receptor, and will determine whether transcription of a given gene 
will be enhanced or repressed. The human S-adenosylmethionine 
decarboxylase (AdoMetDC) gene encodes a keyenzyme in polyamine 
biosynthesis. AdoMetDC protein and mRNA concentrations are 
regulated in a tissue-specific manner by multiple stimuli. such as 
steroid hormones. For example, AdoMetDC mRNA and protein levels 
are androgen-inducible in rodent accessory sex organs, with the 
maximum levels of mRNA expression being reached within 24-48 h 
of steroid administration. We have isolated and sequenced the 
5'-flanking region of the human AdoMetDC gene and found the region 
for basal and induced transcription to contain juxtaposition of the 
AP-I binding site (-66 to -58) and androgen responsive element 
(ARE) sites starting at position -63. Gel retardation assays were 
performed with a DNA fragment from the proximal promoter and with 
oligonucleotide containing the putative AP-1 site. Using both HeLa 
cell nuclear extracts and recombinant Fos and Jun proteins along with 
anti-Fos and anti-Jun antisera, we have shown specific binding of 
these two proteins, mainly as heterodimers, to the AP-1 site of the 
human AdoMetDC promoter. Using baculovhs expressed androgen 
receptor (AR), as well as specific AR peptide antibodies, we can 
detect AR-DNA specific complex formed with the hAdoMetDC 
oligonuclotide (-63 10-48). AR antibodies for N-terminal region 
stabilized dimer formation of AR and enhanced binding of AR to 
hAdoMelDC ARE site. In onher to further define the transcriptional 
regulation of the promoter, we prepared -96 and -45 promoter-CAT 
constructs and we are currently testing them in the transient expression 
in HepG2 and CV-1 cell lines. Juxtaposition of the AP-1 and ARE 
elements suggest the composite AP- UARE element. Further 
experiments are in progress to determine the interaction between AP-1 
and AR, as transcriptional regulators of the hAdoMefDC promoter. 

B 376 INDUCl3ON MECHANISMS OF TH2 SPECIFIC 
LYMPHOKINES, INTERLEUKIN-4 (IL-4) AND 
INTERLEUKIN-5 (IL-5) GENES 

Ikuo Matsuda1.2, Akio Tsuboil,Hyun Jun Lee2, Naoko Koyano- 
Nakagawa2, Junji Nishida3,Takashi Yokota2,Naoko Arail and Ken- 
ichi Arai2 1.Depanment of Molecular Biology, DNAX Research 
Institute, Palo Alto, CA U.S.A., 2.Depar1ment of Molecular and 
Developmental Biology, Institute of Medical Science, University of 
Tokyo,Tokyo, JAPAN., 3.Jichi Medical School,Tochigi, JAPAN. 

IL-4 and IL-5 are type 2 helper T cell (Th2)-specific cytokines. An 11 
base-pair (bp) element (P element; 5'--79 CGAAAATITCC-69-3') is 
a PMAkalcium ionophore (A23187) responsive element in the 5' 
regulatory region of the human IL-4 gene1. The DNA binding of P 
element binding proteins [NF(P)] as well as the transcriptional 
activation via the P element requires the 3' half site of the P element (- 
TITCC-). This 3 half is almost identical to the recognition consensus 
sequence of NF-KB. We compared several properties of NF(P) with 
those of NF-KB. The binding of NF(P) to the P element is 
stimulation-independent and was competitively inhibited by an excess 
amount of kL3 oligonucleotide from mouse Ig enhancer. P65 and/or 
Re1 activated P element-dependent transcription when their cDNAs 
were cotransfected. Rabbit antisera against p50 did not inhibit the 
binding of NF(P) to the P element. By UV-crosslinking of NF(P) to 
the P element, we demonstrated that NF(P) contain at least two 
components, p150 (150K) and p80 (80K). 
IL-5 promoter responds weakly to either PMA or cAMP signals and is 
markedly activated by combination of PMA and cAMP in EL-4 cells. 
Several prominent DNA binding motifs such as GATA-3. CLEl and 
CLEO2 whose sequence is shared between GM-CSF, IL-4 and IL-5 
enhancer sequences, are found in the regulatory region of the mouse 
IL-5 gene. The mapping of cis-acting DNA element(s) which 
mediates the response to PMA/cAMP signals is in progress. 1. Abe et 
al. (1992) PNAS 89: 2864.2. Miyatake et al. (1991) MCB 11: 5894 

-B 375 THE YEAST SGCl GENE ENCODES A NOVEL BASIC-HELIX- 
LOOP-HELIX PROTEIN INVOLVED IN TRANSCRI€TIONAL 

ACTIVATION OF THE YEAST ENOLASE GENES, Craig A. Martens, 
Chang Seo Park, Kayoko Nishi-Schnier and Michael I. Holland, 
Department of Biological Chemistry. School of Medicine, 
University of California. Davis, CA 95616 
The positive regulatory gene GCRl is required for high level 
expression of most yeast glycolytic genes. Stains carrying a 
g c r l  null mutation are viable. but grow poorly in media 
containing glucose as carbon source. Transcription of the yeast 
enolase genes E N 0 1  and E N 0 2  is reduced approximatel) 50-fold 
in a g c r l  strain. A dominant suppressor mutation, designated 
S G C l - I ,  was isolated that restored E N 0 1  and E N 0 2  transcription 
and growth in a medium containing glucose to near wild-type 
levels in a gcrl  strain. Both the wild-type and dominant mutant 
S G C l  alleles were cloned and sequenced. The deduced amino 
acid sequence of the SGCl protein contains a region of strong 
similarity to the basic-helix-loop-helix motif present in the 
m y c  oncogene family as well as a number of other 
transcription factors. The S G C l - 1  mutant allele contains a 
single amino acid substitution within the basic helix region 
shown to be involved in DNA binding for several basic-helix- 
loop-helix proteins. Strains carrying an s g c l  null mutation and 
a wild-type G C R l  gene are viable, however, E N 0 1  and EN02 
expression was reduced approximately 5-fold showing that the 
S G C l  gene product is involved in enolase gene expression. Like 
the SGCI-1 mutant allele, multiple copies of the wild-type S G C l  
gene suppressed the growth and transcriptional defects caused 
by a g c r l  null mutation. This latter observation suggests that 
the S G C l - 1  gene product is a more potent activator of enolase 
gene expression than the wild-type S C C l  gene product. An 
epitope tag was introduced at the C-terminus of the S G C l  coding 
sequences. Epitope tagged SGCl protein was overproduced in 
yeast and purified to homogeneity. Gel mobility supershift 
analysis using a monoclonal antibody directed against the 
epitope tag showed that SGCl protein binds to DNA sequences 
within the 5' regulatory regions of the E N 0 1  and E N 0 2  genes. 
The relationship between G C R l  -dependent and S C C l  -dependent 
activation of expression of the yeast enolase genes will be 
discussed. 

B 377 CELL-TYPE SPECIFICITY OF THE WLnINlN B1 GENE PKIINOTEK. 
Takashi natsui and Ryusuke Okano. Department of Mol. 
Biol.. University of Occup. & Environ. Health, Japan 

The laminin B1 gene i s  known to be induced a t  transcriptional 
level during different ia t ion of F9 cel ls .  We have identified 
the core promoter of' the murine laminin B1 gene. The core 
promoter lacked a TATA box. but was consisted of a t  least  
three regions between the cap s i t e s  and -100. The most d i s t a l  
region (-89 -. -69) contained three GC boxes, the second region 
(-62 - -47) contained a direct  repeat of*TG(C/A)GCA motif. and 
the proximal region (-45 - -11) contained another direct  
repeat. The core promoter directed an eff ic ient  transcription 
i n  v i t ro  with F9, but not with HeLa nuclear extracts.  The ce l l  
t y p e  specific difference in the core promoter act ivi ty  was 
also observed i n  VIVO. 6-RARE or TRE. which was placed up- 
stream t o  the core promoter, activated the transcription in 
F9 cel ls ,  but not in HeLa cel ls .  The protein binding analyses 
showed that an ubiquitous factor present both in P9 and Heh 
ce l l s  binds to  the TG(C/A)GCA repeat, a n  element of the core 
promoter. How the core promoter of the laminin 81 gens i s  
inactivated in HeLa ce l l s  is underway. 
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B 378SEPARATION OF THE TRANSCRIPTIONAL ACTIVATION 
AND REPLICATION FUNCTIONS OF THE BOVINE 

PAPILLOMAVIRUS E2 PROTEIN. Alison A. McBride and 
Patricia Winokur, Laboratory of Tumor Virus Biology, National 
Cancer Institute, National Institutes of Health, Bethesda, 
Maryland 20892 

Replication of bovine papillomavirus DNA requires both the 
viral E l  protein and the full-length €2 protein. The 48kD E2 
protein is a site specific DNA binding protein that binds to 
several sites which lie adjacent to the origin of replication. The 
C-terminal domain contains the specific DNA binding and 
dimerization properties of the E2 protein and the N-terminal 
domain is required for transcriptional activation. Both domains 
are well conserved among the E2 proteins of different 
papillomaviruses. The functional domains are separated by an 
internal hinge region which is not conserved. A series of 
mutations were generated within the E2 protein that deleted 
various regions of the DNA binding domain, the 
transactivation domain and the internal hinge. Two mutated 
proteins that lack portions of the DNA binding domain were 
shown to support DNA replication but were unable to function 
as transcriptional transactivators. Conversely, two proteins 
containing large deletions of the hinge region were able to 
activate transcription but were defective for replication. Thus, 
the transactivation and replication properties of the €2 
proteins are separable. 

B 380 

Ikuko Miyajima, Takahiko Hara and Atsushi Miyajima. 
D N A X  Research Institute, Palo Alto, CA94304 
Interleukin 3 (IL-3) i s  a potent hematopoietic growth 
fac to r  that  st imulates var ious l ineages o f  
hematopoietic cells as well as very early hematopoietic 
progenitors. The high affinity murine IL -3  receptor is 
composed o f  two subunits, a and p.  The a subunit 
binds IL -3  with low affinity and forms high affinity 
receptos with either of the two homologous p subunits 
that were in i t ia l ly  designated as AIC2A and AIC2B. 
The a subunit i s  expressed i n  various hematopoietic 
cell lines including mast cells, myeloid progenitors, 
proB cell l ines and very early progenitors, but i s  not 
expressed in T cells and fibroblasts. To further study 
the cell type specific expression o f  the IL-3 receptor 
subunits, we cloned the genomic gene for the a 
subunit. The 'exon-intron organization is  similar to 
those o f  other members of the cytokine receptor super 
family. The transcription initiation site was mapped by 
primer extension and the 5' flanking region was found 
to contain TATA-like, CAT-like, GC-box, NF-kB, and 
GATA motifs. Promoter activity was detected in the 
750 bp  5'-flanking sequence by using the luciferase 
gene as a reporter. We are currently identifying the 
sequence responsible for promoter activity and cel l  
type specific expression. 

STRUCTURE AND EXPRESSION OF THE MURINE 
IL-3 RECEPTOR a SUBUNIT GENE 
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SITES FOR TRANSCRIPTION? Janet E. Mertz, Richard Kraus, 
Nancy Zink, Elizabeth Murray, and Karla Loritz. McArdle 
Laboratory for Cancer Research, University of Wisconsin 
Madison, WI 53706. 
The SV40 major late promoter (SV40-MLP) contains three 
genetically important sequence elements that control 
transcription at the major late initiation site at nt 325(+1). One 
maps approximately 30 bp upstream, one spans the initiation site 
itself, and one maps approximately 30 bp downstream of the +1 
site(Ayer and Dynan Vo1.8. M.C.B.. 1988 p.2021.) Recently, we 
have shown that the upstream element, while not an obvious 
TATA box motif, functionally binds TFIID (Wiley et al..P.N.A.S. 
Vo1.89. 1992 p.5814). We have attempted to purify positive 
acting factors that bind the genetically important initiator element 
of the SV40-MLP. Instead, we identified an initiator binding 
protein, 'IBP', that represses initiation from the SV40 late 
promoter when template copy number is low. (Mertz et al.,these 
abstracts). Thus, the SV40-MLP initiator may not be recognized 
by a novel protein that functions in the formation of initiation 
complexes. Rather, it may simply be a sequence recognized by 
RNA polymerase II itself. To test this latter possibility, we 
performed a saturation mutagenesis of the SV40-MLP initiator. 
Each mutant was analyzed (i) in vitro with a HeLa cell nuclear 
extract transcription system and (ii) in vivo by transfection into 
monkey cells. With nuclear extract, base changes at -3 and -2 
showed minimal effects on transcription initiation at +l. Base 
changes at -1 either lowered (T+A,T+G) or elevated (T-rC) 
activity. All base changes from A at +1 significantly depressed 
activity. A T+G change at +2 resulted in a two fold increase, 
while other changes at this site exhibited minimal effects. Similar 
responses were seen in viw. Our data are consistent with the 
hypothesis that initiator elements may simply be sequences 
preferred by RNA polymerase II as transcriptional start sites, with 
an optimal inr from -2 to +3 being one similar to TCAGT in 
sequence. Data from preliminary in &ro experiments performed 
with highly purified RNA polymerase II in the absence of other 
proteins provide additional support for this hypothesis. 

ARE INITIATOR ELEMENTS SIMPLY SEQUENCES 
PREFERRED BY RNA POLYMERASE II AS START 

B 381 CO-ORDINATE EXPRESSION OF A PROMOIER- 
BINDING FACTOR FOR THE PROGESTERONE- 

INDUCED UTEROGLOBJN GENE. c. M O U O ~ ~ .  B.S. -ton*. 

Lubbak, Tx 794302. 

J.C. Raynerl. and D.W. Bullock'. Cenue for Molecular Biology. 
Lincoln University. Cancerbury, New Zealpnd', aud Dcpnmncnr of 
Cell Biology and Anatomy, Texas Tech Health Sciences Center. 

Progesterone-induced expression of the rabbit utcroglobin (UG) 
gene is accompanied by the appearance of a specific promoter- 
binding factor (UGPB) derecccd by gel-rhih assays with UGUY, 

over an 62-bp region of the coding raaed (-167/-85). Truncated 
oligonucleotides spanning fhis region indicucd that the sequences 
-170/-100 and -154/-85 both gave a similar gel-shift to UG200. 
Southwestem blotting of UGPB using a UGUY, probe revealed two 
proteins of MW 110K and 70K that were present in nuclei from 
progesterone-stimulated bur nor untreated rabbits. Probing 
S o u t h w ~ t g n  blots wirb different oligonucleotides suggesctd that 
p l l 0  bound to upstream sequences and p70 to downstream 
sequences within the DNase I-protected region. A Xgtll 
expression library prepred from @YA+ RNA from progestcrom- 
sfimulucd endomurim was scmcncd with UGZOO. OK cpndidptc 
clone detectad a single mRNA rpccies of approximarcly 5.2 kb on 
N d c r r ~  blots of polyA+ RNA from endometrium obnuluod with 
prngestmne bru not from unstimuhted uteri. Scqueaciag up KO 2.3 
kb of the cDNA has shown an open reading frame coding for a 
peptide with no matches in current database sequences. Thus 
progesterone appears to induce a promoter-binding factor(r) 
concomitant with its induction of UG expression in the uterus. 
[Supported by grants from the NPIRC 10 DWB and from NSF 
(INT-690019) and NIH (HDoO704) to BSC.] 

(-194/+9). H~@-purified UGPB ~ V C  D N e  I - p O b X i O n  
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B 382 ACTIVATION OF THE HUMAN C-fOS 
PROMOTER BY T H E  HUMAN 

PAPILLOMAVIRUS EARLY GEUES. Alexei  Morosov 
(l), Min-Ho L e e  (1). W i l l i a m  C .  P h e l p s  ( 2 )  and 
P r a d i p  Raychaudhur i  (1). (1) D e p t .  of B i o c h e m i s t r y  
( M / C  5 3 6 ) ,  U n i v e r s i t y  o f  I l l i n o i s ,  Box 6 9 9 8 ,  
C h i c a g o  I1 60680 ;  (21 Div. o f  V i r o l o g y ,  B u r r o u g h s  
W e l l c o m e  Co. NC 27709.  
T h e  human p a p i l l o m a v i r u s e s  (HPVs) h a v e  b e e n  
e t i o l o g i c a l l y  a s s o c i a t e d  w i t h  o f  g e n i t a l  
c a r c i n o m a s ,  a n d  over 80% o f  t h e  human cerv ica l  
c a n c e r s  h a v e  b e e n  f o u n d  t o  harbor HPV DNA. T h e  
c a n c e r  t i s s u e s ,  h a r b o r i n g  HPV-DNA, r e g u l a r l y  
express E6 a n d  E7 g e n e s  o f  the  v i r u s .  I n  t i s s u e  
c u l t u r e ,  t h e  E6 a n d  t h e  E7 g e n e s  cooperate t o  
immortalize k e r a t i n o c y t e s ,  t h e  n a t u r a l  h o s t  cells 
o f  the p a p i l l o m a v i r u s .  R e c e n t  s t u d i e s  s u g g e s t  t h a t  
par t  of t h e  o n c o g e n i c  p r o p e r t i e s  o f  E6 a n d  E7 
i n v o l v e s  i n a c t i v a t i o n  of  c e l l u l a r  g r o w t h  
s u p p r e s s o r  p r o t e i n s  s u c h  as the  r e t i n o b l a s t o m a  
p r o t e i n  ( R b )  a n d  p 5 3 .  E6 a n d  E7 a l s o  p o s s e s s  
t r a n s c r i p t i o n a l  r e g u l a t o r y  p r o p e r t i e s ,  a n d  f o r  E7 ,  
the  t r a n s c r i p t i o n a l  r e g u l a t o r y  p r o p e r t y  h a s  b e e n  
l i n k e d  t o  t h e  i n t e r a c t i o n  b e t w e e n  E7 a n d  R b .  The  
p r o t o - o n c o g e n e  c - f o s  i s  t r a n s c r i p t i o n a l l y  
a c t i v a t e d  by a var ie ty  o f  g r o w t h  s i g n a l s  as w e l l  
as v i r a l  o n c o g e n e s .  O v e r e x p r e s s i o n  o f  the  c - f o s  
g e n e  p r o d u c t  r e s u l t s  i n  c e l l  t r a n s f o r m a t i o n .  W e  
f i n d  t h a t  t h e  p a p i l l o m a v i r u s  E6 a n d  E7 g e n e s  c a n  
ac t iva te  t r a n s c r i p t i o n  f r o m  t h e  c - f o s  p r o m o t e r .  
T h i s  a c t i v a t i o n  b y  E6 and E l  d e p e n d s  on DNA 
s e q u e n c e s  b e t w e e n  - 9 9  a n d  - 5 3  i n  t h e  c - f o s  
p r o m o t e r .  W e  are i n  the p r o c e s s  of d e t e r m i n i n g  the 
DNA e l e m e n t ( s 1 ,  w i t h i n  t h a t  r e g i o n  o f  t h e  c - f o s  
p r o m o t e r ,  r e s p o n s i b l e  f o r  t h e  a c t i v a t i o n  by E6 and 
E l .  

B 384 AP-I MODULATORY ACTIVITY IN THE CYTOPLASM 
Yoshikuni Nagamine, Janet S. Lee and Birgitta Kiefer 

Friedrich Miescher-lnstitut, P.O.Box 2543, CH-4002 Basel, 
Switzerland 

In the regulation of urokinase-type plasminogen activator (uPA) 
gene expression in LLC-PK, cells, an AP-I-like site located at 2 kb 
upstream of the transcription initiation site plays a pivotal role. The 
site is essential and sufficient to mediate the inductive effect of 
cytoskeletal reorganization, okadaic acid and TPA. They activate the 
uPA gene through distinct signaling pathways but converge on the 
same AP-I-like site. The sequence of the AP-1-like site , 
ATGAGGTCAT, is similar but not identical to the consensus AP-I 
binding sequence, TGAGTCA, and is well conserved in human, pig 
and mouse uPA genes. AP-1-like site is recognized by homo- or 
dimer of c-Junk-Fos families. c-Jun is the main transcription 
factor that interacts with the AP-I-like site of the uPA gene in LLC- 
PK, cells and is modulated differently by different inducers. As c- 
Jun is a nuclear protein, there should be communication between the 
cytoplasm and nucleus during the activation of c-Jun by these 
inducers. In the course of the study of cytoplasm-nucleus 
communication in DNA mobility shift assays, we found that the 
cytoplasm contains a factor that can enhance AP-I binding activity 
in the nucleus. Enhancing activity was not seen when an oligo to 
which LFB3 binds was used as a probe, suggesting that the factor 
is specific to AP-1. The enhancing activity was abrogated when the 
cytoplasm was incubated at 60 "C for 10 min, suggesting that the 
enhancing activity is exerted by a proteinous factor. It is not that a 
nuclear factor activated the cytoplasmic, latent AP- 1 complexed with 
an inhibitor, because Western blot analysis showed no signal of c- 
Jun and c-Fos in the cytoplasm. 

B 383 A UNIQUE TRANSCRKTIONAL ACTIVATION MOTIF 
RESTRICTED TO A CLASS OF HELIX-LOOP-HELIX PRG 

TEINS IS FUNCTIONALLY CONSERVED IN BOTH YEAST AND HLI- 
MANS, *Cornelis Murre, Melanie W. Qong, Mark E. Massari, and Ronald 
Zwan, Department of Biology, 0016 and *Center for Molecular Genetics, 
University of California, San Diego, La Jolla, CA 92093 
The helix-loophelix (HLH) proteins are a growing family of proteins that 
contain a conserved srmctural motif (HLH) which mediates DNA binding and 
dimerization14. These proteins play a major role in the control of cell-rype 
differentiation14. One particular class of HLH proteins (Class D are closely 
related (7090% identity in the HLH region), are ubiquitously expressed, and 
include as its members: EIZ'+', E2-ZJ, HEB', and daughterless6.' 
El2 and El7 are encoded by the same gene (E2A). but arise rhrwgh differential 
splicing'o. The E2A gene products are involved in B cell, muscle, and pancreatic 
specific gene expression"-". The E2A gene is translocated in acute 
lymphoblastoid leukemias (ALL). In proB ALL, containing a t (17;19) lranslrr 
cation, the E2A N-terminal region is fused to a leucine zipper like domain'". In 
preB ALL, containing a t ( I ;  19) translocation, the E2A N-terminal domain is 
fused to a homebox-like domain's. The involvement of the E2A N-terminal 
domain in two uanslocation events both resulting in leukemia is puzzling and 
suggests an important function for this portion of the protein. We report here the 
identification of two conserved boxes in the E2A N-terminal domain, termed 
box 1 and box 2, that have extensive identity within the transactivation domains 
of E12, EA7, E2-2, HEB, and daughterless. We show that together, both boxes 
are crucial for mmactivation and have the potential to form a new motif, that of 
a loop linked to an amphipathic helix, designated the LH motif. We propose that 
the LH motif represents a novel tramactivation domain, distinct from those 
containing acidic, proline-rich and glutamine-rich activation motifs and is 
resmcted to a class of HLH activatorj. 

B 385 PROMOTER ANALYSIS OF AN AUXIN- 
REGULATED G E N E  IN TRANSGENIC PLANTS. 

Ronald T. Nagao, Robert E. Wyatt, Virginia H. Goekjian, M.'. Michael 
Ainley, Timothy W. Conner and Joe L. Key. Botany Department, 
University of Georgia, Athens, GA 30602. 

The application of auxin causes a rapid increase in the expression 
of specific sets of genes. Auxin-responsive genes from soybean 
( A u 2 2  and Aux28) and their corresponding homologs from 
Arubidopsir (AtAux2-11 and AtAux2-27) have been isolated. In order 
to better understand auxin-regulated gene expression in a homologous 
system, promoter deletions of the Arubidopsk AtAuxZ-l I gene 
(approximately -3.0, -1.5, -0.6, -0.5, and -0.4 kb) were fused TO the p-  
galactosidase (LacZ) reporter gene and transformed into Aruhidopsk. 
The five promoter deletions tested conferred tissue-specific expression 
patterns correlated with processes associated with auxin action and 
were active at  several developmental stages of S2 transgenic plants, 
from seedling to flowering. The similar expression pattern of large 
scale promoter deletion constructs (-3.0, -1.5, and -0.6 kb)  analyzed 
in transformed Arubidopsk suggests that relevant regulatory sequences 
of the AtAux2-11 gene are located within 0.6 kb of 5'  flanking 
sequence. To more precisely locate these relevant regulatory 
sequences, 70 bp 5' linker scan deletions and 70 bp fragment 
replacement mutations from approximately -600 to -57 were 
constructed with LacZ as the reporter gene and transformed into 
Arabidopsk. Analyses of transgenic plants containing 5' deletion 
constructs showed that deletions downstream of -337 crastically 
reduced activity. Fragment replacement analyses showed that two 
regions (-603 to -548 and -407 to -338) appear to be necessary for 
any promoter activity, while replacement of two other regions (-267 
to -198 and -127 to -57) appeared to have little or no effect on 
activity. Disruptions of the other 70 bp regions of the AtAux2-11 
promoter had intermediate effects on reporter gene expression. 
These analyses suggest that the 70 bp replacement regons may 
contain multiple functional motifs and that multiple 70 bp  regions of 
the promoter are necessary for auxin-inducible expression. 
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B 386 CONTROL OF E. COU LYSYL-tRNA SYNTHETASE 
EXPRESSION BY LEUCINE-RESPONSIVE 

REGULATORY PROTEIN. Yoshikazu Nakamura, Koichi 
Ito and Koichi Kawakami, Institute of Medical Science, 
University of Tokyo, P.O. Takanawa, Tokyo 108, Japan 
Lysyl-tRNA synthetases of E. coli are synthesized from 
two distinct genes, 1ysS and lysU,  which are regulated 
differentially. lysS is  expressed constitutively, while 
l y s U  is normally silent and is induced by heat shock 
and several  metabolites such a s  L-leucine. To 
investigate the mechanism of differential regulation 
and the physiological significance of these two genes, 
we have constructed a null mutation of l y s S  which 
causes cold-sensitive lethality, and used it to acquire 
and characterize several bypass mutations called als 
(abandonment of b s s ) .  Cold-resistant survivors all 
caused derepression of l y s U  transcription. Two a l s  
mutations which were linked to l y s U  contained IS2 
inser t ions  upstream of the  l y s  U p r o m o t e r .  
Consistently, deletion mutations upstream of the 
promoter also restored growth of l y s S I .  These results 
suggest that transcription of lysU i s  negat ively 
control led by a c is-regulatory element  located 
upstream of the promoter. All lysU-unl inked  a l s  
mutations mapped in the l rp  gene which encodes the 
leucine-responsive regulatory protein (Lrp). Lrp is a 
bifunctional transcription factor which activates or 
represses several genes involved in branched chain 
amino acid metabolism. Therefore, lysU is part of the 
leucine regulon and is negatively controlled by Lrp. 
Structural and functional features of LRP will be 
presented .  

B388 ICSBP A MEMBER OF THE IRF FAMILY SUPPRESSES 
IFN-INDUCED GENE TRANSCRIPTION Nancy Nelson ,  

Michae l  S. Marks, P a u l  H. Driggers, Keiko Ozato ,  
L a b o r a t o r y  of M o l e c u l a r  Growth R e g u l a t i o n ,  N a t i o n a l  
I n s t i t u t e  of C h i l d  H e a l t h  and Human Development, 
N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  Bethesda ,  M d .  20892 

ICSBP is a m e m b e r  o f  the  i n t e r f e r o n  r e s p o n s e  factor 
(IRF) f a m i l y  t h a t  b i n d s  t o  t h e  i n t e r f e r o n  (IFN) 
r e s p o n s e  e l e m e n t s  o f  several IFN-regula ted  g e n e s  as 
w e l l  as the  v i rus  i n d u c i b l e  e l e m e n t s  of IFN g e n e s  
(Driggers e t  a l ,  1 9 9 0 ) .  To s t u d y  a f u n c t i o n a l  ro le  
of ICSBP, t r a n s i e n t  c o - t r a n s f e c t i o n  e x p e r i m e n t s  
have  been  performed u s i n g  a n  ICSBP e x p r e s s i o n  
p l a s m i d  and IFN-respons ive  r e p o r t e r  g e n e s  i n  human 
embryonal  carc inoma ce l l  l i n e ,  N-Tera2. These cells 
were shown n o t  t o  express ICSBP or  IRF-2, t h u s  
a l l o w i n g  f u n c t i o n a l  a n a l y s i s  of t r a n s f e c t e d  CDNAS. 
C o - t r a n s f e c t i o n  of ICSBP i n t o  cells treated w i t h  
r e t i n o i c  acid (RA) o r  any  o f  the  IFNs r e p r e s s e d  
e x p r e s s i o n  of CAT reporter d r i v e n  by the m a j o r  
h i s t o c o m p a t i b i l i t y  complex (MHC) class I gene  
promoter. S i m i l a r l y ,  ICSBP r e p r e s s e d  e x p r e s s i o n  o f  
CAT r e p o r t e r s  d r i v e n  by t h e  ISREs o f  t h e  2 l - 5 ’  
o l i g o a d e n y l a t e  s y n t h e t a s e ,  g u a n y l a t e  b i n d i n g  
p r o t e i n  and I S G - 1 5  g e n e s  i n  IFN-t rea ted  cells. 
D e l e t i o n  a n a l y s i s  showed t h a t  the p u t a t i v e  N- 
t e r m i n a l  DNA b i n d i n g  domain of ICSBP by i t s e l f  is 
c a p a b l e  o f  m e d i a t i n g  t h e  r e p r e s s i o n .  Us ing  t h e  
same c o - t r a n s f e c t i o n  c o n d i t i o n s  as ICSBP, a s imi la r  
r e p r e s s i o n  of these reporters was observed w i t h  
IRF-2. F i n a l l y ,  ICSBP r e p r e s s e d  t h e  IRF-1 media ted  
i n d u c t i o n  o f  MHC class I and IFN-8 r e p o r t e r s  i n  t h e  
a b s e n c e  o f  IFN or  RA. G e l  s h i f t  a n a l y s e s  are 
c u r r e n t l y  b e i n g  carried o u t  t o  e l u c i d a t e  t h e  
mechanism of t h e  r e p r e s s i o n .  

B387 ANGIOGENIC F A m R  AND RAS REGULATION OF 
HUMAN CYCLOOXYGENASE2 GENETRANSCRIPTION. 

Karen Neilson, Susan Appleby, Javier Baniocanal and Timothy Hla, 
Department of Molecular Biology, Holland Laboratory, American 
Red Cross, Rockville, MD 20855 
Cyclooxygenase catalyzes the rate-Emiring step in the synthesis of 
inflammatory prostaglandins. Both forms of cyclooxygenase, hCox-1 
and hCox-2, are expressed by human umbilical vein endothelial cells 
(HWEC). However, only the level of hCox-2 mRNA is greatly 
increased in the presence of phorbot myristic acetate (PMA), an 
inducer of HWEC differentiation and fibroblast growth factor-1 
(FGF-I), a potent angiogenic factor. In quiescent rat embryo 
fibroblasts (REF), the hCox-2 mRNA is not detected by Northern blot 
analysis on total RNA preparations. However, in REF cell lines 
stably-transfected with the oncogenic H-ras gene, hCox-2 mRNA is 
expressed. Furthermore, the hCox-2 mRNA levels are induced 
strongly if the cells are treated with PMA. In contrast, in revertant 
REF cells that are expressing the Adenovims Ela oncogene, the PMA 
response is blunted. These. studies suggest that the transcription of 
the hCox-2 gene is stimulated by PMA, FGF and oncogenic ras and 
is inhibited by Ela. To understand the transcriptional regulation of the 
hCox-2 gene, we have isolated and sequenced the 5-flanking region 
of the gene. Primer extension analysis suggests that the hCox-2 gene 
possesses two transcription start sites. Sequence homology searches 
of the 0.8 kb, 5’ flanking region revealed several regulatory regions 
including motifs similar to AP-2, CRE, SPI, NFkB and 
NFIL6KREB. Interestingly, the known PMA responsive element 
AP-1 was not found. Tmsfection of NIH 3T3 cells with the 
chloramphenicol acetyl transferase (CAT) reporter gene under the 
control of 0.8 kb of hCox-2 5’-flanking region resulted in the 
elaboration of CAT activity which was induced by PMA, suggesting 
that the PMA-responsive elements are present in the construct. Since 
cyclooxygenase plays a key role in the synthesis of prostaglandins, 
understanding the transcriptional regulation of the cyclooxygenase 
gene will lead to further insight into the inflammatory prcceses 
including angiogenesis. 

B 389 STRUCTURE OF THE PROMOTER REGIONS OF THE 
V1.l AND V1.2 GAMMA TCR GENES Itai Novick and 

Yacob Weinstein, Dept. of Microbiology and Immunology, Faculty of 
health sciences, Ben-gurion University, Beer-sheeba, Israel. 

T lymphocytes recognize Antigen via the T cell receptor (TCR), 
which is a heterodimer fonned of at3 or y6 chains. Each TCR chain 
is composed of a variable and a constant regions. We previously 
have shown that 113 dependant lines express transcripts of 
different yTCR isotypes, originating from the embryonic 
unrearranged yTCR loci. Moreover. we found that IL3 regulates 
the expression of the yTCR genes in these lines. In order to 
further study this regulation, we decided to characterize the V1 . l  
and V1.2 promoters, which are only 2.9 Kb apart in opposite 
transcriptional orientations. 

We sequenced the 2.9 Kb region between the Vl.1 and V1.2 
genes. No substantial homologies to consensus promoter 
elements were found in the region upstream to the Vl .I startsite. 
However, an odamer a kE2 and a MAT a l / d  consensus sites 
were found -730 to 470 upstream to the ATG site of the Vl.2 
gene. Comparison of the two regions upstream of the Vy genes, 
showed diwryhg homology: almost all of the 550 bp region 
upstream to the V1 .l is contained in the 1.7 Kb upstream to the 
V1.2 gene, but this region also contains two insertions between 
the homologous regions. In the sequenced region, we also found 
an Alu-like E l  mouse repetitive element and a 150 bp region 
homologous to the Vy exon. These findings suggest a common 
origin for the two genes with evolutionary changes that occurred 
recently in the regulatory units. The Vl.1 and V1.2 genes share 
over 95% similarity in their coding regions. In contrast, The large 
sequence difference that was found between these genes 
upstream to the ATG, suggests different transcriptional regulation 
for each gene. 

Using Sl nudease mapping assay, we found in EL4 cells 
multiple initiation sites for the V1.2 gene, lccated belween 162 and 
306bpfromATGsite. Insectsdonedfromtheupstreamregionofthe 
V1.2 ~ e n e  showed only minor promoter adivity in a CAT assay. 
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B 390 

ACTIVATOR PROTEIN TAX. Jennifer K. Nyborg, Audrey A. Franklin, 
Martine N. Uittenbogmd. Allison P. Armstrong, Mark F. Kubik, Anne M. 
Brauweiler. Department of Biochemistry. Colorado State University, Fort 
Collins, CO 80523 

Human T-cell leukemia virus type 1 (HTLV-1) was the first iden- 
tified human retrovirus. HTLV-I is associated with a variety of clinical 
syndromes. including adult T-cell leukemia (ATL). tropical spastic para- 
paresis (a demyelinating neurological disease) and a form of rheumaroid 
arthritis. 

The HTLV-I encoded transcriptional activator protein Tax is 
strongly implicated in the pathogenesis atmbuted to HTLV-1. Tax is 
essential to the life cycle of the virus. and has been shown to increase the 
rate of HTLV-I nanscriution. It is well established that three imperfect 21 

MECHANISM OF REGULATED GENE EXPRESSION BY 
THE HUMAN T-CELL LEUKEMIA VIRUS TRANS- 

B 391 SPECIFIC RECOGNITION OF NUCLEOTIDES BY HISTONE H1 
AND THE CHROMATOSOME, Jouko Oikarinen. Natalja YIi-Mayry. 

Tatu Tarkka and Riitta-Maaria Mannermaa, Collagen Research Unit. 
Biocenter and Department of Medical Bochemistry. University of Oulu. 
Kajaanintie 52A. SF-90220 Oulu, Finland 

We have reported previously that histone H1 is capable of binding 
nucleotides. We present here evidence using labeling whh [14C]acetyCCoA 
and 8-a~ido-[~*P]ATP that the ability to bind nucleotides in a specific manner 
is a characteristic of histone H1 among the histone proteins; phosphate 
analogs such as  AIFq- counteract the labeling of histone H1 while they do not 
compete for that of histones H2A. H2B. H3 and H4 or bovine serum albumin. 
When using 8-a~ido-[~*P]ATP. nucleotides appeared to compete lor the 
labeling of histone H1 in a similar manner to that of heat shock protein-90 
(hsp90), an ATPIGTP-binding protein whh autophosphorylation activity 

bp repeat enhancer elements. located in the transcriptional control region 
of HTLV-I, are necessary for Tax dependent transcriptional activation. The site of nucledide interaction was located in histone H1 using radioactive 
Tax does not bind to these DNA sequences directly, but appears to interact labeling with nucleotide analogs or (14Cblucose and endoproteinasr G b C  
with rellnlar tnnvrintinn factor< that recngnize these sites. digestion. The experiments pinpointed a Gly-rich region that aisplays ...... .___ .~ .~ .  .~ ~~ 

Research in our laboratory and others have shown that the cellular 
factors that hind the HTLV-I 21 bp repeats are members of the 
CREB/ATF Drotein familv. CREB and ATF-2 are maior comuonents of a 

homology with protein kinases, and as  synthetic polypeptides corresponding 
to this region were capable of binding nucleotides in a specific manner, the 
histone H1 nucleotide binding site may be considered similar to those in 

highlypurifikd preparatiob of T-cell proteins that bindthe 21 bp repeats. 
Purified recombinant ATF-2 and CREB specifically hind each of the three 
21 bp repeat elements, and activate transcription of the HTLV-I promoter 
dependent on these sequences. Tax further stimulates RNA synthesis in 
the presence of CREB and ATF-2. These studies suggest that ATF-2 and 
CREB likely play a central role in regulating HTLV-I gene expression, 
and that they may mediate transcriptional activation by Tax. 

We have used in virro DNA binding experiments to identify the 
interaction between Tax and ATF-2 and CREB. Using Tax purified to 
near homogeneity from baculovirus or E. coli, we have shown that Tax 
causes a dramatic increase in the site-specific DNA binding activity of 
both CREB and ATF-2 to the 21 bp repeats of HTLV-I. Tax affects the 
DNA binding activity of native ATF-2 and CREB purified to homogeneity 
from cultured human cells, as well as with the recombinant proteins 
expressed and purified from E. coli. Significantly, Tax appears to be 
highly pleiotropic. affecting the DNA binding activity of many cellular 
transcription factors, consistent with the observation that Tax trans- 
activates a wide range of cellular genes in v iw .  

B 392 TAT-ACTIVATED HIV-I TRANSCRIPTION 
IS REPRESSED BY LBP-I, Camilo A. Parada, Jong-Bok 

Yoon and Robert, C. Roeder, Laboratory of Biochemistry and 
Molecular Biology, The Rockefeller University, New York, NY 
10021 

HIV-1 Tat strongly activates the HIV-I promoter by binding to the 
transactivation response element (TAR) located at the 5’ end of all H N -  
1 mRNAs (between +I4 to 44). Although several observations suggest 
that Tat functions at the level of initiation and elongation, little is know 
about the mechanisms by which Tat function is regulated. 

Our laboratory has previously shown that the cellular DNA binding 
protein LBP- 1 represses HIV- 1 transcription by preventing the binding 
of TFIID to the promoter (H.Kato etal. (1991) Science 251, 1476-1479) 
and a human cDNA encoding LBP-1 activity has been isolated (J-B. 
Yoon, G. Li and R.G. Roeder ). We also have developed a HeLa cell- 
derived in virro system in which recombinant Tat protein activates 
elongation of HIV-I transcripts 10-fold, in conjunction with TFIIF 
(H.Kato e f  al. (1992) Genes & Dev. 6. 655-666). Here we have 
analyzed the effect of recombinant LBP-1 on the in v i m  activation of 
HIV-1 transcription by Tat. We found that the addition of LBP-1 
specifically inhibits HlV- 1 transcription under conditions where Tat 
stimulates elongation. Since the preinitiation complex was allowed to 
form before the addition of LBP-1 (a condition that blocks LBP-1 
repression) this result suggested that LBP-I was inhibiting the Tat 
response by an alternative mechanism. To study how LBP-1 was 
preventing Tat function we developed a ”pulse-chase“ assay that 
involves the isolation of preinitiation complexes by gel filtration, 
followed by incubation under selected conditions that would allow 
transcription either to position 13 (“pulse”) or 600 (“chase”). We found 
that during the “chase” RNA pol II pauses (with a half-life of 1 min) just 
downstream of the TAR sequences. This suggested a mechanism in 
which TAR is formed and then bound by Tat with cellular factors. thus 
allowing the Tat effect on elongation. We studied the effect of LBP-I 
on the pausing and found that addition of LBP-I during the “pulse” did 
not block formation of the 13-mer, but that during the “chase” it strongly 
inhibited elongation of the transcripts such that the TAR RNA stmcture 
could not be synthesized. 

Our results strongly suggest that LBP-1 may play a crucial role in the 
repression of HN-I  gerke expression under certain condition since it has 
the potential to repress both initiation and elongation of HIV-1 
transcripts. 

protein kinases 

Nucleoslde triphosphate display higher afiinlty towards histone H1 when It is 
part of the chromatosome than in the absence of the nucleosom Nucleotide 
binding specfiicity of histone H1 complexed wlth the nucleosome appeared to 
be similar to casein kinase II (CKlla) In the presence of the reconstltuted 
nucleosome the kD values for ATP and GTP ranged from 0 4  to 30 flM 
depending on the presence of Mg2+ The capabilrty of nucleotide binding is 
thus a characteristic of the  chromatosome and may provide a mecharism for 
the regulation of eukaryotu gene expression 

B393 THE MECHANISM BY WHICH THE HUMAN APO- 
LIPOPROTEIN B GENE REDUCER OPERATES 

INVOLVES BLOCKING OF TRANSCRIPTIONAL ACTIVATION BY 
HEPATOCYTE NUCLEAR FACTOR 3. ‘Bernhard Paulweber, 
‘Friedrich Sandhofer. and #Beatriz Levy-Wilson. ‘First Department 
of Internal Medicine, General Hospital of Salzburg. 5020 
Salzburg. Austria, #Gladstone Institute of Cardiovascular Disease, 
and Department of Pharmaceutical Chemistry, University of 
California, San Francisco, California 941 41 -91 00. 
Recently we demonstrated that a DNA fragment extending from 
-3067 to -2734 of the human apolipoprotein B gene reduces 
transcriptional activity of the apo B promoter segment containing 
sequences from -139 to +121 by about 10-fold in cultured colon 
carcinoma cells (CaCo-2). but not in cultured hepatoma cells 
(HepG2). We postulated that this reducer operates by a 
mechanism involving active repression of a transcriplional 
activator that binds to the segment (-111 to -88) of the apo B 
promoter (B.Paulweber and B.Levy-Wilson, J.Biol.Chem. 266: 
24161-24168,1991). We now report that a 24 base pair sequence 
from -2801 to -2778 of the apo B gene containing a binding site for 
the negative regulatory protein ARP-1 is essential and sufficient for 
the reducer effect. Furthermore, we demonstrate that the 
transcription factor HNF-3a binds to the sequence 5.- 
TGTTTGCTTTTC-3‘ (-95 to -106) of the apo B promoter, to 
stimulate transcription. Transcriptional activity of a CAT construct 
containing HNF-3 binding sites upstream of a minimal apo B 
promoter fragment (-30 to +121) is repressed, when the reducer 
sequence is inserted immediately upsteam of the HNF-3 binding 
sites, suggesting a mechanism by which the reducer-bound 
protein(s) block(s) activation promoted by HNF-3. From the results 
of cotransfection experiments in which ARP-1 was overexpressed 
in the absence of its binding site, we conclude that ARP-1 interacts 
either directly or via a meditator protein with proteins recognizing 
the HNF-3 site and that this interaction is sufficient to repress 
transcriptional activation by HNF-3. Since transcriptional activation 
promoted by Spl is not perturbed by the reducer, a direct 
interaction between the reducer-bound protein(s) and basic 
components of the transcriptional machinery is unlikely. 

122 



Ihnscripth: Factors, Regulation and Differentiation 

B 394 TRANSCRIPTIONAL REGULATION OF HIV 
Matiia Peterlin. Alicia Alonso, Andreas Baur, Subir 

Ghosh, Xiaobin Lu and Ying Luo, Howard Hughes Medical 
Institute, Departments of Medicine, Microbiology, and 
Immunology, University of California, San Francisco, San 
Francisco, CA 94143-0724. 

Long terminal repeats (LTRs) of HIV-1 and 2 are transcriptionally 
activated following T cell or macrophage activation, grmvth, and 
proliferation. Cellular transacting factors that pankipate in this 
response include nuclear factors KB (NF-~€3) and of activated T 
cells (NF-AT) in HIV-1 and NF-KB and AP-3 in HIV-2. Serine/ 
threonine and tyrosine phosphatases modulate cytoplasmic to 
nuclear translocation and activities of these regulatory proteins. 
Following activation, HIV LTRs are transactivated by their 
respective transactivators (Tats). Tat interacts with an RNA stem- 
loop called TAR, which is located 3’ to the site of initiation of viral 
transcription. For optimal interactions between Tat and the bulge in 
TAR RNA, cellular TAR RNA-binding proteins are required The 
defect in rodent cells that leads to low levels of transactivation by 
Tat and that is complemented by human chromosome 12 maps to 
these TAR RNA-binding proteins. Tat modifies an unstable to a 
stable ( i s .  elongation competent, processive) transcription 
complex. Orther DNA-binding proteins, i.e. NF-KB, SP-1, and 
LBP-1, are responsible for efficient loading of RNA polymerase II 
at the HIV TATA box. By fusing Tat to the MS2 coat protein, a 
prokaryotic RNA binding protein, and replacing TAR with the MS2 
operator, activation and RNA binding domains of Tat were 
mapped. Besides determining differences in modes of action of Tat 
presented by RNA and DNA, we also constructed a minimal 
functional lentiviral Tat of only 25 amino acids. Here, 15 and 10 aa 
consitute activation and RNA-binding domains, respectively. This 
minimal Tat was subjected to structural studies. Mixing and 
matching different strains of the HIV LTR and Tat, i.e. 
constructing chimeric targets and effectors, revealed structural 
features of these LTRs and Tats that might explain distinct clinical 
courses of HIV-I and HIV-2 infections. Based upon these 
observations, we developed a very sensitive test of viral burden and 
replication in infected individuals. 

B396 A NUCLEAR PROTEIN WHICH PREFERENTIWY BINDS 
THE HIV-1 PROMOTER WHEN THE DNA IS HETHYLATED, 

Karen Pratt and Peteranne Joel, Department of 
Microbiology and Molecular Genetics, University af 
Vermont, Burlington, VT 05405 

Loss of AIDS latency requires transcription of 
integrated HIV-1 proviral DNA. Transcription is 
directed by promoter elements in the LTR. It has 
been shown that DNA methylation in the promoters of 
many genes represses transcription in vivo and that 
DNA methylation of HIV LTR is correlated with HIV-1 
latency. Our studies indicate that a novel 
protein, found in nuclear extracts of several 
mammalian cell lines, binds to specific methylated 
DNA sites in the HIV-1 promoter. We can 
distinguish between this protein and three other 
mammalian proteins so far discovered which 
preferentially bind methylated DNA sequences on the 
basis of binding site competition, molecular 
weight, binding conditions, and sequence of the 
binding site. HMBP (HIV-1 Methyl Binding Protein) 
binds to a subset of sequences to which the general 
transcription factor Spl binds. Binding by Spl has 
been shown to activate the expression of many 
genes. HMBP is not Spl nor a modified Spl protein 
since the Spl consensus binding site does not 
compete with the m P  binding site for IiMBP binding 
and since HMBP can easily be separated from Spl by 
column chromotography. Considering the role that 
DNA methylation plays in gene repression, HMBP may 
mediate repression of genes under the control of 
the HIV-1 LTR promoter in vivo thus mediating AIDS 
latency. Furthermore, IiMBP may repress expression 
of the many other genes which contain these Spl 
sites in their promoters including some oncogenes. 

395 MOLECULAR ANALYSES OF MOUSE CELL LINES 
WITH HEAT SHOCK NON-RESPONSIVE HSP70 

GENES, Benette Phillips and Jacek Gonowski, Dept. of 
Obstetrics and Gynecology, Northwestern University 
Medical School, Chicago, IL 6061 1 
Transcriptional activation of the hsp70 gene in 
response to heat shock, a nearly universal response, 
fails to occur in mouse erythroleukemia (MEL) cells, 
although gel retardation assays using an oligomer 
corresponding to the heat shock element (HSE) of the 
mouse hsp70 promoter indicate activation of heat 
shock transcription factor (HSF) in these cells. We are 
using genomic footprinting analyses to distinguish 
betweer, two hypotheses: 1) HSF does not stimulate 
hsp70 transcription because it is unable to bind to the 
HSE in the endogenous hsp70 promoter, 2)  HSF binds 
to the hsp70 promoter but fails to activate 
transcription. Our results support the first hypothesis. 
The hsp70 gene in the mouse plasmacytoma line MPC- 
11 has also been reported to be refractory to 
activation by heat shock. We have detected an HSE- 
binding activity in extracts of heat shocked MPC-11 
cells as well. The stability of HSF-HSE complexes 
formed using extracts of MEL and MPC-11 cells is 
comparable to that of complexes formed in extracts of 
cells with activatable hsp70 genes. Surprisingly, the 
hsp86 gene, which is coordinately induced with hsp70 
in mouse lines exhibiting a conventional heat shock 
response, is transcriptionally activated in both MEL 
and MPC-11 cells. We are currently trying to 
understand the basis for the differential 
responsiveness to heat shock of these two genes in 
MEL and MPC-11 cells. 

B397 CREB IS DIRECTLY INVOLVED IN BOTH BASAL 

OF THE PEPCK GENE, L.P. Xing and P.G. Quinn, 
Department of Cellular and Molecular Physiology, 
The Pennsylvania State University College of 
Medicine, Hershey, PA 17033. 
Transcription of the PEPCK gene is induced by 
CAMP and glucocorticoids. To investigate 
possible interactions between CREB, glucocor- 
ticoid response unit (GRU) binding proteins, and 
other trans-acting factors, block mutations were 
introduced into well defined factor-binding sites 
and WT or mutant plasmids were transfected into 
H4IIEC rat hepatoma cells - / +  a PKA catalytic 
subunit expression vector. PKA or DEX induced 
PEPCK-CAT activity by 7 -  or 5-fold, respectively, 
and PKA+DEX mediated a 22-fold induction. The 
effects of PKA and DEX, separately or together, 
were significantly decreased in CREmut and AGRU 
(P<0.005), suggesting functional interaction 
between these pathways. Mutation of other factor- 
binding sites located between the CRE and the GRU 
also decreased induction by DEX. However, induc- 
tion by PKA+DEX was reduced only by mutation of 
the IRS within AF2 of the GRU. The DNA binding 
domain of GAL4 was substituted for that of CREB 
(CRG) and the CRE was replaced with a GAL4 bind- 
ing site (GIPEPCK-CAT). In the absence of CRG, 
GIPEPCK-CAT behaved the same as CREmut. CRG ele- 
vated basal activity and restored responsiveness 
to PKA. Induction by DEX and DEX+PKA increased 
in proportion to basal activity. Therefore, CREB 
(CRG) clearly contributes to the level of trans- 
cription activation, but it does not appear to 
mediate the interaction produced by DEX+PKA. 
Concomitant treatment with CRG plus PKA and PKA 
inhibitor peptide, or mutation of the PKA 
phosphorylation site were equivalent to CRG 
alone, indicating that CREB possesses a basal 
activation capacity that does not require 
phosphorylation for its expression. 

EXPRESSION AND HORMONE-MEDIATED INDUCTION 
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B 398 MUTAGENS ENHANCE THE HIV-1, INTERLEUKIN-1 (E-1). 
AND INTERLEUKIN-6 (IL-6) EXPRESSION THROUGH 

TRANSCRIPTIONAL OR .POST-TRANSCRIPTIONAL MECHANISMS, 
lleana Quinto. Massimo Mallardo. Maria R. Ruocco. Francesca 
Baldassarre. Vincenzo Giordano and Giuseppe Scala. Department 
of Biochemistry and Medical Biotechnology. 2nd Medical School, 
University of Naples. Naples, Italy. 
Mutagens can affect the transcription of viral and cellular 
genes. This effect seems to be limited to a number of genes and 
requires cellular cofactors. The expression of HIV-1. the 
causative agent of AIDS. and of 1L-1 and IL-6 was studied in 
human lymphocytes and monocytes after treatment with the 
alkylaling agents mitomycin C. methyl methanesulfonate. and 
ethyl methanesulfonate. The expression of HIV-1 was monitored 
by measuring the CAT activity following the transfection of the 
cat gene under the trascriptional control of wild type or 
mutants HIV- I  LTR. The mutagen treatment significantly 
enhanced the CAT activity in  the transfecled cells. The effect 
was abolished by the deletion of the KB sites in the HIV-1 LTR, or 
i t  was halved b y  the deletion of Spl or TAR regions. A n  
increased K B  DNA binding activity was revealed i n  nuclear 
extracts from mutagen-treated cells by gel retardation assay. 
The expression of IL-1 and IL-6 genes was studied in primary 
human monocytes by northern blotting analysis of total RNA, or 
by run on assay in  isolated nuclei. The DNA alkylating agents 
enhanced the expression of IL-l  a, 1L-1 fl and IL-6 genes at 30 
min after treatment, reaching the maximum effect at 3 hours. 
This enhancement was not due to transcriptional activation of 
the interleukin genes since i t  was not observed in run-on 
transcription assays. B y  using the actinomycin D 
transcriptional inhibitor. it was shown that mutagens acted by 
stabilizing the interleukin mRNAs. Moreover, the effect was not 
abolished by cycloheximide pretreatment, thus indicating that 
"ex novo" synthesized cellular factors were not required to 
stabilize the interleukin transcripts. These data indicate that 
mutagens may affect the lranscription of viral or cellular genes 
by activating both cellular transacting factors or cellular 
factors stabilizing specific mRNAs. This work was supported by 
CNR. AIRC and V Research Project on AIDS. 

B 400 IDENTIFYING P53 TRANSACTIVATION 
T A R G E T S  U S I N G  SUBTRACTIVE 

HYBRIDIZATION, Valerie Reinke and Guillermina Lozano, 
Department of Molecular Genetics, M.D. Anderson Cancer 
Center, Houston , TX 77030 
The function of the p53 protein as  a tumor suppressor is 
dependent on its function as a transcription factor. This is 
indicated by various p53 mutants which, unable to activate 
transcription, are also unable to suppress transformation. To 
understand the process by which p53 exerts its growth 
regulation on  the cell, it is necessary to identify cellular 
targets of p53 transactivation. The focus of this project is to 
isolate p53-transactivated genes by subtractive hybridization 
using a specific cell line, A1-5's. The A1-5 cell line is a rat 
embryo fibroblast cell line transformed with ras and a 
mutant p53 allele that is temperature sensitive. At 32OC, the 
A1-5 cells behave as if the p53 were wild type; that is, the cells 
stop growing. At 39OC, p53 is in a mutant conformation and 
the cells grow very well. The p53 in this cell line is also 
temperature sensitive for transactivation. This was tested 
using a previously identified target of p53 transactivation: 
p53 itself. We have shown that p53 positively regulates its 
own promoter. By transfecting the p53 promoter fused 
upstream of the ludferase reporter gene into A1-Ss, I have 
shown temperature sensitive transactivation by this mutant 
p53. At 32"C, the transfected p53 promoter is upregulated, 
whereas it is not at 39OC. This indicates that the cellular 
targets of p53 transactivation will be present at 32OC and not 
at 39°C. Using subtractive hybridization between the two 
temperatures is  an excellent method for isolating these 
targets. Identification of targets will aid in elucidation of the 
cascade of events leading to tumor suppression by p53. 

B 399 SOMATOSTATIN AND EPINEPHRINE INHIBIT 
INSULIN GENE TRANSCRWI'ION IN THE HIT CELL, 

J. Bruce Redmon, Howard C. Towle, and R. Paul Robertson, 
Diabetes Center and Division of Endocrinology and Metabolism, 
Department of Medicine and Department of Biochemistry, 
University of Minnesota Medical School, Minneapolis, MN 55455 
We recently observed in the HIT cell, a clonal insulin-secreting cell 
line, that somatostatin and epinephrine lower insulin mRNA levels and 
intracellular insulin content in addition to the well-recognized effect of 
these hormones to inhibit insulin secretion. To determine whether 
these inhibitory hormones regulate insulin synthesis at the level of 
insulin gene transcription, we msfected HIT cells with a reporter gene 
consisting of 327 base pairs of the 5'-flanking region of the human 
insulin gene linked to the bacterial gene chloramphenicol acetyl 
transferase (CAT). This insulin-CAT construct was responsive to 
glucose in a dose-dependent manner, and increased nearly three-fold as 
the glucose concentration increased from 0.4 to 11.0 mM. When HIT 
cells were cultured for 48 hours in the presence of somatostatin 
M) or epinephrine (5x10-5 M), HIT cell expression of the insulin-CAT 
reporter gene was inhibited to 66 * 10% (p=0.03) and 54 * 5% 
(p=0.002) of control, respectively. In dose-response expenments, 
somatostatin and epinephrine inhibited HIT cell expression of the 
insulin-CAT gene in a dose-dependent manner which paralleled dose- 
dependent inhibition of insulin secretion. These studies suggest that 
the effect of somatostatin and epinephrine to lower insulin mRNA 
levels is at least in part mediated by an inhibitory effect on insulin gene 
transcription. Thus, inhibition of insulin synthesis may be coupled to 
inhibition of insulin secretion via common regulatory mechanisms 
within the 13 cell. Such a coupling may allow the D cell to match lnsulin 
supply to secretory demand. 

B 401 METALLOlXIONEINGENEREGULATIONROLEOFMET~ 
RESPONSIVEELEMENTS ANDINTRACELLULARTHIOLSIN 

BASALANDHEME-HEMOPEXIN-INDUCMETALLOTHIONEIN 
EXPRESSION. Yafei Ren, kchard D. Palmiter' and Ann. Smith, School 
of Biological Sciences, University of Missouri-Kansas City, Kansas City, 
MO 64110, Xoward Hughes Medical Institute Laboratory, University of 
Washington, Seattle, WA 98195. 
Hemopexin (HF'X) binds heme and delivers it to cells by receptor- 
mediated endocytosis. Hemopexin-mediated heme transport in mouse 
heptoma (Hepa) cells stimulates the exprcssiOn of metallothionein (MT- 
1) primarily at the level of initiation of banscription. MT mRNA is also 
extensively induced by cobalt-protoporphyxin (CoPP)-hemopexin which 
binds to the hemopexin receptor without intracellular uptake of CoPP. 
Moreover, inhibition of protein synthesis by cycloheximide augments the 
heme-hemopexin-mediated accumulation of MT-1 mRNA. The research 
presented here is designed to further delineate the mechanism of heme- 
hemopexin-mediated MT gene regulation. Transient transfection was used 
to define the regions of the mouse MT-I promoter required for heme- 
hemopexin-mediated regulation. The potential role of intracellular 
signalling pathway@) involving reactive oxygen species as intermediates 
in basal and induced MT gene expression was also investigated. Our 
results show transcriptional activation of merallothionein gene expression 
by heme-hemopexin requires at least 600 base pairs (-600 to +64) of 5'- 
fhking region of h4T-1 promoter and is independent of the metal 
nsponsive elements of the MT-1 promoter. Both the basal and induad 
MT mRNA levels a n  deaeased and abrogated, rupectively, by the 
armoudylt and radifal scavenger N--1-Lcysteine (NAC), providing 
evi&nce that intracellular thiol and/or reactive oxygen radicals are 
involved in the transcriptional activation of MT gene by heme-hemopexin. 
NAC also prevents the CoPP-hemopexin-medhted induction of MT gene 
expreJsion, showing that occupation of the hemopexin raccptor is a step 
in a pathway to gemate or trigga a series of events that germate free 
radicals. In addition, the phorbol esta 12-myristate 13-acetate (FMA), an 
activator of protein kinase C,  causes a dramatic increase in MT mRNA 
level when incubated with Hepz cdls pd simultanms addition of NAC 
abolishes this induction. The mechanism of these effects is cumt iy  
under investigation. (Supported by USPHS grant, DK-37463) 

. .  
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B 402 MECHANISM OF METHYLATION-MEDIATED 

al(0 COLLAGEN GENE, Katherine Rhodes, Richard A. Rippe, 
Akihiro Umezawa, Michael Nehls, David A. Brenner, and Michael 
Breindl, Department of Biology, San Diego State University, San 
Diego, CA 92 182 and Depamnent of Medicine, University of 
California, San Diego, CA 92161 
The molecular mechanisms by which DNA methylation may affect 
transcription of the murine a1 (I) collagen gene have recently been under 
investigation in our laboratories. We have previously shown that 
methylation of a region located in the first exon of the a l  (I) gene, but 
not of the promoter itself or of regulatory elements in the fmt  innon is 
inversely correlated with transcription of the gene. Gel shift assays with 
methylated and unmethylated oligonucleotides have shown that none of 
the trans-acting factors so far identified as binding to the promoter 
region and first exon are sensitive to DNA methylation. Since 
comparative footprint and gel shift assays with exhacts from collagen- 
producing and non-producing cells indicate that the factors interacting 
with the regulatory elements in the promoter, first exon and fmt innon 
are ubiquitous factors - factors present also in non-producing cells - 
either the critical factor(s) has not yet teen identified or other 
mechanisms are involved One alternative mechanism is suggested by 
transfection experiments using methylated and unmethylated al(1) 
promoter-reporter gene consmcts which showed that transcriptional 
activity of the promoter is inhibited by methylation in murine cell lines, 
but not in Drosophila cells. Because invertebrate DNA is not methylated 
and the Drosophila cells therefore presumably do not contain methyl- 
CpG-binding proteins, this finding suggests that the methylation- 
dependent transcriptional suppression is mediated by methyl CpG- 
binding proteins. Thus, methylation of this region may lead to 
transcriptional suppression of the al(1) promoter by an indirect 
mechanism, e.g., an alteration of the local c h m a t i n  suuctuxe induced 
by methyl-C-binding proteins that silences the gene by rendering the 
promoter inaccessible to trans-acting factors. The observation that a 
DNase-hypersensitive site in the a10 promoter region is present only 
in collagen-expressing cells funher supports this alternative. We are 
presently testing this hypothesis with co-transfection and oocyte- 
injection experiments using unspecific, CpG rich. highly methylated 
competitor oligonucleotides. 

TRANSCWIONAL SUPPRESSION OF THE MURINE 

B404 BRAIN-PREFERENTIAL EXPRESSION OF THE HUMAN 

NEGATIVE REGULATORY ELEMENTS, Diego E. Rincon-Limasl, 
Robert S. Geske', Felipe Amaya-Manzanares', Juan-Juan Xue', Chung Y. 
Hsu', Paul A. Overbeek',', and Pragna I. Patell, 'Institute for Molecular 
Genetics, 'Center for Comparative Medicine, 'Division of Restorative 
Neurology and Human Neurobiology, and 'Dept of Cell Biology and 
Howard Hughes Medical Institute, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030 

Total deficiency of hypoxanthine phosphoribosyltransferase 
(HPRT) in humans causes the neurological disorder, Lesch-Nyhan 
syndrome. Partial deficiency is associated with a severe form of gouthy 
arthritis. Although HPRT is constitutively expressed at basal levels in all 
tissues, expression occurs at several-fold higher levels in the brain, the 
relevance and control of which is unknown. 

To investigate the molecular mechanisms responsible for the 
tissue-differential expression, we generated transgenic mice carrying 
different sequences of the W R T  promotor fused to the bacterial lac2 
gene. We found that the hHPRT core promotor element (-233 to -122) is 
apparently not sufficient for constitutive expression. Additionally, 
sequences between -1681 and -122 directed high levels of beta- 
galactosidase expression to several areas of the forebrain. RT-PCR and in 
sim hybridization studies have shown that expression of the endogenous 
HPRT gene closely follows that of the reporter gene. We identified a 182 
bp element (hHPRT-NE) which is involved not only in repressing 
transgene expression in non-neuronal tissues but also in confenhg 
neuronal specificity. Trans-acting factors which interact with this 
regulatory element, both brain-specific and ubiquitous, have been 
identified. We also found that hHPRT-NE is one of at least two sequences 
required to direct prominent beta-galactosidase expression to the central 
nervous system. These studies provide the first molecular insights into 
increased HPRT expression in the brain. 

HPRT GENE AN INTERPLAY OF POSITIVE AND 

B 403 SUPERINDUCTION OF CYTOKINE GENE TRANSCRIPTION 
BY CIPROFLOXACIN, 

Kristian Riesbeck, Erik HBgbom, and Arne Forsgren, Department 
of Medical Microbiology, Lund University, Malma General 
Hospital. S-214 01 Malmi) and Immunology Unit, Department of 
Medical Microbiology, Lund University. Sillvegatan 21, 
S-223 62 Lund, Sweden. 

Certain antibiotics act as biological response modifiers as a 
complement to their antibacterial function. Ciprofloxacin, a 
fluorinated 4-quinolone frequently used in clinical practice, 
upregulates interleukin 2 (IL-2) and gamma-interferon production 
in phytohemagglutinin (PHA) stimulated peripheral blood 
lymphocytes. The accumulation of cytokines is due to increased 
mRNA levels. However, the precise mechanism by which 
ciprofloxacin performs its action in eucaryotic cells is poorly 
understood. 
To investigate whether other cytokine mRNAs than IL-2 and 
gamma-interferon were affected by ciprofloxacin, RNA was 
isolated from PHA stimulated lymphocytes and Northern blots 
were performed. Ciprofloxacin increased mRNA levels for 1L- I a, 
IL-2 and its receptor. gamma-interferon, IL-3, IL-4, 
granulocyte-macrophage colony-stimulation factor, tumor 
necrosis factor a, and lymphotoxin in PHA stimulated peripheral 
blood lymphocytes. In contrast, IL-6 mRNA was unaffected. The 
level of nuclear mRNA precursors was also increased in 
ciprofloxacin treated cells. In addition. Jurkat cells were 
transfected with a plasmid containing the IL-2 promoter and 
enhancer region linked to the chloramphenicol acetyltransferase 
(CAT) reporter gene. Analysis of CAT activity revealed that 
ciprofloxacin enhanced IL-2 gene induction. Our results imply a 
regulatory pathway in common for these cytokines, which is 
influenced by ciprofloxacin. 

B 405 
TKANSDU'mON PATHWAYS INDUCING GENE EXPRESSION 
VIA A COMMON ENHANCER ELEMENT. K. D. Rodland. P. 

COOPERATION AMONG MULTIPLE SIGNAL 

Le-normand. D. Pribnow, and B. E. Magun. Department of Cell Biology 
and Anatomy, Oregon Health Sciences University, Portland OR 97201. 

Transcriptionally active members of the VL30 family of defective 
murine retroviruses display many of the characteristics of immediate early 
genes, including rapid m r i p t i o n a l  induction in response. to a variety of 
proliferative and transforming stimuli. A single transcriptionally active 
VL30 gene transferred into Rat-1 fibroblasts by pseudovirion-mediated 
transfeztion is transcriptionally induced following stimulation with either 
epidermal growth factor, endothelin-1. protein kinase C-activating phorbol 
esters, dibutyryl CAMP, or elevated intracellular calcium. Genetic analysis 
indicates that ample repeat element within the VL30 long terminal repeat is 
capable of functioning as a classic enhancer element in conjunction with 
heterologous promoters linked to a chloramphenicol acetyl transferase 
reporter gene. Full induction of gene expression mediated by this VL30 
triple repeat required concurrent stimulation of multiple signal transduction 
pathways, as exemplified by the dual elevation of intracellular calcium and 
diacylglycerol levels following endothelin- 1 treatmenL Simultaneous 
treatment with thapsigargin, an agent which stimulates the release of 
intracellular calcium, and either EGF. dibutyryl CAMP. or phorbol esters 
produced a synergistic increase in gene expression from the VL30 triple 
repeat An additional 100% increase in gene expression was observed 
following treatment with the protein phosphaw inhibitor okadaic acid. 
Mutational analysis of the VL30 triple repeat indicated that a novel 
response element encompassing about 15 base pairs was required for the 
calcium-dependent induction of gene expression in response to either EGF, 
CAMP, or activation of protein kinase C. Mutations in this region also 
abrogated the binding of nuclear proteins to the VL30 triple repeat. as 
measured in gel mobility shift assays. Gel mobility shift experiments with 
in vitro translated FOS/JUN proteins indicated that none of these proteins 
was capable of specific binding to the response element present in the 
VLX) mple repeat. Furthermore. complexes between the -30 enhancer 
and proteins present in Rat-I nuclear extracts %re not competed by a large 
molar excess of oligonucleotides representing c0nsmsu.s binding s i b  for 
AP-1, CREB/AF,  and E4F/E4BP4. The mutational analysis and gel shift 
experiments indicate that expression from the VL30 triple repeat in 
response to multiple signal transduction pathways is mediated by a 
common novel response element. 
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B 406 INTERACTIVE EFFECTS OF FOS WITH THE AH 

J.C. Rowlands,  X. Wang and S . H . D e p a r t m e n t  of 
Veterinary Physiology and  Pharmacology, Texas A&M 
University, College Station, Texas, 77843-4466 

Mouse hepatoma Hepa lclc7 cells have been extensively used as  
models for investigating the molecular mechanism of induction 
of CYPlAl gene transcription by 2,3,7,8-tetrachlorodbenzo-p- 
dioxin (TCDD) and related compounds. Recently, several reports 
have demonstrated t h a t  t he  tumor promoter 12-0- 
tetradecanoylphorbol-13-acetate (TPA) can inhibit the aryl 
hydrocarbon (Ah) receptor-mediated transcriptional activation of 
the Hepa lclc7 CYPlAl gene by TCDD. To further investigate 
this inhibition we cotransfected Hepa lclc7 cells with a mouse c- 
fos expression vector and a chloramphenicol acetyl transferase 
(CAT) reporter plasmid tha t  contains a consensus dioxin 
responsive element (DRE). In cells transfected with reporter 
plasmid alone, TCDD caused a 3.2 fold increase in CAT activity 
compared to solvent-treated control cells. The CAT activities in 
cells cotransfected with the TCDD-inducible plasmid and 5, 10 
and 2Opg of the c-fos expression plasmid were 1.5, 0.8 and 0.2 
fold respectively, compared to the control cells. Incubation of 
nuclear liganded Ah receptor complex from these cells with 32P- 
labeled DRE in a gel shift assay gave a retarded band associated 
with the receptor-DRE complex. In cells transfected with the c- 
fos expression plasmid there were differences in the receptor- 
DRE complex levels and when these nuclear extracts were 
incubated with an  anti-fos antibody this significantly altered the 
gel shift profiles. This data indicates that overexpression of fos 
down-regulates the Ah receptor-mediated trans-activation of 
transcription from CYF'lAl gene regulatory elements and the 
significance of this interaction will be discussed. 

RECEPTOR IN WILD-TYPE MOUSE HEPATOMA CELLS, 

B 408 ACTIVATION OF HEAT SHOCK GENE TRANSCRIPTION 

OF DNA BINDING ABILITY, AND NUCLEAR LOCALIZATION 
AND CAN OCCUR IN THE ABSENCE OF STRESS, Kevin D. 
Sarge, Shawn P. Murphy, and Richard I. Morimoto, Deparuncnt of 
Biochemistry, Molecular Biology and Cell Biology, Northwestern 
University, Evanston. 11,60208. 

BY HSFl INVOLVES OLIGOMERIZATION. ACQUISITION 
B 408 ACTIVATION OF HEAT SHOCK GENE TRANSCRIPTION 

BY HSFl INVOLVES OLIGOMERIZATION. ACQUISITION 
OF DNA BINDING ABILITY, AND NUCLEAR LOCALIZATION 
AND CAN OCCUR IN THE ABSENCE OF STRESS, Kevin D. 
Sarge, Shawn P. Murphy, and Richard I. Morimoto, Deparuncnt of 
Biochemistry, Molecular Biology and Cell Biology. Northwestern 
University, Evanston. 11,60208. 

The existence of multiple heat shock transcription factor (HSF) genes 
in higher eukaryotes has prompted questions regarding the functions of 
these HSF family members, especially with respect to their roles in the 
stress-induced transcription of heat shock genes. To address these 
questions, we have used rabbit polyclonal antisera raised against mouse 
HSFl and HSF2 to examine the biochemical, physical, and functional 
properties of these two factors in both unstressed and stressed mouse 
and human cells. We have identified HSFl as the mediator of stress- 
induced heat shock gene transcription. HSFl displays stress-induced 
DNA binding activity, oligomerization, and nuclear localization, while 
HSF2 does not. Also, HSFl undergoes phospborylation in cells 
exposed to heat or cadmium sulfate, but not in cells treated with the 
amino acid analogue L-azetidine-2-carboxylic acid, indicating that 
phospborylation of HSFl is not essential for its activation. 
Interestingly, HSFl and HSF2 overexpressed in transfected 3T3 cells 
both display constitutive DNA binding activity, oligomerization, and 
transcriptional activity. In addition, HSFl overexpressed in transfected 
cells is constitutively localized to the nucleus in a pattern identical to 
that found in smsed cells. These results demonstrate that HSFl can 
be activated in the absence of physiological stress, and also provide 
support for a model of regulation of HSFl and HSF;! activity by a 
titratable negative regulatory factor. 

6 4 0 7  DIFFERENT NF1-LIKE B I N D I N G  SITES DIRECT 
E I T H E R  NEGATIVE OR P O S I T I V E  REGULATORY 

EFFECTS, Rene J. Roy, S teeve  Lec le rc ,  *Winnie 
E s k i l d ,  *Vidar Hansson and Sy lva in  L .  Guerin,  
M o l e c u l a r  E n d o c r i n o l o g y  L a b o r a t o r y ,  LaVal 
Univers i ty  Medical Center,  Quebec, Canada, G 1 V  4G2  
and  * I n s t i t u t e  o f  Molecu la r  B i o c h e m i s t r y ,  
Univers i ty  of Oslow, 0317 Oslow 3,  Norway. 
We demonstrated t h a t  t h e  presence  of 2 homologous 
negat ive  r egu la to ry  elements a r e  involved i n  t h e  
c e l l - s p e c i f i q u e  r e p r e s s i o n  of t h e  r a t  growth 
hormone gene ( r G H )  i n  non-expressing c e l l s .  Those 
e l e m e n t s ,  which c o n t a i n  an a lmos t  p e z f e c t  
consensus DNA-binding s i te  f o r  t h e  t r a n s c r i p t i o n a l  
a c t i v a t o r  Nuclear  F a c t o r  1 ( N F l ) ,  have been 
r e f e r e d  t o  t h e  r G H  s i l e n c e r - 1  and s i l e n c e r - 2  
sequences.  We a l s o  i d e n t i f i e d  s i m i l a r  N F 1  t a r g e t  
sequences i n  t h e  promoter r eg ion  of t h e  human 
C e l l u l a r  Re t ino l  Binding Pro te in-1  ( h C R B P 1 ) .  These 
e lements  were d e s i g n a t e d  a s  Fpl and Fp5. Our 
r e s u l t s  demonstrate t h a t  t h e  fou r  elements ( N F 1 -  
l i k e  b inding  s i t e s  from both r G H  s i l ence r -1  and - 2  
and h C R B P l  Fpl and Fp5) b ind  a common r a t  l i v e r  
n u c l e a r  f a c t o r  ( N F 1 - L )  which r e a c t e d  t o  an 
an t i se rum r a i s e d  aga ins t  t h e  DNA-binding domain of 
t h e  t h e  r a t  l i v e r  form of N F l .  Su rp r i s ing ly ,  when 
d o u b l e - s t r a n d e d  o l i g o n u c l e o t i d e s  of s i m i l a r  
l eng ths  con ta in ing  each  ind iv idua l  element where 
l i g a t e d  upstream from t h e  b a s a l  promoter of t h e  
p12 gene, d i f f e r e n t  a c t i v i t i e s  were obta ined  upon 
t r a n s i e n t  t r a n s f e c t i o n s .  While  t h e  NF1-L b inding  
s i t e  from both rGH s i l ence r -1  and -2 repressed  CAT 
gene expres s ion  (up t o  33 - fo ld ) ,  t h e  homologous 
hCRBPl Fp5 element had nea r ly  no e f f e c t  ar.d t h e  
Fpl element s t rong ly  a c t i v a t e d  (up t o  38-fold) the 
e x p r e s s i o n  of t h a t  same r e p o r t e r  gene .  These 
r e s u l t s  s t rong ly  suggested t h a t  l i t t l e  d i f f e rences  
i n  t h e  t a r g e t  secpence -hound by a comnon nuc lea r  
p ro te in  car1 probably induce conforna t iona l  changes 
t h a t  w i l l  u l t ima te ly  swi tch  a nega t ive  r egu la to ry  
a c t i v i t y  t o  a p o s i t i v e  one. 

B 409 C/EBPp AND MYC/MAX HETERODIMERS BOTH 
SPECIFICALLY RECOGNIZE THE EFII ENHANCER 

SEQUENCE IN THE ROUS SARCOMA VIRUS LTR, Rosalie 
C. Sears1 and Linda SealyLz, IDept. of Cell Biology, ZDept. of 
Molecular Physiology, Vanderbilt University, Nashville, TN 
37232 
We have identified three protein complexes in chick embryo 
fibroblasts, called m a ,  EFtIb and EFIIc, which bind to a 38 bp 
sequence in the 5' end of the RSV LTR enhancer extending 
from nucleotides -229 to -192, which we refer to as the EFII cis 
element. This cis element contains two near direct repeats 
which we have shown are not equivalent for either 
transcriptional activity in vivo, or factor recognition in vitro. 
The upstream 14 bp repeat is both necessary and sufficient for 
strong enhancer activity and high affinity recognition by 
EFIIa, EFIIb and ERIC. The upstream repeat contains a Cf EBP 
consensus binding site which is recognized by C/EBPP. Using 
nuclear extracts from various cell types it appears that both 
the long form of C/EBPB (LAP) and the short form (LIP) bind 
the EFTI cis element, depending on the ratio of LAP/LIP 
expression in the cell type tested. We have also observed, in 
collaboration with Steve Hannl, that the transcriptional 
activity of the EFII cis element is repressed by v-Myc 
expression and activated by cMyc-1 expression. Using 
recombinant proteins we have demonstrated that Myc/Max 
heterodimers specifically bind the EFII cis element. 
Furthermore, the upstream 14 bp repeat in the EFII cis 
element appears to be sufficient for repression and activation 
by v-Myc and c-Myc-1 in vivo, and Myc/Max recognition in 
vih0. 
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B 410 C- JUN RECRUITS CYTOSOLIC PROTEINS OF T 
LYMPHOMA CELLS INTO NFAT-1 LIKE 

FACTOR COMPLEXES, Edgar Sertling, Christof Schomberg, 
Isolde F'feuffer, Elke Schorr and Sergei Chuvpilo, Institute of 
Virology and Immunobiology, University ~ of Wiirzburg, 
Versbacher Str. 7, D - 87 Wiirzburg, Germany. 

Cyclosporin A (CsA) and FK506 are potent immunosuppressives 
which block T cell activation by the selective inhibition of the 
inducible transcription of lymphokine genes. One prominent 
target of CsA and FK506 is NFAT-1, an inducible and 
lymphoid-specific DNA binding factor which is involved in the 
transcriptional induction of Interleukin 2 (I1 - 2) and Interleukin 
4 (11-4) ener Within the promoter/enhancer regions of both 
genes. N#AT;l binds to the so-called purine box motifs 
which share conserved motifs for the binding of Ets-like 
factors and closely linked, non - canonical AP - 1 binding sites. 
It has recently be shown that in Jurkat T lymphoma cells 
NFAT- 1 may consist of (at least) two components, a 
ubiquitous nuclear and a lymphoid -specific cytosolic 
component. We show here that NFAT - 1 contains AP - 1 - and 
Ets-like proteins since (i) proteins of these factor groups, such 
as c-Jun and Ets-2, bind to the purine boxes, (it) canonical 
AP- 1 and Ets binding sites s ecifically compete for the binding 
of NFAT- 1 to the purine !ox,, (iii), the activity of purine 
boxes is dramatically transactivated in a CsA- dependent 
manner by co-transfection with cDNAs coding for AP-1 
(JunB and FosB) proteins, and (iv) bacterially synthesized c-  
Jun is able to form NFAT- 1 -like factor complexes in mixing 
experiments using cytosolic proteins from Jurkat T lymphoma 
cells. , The ability of c - Jun to recruit cytoplasmic, Ets -like 
groteins into NFAT - 1 - like factor corn lexes which specifically 

ind to the purine box motifs of the !I-2 and 11-4 control 
regions demonstrates that c-Jun (or other members of Jun 
family) interact with Ets - like, lymphoid - s ecific proteins in 
the generation of the CsA - sensitive factor NFAT - 1. 

B 41 2 ANALYSIS OF cis-ELEMENTS OF THE CHO APRT 
PROMOTER, Bin-Ru She and Milton W.Taylor, Department of 

Biology, Indiana university, Bloomington. IN47401 
The APRT gene encodes adenine phosphoribosyluansferase which 
catalyzes the condensation of adenine and PRPP to form AMP. The 5' 
region of the CHO aprt gene is 60% G+C without TATA or CAAT boxes. 
Transcription of the gene initiates at multiple sites with the most distal site 
located 80 nucleotides upstream of the uanslation initiation codon. One of 
the uanscription initiation sites, denoted as +1, is 64 nucleotides ups~eam 
of the ATG codon. Based on the results of mutation analysis 3 functional 
cis-elements of the promoter have been defined. Element I is located in the 
-101 to -53 region. Elements Il and III are located in the -33 to +19 and 
+56 to +85 regions respectively. Linker-scan mutations in element II 
decrease gene expression to 14-50 %. Deletion of the entire region 
reduces gene expression to 33%. Transcription of this deletion mutant 
stans at novel sites ( -80 and downstream ). As the deletion is further 
extended upstream or downstream, bringing element I and element III 
closer, gene expression increases accordingly. When elements I and III 
are adjoined, the gene expression is restored to 100%. Element I 
combined with element III is sufficient to carry out transcription when 
fused to a promoterless CAT gene, while niether element I nor III alone is 
sufficient . Element I contains 2 adjacent SPl binding sites and a putative 
SV40 T-Ag binding site. The tinker-scan mutations in element I, including 
mutations on Spl or SV40 T-Ag binding sites, have little affect on the 
gene expression. However deletion of entire element I reduces gene 
expression to 40 %. It is probable that the sequences within this element 
possess redundant function. Transcription initiation sites in the absence of 
the intervening sequence between elements I and Ill. including element II, 
are found from -80 downstream. In the absence of the intervening 
sequence the most upsueam initiation site is at -16. Hence element Il 
could modify the interaction between element 1 and elcment El and alter 
the transcription initiation sites, or element II may contain its own initiator 
and be able to drive transcription alone. The later possibility is being 
tested by fusing element I1 alone to a promoterless CAT gene and 
checking its ability to drive transcription. In this work we 
identify 3 functional cis-elements of CHO APRT promoter. Some of 

them may have redundant function or one element may become 
functionally cryptic in the presence of the other elements. 

B 411 

Angela L. Galey', Sandra R. Menezes', and Matthew T. Andrews', 
Bepartment of Molecular Biology and Microbiology, Case Western 
Reserve University, Cleveland, OH 44106, and 'Department of 
Genetics, North Carolina State University, Raleigh, NC 27695 
We have analyzed a collection of TFIIIA mutants containing histidine- 
to-asparagine substitutions in one of the Zn++ ligands of individual zinc 
fingers. These mutations result in structural disruption of the mutated 
finger with little or no effect on other fingers. The energetic 
contribution of each finger to the overall binding energy of the TFIIIA- 
5s RNA gene interaction has been assessed by measuring the 
equilibrium binding constants of each mutant protein with the 5s RNA 
gene. The results indicate that each finger contributes to the DNA- 
binding energy, but to widely varying extents; furthermore, the binding 
of various fingers is energetically interdependent, in that loss of binding 
by one finger can be partially compensated by increases in the affinity 
of interactions elsewhere in the complex. The sites of individual zinc 
finger interaction with the DNA template have been approximated by 
identifying sites at which protection from nuclease digestion is lost 
when a single zinc finger is mutated. The results suggest a more 
complex mode of binding than has been proposed previously. Analysis 
of mutant proteins in in vitro transcription assays indicates that the 
transcriptional activity of TFIIIA is independent of its DNA-binding 
affinity in binary complexes, even when this affinity is reduced 25-fold 
relative to wild-type. Surprisingly, mutations in  any one of the three 
C-terminal zinc fingers of TFIIIA result in reduction or loss of 
transcriptional activity, a result that implicates these three fingers in 
higher order interactions in complete transcription complexes. Analysis 
of Xenopm embryos expressing mutant forms of TFIIIA reveals that 
disruption of zinc finger 6 leads to hyperactivation of 5 s  RNA genes at 
levels well in excess of the level of activation conferred by wild-type 
TFIIIA. This surprising property can be reproduced in  vitro if 
transcription is carried out in the presence of 5 s  RNA, suo,gesting that 
feedback regulation of 5.5 RNA synthesis occurs in vivo, and that 
disruption of zinc finger 6 results in a form of TFIIIA that exhibits 
reduced susceptibility to feedback inhibition by 5s RNA. 

ZINC FINGER FUNCTION IN TRANSCRIPTION FACTOR 
IIIA, David R. Setzer', Samuel Del Rio', Martha B. Rollins+, 

B 413 TRP-185 AND TAR DEPENDENT TRANS- 
ACTIVATION BY THE HIV-1 TAT PROTEIN 

Christian T. Sheline, Lawrence H. Milocco, and Katherine A. Jones, 
The Salk Institute, La Jolla. CA 92037 
Transcriptional activation by the HIV-1 Tat protein requires specific 
residues in the hexanucleotide loop and mnucleotide bulge of the TAR 
RNA stem-loop structure found in the 5'-unuanslated leader of all viral 
uanscripts. Tat directly contacts residue U22 in the bulge, and is thought 
to act in concert with cellular factors bound to the loop. We find that 
Hela nuclear exuacts contain two specific TAR RNA-binding proteins. 
designated TRP-1 and TRP-2, which compete for binding to the upper 
portion of the TAR hairpin. Analysis of point mutants in TAR RNA 
reveals that TRP-I contacts residues in the loop which are important for 
uans-activation, whereas TRP-2 contacts the bulge, including the same 
residue (U22) that is required for the Tat-TAR interaction. Glycerol 
gradient sedimentation and UV cross-linking experiments indicate that 
TRP-1 is a large heteromeric complex containing a 185 kDa RNA- 
binding protein, whereas TRP-2 activity derives from a family of 110-70 
kDa proteins. Interestingly, both TRP-1 and TRP-2 promote TAR- 
dependent transcription in virro in the presence of Tat, even though 
mixing experiments indicate that each of the three proteins must bind 
independently to TAR RNA. These findings suggest that the TAR 
element is recognized by two different nuclear RNA-binding proteins that 
affect transcriptional regulation by Tat. In v i m  uanscriptions show that 
Tat basic domain mutants and TAR bulge mutants retain near wildtypc 
levels of trans-activation, but large Tat Uuncations or TAR loop mutants 
are not able to transactivate. This suggests that the loop of TAR and 
regions in the N-terminus of Tat are the most crucial determinants at least 
for in virro aansactivation. The loop binding protein TRP-185 (TRP-1) 
appears to have some interesting properties which will be discussed. 
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B414 THE INITIATOR FOR THE HUMAN TGFa 

Departments of Cell Biology and Medicine, University of 
Alabama at Birmingham, Birmingham, AL 35294 
The promoter for the human transforming growth 
factor-alpha (TGFa) gene does not contain a canonical 
TATA box, yet transcription occurs predominantly at 
unique position. To identify the promoter elements 
important for the proper transcription initiation, we 
have introduced various mutations near the natural CAP 
site of the gene. Transient transfection assays indicate 
that the sequences immediately upstream and 
downstream of the CAP site are required for the 
accurate basal level transcription. In a number of viral 
and cellular promoters, the element called initiator (Inr) 
has been found to be important for the CAP site 
selection. As an analogy, the newly-found element was 
named the TGFa Inr. By electrophoretic mobility shift 
assay, at least seven protein-DNA complexes are 
detectable in the TGFa Inr. The low-mobility complexes 
can be disrupted either with high salt or the TATA box 
oligonucleotide suggesting that these complexes contain 
multiple proteins. A family of TGFa Inr-binding proteins 
(TGFa IBPs) are present in both MDA468 and HeLa 
nuclear extracts. However, TFII-I, which functions 
through the adenovirus major late promoter (AdMLP) 
Inr, appears to be distinct from the TGFa IBPs since the 
protein-DNA complexes are not competed with the 
AdMLP Inr sequence. The TGFa IBPs may assist the 
formation of preinitiation complex at the TATA-less 
TGFapromoter. 

PROMOTER, Tae Ho Shin and Jeffrey E. Kudlow, 

B 41 6 CHARACEFUZ4TTON OF THE MECHANISMS USED BY THE 
HUMAN CYTOMEGALOVIRUS IE2 86 KDA PROTEIN TO 

ACTIVATE EARLY GENE TRANSCRIPTION. Marvln Sommer. Ruth 
Schwartz. Kevfn Klucher. James Kadonaga. and Deborah H. Spector. 
Dept. of Biology. Urn. of Call(.. SanDiego, LaJoUa. CA92093-0116. 
To deflne mechanlstlcally how the human cytomegalovirus (HCMV 
maJor immediate early (IE) protelns induce early gene transcrlption. 
the IEl 72 kDa protein, the IE2 55 kDa protein. and the IE2 86 kDa 
protein were analyzed for their ability to activate transcription from an 
HCMV early promoter In uivo and In ultro. In translent expression 
assays in U373MG astrocytoma/glloblastoma and HeLa cells, only the 
IE2 86 kDa protein was able to activate the HCMV early promoter to 
high levels. Stimulation of thls promoter required not only the TATAA 
box but also sequences located between 58 and 160 nucleotides upstream 
of the start slte. Removal of 37 aa from the carboxy terminus of the 1E2 
86 kDa protein or an in frame internal deletion of aa  291 to 369 
abrogated Its ability to functlon as an actlvator. but an internal 
deletlon of aa 136 to 291 had only a modest effect on its sumulatory 
activity. The results of the in uitro transcription experiments 
correlated well with those obtained in oivo with respect to requirements 
for cis-acting sequences and trans-acung factors. The basal activity of 
the promoter was minimal In both the HeLa and U373MG extracts, but 
was stimulated 6 to 10-fold by the IE2 86 kDa protein. With a histone 
H1-deficient extract from Drosophila embryos, the HCMV early 
promoter was quite active and was stimulated 2- to 4-fold by the IE2 86 
kDa protein. Addltion of histone H1 sigdlcantly repressed basal 
transcrlption from thls promoter. However. the IE2 86 kDa protein. but 
none of the other IE proteins. was able to counteract the H1-mediated 
represslon and stimulate transcription at least 10 to 20-fold. By itself 
the IE2 86 kDa protein binds only weakly to the HCMV early 
promoter, suggesting that protein-protein interactions are essential 
for IE-mediated transcriptional activatlon. In thls regard, we have 
found that the IE2 86 kDa protein binds e5iclentiy to TFIID and weakly 
to TFIIB. However. analysis of TFIID binding by various mutants of the 
IE2 86 kDa protein suggests that this interaction is not sufficient for 
transactivation. To further investigate the requirements for actlvation 
by the 1E2 protein. we performed experiments with parUaUy purified 
general transcription factors. The basal activity of the HCMV early 
promoter was high in these extracts, but the IE2 86 kDa protein could 
not further stimulate this activity nor could it counteract the H1- 
mediated repression. These results coupled with our finding that a 
minimal HCMV early promoter containlng only a TATAA box is non- 
responsive to the IE2 protein suggest that upstream sequences as well as 
factors that do not copurify with the general factors are needed for the 
activation and antlrepression functions of the IE2 86 kDa protein. 

B 41 5 REGULATION AND FUNCTION OF THE HUMAN T-CELL 
ENHANCER BINDING PROTEIN GATA3 

Vireinia M. Smith. Joseuh Marine. Perrv Lee and Astar Winoto. 
D~ ~ 

Department of Molecular ‘and Cell Biology, University of Califomia- 
Berkeley, Berkeley, CA 94720 

Expression of the T-cell receptor chain genes (a, p, 7, and 6) during T cell 
development is regulated by their respective promoters and enhancers, and 
by the proteins which bind to them. We have studied a common TCR 
enhancer element (WGATA(G/A), and the ability of Gata3 to bind to and 
regulate expression through this sequence. Although the GATA consensus 
sequence was present in all four TCR enhancers, in-viiro nanscribed and 
translated Gata3 bound only to the a, p and 6 enhancers. This binding 
was consistent with the activity of each GATA TCR enhancer element in 
mansient transfection assays. 

To study the role of Gata3 in T cell development, 60 kb of both mouse and 
human Gata3 genomic sequence have been cloned. Seven regions of 
homology were found outside the coding region between the mouse and 
human Gata3 genes. The human Gata3 promoter has been isolated and 
characterized. However, the promoter alone does not confer the restricted 
pattern of expression of Gata3. Current work is focused on identifying the 
role of these conserved regions (enhancers and/or silencers) in the 
regulation of Gata3. 

A direct role for Gata3 in T cell development is being examined by creating 
a dominant negative mutation. In doing so, we have idendfied TWO regions 
outside the DNA binding domain required for human Gata3 activity. 
These putative activation domains are being further characterized. 

B 417 IDENTIFICATION OF A NEGATIVE REGULATORY 

Stewart, Gregory Cox, Ann Reifel-Miller, and David 
Leibowitz. Department of Medicine, Indiana University, 
Indianapolis, IN 46202. 
The Philadelphia (Ph) chromosome translocation activates the 
ABL proto-oncogene by fusing it with sequence from the BCR 
gene on chromosome 22. The BCFVABL fusion gene which 
results is transcribed from the normal BCR promoter. In chronic 
myelogenous leukemia (CML) the chromosome 22 
breakpoints fall within introns between 3 small exons of the 
BCR gene located in a region termed the breakpoint cluster 
region (M-bcr). A 427 bp Aval fragment from the M-bcr 
contains binding sites for a number of sequence-specifc DNA 
binding proteins. Transfection analysis indicates that this 
fragment markedly depresses transcnption (1 5-fold) from the 
BCR promoter in K562 (CML) cells. Assays in a variety of other 
cell lines have shown that this suppression is lineage specific, 
since fibroblast and lymphoid lines do not exhibit the same 
effect. Gel-mobility shift assays demonstrate a different pattern 
with nuclear extracts from the different cell lines, correlatng 
with the differences in transcriptional suppression. DNase I 
footprinting and methylation intereference assays have 
localized the binding activities to three specific regions within 
the 427 bp fragment. Analysis with clones containing 
mutations in two of the regions, which eliminate factor binding, 
indicate that both of these regions are required, but not 
sufficient to see potent transcriptional suppression of the BCR 
promoter. Further evidence that this fragment functions as a 
transcriptional suppressor is shown by its ability to inhibit 
transcription from the SV40 early promoter. The presence of 
lineage-specific !ranscriptional regulatory sequences within 
the M-bcr provides a mechanism by whicn the location ot the 
breakpoint in an individual patient could be related to the 
course of CML, and defines a new area of BCR promoter 
regulation. 

ELEMENT LOCATED IN A M-BCR INTRON. Mark J. 
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B 418 Multiple Interacting Muscle-Type-Specific Positive and 
Negative Enhancer Elements Regulate Temporal and Tissue-Specific 
Expression of the Tropomyosin I Gene in Drosophila, Robert V. 
Storti, Linda Gremke, Pat C. W. Lord, Leah Sabacan and Shu-Chun Lin, 
Dept. o f  Biochemistry, University of Illinois college of Medicine, 
Chicago, II 60612 

Muscle development involves the coordinated transcriptional 
regulation of muscle-type specific proteins during myogenesis. In 
Drosophrlu there are two phase o f  myogenesis (embryonic and pupal) and 
two phases o f  transcriptional control in which different muscle i s  
synthesized de now. We show here that transcription regulation of the 
Drosophrla tropomyosin I (TrnI) gene during both phases of myogenesis 
i s  under the control of a muscle enhancer region located within the first 
intron of the gene. This enhancer region consists of a complex set of 
multiple muscle-type specific positive and negative cis-acting enhancer 
elements which together contribute towards full expression of the gene. 
One of these enhancer regions i s  contained within a 355 bp fragment and 
i s  sufficient to direct high levels o f  temporally regulated expression from 
an heterologous promoter during both stages of myogenesis and in all 
muscle of transgenic flies. Dissection of this enhancer region into smaller 
fragments has allowed us  to identify a positive acting cis-element(s) for 
expression in visceral and most somatic muscle of the embryoflawa and 
adult and an enhancer for adult IFM and TDT muscles. Furthermore, we 
show that the element(s) directing expression in both embryonic/larval 
and adult visceral and somatic muscle (non IFM and TDT) can be 
repressed through a negative control region, suggesting that regulation of 
expression in these muscles i s  under dual control during both phases of 
myogenesis We propose a model in which transcriptional regulation o f  
the Drosophilu tropomyosin genes i s  controlled by cooperative 
interaction among multiple muscle-type specific positive and negative cis- 
acting regulatory elements 

B 420 THE LEU3 PROTEIN: A METABOLITE-DEPENDENT 
TRANSCRIPTIONAL ACTIVATOR THAT IS ALSO A 

REPRESSOR, Ji-Ying Sze, Eumorphia Remboutsika, and Gunter 
B. Kohlhaw, Department of Biochemistry, Purdue University, 
West Lafayette, 1N 47907 
The Leu3 protein of yeast (Leu3p) interacts with a cis-acting 
element (UASLE~) found upstream of several genes involved in 
branched-chain amino acid biosynthesis and in nitrogen 
metabolism. It was recently demonstrated using in v i m  
transcription assays that transcriptional activation by Leu3p is 
totally dependent on a-isopropylmalate (a-IPM), an 
intermediate in leucine biosynthesis (J. Sze, M. Woontner, J. 
Jaehning, and G. Kohlhaw, Science, in press). It was also 
shown that, in the absence of a-IPM, Leu3p inhibits 
transcription from templates containing the UASLEU element, 
i.e., acts as a repressor. We now report that different regions 
of the Leu3 molecule are responsible for activation and repres- 
sion. The activation function is contained within the C- 
terminal 30  amino acid residues, a region that is both 
necessary and sufficient for transcriptional activation. A 
mutant protein lacking the activation domain still acts as a 
repressor, as does a severely truncated Leu3 protein that 
contains little more than the DNA binding region of Leu3p. 
We postulate that repression is a direct consequence of the 
interaction between Leu3p and UASLEU and may be brought 
about by a conformational change of the DNA. 
We also report that highly purified Leu3p exists in two  forms 
that can be converted into one upon treatment with calf 
intestinal phosphatase. Whether the phosphorylated and non- 
phosphorylated forms of Leu3p have different functions is not 
known at this time. Supported by NIH Grant GM15102 and 
by a Purdue Research Foundation Grant (J.S.). 

B419 EFFICIENT TRANSCRIPTION OF A U1 snRNA 
GENE IN VlTRO REQUIRES TBP AND TWO 

PROXIMAL CIS-ACTING ELEMENTS WITH STRINGENT 
SPACING REQUIREMENTS, William E. Stumph, Zulkeflie 
Zamrod and Yuru Song, Department of Chemistry and 
Molecular Biology Institute, San Diego State University, San 
Diego, CA 92182. 

The promoter of a Drosophila U1 snRNA gene has been 
functionally analyzed in cell-free extracts prepared from 0-1 2 
hour embryos. Two promoter elements essential for efficient 
initiation of transcription by RNA polymerase II were identified. 
The first, termed PSEA, is located between positions -41 and 
-61 relative to the transcription start site, is crucial for promoter 
activity, and is the dominant element for specifying the 
transcription start site. PSEA thus appears to be functionally 
equivalent to the Proximal Sequence Element (PSE) present 
upstream of vertebrate snRNA genes. The second element, 
termed PSEB, is located at positions -25 to -32, and is required 
for an efficient level of transcription initiation, as mutation of 
PSEB, or alteration of the spacing between PSEA and PSEB, 
severely reduced transcriptional activity relative to the wild type 
promoter. Although the PSEB sequence does not share any 
obvious sequence similarity to a TATA box, conversion of 
PSEB to a canonical TATA sequence increased the efficiency 
of the U1 promoter 4 to 5 fold and simultaneously relieved the 
requirement for the upstream PSEA. Despite these effects, 
introduction of the TATA sequence into the U1 promoter had no 
effect on the choice of start site nor on the RNA polymerase II 
specificity of the promoter. Finally, antibody inhibition studies 
indicate that the TATA box binding protein (TBP) is required for 
transcription from the wild type U1 promoter as well as from the 
TATA-containing U1 promoter. 

B421 STRUCTURAL CHARACTERISATION OF THE HUMAN 
CARBOXYPEPTIDASE H GENE, Alice W.N. Tay, 

Duncan R. Smith and Louis Lim, Institute of 
Molecular and Cell Uiology, National Univer- 
sity of Singapore, Kent Ridge, Singapore 0511 

Carboxypeptidase H (CPH) is a metallocarboxypep- 
tidase implicated in the processing of peptide 
hormones. To study the regulation of expression 
of the human CPH gene, we have analysed its 
genomic structure and characterised its promo- 
ter. A map of the gene was constructed by using 
20 clones isolated from 2 human genomic libraries. 
The gene spans more than 70 kb and consists of 
9 exons. Comparison with the rat CPH gene re- 
ported by Fricker et al* revealed a high degree 
of conservation of the exonic sequences as well 
as the exon-intron junctions. The 5' flanking 
region of the human CPH gene is very GC rich and 
there is an absence of TATA or CCAAT box like 
motifs. There is however a sequence similar to 
the 'Initiator' sequence first defined in lym- 
phocyte-specific terminal deoxynucleotidyltrans- 
ferase. Primer extension and S1 mapping experi- 
ments have indicated the presence of at least 5 
start sites.Expression of chloramphenicol acetyl- 
transferase reporter fusions containing 3 kb of 
the putative promoter was observed in C6 and 
HepGZ cells. 

Y.K.Jung, C.J.Kuncz, R-Pearson, J.E.Dixon and 
L.D.Fricker. Molecular Endocrinology, vol 5 
no 9, pp 1257 - 1268, 1991. 
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8422  OKADAIC ACID INDUCES CYTOKINE GENE 

MURINE PERITONEAL MACROPHAGES. Julie M. Tebo and 
Thomas A. Hamilton, Section of Immunology, Cleveland 
Clinic Foundation, Cleveland, OH 44195 
The potential contribution of phosphatases in the mechanism 
of LPS transcriptional control of proidammatory genes has 
been investigated. We examined the effect of a specific 
phosphatase inhibitor, okadaic acid (OA). on TNFa and IP-10 
mRNA expression either alone or in combination with LPS. 
OA alone induces expression of both TNFa and IP-10 mRNA by 
8 h; however, the mechanism of LPS induced expression of 
IP-10 and TNFa mRNAs can be distinguished based on the 
effect of OA. OA inhibits the LPS induced expression of IP-10 
mRNA at 8 h whereas there is enhanced expression of LPS 
induced TNFa mRNA by 2 h. OA induced expression of TNFa 
and IP-10 gene expression appears to be mediated at the level of 
transcription as measured by nuclear run-on. Treatment of 
PE macrophages with OA results in expression of proteins that 
specifically recognize a KB sequence within the IP-10 gene. 
Functional studies illustrate the importance of KB sequences 
for IP-10 and TNFa expression. Therefore, these findings 
suggest that the activation of KB binding proteins by OA may be 
important, but not necessarily sufficient, for the induction of 
these proinflammatory genes. 

EXPRESSION AND XB BINDING ACTMTY IN 

B424 INTRODUCTION OF A FUNCTIONAL HUMAN 
ESTROGEN RECEPTOR RESTORES THE FUNCTION 

OF THE AH RECEPTOR IN THE HUMAN 

Thomsen, X. Wang, R N. Hines and S. H. Safe, Department of 
Veterinary Physiology and Pharmacology, Texas A&M 
University, College Station, Texas, 77843-4466 
The induction of C Y P l A l  gene expression by 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (TCDD) is mediated by the  
interaction of the liganded nuclear aryl hydrocarbon (Ah) 
receptor complex with genomic . Ah responsive elements 
(AhRE's) present in several copies in the 5'-flanking region of 
the C Y P l A l  gene. Treatment of the MDA-MB-231 human 
breast cancer cell line with TCDD resulted in the formation of 
the nuclear Ah receptor complex which bound to a synthetic 
AhRE in a gel shift assay, but C Y P l A l  gene expression was 
not induced. Transient transfection of MDA-MB-231 cells with 
the plasmid, pRNHllc, containing the intact human CYPIAl 
regulatory region from -1140 to + a 3 4  fused to the bacterial 
gene, chloramphenicol acetyl transferase (CAT), showed no 
TCDD-induced CAT-expression. This indicates that the lack of 
CYPlAl inducibility by TCDD is due to altered transcription 
factors. Recently, several cell lines with non-functional Ah 
receptors have also been reported to contain non-functional 
estrogen receptors. This phenomenon is also observed in MDA- 
MB-231 cells, and in order to elucidate whether the function of 
the estrogen receptor is a prerequisite for the function of Ah 
receptor mediated responses, the cells were cotransfected with 
pRNHllc and a vector containing the human estrogen receptor 
cDNA, AhER. The presence of AhER-plasmid did not change 
the level of basal CAT activity. However, in cells treated with 10 
nM TCDD, a significant increase in CAT-activity was observed. 
The TCDD-induced CAT-activity could be further increased by 
increasing the amount of AhER-plasmid transfected into the 
cells. These results indicate that a functional estrogen 
receptor is necessary for a functional Ah receptor in this 
human breast carcinoma cell line. The regulatory mechanism 
underlying the interaction between the  two receptors is 
currently being investigated. 

BREAST CARCINOMA CELL LINE MDA-MB-231, J. S. 

B 423 THE p3 SUBUNIT OF THE INTEGRIN aJ, IS REGULATED 
TRANSCRIPTIONALLY AND POST-TRANSCRIPTIONALLY 

BY BOTH 1 ,25(0H)2D3 AND RETlNOlC ACID, Steven L. Teitelbaum, 
Xu Cao, Mirei Chiba, Hirohide Mimura and F. Patrick Ross, Jewish 
Hospital at Washington University Medical Center, St Louis, MO, 
631 10. 
The first and probably rate-limiting step in bone resorption is the 
attachment to the matrix of the osteoclast, the major bone resorbing 
cell. We have shown that the integrin plays a central role in the 
process of attachment of osteoclasts to bone. The hormone 
1,25(OH),D3 (DJ is known to stimulate bone resorption and we 
postulated that it may be invoked in regulating the synthesis and 
expression of awe3 on the surface of the osteoclast or its precursor. 
Using a 1.9 kb cDNA probe coding for avian p, (obtained from a 
cDNA library generated from avian osteoclast precursors) we 
showed that treatment of precursor cells with either (DJ or retinoic 
acid (RA) results in a time- and dose-dependent increase in steady 
state p, mRNA levels. By a combination of nuclear runon studies 
and Northern analysis of cells treated with actinomycin D we proved 
that both D3 and RA increase transcription and p, mRNA stabiliza- 
tion. A full length cDNA was obtained which contained a 42 bp 
untranslated region, whose integrity was established by RACE. A 
probe based on this sequence was used to screen a genomic 
library, leading to the isolation of 27 kb of genomic DNA containing 
the 42 bp of untreated sequence. Primer extension and S1-nuclease 
protection assays confirmed the presence of a transcriptional start 
site. Fragments of the 5' flanking region of the avian p3 gene were 
cloned, sequenced and inserted into the cloning site of a luciferase 
reporter plasmid. Transfection of this plasmid into competent cells 
led to enhanced expression of luciferase activity, confirming that the 
sequence contains a functional promoter. 1.3 kb of this flanking 
region was sequenced and shown to contain consensus sequences 
for D, and RA response elements (VDREs and RAREs). We are 
using gel shift and co-transfection experiments to confirm that these 
putative elements function to mediate specific hormonal activation 
of p, gene expression. 

B 425 INTESTINE-SPECIFlC DNA-BINDING PROTEINS, 

3 GENE Peter G. Traber, Gary D. Wu, Kristina 
Forslund, and Wei Wang. Department of Medicine, University of 
Pennsylvania School of Medicine, Philadelphia, PA 19104 

Understanding the mechanisms that regulate transcription of 
intestine-specific genes may elucidate the processes of intestinal 
development and differentiation. We have chosen to study sucrase- 
isomaltase (SI), an enterocyte-specific gene that exhibits complex 
developmental and adult patterns of expression. We previously 
showed that intestinal cell he-specific nanscription of the SI gene is 
directed by an evolutionarily conserved 183 base pair promoter. 
Furthermore, we showed that 3424 bases of the 5'-flanking region 
of the human SI gene directed intestine-specific expression in 
transgenic mice. In the current studies, we characterized three 
promoter elements, and their cognate DNA binding proteins, that act 
as positive regulalors of SI transcription, SIFl, 2 and 3 (SI 
- Footprint). Electrophoretic mobility shift assays (EMSA), using 
oligonucleotides containing mutations in SIFI, demonstrated that 
two intestine-specific proteins bind to this element, ISPl and ISP2 
(Intestine Specific Botein). Furthermore, while the binding of ISP2 
is dependent on ISPI, ISPl is able to bind alone. We demonstrated 
that S I R  and 3 bound hepatocyte nuclear factor-1 (HNF-1) by 
showing that DNA-protein complexes were "supershifted" on 
ENMSA in the presence of anti-HNF-1 antiserum. Cotransfection 
of a construct containing the SIF3 element, linked to SIFl, with an 
expression vector for HNF-1 demonstrated that the HNF-1 protein 
was able to transactivate the SIF3 regulatory element. However, 
HNF-I was unable to activate nanscription of the SI promoter in cell 
lines that lacked ISPl and ISP2. In concludon, we have shown that 
intestine-specific transcription of the SI gene promoter is dependent 
on two novel intestine-specific proteins, that we have nrmed ISPl 
and ISF'2. Furthermore, HNF-1, previcus!y described as 3 
transcription factor for l i i  genis, acts to augment SI transciption 
in the presence of ISPl and ISP2. 
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B 426 USE OF ALTERED-SPECIFICITY MUTANTS TO STUDY 
SRF FUNCTION. Richard Treisman, Caroline Hill, 

Stephen Dalton, Richard Marais, a n d  J u d y  Wynne.  
Transcription Laboratory, ICRF, PO Box 123, Lincoln's Inn Fields, 
London WC2A 3PX, U.K. 

Serum Response Factor (SRF) binds regulatory elements 
found in the promoters of both growth factor-regulated and 
muscle-specific genes. At the c-fos Serum Response Element 
(SRE), SRF forms a ternary complex with either of two Ets- 
domain accessory proteins, Elk-1 and SAP-1. Although these 
accessory proteins do not bind the SRE alone, in the ternary 
complex they contact DNA next to the SRF binding site. In 
contrast, at muscle-specific promoters, SRF binding sites act as  
constitutive promoter elements. We used information from 
DNA binding studies to generate mutations in SRF that alter its 
DNA binding specificity. The DNA sequence bound by these 
mutants is inactive in both growth-factor regulated and muscle- 
specific contexts, but its activity can be partially restored by 
expression of the mutant SRF protein. Experiments using this 
approach to map function domains of SRF in v im wil be 
presented. Using a related approach we have also generated 
altered-specificity derivatives of Elk-1 and SAP-1, whose binding 
remains SRF-dependent but contact different DNA sequences. 
We are using these proteins to investigate the function of the 
SRF ternary complex I ~ I  vim. 

B 428 

TRANSCRIPTION OF THE VIRAL E6-E7 ONCOGENE 

THE HUMAN PAPIJLOMAVIRUS 16-E2 
TRANS-ACTIVATOR REPRESSES 

PROMOTER BY BLOCKING Sn1 BINDING AND 
CoGPERAnoN WITHBAS~PROMOTER F A ~ O R S ,  
Lubomir P. Turek' Sinikka Parkkinen', Yasushi Yamakawa', 
Masato Ushikai', Takaoki Ishijil, Michael J. Lace', James Anson', 
Stephen P. Kahanic'z, and Thomas H. H a u g d ,  Departments of 
'Pathology and 2Medicine, VAMC and The University of Iowa 
College of Medicine, Iowa City, IA 52242, USA. 

HPV-16 E6 and E7 oncogene promoter, P97, is repressed by 
papillomaviral E2 ene products interacting with two adjacent 
proximal E2 sites 8 to a TATAA box. We found that P97 response 
to cellular enhancer factors required the cooperation between 
TFIID, Spl and possibly additional, as yet undefined factor(s) 
binding to recisely spaced motifs. The HPV-16 E2 trm-activator 
increased f97  mRNA levels at low concentrations, but repressed 
P97 transcription at higher levels, suggesting a possible 
autoregulatory mechanism for HPV-16 early gene expression. E2 
binding did not displace human TFIID (TBP) from the TATAA 
box in  vitro, and spacer insertions between the TATAA and E2 
sites did not abolish E2 re ression in vivo. In contrast, the HPV-16 
E2 protein was found to bfock Spl binding to a motif,partially 
overlapping an E2 site in DNase I footprinting. The insertion of a 
spacer se uence duplicating this site overlap allowed E2 and Spl to 
bind sim&aneously in vitro and relieved E2 repression in vivo. 
Like a classical repressor, the E2 rrm-activator thus inhibits 
HPV-16 P97 response to cellular activators by blocking Spl binding 
and disrupting the cooperation between enhancer proteins and 
basal promoter factors. These profound effects of the E2 gene 
product on P97 activity may explain the apparent selection against 
intact E2 in integrated HPV fragments in cervical carcinomas 
expressing the viral E6 and E7 oncoproteins. 

B 427 IDENTIFICATION OF PROTEINS THAT 
INTERACT WITH THE TRANSCRIPTION 

ACTIVATION DOMAINS OF HUMAN P53, HSV VP16 
AND ADENOVIRUS ElA, Ray Truant, Hua Xiao, 
C.James In les and Jack Greenblatt, Banting and Best 
Department o?Medical Research and the Department of Molecular 
and Medical Genetics, Universrty of Toronto, Toronto, Ontario, 
CANADA M5G 1L6 

The human tumor suppressor p53, Herpesvirus virion 
protein VP16 and Adenovirus E1A all have potent 
transcriptional activation domains that contain acidic 
residues. VP16 and E1A have previously been shown 
to interact with TBP, the TATA box-binding subunit of the 
general factor TFIID. As well, VP16 has been shown to 
interact with TFIIB. We have now used protein affinity 
chromatography to show that the p53 activation domain 
directly binds TBP. The p53 and VP16 activation 
domains also bind TFIIH, a general factor which 
phosphorylates the CTD of the largest subunit of RNA 
polymerase II. This interaction involves no other general 
factor and may also be direct. Columns containing 
immobilized p53 and VP16 do not bind RNA 
polymerase II or the remaining general factors TFIIE, 
TFllF or TFIIJ. 
The activating regions of VP16, p53 and E1A also all 
bind the protein product of the human MDM-2 
oncogene. There is, however, poor correlation 
between the effects of activator protein mutations on 
transcriptional activation and their effects on binding of 
MDM-2 protein. This suggests that binding of MDM-2 has 
an effect on transcriptional activation that is negative, 
rather than positive, perhaps because binding of MDM-2 
to the activation domains of VP16, p53 and E l A  
interferes with the binding of TFllD and/or TFIIH. 

B429 PROTEIN AND DNA ELEMENTS INVOLVED I N  THE 
TRANSCRIPTIONAL TRANS-ACTIVATION O F  BLV, 

I l d iko  Unk, Saowakon P a c a - u c c a r a l e r t k u n ,  Endre 
K i s s - T o t h ,  I m r e  Boros, I n s t i t u t e  of 
Biochemis t ry ,  Biological Research C e n t e r ,  
Hungarian Academy o f  S c i e n c e s ,  6701 Szeged,  
P.O.B. 521 .  Hungary 
The Bovine Leukemia V i r u s  (BLV) encodes  a 
r e g u l a t o r y  p r o t e i n ,  t a x ,  which enhances  
t r a n s c r i p t i o n  from t h e  v i r a l  promoter  and 
s e v e r a l  c e l l u l a r  promoters. Although t a x  
itself does n o t  b i n d  DNA, a 21bp repeat 
p r e s e n t  i n  three copies i n  t h e  v i r u s  LTR has  
been shown t o  serve as t a x  r e s p o n s i v e  e lement .  
Most p r o b a b l y  t h e  r e c o g n i t i o n  of these m o t i f s  
by p r o t e i n - p r o t e i n  complexes of c e l l u l a r  
f a c t o r s  and t a x  r e s u l t s  i n  t a x  a c t i v a t i o n .  To 
s t u d y  what  is t h e  ro le  of p a r t i c u l a r  sequences  
i n  BLV t a x  s p e c i f i c i t y  and what are t h e  
c e l l u l a r  factors i n v o l v e d  i n  t h i s  process w e  
s y n t h e t i s e d  m u t a n t  21bp r e p e a t s .  These  ol igos 
were c l o n e d  ups t ream of t h e  BLV core promoter 
and t h e i r  t a x  r e s p o n s i v e n e s s  w e r e  d e t e r m i n e d  
i n  t r a n s i e n t  a s s a y s .  I n  paralel, w i l d  t y p e  and 
mutant  BLV 21bp r e p e a t s  and HeLa n u c l e a r  
e x t r a c t  w e r e  u s e d  i n  f o o t p r i n t i n g  and g e l s h i f t  
e x p e r i m e n t s  t o  detect specific DNA-protein 
i n t e r a c t i o n s .  On t h e  basis of these r e s u l t s  w e  
concluded  t h a t  a t  least t w o  c e l l u l a r  p r o t e i n s  
form s p e c i f i c  complexes w i t h  t h e  Zlbp r e p e a t .  
One i n t e r a c t s  w i t h  the  C R E - l i k e  e lement  i n  the  
c e n t e r  of each 2lbp repeats, the  other - m o s t  
p r o b a b l y  AP-4 - w i t h  a CAGCTG m o t i f  p r e s e n t  i n  
t w o  2 1  bp repeats. The i n t e r a c t i o n  of these 
p r o t e i n s  w i t h  the  t a x  r e s p o n s i v e  elements may 
i n d i c a t e  their  involvement  i n  t a x  trans- 
a c t i v a t i o n .  Exper iments  t o  further a n a l y s e  
t h e i r  role are i n  p r o g r e s s .  
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B 430 STRUCTURAL CHARACTERISTICS OF BINDING TO 

FACTOR E2F. Michael Wadel, Kristian Helin2, Ed Harlow2 and 
Jane C. Azizkhan2. Lineberger Comprehensive Cancer Center, 
University of North Carolina, Chapel Hill, NC 27599l and 
Massachusetts General Hospital Cancer Center, Building 149, 
Charlestown, MA 0212g2. 
Transcription factor E2F has been implicated in both 
transcription regulation and proliferation control, in part because 
of its interactions in DNA-binding complexes with Fib, cyclin A, 
p33cdk2 and p107. We have been been studying the role of E2F 
in basal, serum-induced and human cytomegalovirus (HCMV)- 
induced control of the dihydrofolate reductase (DHFR) gene, and 
have recently shown that HCMV induces DHFR transcription 
through a highly conserved overlapping dyad E2F sequence at 
the major transcription start and also induces a heteromeric 
DNA-binding, E2F-containing multiprotein complex similar or 
identical to that associated with S phase. Although a single E2F 
"half-site'' is sufficient for these effects, several gene promoters 
contain dyad E2F sites similar to that in the DHFR promoter. We 
have found that mutations abolishing only one of the two half- 
sites, which still allow E2F binding, reduce basal transcription, 
decrease the half-life of binding and subtly change protein-DNA 
interactions at the binding site. The recent cloning of E2F has 
allowed us to study the functional significance of the dyad 
binding motif with regard to both protein-DNA and protein- 
Protein interactions. 

CELLULAR GENE PROMOTERS BY TRANSCRIPTION 

B432 MECHANISM OF 2,3,7,8-TETRACHLORODIBENZO- 
p-DIOXIN (TCDD) MEDIATED DOWN-REGULATION 

OF ESTROGEN RECEPTOR IN HUMAN BREAST 
CANCER MCF-7 CELL LINE, X. Wang, W. Porter and 
&&, Department o f  Veterinary Physiology and Pharmacology, 
Texas A&M University, College Station, Texas, 77843-4466 
TCDD i s  a widespread environmental contaminant and has 
been shown to elicit a diverse spectrum of biological and 
toxicological responses. Fo r  example, TCDD is  an antiestrogen 
in both cultured cells and animal models, bu t  the molecular 
mechanism of t h i s  response i s  n o t  understood. Most TCDD- 
mediated responses are mediated through in i t ia l  binding to the 
aryl  hydrocarbon (Ah) receptor. MCF-7 human breast cancer 
cells are routinely used as a n  in uitro model f o r  mammary 
cancer and these cells express the estrogen and Ah receptors. In 
this study, we show that TCDD (1 nM) causes a time-dependent 
decrease of estrogen receptor (ER) levels, as determined by 
velocity sedimentation analysis. Wi th in  three hours after 
treatment w i th  TCDD. ER levels decreased by  50% but n o  
further decrease was measured f o r  u p  t o  24 h o u r s  after 
treatment w i th  TCDD. Gel retardation analysis using an  
estrogen responsive element (ERE) consensus oligo 
demonstrated that TCDD causes a time-dependent decrease in 
ER-ERE binding. This inhibit ion of ER-ERE binding occurs as 
early as 1 hour after TCDD treatment, and i s  maximal after 12 
hours. Co-treatment with a-naphthoflavone (a"), a TCDD 
antagonist, inhibited TCDD down-regulation of both ER levels 
and ERE binding, and co-treatment with cycloheximide did n o t  
block t h e  effects o f  TCDD on ER-ERE binding. Northern blot 
analysis showed that t h e  ER mRNA steady state levels were 
n o t  affected by TCDD treatment a t  any o f  t h e  time points 
measured. This data indicates that TCDD down-regulation of 
ER levels and ER-ERE binding i s  Ah receptor mediated. 
However, this decrease does not involve changes in ER gene 
transcription. 

B431 SP1 BINDING ELEMENTS OF THE HUMAN 
IMMUNODEFICIENCY VIRUS TYPE 1 PROMOTER ARE 

ESSENTIAL FOR TRANSACTIVATION BY A KMAN 
HERPESVIRUS 6 TRANSFORMIG GENE SEGMENT, Jinhai 
Wang', Clinton Jones', Michael Norcross', Ernst 
Bohnlein3, Abdur Razzaque', 'Center for Biological 
Evaluation and Research, 8800 Rockville Pike, 
Bethesda, MD 20892 
2University of Nebraska, Center for 
Biotechnology, Department of Vaterinary Science, 
Lincoln, NE 68583, 'vienna International Research 
Cooperation Center(VIRCC), University of Vienna, 
Austria 

The transactivation of HIV LTR by different 
transactivators have been well documented. These 
transactivators are capable of transactivating 
HIV LTR through TAR, NF-kB, or other regulatory 
binding elements. Here we report that a human 
herpesvirus-6 (a potential cofactor of HI\'-l) 
gene segment, pZVH14, which can neoplasticcally 
transform NIH 3T3 and human keratinocytes, 1s 
capable of transactivation of HIV LTR in a Spl 
binding site dependent way in CAT assays. This 
transactivation is dramatically reduced by 
cotransfection with oligos designed to form 
triplex with HIV LTR Spl binding sites. Since 
several viral genes have been reported to 
transactivate homologous or heterologous 
promoters by synergism with Spl, such as BPV E2 
and HIV-1 tat, we are currently investigat.ing 
whether there is synergism between HWJ-6 
encoded gene products and Spl in transactivation 
of HIV LTR. 

B 433 RETlNOlC ACID RESPONSE ELEMENT RECEPTOR 
SELECTIVITY IS DETERMINED BY SEQUENCES IN HALF 

SITES, THEIR SPACING AND SEQUENCES IN THE SPACER 
Yisheng Wang and Sotirios K. Karathanasis, Lederle 
Laboratories, Pearl River, NY 10965. 
Previous studies in our laboratory have shown that a regulatory 
element, site A, in the upstream region of the apolipoprotein Al 
(apoAl) gene is a retinoic acid (RA) response element (RARE) that 
responds preferentially to the recently identified RA receptor RXRa 
over the previously characterized receptors RARa and RARp. To 
investigate the molecular basis for this preference several site A 
mutants were inserted proximal to the apoAl basal promoter fused 
in a chloramphenicol acetyltransferase (CAT) reporter construct 
and their ability to stimulate CAT activity in response to RA in the 
presence or absence of RXRa was evaluated by transient 
cotransfection experiments in CV-1 cells. The results showed that 
the minimal RARE within site A is  composed of two 
pentanucleotide repeats (half sites). TGAAC and TGACC, 
separated by a trinucleotide (spacer) CCT. Insertion of three 
additional nucleotides in the spacer, CCTCGG, did not change 
responsiveness to RXRa but deletion of the spacer completely 
eliminated responsiveness. However, alteration of the nucleotide 
sequence of the spacer from CCT to TTT resulted in RA 
responsiveness even in the absence of cotransfected RXRa, 
suggesting that this RARE responds to endogenous RA receptors 
(eRARs) present in CV-1 cells. When both half sites are TGACC 
responsiveness to RXRa is maintained if the spacer is C7T while 
responsiveness to eRARs is observed if the spacer is m. In 
contrast when both half sites are TGAAC responsiveness to RXRa 
is eliminated irrespective of whether the spacer is CCT or l7-r and 
a low responsiveness to eRARs is observed when the spacer is 
T lT.  Taken together these findings indicate that the combined 
contribution of the primary sequence in the half sites, their spacing 
and the nucleotide sequence in the spacer determine preferential 
responsiveness of site A to RXRa. We speculate that a 
combination of variations in these three parameters are 
fundamental to the generation of RARE'S with distinct responses to 
different RA receptors. 
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B434 IDENTIFICATION OF PROMOTER SEQUENCES 

EXPRESSION OF SAA4 AND SAAl OR SAA2. 
G. Watson, S. Coade and P.Woo. Division of 
Molecular Rheumatology, Clinical Research Centre, 
Watford Road, Harrow, Middlesex, UK 

phase proteins produced in response to infection, 
inflammation or trauma. Continued high levels of 
SAA, such as occurs in rheumatoid arthritis, leads 
to a fatal complication known as amyloidosis. SAA 
has also been implicated in the reverse 
cholesterol transport process. SAAl and SAA2 form 
the major circulating SAA proteins. A third gene, 
SAA3, is a pseudogene. We have recently identified 
a fourth gene, SAA4 and sequenced the exonic 
regions of this gene. 
SAA4 protein structure and comparison with the 
other SAA protein structures revealed significant 
differences and we predict that this protein has a 
distinct function from the other S A A s .  

SAA4 was reported by others to be a 
constitutive protein and to show no response to 
the inflammatory cytokines. Recently, however, 
there has been some evidence to indicate that SAA4 
does respond to induction by IL1 and IL6, but to a 
much lesser extent than the reponse of SAAl and 
SAA2, which involves NFkB. We have now sequenced 
a genomic clone of SAA4, including the promoter 
region. The sequence information has revealed 
important differences in the promoter region of 
SAA4 relative to SAAl and S A A 2 .  Using promoter - 
reporter constructs and a variety of cell lines, 
we have identified differences in the promoter 
sequences which are responsible for the 
differential expression of SAA4 in comparison to 
SAAl and S A A 2 .  

RESPONSIBLE FOR THE DIFFERENTIAL 

Serum amyloid A (SAA) is a group of acute 

Analysis of the predicted 

B 436 TWO DISTINCT NEGATIVE CONTROL REGIONS MEDIATE 

HTLV. M. Wolin, C. Honq, M. Kornuc, L. Dote, K. Kwan, & 
h, and S. Nimer. UCLA School of Medicine. Los Angeles, CA 
Interleukin-3 (IL-3) is expressed in activated but not 
resting T-cells and although HTLV-infected T-cells 
phenotypically resemble activated T-cells, they do not 
express IL-3 either constitutively or following mitogenic 
stimulation. The transcriptional control of IL-3 expression 
was compared in HTLV-infected and uninfected T-cells. 
Constructs consisting of IL-3 5' sequences linked to a 
reporter gene (chloramphenicol acetyl transferase [CAT]) 
were transfected into HTLV-infected and -uninfected T-cells 
to identify transcriptional regulatory regions. DNase I 
footprinting of the IL-3 upstream sequences was performed 
to look at differences in DNA-protein interactions in cells 
infected with HTLV compared to uninfected cells. Using 
nuclear extracts from uninfected MLA 144 and primary human 
T-cells, a footprint region was identified which extends 
from bp -165 to -128. Extracts from the HTLV-infected S-LB- 
1 cell line demonstrated a footprint which protects the 
same nucleotides but extends 3' to bp -103 and includes the 
lymphokine consensus sequences, CK-1 and CK-2. Deletion of 
sequences from bp -128 to -103 from reporter gene 
constructs demonstrated a 6-fold increase in basal and 
inducible CAT activity above the corresponding wild type 
construct in S-LB-1 cells, but no difference in uninfected 
Jurkat T-cells. Our transfection experiments also 
identified a repressive region, located between bp -690 and 
-315, which is functional in both uninfected and infected 
T-cells. These studies demonstrate the importance of the - 
128 to -103 region (which contains the lymphokine consensus 
sequences) in the repression o f  IL-3 gene expression in 
HTLV-infected T-cell s. 

REPRESSION OF THE IL-3 GENE IN T-CELLS INFECTED WITH 

B435 TRANSCRIPTIONAL AND POST-TRANSCRIPTIONAL 

HEKATO-LWHOID CELLS, Denise Wingett, Raymond 
Reeves and Nancy S. Magnuson, Departments of 
Microbiology and Biochemistry, Washington State 
University, Pullman, WA 99164-4233 

The pim-1 proto-oncogene encodes a 
serine/threonine protein kinase that is 
expressed in cells of hemato-lymphoid origin 
and in the germ cell lineages. We have 
observed that in spite of containing a G/C-rich 
housekeeping promoter, that the pim-1 gene is 
inducible by a variety of stimuli. We have 
shown that pim-1 gene expression is rapidly 
induced in both mitogen-stimulated primary 
lymphocytes and in hemato-lymphoid cell lines 
and that pim-1 gene expression is regulated at 
the post-transcriptional level. These post- 
transcriptional regulatory mechanisms involve 
the modulation of pim-1 mRNA stability and are 
thought to be mediated, at least in part, by 
sequences located in the 3' untranslated region 
of the pim-1 gene including an A/U-rich motif. 
Based on nuclear run-ons and half-life 
experiments in PMA/ionomycin stimulated Hut-78 
cells, a human T-cell line, our findings 
suggest that transcriptional regulation alone 
cannot account for the increases in pim-1 mRNA 
observed in theses cells following stimulation. 
To further delineate the importance of 3' 
untranslated sequences in the expression of 
pim-1 mRNA in these cells, we are examining 
various deletions in the 3' untranslated region 
of the pim-1 gene and their corresponding 
effects on RNA expression and stability. 
work was funded in part by NIH grant AI-26356 
and USDA grant 91-37206-6867. 

REGULATION OF pim-1 GENE EXPRESSION IN 

This 

B 437 

Stephanie Wright * and J. Michael Bisho& Wellcome/CRC 
Institute of Cancer and Developmental Biology, Tennis Court 
Road, Cambridge, CB2 1QR. England, and TDepartments of 
Microbiology and Immunology and the George Williams Hooper 
Foundation, University of California, San Francisco CA94143. 

The expression of eukaryotic genes may be regulated via 
the modulation of transcriptonal elongation. 'Blodrs' to 
transcriptional elongation within a gene may be shown either by 
run-off transcription analysis in isolated nuclei or by the detection 
of discrete premature termination events upon expression of 
cloned genes microinjected into Xenopus oocytes. Alterations in 
the degree of transcriptional elongation blockage within a gene 
may be used to control its expression according to different 
physiological states of the cell. 

mouse c-myc. c-myb and c-fos genes which mediate premature 
termination of transcription when placed downstream from a 
heterologous promoter and assayed by microinjection into 
Xenopus oocytes. Comparison of the nucleotide sequence of 
these elements revealed a common G-rich sequence. We have 
shown by gel mobility shiR analysis that a common factor(s) binds 
to this G-rich element within the different genes and are currently 
assessing the role of this factor(s) in regulating the expression of 
the c-myc and c-fos genes. 

REGULATION OF TRANSCRIPTIONAL ELONGATION 
WITHIN THE C-MYC AND C-FOS PROTOONCOGENES 

We have previously defined DNA sequences within the 
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B 438 MOLECULAR CLONING OF A TRANSCRIPTIONAL 

Department of Medicine, University of Pennsylvania School of 
Medicine, Philadelphia, PA 19104 

The CAMP response element (CRE) is able to transcriptionally 
activate certain eukaryotic genes through transactivation by several DNA 
binding pruteins of the ATF/CREB family. More recently, several DNA 
binding proteins in this family have be cloned which negatively regulate 
transcription from CRE (MCB; 12: 3070-3077 and PNAS; 89: 4820- 
4824) The functional significance of this emerging family of negative 
transcriptional regulators on eukaryotic gene transcription is unknown. 
In order to elucidate the molecular mechanisms which direct the 
temporal, spatial, and developmental patterns of intestinal gene 
expression. we have recently cloned and characterized the 5' flanking 
region for the intestinal disaccharidase sucrase-isomaltase (SI). 
Deletional analysis and DNAse 1 footprinting of the intestine-specific 
promoter for this gene revealed the presence of a negative cis-acting 
element, SIF-R (UEootprint Eepressor), which consists of an 
evolutionarily conserved core sequence CATTTATGTAAACTA. 
EMSA demonstrated that this element specifically binds a protein(s) 
which was expressed in all cell tines and tissues tested. A two base pair 
mutation of this core sequence (SIF-Rm) eliminated DNA-protein 
binding by EMSA. A southwestern blot using SIF-R and SIF-Rm 
oligos identified specific binding to a 92 kd protein in both liver and 
Caco-2 nuclear extracts. Southwestem screening of a mouse liver 
lamda gtl 1 cDNA library identified several specific clones. One clone, 
which we have named SIRP- 1 (SI Bepressor Protein), appears to be the 
mouse homolog of a recently identified bZIP human transcriptional 
repressor, E4BP4, cloned using the ATF viral binding domain of the E4 
promoter (MCB; 12: 3070-3077). Although transfection studies will be 
required to determine the functional significance of this protein, its 
ability to bind to an ATF binding domain suggests that SIRP- 1 may play 
a role in the CAMP mediated negative regulation of SI mRNA 
expression in Caco-2 cells described previously (J. Cell. Phys; 141: 
627-635). Further investigation will be required to determine the role 
SIRP-1 and the other SIF-R clones play in the transcriptional regulation 
of SI during development and in the adult intestinal tract. 

B 440 MOLECULAR CLONING OF A TRANSCRIPTION 
FACTOR REGULATING HIV-1 GENE EXPRESSION, 

Jong-Bok Yoon, Gen Li and Robert G. Roeder, Laboratory of 
Molecular Biology and Biochemistry, Rockefeller University, New 
York. NY 10021 

LBP-1 is a group of proteins, with apparent molecular sizes of 
63 to 68 KD, which bind strongly to sequences at and just downsream 
of the HN-1 initiation site and weakly over the TATA box. We have 
previously shown that LBP-I represses HIV-1 transcription by 
inhibiting the binding of TFIID to the TATA box (H.Kato et al. (1991) 
Science 251, 1476-1479). 

Here we report the cloning and molecular characterization of 
LBP-1. We purified this factor from HeLa cells by affinity 
chromatography and Lys-C digested peptides were microsequenced. A 
specific probe was derived by PCR and used to isolate cDNA clones of 
LBP-I. Restriction enzyme mapping and DNA sequencing revealed 
four similar but distinct groups of cDNAs, which were termed LBP-la, 
b, c. and d. LBP-la and LBP-lb cDNAs are differentially spliced 
products of one gene, while LBP-lc and LBP-ld are differentially 
spliced products of another. LBP-la and LBP-lc share 72 % amino 
acid identity. Interestingly. comparison of the amino acid sequence of 
LBP-la with the available protein data bases revealed homology with 
D. melanogaster Elf- 1, an essential transcriptional activator that 
functions during embryogenesis. However, computer analysis did not 
reveal any well defined DNA binding motifs. 

In vitro translated LBP-I proteins bind to the LBP-I site in a 
sequence specific fashion. Antisera raised against recombinant LBP- 
l a  recognize native LBP-I from HeLa nuclear extract in a gel 
retardation assay, further demonsuating that the cloned cDNAs encode 
bona fide LBP-1. In addition, recombinant LBP-1 proteins specifically 
decreased transcription from the wild type HIV- 1 template. in a cell 
free transcription system. However, no reprcsson was observed for the 
mutant template which lacks LBP-I binding sites. 

B 439 R E W X  ACTIVATION OF FOS-JUN DNA BINDING ACTILITY IS 
h1EDIATED BY AN ENZYME INVOLVED IN ,DNA REPAIR. 

Steven Xanthoudakisl, Graham Miaol, Feng Wangz, Yu-Ching E 
Pan2 and Tom Curranl. 1Department of Molecular Oncology & 
Virology, Roche Institute of Molecular Biology and 2Department 
of Protein Biochemistry. Hoffmann-la Roche Inc. Nutley, NJ 
07110 
The phorbol ester inducible transcription factor, AP-1. is a 
heterodimeric leucine zipper complex containing the protein 
products of the fos and jun protooncogenes. The DNA hinding 
activity of Fos and  Jun  is regulated i n  vi t ro  by a 
posttranslational mechanism involving reduction-oxidation. 
Redox regulation is mediated through a conserved cysteine 
residue located in the DNA binding domain of Fos and Jun. 
Reduction of this residue by chemical reducing agents c r  by a 
ubiquitous nuclear redox factor (Ref-1) purified from Hela cells 
stimulates AP-I DNA binding activity in vitro, whereas 
oxidation or chemical modification of the cystt.int. has an 
inhibitory effect on DNA binding activity. Here we demonstrate 
that the protein product of the cloned ref-1 gene stimulates the 
DNA binding activity of several redox regulated transcription 
factors in addition to AP-1. Ref-1 is antigenically unrelated to 
AP-1, but copurifies with AP-1 binding activity through reveral 
chromatographic steps. Protein-DNA interactions between 
Fos/Jun complexes and the human metallothionine AP-I  motif 
are not altered by Ref-1 as determined by in vitro footprinting 
analysis. In addition, immunodepletion studies indicaie that 
Ref-1 is the major AP-1 redox activity in Hela nuclear extracts. 
Interestingly, Ref-1 is a bifunctional protein: i t  also possesses 
a n  apurinic/apyrimidinic (AP) endonuclease DNA repair 
activity. However, the redox and DNA repair activities of Ref-1 
can be physicall>- a n d  biochemically dis t inguished.  
Experiments are  in progress to determine the precise na;ure of 
Ref-1 - AP-1 interactions in vitroand in vivo. 

B 441 THE 22 kDaa-COIXIN PROMOTER ISTRANSACTIVATED 
BY THE MAIZE 0 2  PROTEIN, Jose A. Yunes. German0 

Cord N., Marcio J. Silva, Andre L Vettore, Adilson Leite & Paulo 
Arruda, Centro Biologia Molecular Engenharia Genetica, Univer- 
sidade Estadual Campinas, 13081, Campinas, SHo Paulo, Brasil. 
The maize opaque-2 mutation specifically reduces the accumula- 
tion of 22 kDa a-zeins at the level of transcription. Recently the 
product of the 0 2  locus was identified as a bZlP protein which, by 
interacting with the sequence TCCACGTAGA, present only in 
promoters of the 22 kDa a-zein genes, activates its transcription. 
Since genes encoding coixins, the prolamins of Coix, has  been 
shown to  present structural and regulatory sequences highly 
homologous to zeins, it seemed likely that an 02-like gene was 
also conserved in Coix during evolution. This hypotesis was con- 
firmed by the isolation of an 02-homologous cDNA from Coix 
nearly identical to the maize 0 2  at the bZlP region. The 22 kDa-like 
a-coixin d o  not presents an 0 2  target sequence identical as the 
one identified in the 22 kDa a-zeins. However, transient expression 
assays in tobacco mesophyl protoplasts, using the a-wixin 
promoter fused to the GUS reporter gene showed a n  increment 
over 200 fold of GUS activity, when cotransformed with a maize 0 2  
expressing vector. The same level of expression was obtained with 
the a-zein promoter. Interestingly, an a-coixin deleted promoter 
lacking the homologous 0 2  box, presented no decrease of GUS 
activity in both tobacco protoplasts and bombarded immature 
maize endosperms. Whereas, with a similarly deleted a-zein 
promoter, the GUS activity drops 6 fold. Our results indicates that 
the genes coding for the 0 2  regulatory protein are conserved in 
these cereals and that in the a-coixin promoter, there are other 
sequence downstream the proposed maize-02 box that c a n  serve 
as target site for the 0 2  protein. 
Thiswork wasfinanced by grants to P.A. from FINEP, CNPajPl and 
FAPESPIPTE-9013808-5. 
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B 442 THE HIV-1 PROMOTER LACKS A SIMPLE INITIATOR 
ELEMENT, BUT CONTAINS A NOVEL, BIPARTITE 

ACTIVATOR AT THE TRANSCRIPTION START SITE, Beatrice 
Zenzie-Gregory and Stephen T. Smale, Howard Hughes Medical 
Institute and Department of Microbiology and Immunology, UCLA 
School of Medicine, Los Angeles, CA 90024 
The HIV-1 core promoter region, extending from nucleotides -40 to 
+80 relative to the transcription start site, contains a complex array of 
putative regulatory elements, including a TATA box, an initiator 
element, an element between the TATA box and start site, binding 
sites for LBP/LIBP, the TAR element, and others. However, because 
of this elaborate architecture, the actual boundaries and functional 
roles of most of the individual elements have not been defined. To 
facilitate a detailed analysis of the cofe promoter region, we employed 
in vino transcription studies to identify the simplest control elements 
that activate transcription in the context of a synthetic, heterologous 
promoter. We anticipated finding a typical initiator as an important 
basal element because of previously-reported results, including 1) the 
detection of sequence homology between the HIV start site and known 
initiator elements, 2) a demonstration that mutations at the HIV-1 staxt 
site diminish promoter strength, and 3) a demonstration that an 
initiator-binding protein, called TRI-I, binds to the HIV-1 start site. 
Despite the previous observations, we have demonstrated that the 
HIV-1 core promoter does not contain a simple initiator that is 
structurally and functionally analogous to those found in the terminal 
transferase and adenovirus major late promoters. In its place, we 
identified a bipartite element, located between -6 and +30, that 
activates specific transcription initiation. Unlike a strong initiator 
element, however, the activity of this element is dependent on the 
presence of a TATA box. The f m t  domain of the element, which 
overlaps the start site, requires appropriate positioning relative to the 
TATA box. The positioning of the second domain, between 
nucleotides +21 and +30. is more flexible, relative both to the TATA 
box and to the transcription start site. In addition, this downstream 
domain is active only in the context of the HIV-1 start-site domain, 
and is completely inactive in the context of a typical initiator element. 
Further analysis of this unique element and of additional control 
elements in a well-defined, heterologous context might provide a route 
towards a detailed understanding of HIV-1 transcription. 

B 444 DETERMINANTS FOR DNA BINDING SITE RECOGNlTION 
BY THE GLUCOCORTKOID RECEPTOR. Johanna Zilliacusl, 

Anthony P. H. Wrightl, Ulf Norinder?, Jan-Ake Gustafssonl and Jan 
Carlstedt-Dukel. lCenter for Biochemistry and Department of Medical 
Nunition. Karoltnska lnstitute. NOVUM, S-141 57 Huddinge. Sweden 
and 2Karo Bio AB, Box 4032. S-141 04 Huddinge. Sweden 
The glucocorticoid receptor is a member of the nuclear receptor family of 
Iigmd-inducible transcription factors. The receptor binds with high 
specificity to glucoconicoid response elements, palindromic DNA 
sequences consisting of two half sites, discriminating them from other 
closely related bindlng sites, such as estrogen response elements. Three 
amino acids in the recognition hehx of the DNA binding domain of the 
receptor are primarily responsible for this spccifc DNA binding activity. 
We have analysed in detail how these residues determine the specific DNA 
binding by studying a series of mutant glucocorticoid receptor DNA 
binding domatns containing all combinations of glucocorticoid and estrogen 
receptor specific residues at these positions. DNA binding activity was 
measured directly using DNA binding domains purified from E. roli 
expression lysates and by using a msactivation based assay in yeast cells. 
Statistical analysis of the results enables us to m a t e  models describing the 
association between amino acids and base pairs. The results indicate that 
disctinunanon between the DNA binding sites by the receptors results h o r n  
at least three general strategies. First, the proteins seem to use individual 
amino acids for both positive interactions with correct binding sites and 
negauve interactions with incorrect binding sites thus increasing the 
discriminative power of each residue. Second, discrimination is 
accomplished by reducing binding aftinity to all sites but pndominantly to 
non-cognate binding sites. Third, binding efficiency is not simply the sum 
of interactions between individual amino acids and base pairs, amino acid 
combinations appear to act synergistically to augment discrimination 
between binding sites. 

B443 MOLECULAR ANALYSIS OF THE TESTIS ACE 
PROMOTER, Yudong Zhou and Kenneth E. 

Bernstein, Department of Pathology, Emory 
University School of Medicine, Atlanta, GA 30322 
A unique isozyme of angiotensin converting enzyme 
(ACE) is made by developing male germ cells and 
is called tACE. Analysis of transgenic mice has 
shown that tissue specificity is encoded by a 
promoter region encompassing DNA -91 to +16 
relative to the transcription start site of tACE. 
DNA sequence analysis, in vitro transcription and 
DNase protection studies suggest that the tissue 
specificity is dependent on a TATA box (TCTTATT 
at position -25) and a CRE-like element (TGACCTCA 
at position -44). Each of these two DNA motifs 
has now been systematically mutated or deleted. 
We are analyzing each construct for relative 
efficiency of transcription by in vitro 
transcription using a rat testis nuclear extract. 
In vitro transcription in the presence of anti- 
CREM7 antibody suggests that this trans- 
activating factor is important in tissue specific 
expression of tACE. 
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Cell Cycle 

CYCLE REGULATION, IS HIGHLY CONSERVED 
BETWEEN HUMAN, 5. POMBE. AND PLANTS. Robert A. Ach 
and Wilhelm Gwissem. Department of Plant Biobgy. University 
of California, Berkeley, CA 84720 

Unlike animal cells, plant cells do not move during plant 
growth and development, and plant morphology is thus 
determlned only by cell divislon and expansion. Cell division in 
plants Is highly regulated, occurring mostly In specialized 
reglons called meristems, and is regulated by plant hormones, 
as well as by environmental signals such as light and gravity. In 
order to begln to understand the regulation of cell division in 
plants, we are interested in Isolating genes involved In plant cell 
cycle control. 

We report here the clonlng 01 two cDNAs from tomato 
which encode ran-like proteins. Ran Is a 25 kDe ras-related 
protein which is very highly consewed between humans and S. 
pomba, sharing about 60% amino acld identity. Ran has been 
found to form a stable noncovalent complex with the chromalin- 
binding RCCl protein, a negative regulator of mitosis. In S. 
pombe, a temperature-sensitive mutation of the piml gene, a 
pornbe RCCl homolog. causes premature Induction of mitosis, 
and this mutation can be suppressed by overexpression of the 
spll gene, which encodes a pombe ran homolog. The tomato 
ran genes encode proteins which are approximately 80% 
Identical to both the human and pombe proteins. 
Characterization, erpresslon, and a functional analysis of the 
tomato ran cDNA clones will be reported. 

B 500 RAN, A RAS-LIKE PROTEIN INVOLVED IN CELL 

~ 5 0 2  ORNITBINE DE-OIXLASE IS A TRANSCRIPTIONAL TARGET 
or c-ryc, John L. Cleveland, Concha Bello-Fernandez 

and Graham Packham, Department of Biochemistry, St. Jude 
Children's Research Hospital, Memphis TN 38101. 
Growth factor deprivation of cells results in a rapid down- 
regulation of c-myc expression and subsequent arrest in the 
G1 phase of the cell cycle. constitutive c-myc expression 
suppresses cell cycle arrest and promotes entry into S phase. 
Constitutive c-myc expression also results in the growth 
factor-independent expression of ornithine decarboxylase 
(ODC). This enzyme is rate-limiting for polyamine 
biosynthesis and is required for cells to enter S phase. The 
ODC gene contains a conserved repeat of the myc binding site, 
CACGTG, in intron 1. c-myc is a very potent transactivator 
of ODC promoter-reporter gene constructs in fibroblasts and 
myeloid cells which requires the CACGTG repeat. Purified Nyc 
and Max proteins efficiently bind these elements in vitro and 
when fused to a heterologous promoter, this element can 
function as a myc-responsive enhancer. These criteria 
indicate that c-myc is a transcription factor and suggest 
that ODC is one of its transcriptional targets. Deletion and 
point mutants were used to define domains of c-myc that were 
required for transactivation. While predictable domains of 
c-myc were required for transactivation (including the B-HLH 
domain), removal of others did not abolish transactivation. 
The most surprising region which was dispensable was a large 
portion of the LZ domain, suggesting that myc, at least in 
the context of transactivation of the ODC promoter, can 
function independent of its identified heterodimeric partner. 
Consistent with this possibility, max expression vectors fail 
to influence c-myc transactivation of the ODC promoter in co- 
transfection assays. This raises the possibility that c-myc 
may interact with novel dimerization partners through other 
HLH-HLH or HLH-LZ interactions to transactivata ODC. 
Evidence for mar-independent, but myc-specific, complexes 
from nuclear extracts which bind to these elements will be 
presented. 

B 501 IDENTIFICATION OF TWO CODING REGION 
SUBSEQUENCES REQUIRED FOR HIGH 

EXPRESSION OF A REPLIC3TION-DEPENDFNT MOUSE 
HISTON GENE, T.Bowman a y l  M. Hurt  , Dept. of 

Tallahassee, FL 32306. 
We have previously identified an element in the protein- 

encoding sequence of two hi hly expressed replication-dependent 
mouse histone genes, a H2a4 and a H3.2 respectively. The coding 
region activating sequence (CRAS) of both genes is responsible for 
a 20-fold drop in expression when deleted (Mol. Cell. Biol., June 
1991, p. 2929-2936). Both the H3 and H2a CRAS elements have 
been shown to bind nuclear proteins and compete with each other 
for binding of the same nuclear proteins. Oligonucleotide-directed 
mutagenesis studies have identified two subsequences, box lb  and 
box 4, in the H3 CRAS which together are responsible for a 20-fold 
activation of expression of the mouse gene in stably transfected 
CHO cells. Both H3 subsequences were previously identified by 
homology studies with the H2a CRAS. The importance of these two 
subsequences in interactions with nuclear proteins has been 
confirmed by comparing gel mobility shift assays of oligonucleotide 
duplexes containing the H3.2 subsequences as well as duplexes 
containing sequences from the same region from a replication- 
independent H3.3 gene. Synthetic duplexes containing the two H3.2 
subsequences independently bind nuclear roteins from 
logrithmically growing mouse cells. The box lb  anfbox 4 duplexes 
compete for blnding with the intact CRAS and have identified the 
same specific protein complexes formed with the intact CRAS. This 
binding activity is greatly increased in S phase nuclear extracts when 
compared to G-1 phase extracts prepared from populations of cells 
synchronized by mitotic shake-off. Identical results are oatained 
when using the intact H3 CRAS or the box l b  and box 4 synthetic 
duplexes in binding assays. DNase I footprint analysis of the box 4 
subsequence has identified the exact nucleotides required for 
protein binding. Purification of the protein(s) which bind the H3 
CRAS is under way. Preliminary experiments indicate that two 
different protein complexes bind the box l b  and box 4 
subsequences. Presence of a key phosphate group on the box 4 
binding proteins is required for DNA binding activity. Addkionally, 
state of phosphorylation is important in binding of the box l b  
subsequence by nuclear proteins. 

Chemistry F and Dept. of Biol. Sciences , Florida State Uxversity, 

B 503 CHARACTERIZATION OF THE DROSOPHILA 
HOMOLOGUE OF THE p53 ANTI-ONCOGENE AND 

ITS RESPONSE TO DNA DAMAGE, Ruth L. Dusenbery and F. 
Michael Yakes, Department of Chemistry, Wayne State University, 
Detroit, MI 48202 
Loss of normal p53 gene function is associated with neoplastic 
transformation in vifro and a wide variety of tumors in viw. Evidence 
links p53 function to transcriptional control of the G I 6  transition in the 
cell cycle. Failure of the normal arrest of cells at the GllS boundary 
following DNA damage results in replication of DNA containing 
unrepaired lesions. This increases levels of mutations and chromosome 
rearrangements, thus increasing the probability of neoplastic transform- 
ation. It is difficult to study these effects in viw in mammalian systems. 
Previous investigations have shown a high degree of conservation of 
p53 sequence elements among vertebrates. We report the fmt evidence 
of a non-vertebrate p53 homologue in Drosophila melanogarter, a 
system amenable to further biochemical and genetic analysis. Initial 
identification of the Drosophila p53 homologue was made by Its cross 
reactivity with a monoclonal antibody PAB421, which recognizes both 
mutant and wild type human p53 sequences. PAGE analysis of 
S35-labeled proteins immunoprecipitated from Drosophila cell lines 
yields a major band in the 53kD range, and minor bands at 70kD and 
22kD. Westem blots of proteins extracted from both cell lines and intact 
animals. contirms that the 53kD protein reacts directly with the anti-p53 
PAB42 1. PCR cycle sequencingof genomic DNA, using oligo nuclec- 
tide primers derived from a highly conserved region of the p53 coding 
sequence, produces a nearly perfect match to the human p53 sequence. 
Immunofluorescent detection of the PAB421-p53 complex. localizes the 
Drosophila p53 homologue to a small region of the nucleus in the 
majority of cells in an unsynchronized population grown under n d  
conditions. Significant amounts of p53 were also identified in several 
tissues of postembryonic developmental stages, especially in polytene 
nuclei. However, very little p53 was detected in the nuclei of early 
embryo stages, indicating a non-matemal origin for the gene product. 
Unsynchronized cells grown in 1% serum for extended periods exhibit a 
much lower nuclear level of the p53 homologue. This level increases 
following m s f e r  to 10% saurnumtaining media. Heat shock at 37'C 
for 30 min produced a dramatic alteration in the hsp70 heat shock 
protein, but does not change the level or distribution of the p53 
homologue. Irradiation with 25 J/m2 W light, which eliminates 
S-phase DNA synthesis, modifies the distribution of the p53 signal and 
in- the level of p53 in the cells for several hours. 
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B 504 

Department of Oncology, McArdle Laboratory for Cancer 
Research, University of Wisconsin, Madison, WI 53706 

A mouse cDNA library was screened with a probe 
consisting of the C-terminal half of the human E2F-1 cDNA. 
Several related cDNAs were obtained, two of which are 
homologous to the full length human E2F-1 cDNA. These two 
mouse clones are 87% identical at the nucleotide level to the 
human clone in the DNA and RB binding domains and 95 - 
98% identical at the amino acid level to the human clone in 
these regions. Sequences 5' of the DNA binding domain and 
between the DNA and RB binding domains were only 50-60% 
identical at the amino acid level to the human clone. Other 
clones were obtained which were more divergent from human 
E2F-1 and are presently k i n g  further characterized. 

Northern blotting analysis indicates that there are two 
E2F-1 mRNAs of 2.7 and 2.2 kb. These two E2F mRNAs are 
seen in mouse 3T3, L, and macrophage cells lines, and in 
mouse liver samples. The levels of both E2F mRNAs increase 
near the Gl/S phase boundary, although the timing of 
appearance of the two is not exactly the same. This results in a 
change in the ratio of bands at different points in the cell cycle. 
We are currently investigating the basis of the length 
difference in these E2F mRNAs. It is our goal to elucidate the 
mechanism by which the E2F mRNAs are cell cycle regulated. 
Towards this goal, we are currently sequencing murine E2F 
genomic clones. 

ISOLATION AND CHARACTERIZATION OF 
MURINE E2F cDNAs. Peggy J. Famham and Yue Li, 

B 506 TRANSCRIPTIONAL REGULATION OF THE DELAYED 
EARLY GROWTH RESPONSE GENE ORNITEINE 

DECARBOXYLASE, M.A. Flanaganl, J.R. Cooper', M. Skunca2, C.W. 
Woods', and J.A. Moshier2, 'Marion Merrell Dow Research Institute, 21 10 
E. Galbraith Rd., Cincinnati, OH 45215 and ?Department of Internal 
Medicine, Wayne State University School of Medicine, Detroit, MI 48201. 

Maximal activity of the growth-obligatory enzyme ornithine d e h x y l a s e  
(ODC) is seen in mid-GI of the cell cycle following serum-stimulation of 
quiescent cells. In this study it was shown in IMR90 cells, normal human 
fibroblasts, that this increase can be accounted for by increased 
transcription of the gene. The sequences in the ODC promoter binding to 
nuclear protein isolated from IMR90 cells were determined using the 
DNase I protection assay. No qualitative differences in the protein binding 
pattern were found between quiescent and serum-stimulated cells, but 
quantitative differences were detected using the electrophoretic mobility 
shift assay (EMSA) The four distal sequences in the ODC promoter 
binding to nuclear protein contain GC-boxes, putative Spl binding sites. 
The most abundant protein binding to these sites has been identified by 
E M S A  as Spl. It was shown that Spl binding activity is low in quiescent 
cells, and that it returns to log phase values when quiescent cells are serum- 
stimulated It is postulated that Spl acts to enhance transcription of the 
ODC gene in response to serum-stimulation. The proximal sequence in the 
ODC promoter binding to protein, directly adjacent to the TATA box, was 
shown to form three nucleoprotein complexes, FPIA-l,-2 and -3. None of 
the proteins binding in these complexes were competed by the somatostatin 
CAMP responsive element (CRE), although this region of the promoter 
contains a putative CRE in all mammalian ODC genes sequenced to date. 
The proteins binding in the complexes FPIA-2 and -3 were competed by 
the human c-fos serum response element (SRE), while the protein binding 
in complex FPIA-1 was not. Point mutations of the SRE were used to 
tentatively identify the proteins binding to FF'IA-2 and -3 as W1 ( ~ 6 2 ~ ~ 3  
and a proteolytic fragment of W 1 ,  respectively. It was found that the 
formation of one of these complexes, FPIA-2, was reduced when quiescent 
cells were serum-stimulated. The formation of complex FPIA-I was 
unaffected. Recently, YY1 was shown to compete with the serum 
response factor (SRF) for binding to the SRE in vitro and to repress 
serum-inducible and basal expression from the c-fos promoter when over- 
expressed in viw (Gualberto el al. (1992) MoI. Cell. Biol. 12: 4209). 
Taken together with the results of the present study, this suggests that 
YY1 may act to repress transcription of the ODC gene in quiescent cells, 
and that this repression is reversed by serum-stimulation. 

B505 YYlflCRBP IS UP-REGULATED IN DIVIDING CELLS IN-VIVO 

James R. Fla*nd John W. Kasik5. 'Departments of 
Internal Medicine, the Univer ity of Iowa and VA Medical 
Center, Iowa City, IA 52246. Departments of Pediatrics, 
Case Western University and CMGH. Cleveland, OH. 
The ubiquitous transcription regulator YYl, which we 
reported as UCRBP. has been found to regulate transcription 
of numerous viral and cellular genes and also binds and 
interacts with E1A protein. While another E1A-binding, anti- 
oncogene protein, Rb. may regulate mitotic cycling via a 
qualitative change in the Rb gene product, here we show that 
YY1 has properties consistent with cell cycle regulation by 
quantitative change of YY1. That is, we find increased 
steady-state levels of W 1  (examined by Northern and/or 
RNAse protection and nuclear extract protein) in six paired 
models having one thing in common: cells undergoing frequent 
cell division compared with those in which few cells are 
dividing. In vitro models that demonstrate this include: 
NIH3T3 log-phase growth cells express 5 fold more YY1 RNA 
than confluent cells; undifferentiated HL60 cells express 5 -  
10 fold more than the non-dividing DMSO-differentiated HL60; 
rat primary fibroblasts serum-stimulated have 2 - 3  fold more 
than serum-starved. In vivo models include: cell lines 
(NIH3T3, L cells, B and T cell lines) have over 10 fold more 
YY1 RNA and YY1 protein than adult mouse tissues; placenta 
has 5-10 fold more YYl RNA than uterus or other maternal 
tissues from a pregnant mouse; fetal liver has 5 fold more 
W 1  RNA than maternal or male liver. 
comparing the NIH3T3 confluent vs dividing cells (similar 
results will be shown for the HL60 and fibroblast models) 
demonstrates little or no difference in rate of W l  gene 
transcription despite the difference in steady-state levels. 
This implication of post-transcriptional regulation is 
interesting in view of the unusually high conservation 
(between human and mouse) of the 3 '  untranslated (3'UT) 
region of the YY1 cDNA. 
effect of the 3'UT on RNA stability in heterologous context. 
We propose that increased W 1  synthesis is essential for 
regulation primarily in dividing cells. 

AND IN VI RO BY A POST-TRANS RI TIONAL MECHANISM, 

3 

A nuclear run-on assay 

We will also present data on the 

B 507 TRANSCRIPTIONAL DOWN REGULATION BY 
THE RETINOBLASTOMA PROTEIN IS 

MEDIATED THROUGH E2F, ATF AND OTHER SITES. 
Ullrich Graeven, Nobuo Horikoshi, 8 Roberto Weinmann. 
The Wistar Institute, Philadelphia, PA 19104. 
Inactivation of the retinoblastoma susceptibility gene 
product (pRB) has been linked to a variety of human 
tumors. pRB negatively regulates cellular proliferation 
by controlling the passage through the cell cycle in late 
G1. The interaction between pRB and the transcription 
factor E2F has led to the notion, that pRB might 
function by modifying the activities of transcription 
factors. We examined the effect of pRB overexpression 
on the activity of different promoter constructs. 
Adenovirus E2- and histone 2a promoter constructs 
showed reduced promoter activities in the presencce of 
pRB in pRB negative 5637 bladder carcinoma cells. 
Similar results were obtained in J82 bladder carcinoma 
cells (exon 21 pRB deletion mutant). In pRB positive 
cells, expressing SV40 T (FM516SV) or papillomavirus 
E7 (Hela), overexpression of pRB also reduced promoter 
activities. Analysis of sites involved in this down 
regulation, identified E2F sites as targets in all cell 
lines. ATF sites mediated down regulation in both 
bladder carcinoma cell lines and to a lesser degree in 
Hela cells, whereas no effect was observed in FM516SV 
cells. SP1 sites were also down regulated by pRB. The 
variability of the response to pRB in different cell lines 
suggests that cell specific levels of transcription 
factors may influence the pRB responsiveness of these 
promoters. 
Supported by Deursche Forschungsgemeinschaft Gr 9W2-1 
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B 508 E2F IS RELATED TO THE ETS FAMILY O F  TRAN- 
SCRIPTION FACTORS: IMPLICATIONS FOR EARLY 

GENE TRANSCRIPTION, Scott W. Hiebert, Department of 
Tumor Cell Biology, St. Jude Children’s Research Hospital, 
Memphis, T N  38101. 

E2F is a cellular transcription factor targeted by the E1A 
proteins of Ad5 for the stimulation of the adenovirus E2 promoter. 
Recent evidence suggests that this stimulation is brought about by 
the dissociation of E2F from protein-protein interactions involving 
the product of the retinoblastoma gene (RBI) and the pRb related 
p107 protein. The recent determination of the amino acid sequence 
of E2F-1 suggested no similarities with other known transcription 
factors. However, comparison of the DNA binding sites of E2F and 
the ets family of transcription factors suggest that they may bind 
similar sites and thus contain similar motifs within their respective 
DNA binding domains. Visual comparison of these domains 
identified a short region of near perfect identity. Gel mobility shift 
analysis using a GST-ets-2 fusion protein indicates that etsZ can 
bind the Ad5 E2 promoter, the minimal c-myc promoter and the 
minimal DHFR promoter all containing the E2F binding motif. 

To  determine whether the consewed residues in E2F are 
required for DNA binding, a small fragment of EZF (residues 95- 
191) was subcloned by PCR amplification into pGEX-2T to create 
a small GST-EZF fusion protein. This protein not only binds DNA 
but forms multimeric protein-DNA complexes suggesting that E2F 
binds DNA as a dimer. Further gel mobility shift analysis of this 
fusion protein suggests that two E2F dimers can interact with the 
dyad E2F binding site from the c-myc and DHFR promoters 
(TITCGCGCCAAA). Substitution of the conserved domain in 
E2F with the corresponding domain of ets-2 eliminated the ability 
of E2F to bind DNA suggesting that the overall domain structure 
is important for E2FDNA interactions. 

The relevance of these findings to the regulation of cell cycle 
responsive genes containing E2F binding sites, including and 
DHFR, will be discussed. 

B 51 0 HUMAN PAPILLOMAVIRUS E6 AND E7 PROTEINS ABRO- 

TIONAL REPRESSION. Laimonis A. Laimins. David H. Mack. and 
GATE TUMOR SUPPRESSOR-MEDIATED TRANSCRIP- 

&k S. Lechner, &pamnentofMolecular Genetics and Cell Biology, 
Howard Hughes Medical Institute, 920 E. 58th Street, The University of 
Chicago, Chicago, Illinois 60637. 
Evidence has been provided that p53 may act as a transcriptional regulator 
and that this activity may play a role in uansformation. We have observed 
that in uansient uansfection assays coexpression of wild-type human p53, 
but not a mutant p53, results in a dosedependent repression of gene 
expression from multiple promoters, including the human papillomavirus 
(HPV) type 18 early gene promoter. In cotransfection experiments with a 
fixed amount of reporter plasmid together with increasing amounts of 
expression plasmid encoding wild-type human p53, CAT activity was 
repressed by as much as 90%. In similar experiments using a plasmid 
encoding a mutant p53 no significant effect on CAT expression was 
observed. Of the promoters tested, wild-type p53 had no effect on the 
human proliferating cell nuclear antigen (PCNA) or human ras promoter 
driving CAT expression. Interestingly, all sequences unaffected by p53 
expression lack a characteristic TATA box. This category of promoters is 
often involved in expression of genes involved in cell growth control. To 
determine if HPV E6 proteins could influence the inhibitory effect of wild- 
type p53 on gene expression, we cotransfected increasing amounts of 
HPV11, -16, or -18 E6 expression vectors with a fixed amount of 
repom and p53 expression plasmid in human kexatinocytes. Data will be 
presented which demonsmate that binding of E6 to p53, but not its 
enhanced degradation, is sufficient to relieve the inhibitory effect on gene 
expression in aansient assays. 

In addition to p53, we find that cotransfection of human Rb 
expression plasmid with the HPVl8 URR reporter consuuct also results 
in uanscriptional repression in a dose-dependent manner in human 
kexatinocytes. We believe that this repression is mediated through the c- 
fos gene product which is involved in AP-1 activation of HPV-18 
expression. We demonstrate that coexpression of HPV18 E7 protein in 
this system abrogates the inhibitory effect of Rb on HPV18 expression. 
Taken together, these data indicate that as a consequence of their 
interactions with tumor suppressors, E6 and E7 may cowibute to the 
nanscriptionalreguIationuladDnofrheHPVl8 URR. 

B 509 MODULATION OF THE ACTIVITY OF THE HUMAN E2F 
TRANSCRIPTION FACTOR BY VIRAL ONCOPROT5JNS 

AND DURi G THE CELL CYCLE, P. Jansen-Durr, M. Eiiers , 
Angewandte Tumonriroiogie, D utsches 
Krebsforschungszentrum and lYZhlBH and 2, EMBL; D-6900 
Heideiberg/FRG. 

We are interested in the modulation of the transcriptional 
activity of cellular genes. by viral transforming proteins. In 
particular we study the effects exerted by the E7 gene 
products of human papiiiomaviruses on a subset of cellular 
genes, the expression of which is correlated with increased 
cell proliferation. m e  transcription factor E2F, controlling 
activity of these genes, has been shown to form complexes 
with pRB as well as with cyclin A. We show that binding of 
E2F to pRB but not to cyclin A is abolished by E7. One 
function of cyciin A is to target the cdk2 kinase subunit to the 
E2F protein during S phase, concomitant with cell cycle- 
regulated activation of this transcription factor. Evidence for a 
positive role of cyciin A in the process of E2F activation Is 
provided by our obsewations that I) activation of MYC 
induces E ~ F  by increasing the ieveis of cyciin A and ii) mat 
cotransfection of a cyclin A expression vector directly 
activates EPF-dependent transcription. 

M. Pagano2, 7 D. Spitkovsky, J. Botz, A. Schuize, S. Joswig; 

B 51 1 CONTROL OF TRANSCRIPTION FACTORS BY MU-BETA- 
GALACTOSIDE BINDING PROTEIN. A NEGATlVE 

REGULATOR OF CELL REPLICATION. Livio Mallucci. L’alerie 
Wells, *Gerard 1. Evan, *Trevor D. Littlewood. **Nicholas B. La 
Thangue. **Lasantha R. Bandara. Laboratory of Cellular and Molecular 
Biology, Microbiology Division. Guy’s Medical School. London SEI 
9RT; *Imperial Cancer Research Fund Laboratories, London EC1 A 7BE; 
**National Institute for Medical Research, London NW7 IAA, UK. 
Murine beta-galactoside binding protein (GBP) is an autocrine negative 
growth factor which has three key properties: (i) cell stage specificity, 
(ii) receptor mediated action and (iii) cytostatic effect. It binds with high 
specific affinity to 5 x 104specific cell surface receptors and both as a 
regulatory molecule and as a cytostatic factor. it controls exit from GO 
and traverse through late S-G2 into mitosis (Wells and Mallucci: Cell 

Genomics. 1992. in press). We have examined the effect of GBP on 
early growth response genes and their cognate proteins, Fos. Jun. Myc 
and Egr-l/NGF-lA.and on pRB. p107 and UFIDRTF-I.Our data show 
that treatment with GBP correlates with absence of Fos expression and 
that it affects UFIDRTF-1, a cellular transcription factor regulated by 
pRB and by p107. both in the exit from GO and during progression 
towards G2. Different transduction pathways may be used by GBP in the 
control of GOlGl transition and of SIG2 tnmition. 

1991 .M,91-97:B .B .A.1991 .~ .54 -60:B .B .A.1992 .~239-244;  
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B 512 THE HUMAN PAPILLOMAVIRUS E7 ONCOPROTEIN 
AND THE CELLULAR TRANSCRIPTION FACTOR E2F 

BIND TO SEPARATE SITES ON THE RETINOBLASTOMA 
TUMOR SUPPRESSOR PROTEIN, Karl Miinger, Erica W. Wu*, 
Karen E. Clemens and Donald V. He&, Laboratory of Tumor 
Virus Biology, National Cancer Institute, Bethesda M D  20892 
The ability of "high risk" and "low r i s k  HPV encoded E7 
oncoproteins to disrupt complexes of the retinoblastoma tumor 
suppressor protein pRB and the cellular transcription factor E2F 
was studied. The ability of E7 to disrupt this transcription factor 
complex concured with the different pRB binding efficiencies of 
the "high risk" and  the "low r i s k  HPV encoded E7 proteins. 
The pRB binding site was the sole determinant for these 
observed differences. The phosphorylation status of the casein 
kinase I1 site that is immediately adjacent to the pRB binding 
site in E7 had no  marked effect on this biochemical property of 
E7. Peptides consisting of the pRB binding site of E7, however, 
were not able to disrupt the pRB/E2F complex. These data 
suggest that additional carboxy terminal sequences in E7 are  
also required for the efficient disruption of the pRB/E2F 
complex and that E7 and  E2F may interact with non-identical 

B 513 SUBTRACTWE CLONING IDENTIFIES A HEAT-SHOCK 
GENE AS A MYC-INDUCED cDNA, Linda J.Z. Penn, 

Jasmine Daksis and Rich Lu, Department of Microbiology, The 
Hospital for Sick Children, Univnsity of Toronto, Toronto, Ontario, 
Canada, M5G 1x8 
Our understanding of precisely which genes are regulated by Myc or to 
what biological end remains unclear. To address this issue, we have 
cloned Myc-induced genes by a subtractive hybridization approach with 
a Myc-inducible Rat-1 cell Line. The inducible c-rnyc system is that of 
the "MycER" fusion protein which carries out Myc-specific functions in 
an estrogen-dependent manner. In quiescent Rat-1 cells, induction of 
MycER induces progression from the GI to S phase of the cell cycle 
and subsequent apoptosis. Therefore, genes involved in both the 
positive and negatjve growth regulatory activities of Myc should be 
effected in these cells. We conducted subhactive hybridization of 
confluent, quiescent control Rat-1 cells with Rat-1 cells expressing the 
activated MycER fusion protein for 6h. and have identified six cDNAs 
whose elevated expression is an early consequence of Myc activation in 
Rat-1 cells. 

Nucleotide sequence analysis of a small portion (250bp of 4kb) 
of one of the cDNA clones representing a weinduced gene (MIG). 
MIG 36, revealed a putative open reading frame which when compared 
with those in the GenBank sequence data base, was shown to possess 
91.7% sequence homology to mouse heat shock protein (HSP) 89- 
alpha. Further analvsis showed that RNA exmession of other members 

sites-of PRB. 
'E.W.W. and D.V.H were supported by the Howard Hughes 
Medical Institutes - National Institutes of Health Research 
Scholars Program. 

ofthe heat shock gene family, was not affecied by MycER activation 
Moreover, DNA slot blot and Southern blot analysis showed MIG36 to 
cross-react with HSP 89-alpha. but not HSP 89-beta, HSP 70 or HSC 
70 DNA. This data strongly suggesu MIG-36 is related to the rat HSP 
89-alpha gene. Comparison of additional nuclcotide sequence data and 
protein analysis is required to f d y  establish the relationship of MIG- 
36 to the HSP 89-alpha gene. 

Kinetic analysis of MIG36 RNA expression in activated Rat- 1 
MYC/ER cells, shows an induction within I h  which proceeded to 
gradually increase over the following 24h. Although Myc is an early 
growth-response gene, elevated expression of MIG36 was not evident 
following serum-treatment of nuaient-starved conaol Rat- 1 cells. This 
result indicates the serum-induced expression of endogenous Myc does 
not, in turn, lead to M1G36 induction, which further suggests M1G36 
may not be involved in the positive growth-regulatory activities of Myc, 
but may have a role in the apoptotic pathway. The transcriptional nature 
of this regulation will be discussed. 

B 514 REGULATION BY SERUM RESPONSE FACTOR IN 
VWO, Ron Prywes and Finn-Eirik Johansen. Dept. of 

Biological Sciences, Columbia University, New York, NY 10027. 
Transcription of the c-fos proto-oncogene is activated rapidly 

by growth factors in mammalian cells. The Serum Response 
Element (SRE) in the c-fos promoter can mediate this activation. 
Serum Response Factor (SRF), which binds specifically to the 
SRE, has been shown to be required for serum activation of the 
fos gene. We have investigated how cellular signalling pathways 
cause SRF to activate fos transcription. No changes, however, 
have been found in SRF's cellular localization, DNA binding 
activity, phosphorylation, or ability to complex with other factors. 

We have now tried to map critical domains of SRF in vivo to 
determine regions essential for growth factor regulation. We 
have made chimeric GAL4-SRF fusion genes since all cells 
tested contain endogenous SRF. The fusion gene was tested for 
activation of a minimal promoter containing GAL4 binding sites. 
While we have not been able to render this promoter growth 
factor responsive, this system has allowed us to identify SRF's 
transcriptional activation domain (amino acids 339-508 in Hela 
cells and 414-508 in NIH3T3 cells) and two domains which 
appear to inhibit the function of the activation domain. (These 
domains have ends in the region of the DNA binding and 
dimerization domains between amino acids 140 and 171 and 
172 and 204, respectively.) 

We have developed a system where SRF does render a re- 
porter gene responsive to epidermal growth factor (EGF). We 
have used a low affinity SRF binding site on a reporter gene. 
This construct was only weakly EGF-responsive when transfec- 
ted into Hela cells. Overexpression of SRF, however, caused ex- 
pression from this reporter gene to be strongly induced by EGF. 
An interesting mutant of SRF was isolated which caused consti- 
tutive expression of the reporter gene. In this mutant, we ex- 
changed 31 amino acids of SRF's DNA binding domain (amino 
acids 135 to 165) with that of MCM1, a yeast gene which is simi- 
lar to SRF in this region. This result suggests that this domain of 
SRF may be a target for regulation in response to EGF. The 
effects of other mutations of SRF in this assay will be discussed. 

B 515 CHOLERA TOXIN POTENTIATES TPA-DRIVEN 
MITOGENIC RESPONSES AND C-FOS INDUCIION. Beth 

Runds+*, Miriam Smyth', Walker Wharton+*; +Lue Alamos National 
Laboratory, Life Sciences Division. Lue Alamos, NM, 87545; 
*university of New Mexico, Dept. of F'athology, Albuquerque, NM, 
87131. 
Mitogen-stimulated signal transduciion pathways and their downstream 
targets have proven to be ntranely mmplex. Using a BaIb/c 3T3 
fibroblastderived cell line, A31T6, we have studied the mlc of specific 
agnalmg pathways and second mespengas in mitogenesis. In the 
presence of insulin, A31T6 cells showed a weak mitogenic response, as 
measured by 'H-thymidiae incorporation, to &lea toxin, a stimulator 
of adenylate cyc12se activity, and a strong nsponse to phorbol estcr 
(TPA), an activator of PKC. However, a d d i b  of both cholera toxin 
and TPA synergistically Mhanced the rrsponse significantly beyond the 
added individual responses. To detnmine if this mitogenic synergism 
could be seen at the gene expression level, we investigated e.xpression 
of the c-fos gene, an early-inkmediate gene which is known to respond 
within 15 minutes to mitogenic induction. In the presence of 
cycloheximidc, endogenous c-fos gene uprcssion in A31T6 cells, as 
measured by RNAase protection assays, was minimally induced by 
cholera toxin, significantly induced by TPA and synergistically induced 
by the c o m b d o n  of the lwo mitogens in a manner parauelmg the 
mitogenic response. Cycloheximde by itpelf or in mjunction with 
either CT or TPA had no effect beyond that seen with each mitogen 

of synergistic response by the f a  promoter arc aurently being 
add. 

alone. This induction pattan couldbe s&n inboth density-urrstcd cells 
and in proliferating cells. Furtha Jadaes chm&xmn . . gthemechanism 
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B 516 TRANSCRIPTlONAL REPRESSION OF CYCLIN A,B1 
AND CDC2 GENES AT NONPERMISSIVE 

TEMPERATURE IN TSBN462 CELLS. 
Takeshi Sekiguchi,Toshiro Hayashida,Torahiko Nakashima, 
Takeharu Nishimoto;Department of molecular 
Biology,Graduated school of medical science, Kyushu 
University, Maidashi, Fukuoka, 812, Japan 
Human CCGl gene complements tsBN462, a ts mutant of 
BHK21, defective in the progression of G1 phase. The 
excurtion point of the mutation was found to be around 
lOhr after release from serum starvation. To know 
whether there could be specific proteins which would 
disappear at a non-permissive temperature(39,5"C), we 
performed the two dimensional gel electrophoresis of the 
35S-Met pulse labelled proteins of tsBN462 protein at 
39.5OC and 33.5"C. An intensity of protein spots at 39.5"C 
at 6-8 hr after serum stimulation did not change when 
compared with that at 33.5"C. but at 13-15hr. the 
intensity of almost all protein spots decreased. This result 
suggests that the mutation affect the expression of the 
genes of Gl/S boundary. So, we studied the expression of 
the immediate early genes, fos, jun, myc and Gl/S 
boundary genes, cyclin A,cyclin Bl,cdc2 and cdk2. The 
results of northern blottings showed that immediate early 
genes and cdk2 genes expressed at 39.5"C. but other 
genes did not express. From these results, we suppose 
that the CCGl gene is involved for expression of a set of 
Gl/S boundary genes, such as cyclin A,Bl and cdc2, but 
not of other set of genes, such as cdk2. 

B 518DEFINITION OF MID- AND LATE G1 PHASE EVENTS IN 
DMSO-ARRESTED LYMPHOID CELLS INDUCED TO RE- 

THE CYCLIN-DEPENDENT KINASES cdC2 AND Cdk2. KOZO 
ENTER THE CELL CYCLE: DIFFERENTIAL REGULATION OF 

Takase, Naohiro Terada, Joseph J. Lucas, Hirobumi Teraoka and 
Erwin W. Gelfand. National Jewish Center for Immunology and 
Respiratory Medicine, Denver, Colorado, 80206. and Tokyo 
Medical and Dental University, Tokyo 1 13, Japan. 
Dimethyl sulfoxide (DMSO) has been shown to induce arrest of 
several lymphoid cell lines in a GO-like or very early GI phase. 
Using the Raji Burkitt's lymphoma cell line, we determined 
that greater than 90% of cells accumulated with a 2N content of 
DNA following 96-120 hr of treatment with 1.5% DMSO. After 
removal of DMSO, entry into S phase was first observed at 
about 24 hrs. Because of the synchronous manner in which a 
high portion of the cells entered and progressed through the 
cell cycle, the system proved useful in delineating events 
occurring throughout the G1 phase. Two major stages of GI 
phase progression could be delineated. The first was 
characterized by the increased synthesis and activation of the 
cdk2 kinase and the initial phosphorylation of Rb, the product 
of the retinoblastoma susceptibility gene. These events 
occurred in mid-GI phase, about 15 hrs after release from 
DMSO-induced arrest. A second set of events, including the 
accumulation of PCNA (proliferating-cell nuclear antigen) and 
the first appearance of the cdQ kinase and cyclin A , occurred 
later in G1 phase, closer to entry into Sphase. It was clear in 
this synchronized system of cells exiting the resting (GO-like) 
state that phosphorylation of Rb was initiated well before the 
first appearance of the c d d  kinase. In oitro studies confirmed 
that recombinant Rb protein could serve as a good substrate for 
the cdk2 kinase, prepared by immunoprecipitation using 
antibodies specific for this enzyme. The system provides an 
excellent means for defining the specific roles of cd0 and cdW, 
and their associated cydins, in human B lymphocyte cell cycle 
entry and progression. 

B 517 E2F PLAYS A CRITICAL ROLE IN THE CELL 
CYCLE CONTROL OF DHFR Jill Slansky and Peggy 
Farnham, Department of Oncology, McArdle Laboratory for 
Cancer Research, University of Wisconsin, Madison, WI 53706 

Progression of cells through the cell division cycle is 
regulated by interconnecting signal transduction pathways that 
result in the transient activation and repression of growth- 
responsive genes. We are using the dihydrofolate reductase 
(dhfr) gene, which is involved in nucleotide biosynthesis, as a 
model system to study cellular events controlling the entrance 
into the S phase of the cell cycle. Analysis of RNA from serum 
starved and restimulated N M  3T3 cells has demonstrated that 
the increase in DHFR mRNA at the Gl/S phase boundary 
requires protein synthesis. This suggests that a proteinb) is 
lacking in G1 cells that is required for DHFR transcription. 
Our previous results have shown that the HIPLE2F element at 
the DHFR transcription initiation site is necessary for DHFR 
cell cycle regulation. We have also demonstrated that the 
HIPiE2F site alone, in the absence of all other promoter 
elements, is sufficient for cell cycle-regulated promoter activity. 
Our recent results suggest that E2F is a limiting component in 
GO and G1 cells. First, Northern analysis reveals that murine 
E2F-1 mRNA is not present in GO or GI  cells. The levels of 
murine E2F-1 mRNA increase a t  the G1/S phase boundary in a 
protein synthesis-dependent manner. Second, an E2F-1 
expression plasmid cotransfected with the DHFR promoter 
fused to a reporter plasmid results in a 22-fold increase in 
reporter activity in quiescent cells. Third, constitutive 
expression of E2F-1 abolishes cell cycle regulation &om the 
DHFR promoter. In summary, we have demonstrated the 
importance of E2F in the cell cycle regulation of DHFR and are 
now investigating the cellular consequences of altered E2F 
expression. 

B 519 THE DIFFERENTIAL REGULATORY CAPAClTiES OF 
C-MYC AND MAX. Sean V. Tavtigian. Sonya D. Zabludoff, 

and Barbara J. Wold. Division of Biology 156-29, California 
Institute of Technology, Pasadena, CA 91 125 

The process of emergence from Go growth arrest and 
progression across G1 to the restriction point is the major control 
point in regulation of vertebrate cell proliferation. Among cellular 
oncogenehranscription factors that are conspicuously up-regulated 
at the G d G l  transition, c-myc stands out because its conditional 
expression can drive a large fraction of Go arrested cells through 
G1 into S-phase. 

We have cloned a group of cDNAs that are either up- or down- 
regulated at a mid-Gi point in the serum response (mid-SR) with 
the expectation that these would include direct and indirect targets 
of immediate early regulators. Using conditional c-myc- and 
conditional Max-expressing cell lines, we have identified target 
genes among the immediate early and mid-SR transcript classes 
and characterized their pattern of expression in response to one, 
the other, or both regulators. 

Conclusions drawn from this work add three new elements to 
current thinking about how c-myc and its co-regulator Max work: 
(1) Max probably plays a more complex role than merely facilitating 
the function of myc family proteins. (2) We observed that a subset 
of the c-myc:Max target transcripts (among the panel of mid-Gi 
markers) were regulated in opposite directions during mitogen- 
versus c-myc:Max-driven Go + S-phase progression. These data 
suggest that both the similarities and the differences between these 
two stimulation regimes contribute to the biological consequences 
of deregulated c-myc expression. (3) The assymetric dimerization 
specificities of the c-myc and Max proteins, taken together with the 
biological consequences of their overexpression, suggest that the 
phenotypes associated with c-myc overexpression are the 
consequence of simultaneous overexpression of c-myc:Max 
heteromers and underexpression of Max homodimers. 
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13520 THE TRANSCRIPTION OF THE DELAYED 
EARLY GENE T1 IS REGULATED BY C- 
FOS AND C-MYC 

Thomas Trub, Markus 6. Kalousek, and Roman Klemenz, 
Division of Cancer Research, Department of Pathology, 
University of Zurich, Schmelzbergstr. 12, CH-8091 Zurich, 
Switzerland 

The T1 mRNA was initially found after expression of the 
oncoproteins Ras or Mos in mouse fibroblast cells (NIH 3T3). 
Transcription of T1 can also be stimulated by growth factors in 
serum. Peak levels of T1 mRNA are reached in 4 to 6 hrs, 
following serum stimulation of quiescent cells. The induction is 
dependent on protein synthesis. 
We identified an 80 bp long sequence which stimulates the 
expression of the transcription. It contains one TRE (lTAGTCA), 
two E-Boxes (CACATG) one OctA and one Egr site. The 
sequence lies between positions - 3631 and - 3552 bp upstream 
of the transcription initiation site of the T1 gene. This 80 bp 
fragment was cloned in front of a TK-minimal-promotor CAT- 
construct (pBLcat2). This construct (XB-CAT) strongly stimulates 
transcription in transient transfection assays. Point mutations 
were introduced into the TRE, or into one or both E-boxes. The 
original and the mutated forms of XB-CAT were tested in 
transient transfection assays. All mutated forms showed a 
significantly decreased activation of transcription compared to 
XB-CAT in transient transfection assays. Co-transfection of a c- 
Fos expression plasmid stimulates transcription as strongly as 
serum. To test the effect of Myc on the T1 promoter, we co- 
transfected either a dominant negative mutation of the c-Myc or a 
c-Myc expression plasmid with XB-CAT. The dominant negative 
mutation represses the transcription of the CAT-gene, whereas 
the expression plasmid increases the transcription rate. 

B 522 CELL GROWTH AND CELL CYCLE REGULATION OF 
THE MAMMALIAN TRANSCRIPTION FACTOR LSF, Janet 

Volker, Lucia Rameh, Christina Powell, and Ulla Hansen. Division 
of Molecular Genetics, Dana-Farber Cancer Institute; and Harvard 
Medical School, Boston, MA 021 15 
The DNA-binding activity of the mammalian transcription factor 
LSF (H.C. Huang, et al, Genes Dev. 4:287-298, 1991) has been 
examined as a function of the growth state of the cell. Growth 
regulation from resting cells was examined in two systems. In 
human peripheral T cells, a dramatic stimulation (5 to 10-fold) of 
LSF DNA-binding activity was observed after mitogenic stimulation 
of the resting T cells. In A31 tissue culture cells, LSF DNA-binding 
activity slowly decreased upon starvation of the cells in low serum. 
Shortly after stimulation of the resting cells with high levels of 
serum, LSF DNA-binding activity increased several fold. Upon 
examination of the protein during the GO to GI  transition, both by 
immunoprecipitation and Western analyses, the electrophoretic 
mobility of LSF decreased upon stimulation with serum, due 
apparently to a phosphorylation event. This modification is likely 
to be the cause of increased DNA-binding activity, since dephos- 
phorylation of LSF in vitro decreases its DNA-binding activity. 
Upon examination of LSF DNA-binding activity through the cell 
cycle, we reproducibly observed a peak of activity corresponding 
with late G1 phase. These data derive in part from elutriation 
experiments, in which a striking peak of activity was observed 
corresponding to fractions containing decreasing numbers of cells 
in G1 and increasing numbers of cells in S. Synchronization of 
cells in early GI  with the drug lovastatin and release of cells from 
the block allowed a more precise determination of the point of 
peak LSF DNA-binding activity, as being in late G1. In all cases, 
supershift experiments using LSF-specific antibodies proved that 
the a b e d  levels of DNA-binding activity were due to LSF. Thus, 
increases in DNA-binding activity of LSF are observed both upon 
stimulation of resting cells to grow and in cycling cells in late GI. 
LSF binds cellular promoters activated around these stages in the 
cell cycle: the c-fos and thymidylate synthase promoters. 

B 521 ALTERNATIVE n ~ a  rnF0JA.s AND PROTEINS 
Imre Vastr ikl ,  Paivi J. Koskinenl ,  Riitta Alitalo2, Tomi P. 
Makela1 and Kari Alttalol, 1 Laboratory of Cancer Biology, 
Departments of Virology and Pathology, University of Helsinki, 
and  2Transplantation Laboratory, Helsinki University Central 
Hospital, Haartmaninkatu 3, 00290 Helsinki, Finland 
The niax gene encodes a heterodimeric par tner  of Myc. We 
have recently identified an alternative max mRNA (Amax; 
Makeld e t  a l . ,  19921, which contains a n  additional internal 
exon introducing an in-f~-anie translational termination. Thus 
AMax lacks the nuclear localization signal and  putative 
regulatory region in the C-terminus. Still, AMax has retained 
the  ability to heterodimerize with Myc a n d  bind to the 
CACGTG motif. Northern blotting analysis of human max 
mRNAs revealed the presence of four other bands in addition 
to the major 2.4 kb mRNA form. Our  results indicate tha t  
these bands represent differentially spliced mRNA forms, 
which contain altogether three open reading frames (Vastrik e t  
al.,  1993). In  addition to  the previously identified Max and 
AMax proteins, sequence analysis of a 3.5 kb mRNA form 
predicted a protein t h a t  resembled AMax i n  s t ruc ture .  
Similarly to  AMax this  protein enhanced t h e  number  of 
t ransformed foci in  the  ras -myc  cotransformation assay. 
Although the 3.5 kb mRNA represents a minor form In actively 
proliferating cells, a shift from the major 2.3 kb mRNA to the 
3.5 kb form was observed in  response to acidification of the 
growth medium. Our  results indicate the  presence of several 
differentially spliced mKNA forms of the  max  gene, a n d  
suggest a possible mechanism for the production of functionally 
distinct Max proteins. 
Makela. T.P , P.J. Koskinen, 1. Vastrik a n d  K. Alitalo. 1992. 
Alternative forms of Max as  enhancers or suppressors of Myc- 
Ras cotransformation. Science 256: 373-377. 
Vastrik, I., P.J. Koskinen, K. Alitalo a n d  T.P. Makela. 1993. 
Alternative mRNA forms and open reading frames of the max 
gene. Oncogene, in press. 

B 523 IDENTIFICATION OF A pS3-REGULATED GENE 

ACTIVATED BY DNA DAMAGE. Qimin Zhan, Michael 8. 
INVOLVED IN A CELL-CYCLE CHECKPOINT 

Kastan*, France Carrier, M. Christine Hollander, and Albert J. 
Fornace, Jr., Lab. of Molecular Pharmacology, N.I.H., Bethesda, 
MD, and Johns Hopkins Oncology Center, Baltimore, MD. 
Cell-cycle checkpoints can enhance cell survival and limit mutagenic 
events following DNA damage. In mammalian cells the G I  checkpoint 
activated by ionizing radiation (IR) has recently been found to be 
dependent on the p53 tumor suppressorl. p53 is a sequence-specific 
DNA-binding protein that can activate transcription when the consensus 
binding site is linked to a reporter gene2. We have now determined that 
the IR-responsiveness of the human GADD45 is dependent on a wr p53 
phenotype. This gene has previously been found to be IR-inducible in 
human cells, and its expression has been associated with certain types of 
growth arrest3. After IR, GADD45 mRNA rapidly increased in 6 cell 
lines that have wr p53 genes; of the 5 tested, all show an intact GI cell- 
cycle delay after IR. In contrast, 5 cell lines with mutant or absent p53 
genes lacked appreciable induction after IR and also lacked the G1 
checkpoint. This included a previously wr p53 cell line that had been 
transfected with mutant p53. Both the human and hamster CADDIS 
genes contain a conserved element corresponding to the previously2 
determined p53 consensus sequence. A p53-containing nuclear factor, 
which bound this element, was detected in exuacts from irradiated cells. 
This is the first demonstration of a cellular gene regulated by p53 and 
also the first demonstration of sequence-specific binding for normal 
cellular p53. A p53-mediated signal transduction pathway, controlling 
cell cycle arrest, is proposed involving the induction of GADD45 and 
possibly other cellular growth-arrest genes. Abnormalities in this 
pathway probably contribute to tumor development. Features of 
GADD45 regulation will be discussed. 

Kuerbilz SJ., Plunken. B.S.. Walsh, W.V., and Kastan. M.B.: Proc. Natl. Acad. Sci. 

4 El-Deb,  W.S.. Kern. SB.. Pientenpol, LA.. Kinzler, K.W.. and Vogelstein. B.: 

!? Papathanasiou, M.A.. Ken, N.. Robbins, J.H.. Mc Bride. O.W., Alamo, I., Jr.. 
Barren, S.F., Hickson. I., and F m e .  AJ. Jr.: Induction by ionizing dialion of the 
gadd45 gene in cultured human cells: lack of mediation by protein kinase C. Molec. 
Cell. Biol. 11: 1009-1016.1991 

9 7491-5,1992. 

atwe Genetics 1: 45-9. 1992. 
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ReLNF-kB Family 
B 524 INTERACTION OF MCMl WlTH MEMBERS OF THE 

KBlREL FAMILY, Cyrille Alexandre and Michael Gilman, 
Cold Spring Harbor Laboratory, PO Box 100, Cold Spring Harbor, NY 
11724. 
The SRE is a multifunctional element localized at -300 in the c-fos 
promoter. This element is the binding site for several DNA binding 
proteins including SRF, SAP1, ELKl. YY1, and ZBP. Since the 
multifunctional nature of the SRE cannot be attributed solely to the 
binding of SRF. it is suspected that protein-protein interactions between 
SRF and accessory factors are required for the t r a n ~ c r i p t i ~ ~ a l  activation 
of c-fos. Recently, an SRF homolog, termed MCM1, has been identified 
in yeast. Like SRF, MCMl binds to a similar site and acts in conjunction 
with other accessory factors like Matal, Mat& and STElZ. In both cases, 
these multiprotein complexes are required for gene induction by 
extracellular signals. Because SRF and MCMl are closely related in 
srmcture and function, we have used a genetic approach in yeast to 
identify novel accessory proteins important for MCMUSRF function. We 
have consrmcted a yeast strain in which the expression of a selectable 
marker (HIS3) is dependent on the MCMlhlauzl complex. We have 
deleted Matul from this strain and selected for human cDNAs that restore 
the His+ phenotype. Restriction analysis and sequencing revealed that 6 of 
the 11 clones contained a cDNA derived from the gene encoding the 
transcription activator p65/NFKB. p65/NFKB is a member of the reUdorsal 
family and is one subunit of the heterodimeric p50-p65 NFKB 
transcription factor. After transformation of yeast strains carrying the HIS3 
gene under the control of 3 NFKB sites or a mutated MCMl binding site 
with p65, we were able to show that (i) p65 cannot activate the 
transcription of the HIS3 gene containing 3 NFKB sites and (ii) the 
mutation in MCMl binding site drastically reduced the activation of 
transcription by p65. These results strongly suggest that p65 does not bind 
DNAdirectly and cooperates with MCMl for activation of the HIS3 gene. 
Mutagenesis of p65 has revealed that the re1 domain is necessary and 
sufficient for the activation of the HIS3 gene. Other members of the re1 
family have also been tested: c-re1 and dorsal are capable of activating the 
HIS3 gene, while the p50 NFKB is not. Further experiments are now 
underway (i) to characterize more precisely the MCMl-p65 interaction in 
vitro and in vivo and subsequently the putative SRF-p65 interaction and 
(ii) to study the possible role of p65 in the regulation of the c-fos gene in 
mammalian cells. 

B526 IN VIVO MECHANISMS INVOLVED IN THE 
CYTOPLASMIC RETENTION AND RELEASE OF NF-KB 

FROM IKB, Amer A. Beg's2 , Timothy S. Fincol-3 and Albert S. 
Baldwin, J r . l , 2 , 3 ,  'Lineberger Comprehensive Cancer Center, 
2Department of Biology, 3Curriculum in Genetics, University of North 
Carolina at Chapel Hill, Chapel Hill, North Carolina 27599. 
NF-KB is an inducible transcription factor comprised of a 50 kD (p50) 
and a 65 kD (p65) subunit. Induction of NF-KB activity, which is a 
critical event in many signal transduction pathways, involves release 
from a cytoplasmic retention protein, IKB, followed by translocation of 
the active transcription factor complex into the nucleus. We have recently 
demonstrated that the conserved nuclear localization sequences ( N u s )  
of NF-KB and c-Re1 are the targets for IrB/MAD-3 interaction (in 
collaboration with S. M. Ruben and C. A. Rosen). We propose that 
I K B M A D - ~  masks the NLSs of NF-KB and c-Re1 and that this 
constitutes the mechanism for cytoplasmic retention of these proteins. 
We are currently studying the mechanisms by which NF-KB is released 
from IKB. Our results have indicated that both ~50165 heterodimers and 
p65/65 homodimers are complexed with l ~ B h f A D - 3  in the cytoplasm. 
Furthermore, stimulation of cells with TNFa leads to the release and 
translocation of both homo- and heterodimers into the nucleus. 
Preliminary experiments have indicated that the nuclear levels of p50/65 
are different from that of p65/65. While the levels of the heterodimers 
remain relatively constant over several hours, the levels of homodimers 
are down-regulated after one hour of stimulation. These results suggest 
that p65 homodimers are also responsible for transcriptional activation of 
NF-KB responsive genes. 
Our studies indicate that more than one form of ~ K B  may be bound to 
NF-KB in a cell-type specific manner and that stimulation of cells with 
various inducers of NF-KB, e.g; TNFa and PMAPHA, can lead to the 
modification and subsequent degradation of l ~ B h f A D - 3  as well as to the 
phosphorylation of p65. The time-course of the degradation of 
l ~ B h l A D - 3  following stimulation correlates with the appearance of 
nuclear NF-KB. Interestingly, synthesis of new IKBIMAD-~ rapidly re- 
establishes the inactive NF-KB p o l  making the responses transient and 
ensuring that the cell returns to equilibrium. 

B 525 A BRAIN-SPECIFIC BETA-LIKE *-BINDING 
FACTOR. Georgy Bakalkin,Tatjana Yakovleva and 

Lars Terenius, Department of Drug Dependence Research, 
Karolinska Institute, S-10401 Stockholm, Sweden 

Three main KB-binding factors I, 11 and 111, 
presumably p65/c-Rel heterodimer, NF-KB and p50 
homodimer, respectively, were identified in embryonal 
and neonatal rat brain and one (factor II) in adult rat brain 
with a band shift assay and by UV cross-linking. Factors I 
and I1 were activated by DOC. A minor KB-specific factor 
A, distinctive to the brain in the adult rat, showed very 
low gel mobility and was sensitive to DOC treatment. 
Therefore, it may be identical to a previously described 
brain-specific factor, BETA [M. Korner et al., Neuron 3 
(1989) 563-5721. Expression of this factor was stable in 
the rat brain during development. It was also found in 
embryonal, but not in adult, rat liver. Seven human cell 
lines studied (neuroblastoma, small cell and large cell lung 
carcinomas and lymphoblast-like cells) also produced one 
to four minor KB-specific factors with low electrophoretic 
mobility similar to factor A. Factor A is homo-oligomeric, 
composed of a 116 kDa subunit, the others are hetero- 
oligomeric, composed of p116 in complex with other KB- 
specific subunits, that seem identical to p50, p65 and c-Kel, 
in different combinations. The KB-binding pl16 subunit 
may be identical  to  a 115 kDa protein 
coimmunoprecipitated with c-Re1 [T.Kochel and N.R. 
Rice, Oncogene 7( 1992) 567-5721. Different combinations 
of KB-proteins with p116 could allow for selective 
regulation via individual KB-motifs. 

B 527 LOCALIZATION OF DETERMINANTS FOR DNA 
BINDING SPECIFICITY OF THE p50 AND p65 SUBUNITS 

OF NF-KB, T.A. Coleman, C. Kunsch, S.M. Ruben and C. Rosen. 
Dept. of Gene Regulation, Roche Institute of Molecular Biology, 
Nutlev. NJ 071 10. 
The NF-KB transcription factor complex is a pleiotropic activator 
composed of two subunits designated, p50 and p65. The amino 
terminus of both subunits shares considerable homology with the 
reloncogene product. The re/ homology domain (RHO) IS essential 
for both multimerization (formation of homo- and heterodimers) and 
DNA binding. We have recently identified DNA binding sites that 
bind selectively to homodimers of either p50 or p65. To define 
regions within the RHD involved in multimerization and DNA 
binding, we constructed a series of p50/p65 fusion proteins. 
Proteins were assayed first for their ability to bind the KB motif 
present in the immunoglobulin K light chain enhancer, and 
subsequently for their ability to bind the p50- or p65-selective KB 
motifs. Because multimerization is prerequisite to DNA binding, we 
further assessed the specificity of these fusion proteins by selective 
co-immunoprecipitation analysis. Two fusion proteins that have the 
ability to bind DNA as homodimers to the lg enhancer KB motif, but 
which have aitered specificities in either selective DNA binding or 
multimerization were identified. One fusion protein which contains 
3 4  amino acids of p50 and 270 amino acids of p65 bound both the 
KB and p50-selective motifs but not the p65-selective motif. 
Similarly, a fusion protein that maintains the DNA binding specificity 
of p65 was generated. Of most significance, a single point 
mutation within the p50 domain of the p50-selective p50/p65 fusion 
protein altered the binding specificity to favor interaction with the 
p65-selective motif. Our findings demonstrate that p50 specificity 
can be conferred onto p65 by inclusion of 34 amino acids, and 
furthermore, that a single amino acid change within the p50 
sequence can alter the specificity back to that of p65 within the 
context of this fusion protein. 
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B 528 ECI-6, AN 1x6-LIKE GENE, IS INDUCED IN ENDOTHELIAL 
CELLS BY PROINFLAMMATORY AGENTS: INVOLVEMENT ff 

NFKB IN ITS REGULATION, Rainer de Martin. Bernard Vanhove. Qi 
Cheng, Johann Winkler. Erhard Hofer and Fritz H. Bach. Vienna 
International Research Cooperation Center (VIRCC), Brunnerstr. 
59. A-1235 Vienna, Austria, Tel.: 43-1-866-34-620, Fax: 43- 
1 - 6 6 6 - 3 4 - 6 2 3 .  

During inflammation. endothelial cells (EC) upregulate a number of 
different genes leading to "activation" of the cell. This activation 
process IS accompanied by a change in the function of the EC from 
maintaining anticoagulation lo promoting procoagulation. Using 
differential screening and subtractive hybridizations. we have 
identified several cDNAs, some with no sequence homology to 
previously described genes or proteins. that are upregulated by 
treatment of porcine aortic endothelial cells with IL-1 or TNFa. One 
of them, ECI-6, showed strong homology with members of the IKBB 
family of proteins (pp40. MAD-3 and RUIF-1) that have been 
reported to bind NFKB. ECI-6 mRNA is induced 10-15 fold within 
four to six hours after stimulation of EC with either IL-lu,  TNFu or 
lipopolysaccharide (LPS), in a cycloheximide independent way. 

In order to investigate the regulation of the ECI-6 gene. we have 
isolated corresponding clones from a porcine genomic library. The 
transcriptional start site was mapped by primer extension and 
RNAse protection. and two potential NFKB binding sites were detected 
in the upstream regulatory region. 

This represents the first report that an IKB-like gene is upregulated 
coincident with EC activation. The finding of potential NFKB binding 
sites in the region 5' to the gene suggests that NFKB may function to 
regulate its own inhibitor, an interesting example of feedback 
control. More detailed data on the ECI-6 promoter region relevant to 
this hypothesis will be presented. 

B 530 THE DNA-BINDING ACTIVITY O F  Rel-FAMILY 
PROTEINS IS REGULATED BY DISCRETE RESIDUES 

MAPPING T O  THE Rel-HOMOLOGY REGION, Ctl ine 
Gtl inasl .2 ,  Xiang Xu1.2, Arnold B. Rabsonl, and Sushant 
K u m a r l . 2 ,  'Center  for Advanced Biotechnology and 
.Medicine; *Department of Biochemistry - Robert Wood 
Johnson Medical School, University of Medicine and 
Dentistry of New Jersey, Piscataway NJ 08854-5635 

Re1 oncoproteins bind to oligonucleotides containing KB 
motifs, form heterodimers with other members of the 
Kel-family, and modulate expression of genes linked to KB 
motifs. Here we report that the RxxRxRxxC motif 
conserved in all Rel/rB proteins is absolutely required for 
protein/DNA contact and for the resulting transforming 
activity of v-Rel. Serine substitution of the cysteine 
residue conserved within this motif enabled v-Re1 to 
escape redox control, promoting overall DNA-binding. 
.Mutant proteins with a serine residue at this position 
retained the ability to competitively inhibit K B - m e d i a t e d  
transcriptional activation of the HIV LTR, but failed to 
efficiently transform chicken lymphoid cells both in vitro 
and i n  vivo. Our results indicate that reduction of the 
conserved cysteine residue in the RxxRxRxxC motif is  
required for optimal DNA/protein interactions and for 
biological activity. Further mutagenesis in the Rel- 
homology region has revealed discrete residues critical 
for the binding aff ini ty  of Rel-family members .  
Experiments are currently in progress to determine the 
effect of these sequences on the binding specificity of Re1 
proteins, and the extent to which they contribute to their 
respective biological functions. 

B 529 MAPPING OF T H E  TRANSACTIVATION 
DOMAINS OF RELB: ROLE OF T H E  PUTATIVE 

LEUCINE ZIPPER, Pawel Dobrzanski, Rolf-Peter Ryseck 
and Rodrigo Bravo.Department of Molecular Biology, 
Bristol-Myers Squibb Pharmaceutical Research Institute, 
P.O.Box 4000, Princeton, New Jersey 08543-4000. 

RelB, a member of the Re1 family, differs from the 
other  Re1 related proteins by not forming s table  
homodimers. However, it  forms stable heterodimers 
with p50 and p50B. which bind well to KB binding sites. 
These heterodimers, in contrast to p.50 and p50B 
homodimers transactivate KB-dependent transcription in 
vivo. This data indicate that RelB, like p65, provides the 
heterodimer with an activating domain. To  analyze the 
RelB regions which contribute to this transactivation, 
different deletion mutants of RelB and RelB/p5O 
chimeras were generated, and their activating potential 
was tested by cotransfection into F9 cells. For full 
activation with p50, RelB requires both, the N-terminal 
100 amino acids preceding the re1 homology region and 
the last 180 C-terminal amino acids. RelB molecules 
containg only one of these domains exhibited a weak 
transactivating potential. High levels of activation were 
observed when the two domains were provided either in 
cis or trans. Since the long N-terminus (which is unique 
feature of RelB) contains a putative leucine zipper-like 
structure (LZ), various constructs were made in which 
the LZ was mutated. All mutants displayed a 3 to 4 fold 
weaker ability to transactivate than the corresponding 
wild type molecules. This indicates that the LZ is 
functional and may contribute to the activating potential 
of RelB. 

B 531 POSITIVE AUTOREGULATION OF THE MURINE 
-PROMOTER BY PROTEINS IS 

NOT MEDIATED THROUGH NF-KB ELEMENTS 
INVOLVED IN CONTROLLING CONSTITUTIVE 
TRANSCRIPTION IN B CELLS, Steve Gerondakis. Imogen B. 
Richardson and Raelene Grumont, The Walter and Eliza Hall 
Institute of Medical Research Post Office, The Royal Melbourne 
Hospital, ParkvilIe, Victoria 3050, Australia. 
The & proto-oncogene, a member of a transcription factor 
family that includes NF-KB, displays a complex pattern of gene 
expression. In most cell types, expression is normally low or 
undetectable and can be. rapidly induced in a uansient fashion by 
a wide variety of signals. In contrast, B cells express &at 
high constitutive levels. To understand the basis of this 
expression, the regulatory region upstream of the murine & 
transcription start sites has been cloned and characterised. 
Transcription initiates at multiple sites downstream of a GC-rich 
region conserved in the chicken &promoter. This conserved 
region contains consensus transcription factor binding sites for 
HIP-1, SP-1 and NF-KB (kB3 site) and is sufficient for basal 
expression in Jurkat T cells. In contrast, two additional 
NF-KB sites (kB 1 and kB2) and an octamer binding site, all 
located upstream of the conserved region, are required for 
expression of promoter-reporter gene constructs in the B cell 
line, 129B. NF-KB sites kB1 and kB3 bind p50/65 and p50 
homodimers, while kB2 binds a distinct complex. The 
consensus octamer site while only able to bind Octl and Oct2 
with low affinity appears to overlap with a binding site for a 
novel protein expressed in 129B cells. C-uansfection studies 
show that p75& and a carboxyl terminal truncated & 
protein that lacks the known transactivating domain both 
upregulate the d p r o m o t e r  in 129B cells via a mechanism 
independent of the NF-KB motifs. 
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B 532 

Wakasugi. Jean-Louis Virelizier and James Matthews, School of Biological 
and Medical Sciences, University of St. Andrews, Fife KY16 9AL, 
Scotland and Institut Pasteur. Paris, France. 
Activity of the p50 and p65 subunits of NF-KB is modulated by association 
with IKB molecules a B and 7. To study the activity of p5O. p65, MAD3 
and IXBy in wirro (and for antibodies) these proteins have been expressed in 
and purified from bacteria Large scale plrrifcation of p50 has yielded 
sufficient protein to initiate structural and biochemical approaches to 
determine the molecular basis for DNA binding specificity. Limited 
proteolysis has defined a minimal DNA binding domain and cleavages 
within the DNA binding domain have been mapped by N-terminal 
sequencing and mass specmmehy. This information has allowed 
proteolysis to be used to map sites of interactions with other proteins, such 
as IKB. Interactions between p50 homodirners and IKByhave been studied 
by native gel electrophoresis and indicate that two molecules of IKBv bind to 
each p50 homodimer. MAD3 binds to p50 with similar stiochiometry but 
the effect on DNA binding activity is less pronounced. A combination of 
immunoprecipitation and Western blotting is being used to study the 
composition and pattern of phosphorylation of protein complexes containing 
p50 and IKB in wivo when cells are. subjected to different activation 
regimes. We have previously shown that p50 is regulated by a RedOx 
mechanism. Mutagenesis of conserved cysteine residues in the p50 subunit 
identified amino acid 62 as being important in this process, as a serine 
substitution at this position renders the protein insensitive to -SH modifying 
agents. Quantitative analysis of the interaction of purified mutant proteins 
with DNA indicated that the amino acid 62 mutant bound to DNA with 
reduced specificity. These data indicate that cysteine 62 is in close proximity 
to the bound DNA and this was confirmed by subsbate protection 
experiments with I4C iodoacefate (collaboration with W. Kasubska, 
Geneva). DNA binding activity of the wild type protein but not the amino 
acid 62 mutant was also stimulated by thioredoxin and conansfection of a 
plasznid expressing human thioredoxin and an HIV LTR driven reporter 
construct resulted in an NF-KB dependent increase in expression of the 
reporter gene. Thus modification of p50 by thioredoxin, a gene induced by 
stimulation of T-lymphocytes in parallel with NF-KB translocation, is a 
likely step in the cascade of events leading !o full NF-KB activation. 

REGULATION OF THE DNA BINDING ACTIVITY OF THE 
TRANSCRIPTION FACTOR NF-KB. Ronald T. Hay, Naomi 

B534 LONG TERM NUCLEAR EXPRESSION OF NF-kB I S  
INDUCED I N  PURIFIED HUMAN RESTING T LYMPHOCYTES 
ACTIVATED V I A  THE CD2+CD28 ADHESION MOLECULE 
PATHWAY. J e a n  I m b e r t ,  R e g i s  C o s t e l l o ,  C a r o l  
L i p c e y ,  Michele  A l g a r t e ,  C h a n t a l  Cerdan ,  Yves 
M a r t i n  and  D a n i e l  O l i v e ,  INSERM U119, 2 7  bd L e i  
Roure ,  13009 Marseille, FRANCE 
Human T lymphocytes can be activated by mAbs directed 
against two adhesion molecules, CD2 and CD28. We have 
demonstrated previously that the simultaneous activation by 
CD2 and CD28 of purified resting T cells led to a long 
lasting (>3 weeks) proliferation independent of accessory 
cells. This monocyte-independent proliferation could be 
explained by a high and prolonged T-cell synthesis of 
cytokines normally produced by accessory cells such as  
IL-la, TNF-a and CSF-1. CD2+CD28 costimulation regulates 
cytokine and associated receptor genes both at  the  
transcriptional and post-transcriptional levels. We are  
currently investigating which cis-acting regulatory elements 
and trans-acting factors a re  associated with CD2+CD28- 
mediated transcription activation. Among the transcription 
factors potentially involved, recent attention has focused on 
the role of NF-kB in the expression of inducible genes 
activated during T cell growth. I n  an attempt to determine 
the putative role of NF-kB in the adhesion molecule 
pathway, we have performed a kinetic s tudy of its activation 
in purified human T lymphocytes in presence of mAbs anti- 
CD2 and anti-CD28. Our results showed a long term 
induction of NF-kB nuclear expression in accordance with 
the time-course of T-cell activation. Futhermore, we have 
identified the different NF-kB subunits forming the kB- 
specific protein-DNA complexes revealed by EMSA and UV- 
crosslinking. Experiments are  in progress in order  to 
analyze NF-kB functional role. 

B533 POSITIVE AND NEGATIVE CONTROL OF THE 

AND IRF TRANSCRIPTION FACTORS, John Hiscott, Ivy Kwan, 
Normand Pepin, Juddh Lacoste and Anne Roulston. Lady Davis 
Institute for Medical Research and Dept. of Microbiology and 
Immunology, McGill University, Montreal, Canada H3T 1 E2. 

Multiple regulatory domains within the interferon 0 promoter 
control the inducible response of the interferon gene to virus 
infection. The sequence element PRDll (-64 to -55) interacts 
with members of the NF-KB/rel family in vitro. In co-transfection 
experiments using various NF-KB subunit expression plasmids 
and two copies of PRDIIINF-KB linked to a CAT reporter gene, 
expression of p65. p85 (c-rel), or combinations of p50/65 and 
p65/85 stimulated NF-KB dependent transcription, whereas 
expression of the p50 subunit alone did not activate the reporter 
gene. Co-expression of IKBB/MAD~ or a naturally occurring 
splicing variant pS5A completely abrogated p65, c-rel, or p65/p50 
induced gene activity. Based on in vitro binding studies using 
E.coli produced NF-KB subunits, IKB and p65 A could either form 
non-DNA binding heterodimers in solution or could cause rapid 
dissociation of NF-KB protein-DNA complexes. When the entire 
IFN-6 promoter (-281 to +19) was used in co-expression studies, 
the combination of p50 and p65 only weakly increased IFN gene 
activity. Synergistic stimulation of IFN-0 promoter activity was 
obtained when NF-KB subunits were co-expressed together with 
IRF-1, a transcription factor that binds to adjacent PRDl (-79 to 
-64) and PRDlll (-94 to -78) domains. The PRDl and PRDlll 
domains also interact with a structurally similar, but functionally 
distinct protein IRF-2 that normally represses IFN gene 
expression. Following induction of cells with cycloheximide and 
double stranded RNA or virus, IRF-2 was processed to a 14kDa, 
DNA-binding protein that lacked the repressive activity 
associated with IRF-2. Thus, multiple regulatory events - 
including activation of DNA binding NF-KB heterodimers, 
synergistic interaction between IRF-1 and NF-KB, and processing 
of the IRF-2 repressor - are all required for the transcriptional 
activation of the interferon 6 promoter. 

HUMAN INTERFERON 0 PROMOTER BY NF-rBlrel 

B535 REQUIREKEWl' OF ANRYRIN REPEATS FOR THE 

J u n - i c h i r o  I n o u e l ,  Lawrence D .  K e n 2 ,  I n d e r  M. 
V e r m a 7  a n d  Okio  H i n 0 l . l  Department. of  
E x p e r i m e n t a l  P a t h o l o g y ,  Cancer  1 n s t i t u t e . T o k y o  
170 J a p a n ,  2MEWL, The S a l k  I n s t i t u t e ,  La J o l l a ,  
CA 92037 

IkB p r o t e i n s ,  which  r e g u l a t e  t h e  DNA b i n d i n g  
a c t i v i t y  a n d  s u b c e l l u l a r  l o c a l i z a t i o n  o f  
re l /NFkB t r a n s c r i p t i o n  f a c t o r s ,  c o n t a i n  s e v e r a l  
a n k y r i n  repeats. To elucidate t h e  mechanism b y  
which pp4O/IkB i n h i b i t s  t h e  DNA b i n d i n g  
a c t i v i t y  o f  re l /NFkB p r o t e i n s ,  w e  h a v e  
i n v e s t i g a t e d  t h e  role o f  a n k y r i n  repeats on  t h e  
f u n c t i o n  o f  pp4O/IkB. F o u r  o u t  o f  f i v e  a n k y r i n  
r e p e a t s  w e r e  e s s e n t i a l  f o r  t h e  a s s o c i a t i o n  w i t h  
rel  p r o t e i n  a n d  t h e  i n h i b i t o n  o f  DNA b b d i n g .  
However, a n k y r i n  repeats were n o t  s u f f i c i e n t  
a n d  t h e  C - t e r m i n a l  r e g i o n  o f  pp4O/IkB was a l s o  
r e q u i r e d . z '  

To  f u r t h e r  i n v e s t i g a t e  t h e  role o f  a n k y r i n  
repeats, w e  h a v e  c l o n e d  t h e  cDNA f o r  2 .6kb  NPkB 
mRNA which  e n c o d e s  C - t e r m i n a l  h a l f  of p l l 0  NFkB 
p r e c u r s o r  i n c l u d i n g  e i g h t  a n k y r i n  repeats.=' 
S i n c e  a 70kd p r o t e i n  expressed f rom t h i s  mRNA 
i n h i b i t s  DNA b i n d i n g  a c t i v i t y  of p50/p65 
h e t e r o d i m e r ,  p50 homodimer a n d  re1 p r o t e i n ,  w e  
called t h i s  p r o t e i n  IkB.6. 

T h e s e  r e s u l t s  i n d i c a t e  t h a t  a n k y r i n  repeats 
are common s t r u c t u r e  o f  IkB f a m i l y  a n d  form a 
s t r u c t u r e  r e q u i r e d  f o r  t h e  s p e c i f i c  a s s o c i a t i o n  
w i t h  t h e  rel-related proteins .  

FUNCTION OF IkB proteins, 

1) I n o u e , J . . e t . a l .  Proc.Nat1.Acad.Sci .USA 

2 )  I n o u e , J . , e t . a l .  C e l l  68,1109-1120(1992)  
89 ,4333-4337(1992)  
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6536 THE PROTO-ONCOGENE BCL-3 ENCODES AN IKB 
PROTEIN RELATED TO IkB-a. Lawrence D. Kerr. Penny 
Wamsley, Colin Duckett, Qiang Zhang. Gary Nabel, Timothy 
McKeithan, Patrick A. Baeuerle, and lnder M. Verma. The Salk 
Institute, Mol. Biol. and Vir. Lab., 10010 N. Torrey Pines Road, 
San Diego, CA 92138. 

The bcl-3 gene product, overexpressed in breakpoint 
translocations t(l4:19) in chronic lymphocytic leukemia (CLL) 
patients is a member of the IKB family. The 56 kD bcl-3 
protein is able to inhibit the DNA binding and transactivation of 
authentic NF-KB heterodimers ~501~65. ~491~65. as well as 
p50 and p49 homodimers. The bcl-3 protein does not inhibit 
either the DNA binding of Re1 protein or its ability to 
transactivate genes linked to the KB site. A human 37 kD 
protein (IKB-a), previously identified as member of the IKB 
family, is also unable to inhibit the DNA binding activity of Re1 
proteins. However, unlike bcl-3, the 37 kD (IKB-a) protein has 
no effect on the DNA binding activity of p50 or p49 
homodimers. Two dimensional phosphotryptic peptide maps 
of human bcl-3 and human 37 kD (IKB-a) protein reveal that 
the phosphopeptides from 37 kD (IrB-a) are nested within the 
bcl-3 protein. Furthermore, bcl-3 antisera immunoprecipitates 
an in vitro radiolabeled 37 kD (IKB-a) protein. A 56 and 38 kD 
protein can be identified in Hela cells stimulated with PMA and 
immunoprecipitated with bcl-3 antisera. Comparison of tryptic 
peptide maps of p56, p38, and bcl-3 protein synthesized h 
vitro show that they are all structurally related. Removal of 
the amino terminal sequences of the bcl-3 protein generates a 
protein which inhibits the DNA binding of p50/p65 
heterodimers, but like the 37 kD (IKB-a) protein, is no longer 
able to inhibit the binding of the p50 and p49 homodimers with 
KB DNA. We propose that bcl-3 and 37 kD (I&-a) proteins 
are related members of the IKB family. 

B 538 NF-KB/rel AND Tax : INTERACTIONS BETWEEN 
ONCOGENIC PROTEINS, Judith Lacoste, Ivy Kwan, 

Normand PBpin, Lyly Le, Jacqueline Lanoix and John Hiscott. 
Lady Davis Institute for Medical Research and Dept. of 
Microbiology and Immunology, McGill University, Montreal, 
Canada H3T 1 E2. 
Oncoproteins of the NF-KB/rel family are involved in the 
transcriptional regulation of many polypeptides important to the 
immune response. In T cells stably expressing the HTLV-I Tax 
oncogene, an endogenous &-regulated gene (GM-CSF) and 
NF-KB binding activity were constitutively expressed; also, 
increased basal level expression of transfected &-regulated 
promoters was observed in these cells. Northern blot analysis 
revealed higher basal level expression of NF-KB p50 and IKB 
RNAs in Tax expressing cells, while levels of p65 RNA were not 
significantly altered by constitutive expression of Tax. 
Transfection studies were performed in Jurkat T cells using 
expression vectors for the various NF-KB subunits and a KB- 
regulated reporter plasmid. Significant induction of transcription 
was obtained when p65, c-re1 or combinations of p50/p65 and 
p65k-rel were used in transient expression assays. These 
transcriptional activities were inhibited by co-transfecting 
expression vectors encoding the inhibitor IxBpIMAD3 or p65a, a 
naturally occuring splicing variant of p65.h prelimiraty studies, 
Tax co-expression was found to abrogate the inhibitory effects of 
IKB on p65- or p50/p65-induced transcription when co- 
transfected along with the inhibitory subunit. We are now 
investigating the interactions of recombinant NF-KB p50, p65. 
p65a and c-re1 with Tax protein. Interestingly, a report recently 
demonstrated that Tax interacts with the C-terminus of the p50 
precursor, p105. Therefore we will also examine the possibility 
that Tax interacts with ankyrin repeat structures such as those 
found in IKB and in the C-terminus of p105. These studies may 
provide information about how two types of oncoproteins Fax 
and NF-KB/rel) interact together and alter the expression Of 
growth regulated genes. 

6 537 DETERMINATION OF DNA-BINDING SPECIFICITY OF 
NF-KB p50 AND p65 MUTANTS BY A YEAST GENETIC 

ASSAY, Charles Kunsch, P.A. Moore, T.A. Coleman, S.M. Ruben 
and C.A. Rosen, Department of Gene Regulation, Roche Institute 
of Molecular Biology, Nutley, NJ 071 10. 
Nuclear factor KB (NF-r6) is an inducible transcription factor 
complex that binds to, and mediates transcription from, &acting 
DNA sequences in the regulatory region of several viral and 
cellular genes. Although several KB-DNA binding sequences 
have been identified we have examined the preferred DNA 
binding sequences of several of the rB-related proteins by 
amplifying from a pool of random oligonucleotides those 
sequences that bound preferentially to homodimers of p50, p65 
or c-Rel. In addition to obtaining novel DNA sequences 
recognized by each of the individual proteins, sequences were 
obtained that bound selectively to only p50, p65 or c-Rel. These 
selective binding sites were used to identify regions of p50 and 
p65 that confer specificity of DNA binding by the use of a yeast 
transcriptional activation assay in which the specific DNA 
binding motifs confer transcriptional activation in  
Saccharomyces cerevisiae. Chimeric p50/p65 proteins were 
constructed which contain minimal regions of either p50 or p65 
in the heterologous background and fused to the acidic 
transcriptional activator VP-16. Using this assay, we have 
confirmed initial in vitro obselvations identifying minimal regions 
in p50 and p65 that confer specificity of DNA binding. 
Furthermore, both in vitro and yeast transcriptional activation 
studies indicated that a single amino acid change in the minimal 
region of p50 (in the context of the p50/p65 chimeric protein) was 
sufficient to alter the specificity of p50 to that of p65 for a 
particular DNA sequence. Localized random mutagenesis is 
being performed to select for additional altered specificity 
mutants of p50 and p65. Our studies indicate the utility of a yeast 
genetic assay to examine the DNA binding properties of the NF- 
KB family of transcriptional activators. 

6 539 

Carol D. Lahefly'. Neil D. Perkins*, Hang Ming Hul, Anthony W. 
Opiparil. Fred Wang3 and Vishva M. Dixitl. 'Department of 
Pathology and *Howard Hughes Medical Institute, The University of 
Michigan Medical School, 3Departments of Medicine and 
Microbiology and Molecular Genetics, Harvard Medical School. 
Apoptosis is an active cell suicide process of fundamental 
importance in inflammation, development, and lymphocyte 
selection. Originally identified as a primary tumor necrosis factor a 
(TNFa) responsive gene in endothelial cells, the A20 gene encodes 
an inducible zinc finger protein which confers resistance to TNFa 
cytotoxicity. A survey of cell lines revealed that A20 expression 
correlated with lymphocyte activation and monocyte differentiation. 
A20 was also constitutively expressed in lymphocytes expressing 
the viral proteins Human T cell leukemia virus type I Tax or Epstein- 
Barr virus LMPl. Thus, the induction of protective genes such as 
A20 may represent a common mechanism by which these viral 
transforming proteins render host cells resistant to apoptosis and 
ultimately cause transformation. Transfection studies demonstrated 
that stimulation of A20 transcription by TNFa, PMA. Tax or LMPl 
was mediated by two distinct KB elements. Accordingly, DNA band 
shift assays confirmed inducible binding of NF-KB to A20 KB 
elements. Both KB sites were required for TNFa or PMA activation 
of the A20 promoter; however, Tax required only one KB site. 
Overexpression of NF-KB subunit combinations p49 + p65 or p50 + 
p65 activated the wild type A20 promoter but not mutated forms 
containing single KB sites. Thus, Tax activation of A20 transcription 
occurs through a mechanism distinct from PMA and TNFa. possibly 
due to differential activation of NF-KB complexes or transcriptional 
cofactors. Given A2O's role in protecting cells from TNFa 
cytotoxicity, these observations suggest a direct role for NF-KB in 
the regulation of programmed cell death and offer an example of 
the pleiotropic role NF-KB plays in cellular activation. 

THE A20 ZINC FINGER PROTEIN: TRANSCRIPTIONAL 
ACTIVATION BY DISTINCT PATHS INVOLVING NF-KB 
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B 540 ACTIVATION OF THE NF-KB/C-REL SYSTEM BY 
HTLV-I TAX PROTEIN. Paul Lambert, Mandy Ludford, 

Nicholas Deacon and Richard Dohefly, Madarlane Burnet 
Centre for Medical Research, Yarra Bend Road, Fairfield, 
Victoria 3078, Australia. 
The transactivator of human T cell leukemia virus type I, tax, 
is capable of activating a number of host cell genes ,  among 
them those controlled by proteins of the  NF-kB/c-re1 family. 
While some investigators have found that activation of NF- 
kB/c-re1 by tax occurs in the absence of de novo protein 
synthesis', others have seen increased levels of NF-kB and 
c-re1 mRNAs in cells which stably express tax'. As the 
appearance of the different proteins is at  least biphasie ,  and 
as it appears  that a t  least one member of the NF-kB/c-re1 
family participates in its own regulation', we  were interested 
to  see which components of the system are directly 
activated by tax, and which a re  activated as a secondary 
response.  We also asked whether a direct response to  tax 
occurred at the pre-translational level as well as post- 
translationally, that is, whether tax causes activation of NF- 
kB/c-re1 genes by pathways that do not involve 
presynthesized NF-kB/c-re1 proteins. 
1. Lindholm. P.F.. e t  al.. J.Virol. 66(3), 1294-1302 (1992). 
2. Arima, N.. e t  al., J.Virol. 65(12), 6892-99 (1991). 
3. Molitor, J.A., e t  al., Proc. Natl. Acad. Sci. USA g, 10028- 
32 (1 990). 
4. Ten, R.M.. e t  al.. EMBO J. lI(l), 195-203 (1992). 

6542 DIFFERENTIAL EXPRESSION OF R E L  FAMlLY MEMBERS IN 

ACTIVATION ,OF C - R E L  BY TAX PROTEIN, Fhou-Chi H.  Li , Francis 
U. Ruscetti  , Nancy Rice', Eyiyg Chen , Ning-Sun Yang4, Judy 
Mikovits' and Dan L .  Longo'. Biological Carcinogenesis and 
Pevelopment Program, Program Resources, Inc./DynCorp, 
Laboratory of Molecular Immgnoregulation, Biological 

Response Modifiers Program, Laboratory of Molecular 
Virology and Carcinogenesis, BRI-Basic Research Program, 
NCI-FCRDC, Frederick,  MD 21702, &Agracetus, WI. 

The Tax protein of t he  human T-cel l  leukemia virus  type I 
(HTLV-I) has been shown t o  induce nuclear expression of t h e  
Re1 family NF-cB-binding proteins  (Arima e t  a l .  J .  Virol .  
65, 6892-6899, 1991). We used spec i f i c  immunologic reagents 
capable of dis t inguishing individual members o f  t he  Re1 
family proteins  t o  show t h a t  only the  c - r e l ,  b u t  not N F - K B  
p50 o r  p65, i s  induced in HTLV-I infected c e l l s .  The c-re1 
induction was detected a t  both protein and RNA l eve l s .  In 
addi t ion t o  the  fu l l - l eng th  80-kD c-re1 protein,  a novel 
truncated form o f  p60 was a l so  detected in the  HTLV-I 
infected c e l l s .  The induced c-re1 expression was detected 
in  c e l l s  s t ab ly  t ransfected w i t h  t he  Tax cDNA, fu r the r  
co r re l a t ing  the  c-re1 induction with the  v i r a l  Tax 
expression. The expression of nuclear binding form of the  
c-re1 family protein was a l so  examined using spec i f i c  
an t i s e ra  i n  e lec t rophore t i c  mobili ty s h i f t  assays.  
Consistent with the  c-re1 induction a t  t he  s t eady- s t a t e  
protein l e v e l ,  t h e  nuclear-binding form of c-re1 protein i s  
a l so  p re fe ren t i a l ly  induced by Tax. 
mRNA i s  seen within 3 hours a f t e r  induction of Tax 
expression suggesting t h a t  t h i s  e f f e c t  i s  a t  l e a s t  p a r t i a l l y  
regulated a t  t he  level of t r ansc r ip t ion .  Furthermore, using 
a p a r t i c l e  bombardment method t o  t r a n s f e r  genes in to  c e l l s ,  
we show t h a t  Tax can ac t iva t e  t h e  c-re1 promoter. 

HTLV-I INFECTED CELLS: EVIDENCE FOR TRANSCRIPTIOYAL 

An increase in  c-re1 

B 541 THE NF-KB-PSO PROTEIN INTERACTS WITH REL, 
I - K B - ~ ,  NF-IL6 AND OTHER PROTEINS. 

Kenneth P. LeClair, Division of Immunology, Beth Israel Hospital and 
Harvard Medical School, Boston, MA 02215 

Studies to understand the regulation of eukaryotic gene expression 
are increasingly concerned with understanding the interactions that occur 
between protein transcription factors. Biochemical analyses revealed that 
the NF-KB transcription factor is  a heterodimer of two proteins, p50 and 
p65. The cloning of the p50 and p65 cDNAs revealed that each contains a 
domain with homology to the Re1 oncoprotein and to the product of the 
Drosophila dorsal gene. The subcellular distribution and biological activity 
of Re1 family proteins is regulated by association with the I-KB family of 
inhibitor proteins (I-KB-a, I-KB-P, and I-KB-y). A recent report indicates 
that the 3' end of the p105 cDNA encodes the I - K B - ~  protein, which 
associates with NF-KB-p50 (Inoue et al., Cell 68, p. 1109). 

To investigate its interactive potential, the human NF-rB-pSO 
protein was expressed in a 'I7 polymerase-driven bacterial expression 
system with a 15 amino acid peptide engineered onto its amino terminus. 
These amino acids introduce an antigenic epitope and a site for in virro 32P- 
phosphorylation by heart muscle protein kinase. The NF-KB-PX fusion 
protein binds NF-KB and related DNA sequence elements in gel mobility 
shift assays, and homodimerizes or heterodimerizes with other Re1 proteins 
by both Western blot and immune precipitation analyses. When 32P- 
labeled NF-KB p50 protein was used as a probe of a Sgt I 1 expression 
library, partial cDNAs of the c-Re1 protein and the NF-KB-pl05 protein 
(the precursor of NF-lcB-pSO) were obtained. Analysis of the NF-KB- 
p105 cDNA revealed that a termination codon in the 5' unaanslated region 
and a frame shift induced by apparent aberrant splicing would preclude 
synthesis of an intact Re1 domain. Expression of the 3'-end fragment of 
the cDNA c o n f m s  that I-KB-yprotein is produced from this cDNA, and 
as expected, has the ability to block DNA binding of NF-KB-pSO protein. 

In addition to Re1 and I-KB-~,  other cDNAs were obtained using 
this interactive screening method, including the cDNA for the NF-IL6 
protein ( k c l a i r ,  Blanar, and Sharp, P.N.A.S. 89, in press). Further 
characterization of two other cDNAs isolated (one for an HMG domain 
protein and the other for a novel protein with striking homology to the 
Drosophila trirhorar gene product) is in progress. 

543 Regulation of NF-KB Activity by Differentiation 
Signals and Extracellular Stimuli 

Hsiou-Chi Liou and  David Baltimore, Rockefeller Universtity, 
1230 York Avenue, New York, NY 10021. 

NF-KB is a transcription factor which regulates the expression of the 
Ig K light chain gene among others. Although its activity was originally 
detected in B cells, the inactive NF-KB can be detected in most cells in a 
complex with an inhibitor protein, termed IKB (Inhibitor of NF-KB 1. 

NF-KB activity is tightly regulated by differentiation signals. In B 
lineage cells, nuclear NF-KB activity is undetectable in immature B cells, 
whereas constitutive nuclear activity is enriched in mature B cells. The 
inactive form of NF-KB in immature B cells, however, can be activated by 
LPS or L- 1 which also induces Ig K chain rearrangement. 

Post-translational modification such as phosphorylation has been 
suggested to play an important role in the regulation of NF-KB activity. 
Here we showed that IKBQ is a good substrate for c-Abl-tyrosinc kinase, 
protein kinase A (PKA) and protein kinase C (PKC) by in vitro 
phosphorylation studies. Phospho-peptide mapping and phospho-amino 
acid analyses of the IKBQ protein phosphorylated by PKA and PKC was 
also performed. The results showed that PKA and PKC phosphorylate 
IKBQ at different sites. Furthermore, PKA phosphorylated IKBo o n  serine 
residues exclusively. 

By co-transfection of a 3x xB-luciferase reporter construct 
(containing three tandem repeated Ig KB sites) with consnucts carrying 
either oncogenic or transdominant-negative mutant cDNAs encoding 
signalling molecules, the effect of these signalling molecules on NF-KB 
activity were addressed. The phosphorylation status of NF-KB and IKBQ in 
response to differentiation signals and extracellular stimuli in vivo will also 
be discussed. 
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B 544 CHARACTERIZATION OF THE NF-KB p49 (100) 

Schmid, Elizabeth G. Nabel, Gary J. Nabel, 
Howard Hughes Medical Institute, University of 
Michigan Medical Center, Departments of 
Internal Medicine and Biological Chemistry, Ann 

NF-KB has been shown to be constutively active 
in mature B-lymphocytes, monocytes and 
macrophages, and is present in an inactive 
complex in the cytoplasm in T cells and a 
variety of other celltypes. Regulation of NF-~B 
can occur by post-translational events e. g. 
causing nuclear translocation of the NF-KB 
Complex. However, maintenance of the NF-KB 
activity required ongoing protein synthesis and 
continuous stimulation suggesting a regulation 
at a pre-translational level. To characterize 
the transcriptional regulation of the p49(100) 
subunit of NF-KB, human genomic clones were 
isolated. A potential promotor region was 
identified. This region lacks classical TATA or 
CAAT elements, but contains multiple KB motifs. 
Two major transcription start sites were 
determined by primer extension analysis. 
Transient transfection assays using 
chloramphenicol acetyltransferase reporter 
plasmids demonstrated that the p49(100) NF-KB 
promoter has a strong basal activity in B cells 
and monocytes. In T cells, the promotor can be 
activated by PMA, TNF-alpha or the tax gene 
product of HTLV-I. co-transfection of NF-KB 
p49(100) promoter reporter plasmids with 
different NF-KB subunits showed that the NF-KB 
p49(100) promoter is activated most strongly by 
a combination of p49 and p65 in comparison to 
p50 and p65. These data suggest that NF-rsB 
participates in the regulation of its own 
expression in an autoregulatory fashion. 

PROMOTER. Susanne Liptay, Roland M. 

Arbor, MI 48109-0650 

6546 MULTIPLICITY OF NUCLEAR NF-KB/REL COMPLEXES: 
TISSUE-SPECIFICITY, EFFECTS OF THE SEQUENCE 

CONTEXT OF THE EXTENDED KB SITE AND RELATION TO 
PROTEIN-INDUCED DNA BENDING, S.A.  Nedospasov, 
R.L. Turetskaya, I.A. Udalova, N.R. Rice and 
D.V. Kuprash, Engelhardt Institute of Molecular 
Biology, Moscow, 117984 Russia; U I ,  BRMP and 

We used high resolution EMSA and a panel of 
monospecific antibodies against distinct members 
of NF-KB/rd family to study complexes formed in 
vitro on a variety of synthetic KB probes. 
Protein composition of distinct complexes has 
been determined. First, we observed considerable 
heterogeneity among complexes. For example, in 
extracts from some cell types the major NF-KB 
complex formed on many of the KB probes could be 
resolved into p65-p50 and p65-p50B/lytlO/p49; in 
other cases, c-rel-p65 and c-rel-p50 could be 
identified. Second, we observed that the DNA 
sequence context of the extended KB probes is 
important for selecting distinct combinations of 
NF-KB/rel proteins. In extracts from 
LPS-activated murine macrophages some KB probes 
would bind predominantly p50-p65: others in 
addition would bind p50-p50, while a distinct 
subgroup of KB sites predominantly bound 
c-rel-p65 and p65-p50. Due to the preViOusly 
demonstrated threshold effect in transcriptional 
activation by NF-KB. quantitative changes in the 
affinities may result in dramatic effects on 
transcription. The functional significance of 
these combinatorial effects was suggested by 
transfection experiments in which reporter genes 
under the control of synthetic KB ehnancers were 
introduced into various cell lines either alone 
or in combination with NF-rB/rel expression 
constructs. Third, the binding of all NF-KB/rel 
complexes resulted in strong complex-specific DNA 
bending at the KB site, suggesting that one of 
the activating effects of NF-KB/rel may be 
mediated through changes in geometry or topology. 

LMVC, ABL-BRP, NCI/FCRDC, Frederick MD 21702. 
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PROTEIN IKB. J m u  R Mauhews, Louise Crawford. Elizabeth Watson and 
Ronald T. Hay, School of Biological and Medical Sciences. University of St 
Andrews. Fife KY16 9AL. Scotland. 

homodimer can be repressed by association with the inbibitor proteins IKB a. p, 
and y. To allow extensive in vitro studies. the p50 and IKB yproteins have been 
expressed and purified from bacteria. Rcvious studies have suggested the 
involvement of thc conserved cyateinc 62 in che redox modulation of p50 
homodimcr DNA binding activity - substrate protection experiments withlac 
iodoacetatc have rccently coofumed that cysteine 62 is intimately involvcd in the 
p50 DNA binding site (collaboration with W.Kaszubska. Geneva). To cxtcnd the 
identification of amino acid rcsidues in the DNA binding site of che p50 
homodimer. photoreactive radiolabelled KB site oligonucleotides arc bound to 
p50, cross-linked by cxposure to UV light and after proteolysis the peptides 
linked to the oligonuclcotidc isolated and sequenced. 

mtlmate contact krwcen the p50 homodimer and IrE y using glutathione 
S-transfcrasc-pSO and -IKB y fusion proteins bound to glulatluone-agarose 
malrices. with binding of rhe complementary protein species followed by specific 
side chain chemical modification Release of the complementary protein species 
from the complex and modifidon with radiolabelled re3gcnts identifying amino 
acid rcsidues imponant for the interacuon. 
Panial proteolysis is being used to define the points of contact of tlie p50 

homodimcr with thc glutathione S-mnsferase-IrB yfusion protein carrying a 
C-terminal antigen tag allowing monoclonal antibdy recognition. Partial 
proteolysis of the pM-IKBy-fusion protein complex followed by pmcipitation of 
the complex with anti-pS0 antiserum and wescem blotting of che panial digest 
with either anti-tag or anti-glutathione S-transfcrasc antibodies identifies those 
regions of k B  ynecessary for its interaction with thc NF-KB pS0 homodimer. 

MAPPING OF THE INlERACXJON REOIONS OF THE 
TRANSCRIPTON F A m R  NF-KB WITH ITS INWIBlTOR 

The DNA binding activity of the ~ 5 0 . ~ 6 5  NF-KB hercrodimer and p50 

A similar substrate protection strategy is king used to identify the regions of 

B 547 THE B a - 3  PROTOONCOGENE IS A NUCLEAR- 
RESIDENT IKB-LIKE MOLECULE THAT PREFEREN 

TIALLY REGULATES NF-KB P50 AND P49 DNA-BINDING 
ACTVITY IN A PFDS'K)RYLATI~-IEPENDm MAN- 
NER Garry P. Nolanl, Takashi Fujital, Kishor Bhatiaz, Conrad 
Huppi2, Hsiou-Chi-Lioul, Martin L. Scott and David Balrimorel. 

The Rockefeller University, 1230 York Avenue, New York, NY 
10021 and 2 The National Institutes of Health, Building 10, 
Bethesda, MD. 
The product of the putative proto-oncogene Bcl-3 is an IKB-like 
molecule with novel inhibitory propemes specific for a subset of the 
re1 family of transcriptional regulators. In v i m .  Bcl-3 protein 
specifically inhibited the DNA-binding of both homodimeric NF-KB 
p50 subunit and a closely related homologue, $9 to Igr NF-tcB DNA 
motifs. Bcl-3 protein was capable of actively inhibiting the DNA 
binding of p50 to certain NF-KB motifs. At concentrations that give 
complete inhibition for p50 Bcl-3 did not inhibit the specific DNA- 
binding of reconstituted heterodimeric NF-KB ( ~ 5 0 ~ 6 5 ) .  a DNA- 
binding homodimeric form of p65, or homodimers of c-rel. 
Transduced Bcl-3 associated with p50 in vivo and was localized to the 
nucleus of NIH3T3 cells; this correlates with the previously observed 
constitutive nuclear localization of p50 homodimers. Phosphatase 
treatment of Bcl-3 inactivated its inhibitory properties, implicating a 
role for phosphorylation in the regulation of Bcl-3 activity. These 
properties distinguish Bcl-3 from classically defined IKB that regulates 
the subcellular localization of hetercdimeric NF-& p50p65 through 
specific interactions with the p65 subunit. Bcl-3 therefore appears to 
be a nuclear IrB-related molecule that regulates the activity of 
homodimeric nuclear p50. 
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B 548 DISTINCT NF-KB BINDING ACTIVITIES INDUCED 
IN RESPONSE TO PHORBOL ESTER AND VIRAL 

INFECTION OF MYELOMONOBLASTIC CELLS. 
AnneRoulston, Nancy Rice' and  John  Hiscott. Lady Davis 
Institute for Medical Research,  McGill University, Montreal, 
Quebec,  Canada.  1 NCI-Frederick Cancer  Research Facility, 
Frederick, Maryland. 

The effects of viral infection on induction of NF-KB/rel binding 
activity h a s  been examined using a myelomonoblastic cell line 
(PLB-985) chronically infected with HIV-1 (PLB-IIIB). Mobility shift 
analysis w a s  performed using NF-KB binding sites from the IFN-p 
PRD II domain (P2),  HIV enhancer,  and  IL-2Ra promoters. U V  
crosslinking analysis has  identified an inducible NF-KB complex 
consisting of 40 and  50kDa proteins in PLB-985 cells following 
PMA or  TNFa treatment. In PLB-IIIB cells, a novel complex 
consisting of 70, 9 0  a n d  lOOkDa subunits was constitutively 
present;  t h e  70 kDa protein was further inducible by PMA or 
TNFa treatment. This complex appeared as early as 5 days after 
de novo HIV infection and  strikingly, the same complex was 
strongly induced in PLB-985 following a 6 hr. Sendai  virus 
infection. The 40/50kDa species  bound HIV>P2>1L-2Ra while 
t he  virally induced 70/90/1 OOkDa complexes  bound P 2  
preferentially. Analysis with NF-rB/rel subunit specific antisera 
has  shown that the P M M N F a  inducible complex in the PLB-985 
cell line consists predominantly of the p50 subunit. The inducible 
7OkDa protein in PLB-IIIB cells corresponds to p65;  t h e  
90/100kDa proteins are unknown but d o  not correspond to p50, 
p65, c-re1 o r  p i 0 5  NF-xB/rel subunits. To examine the functional 
consequences  of these  changes  in protein-DNA interactions, 
CAT reporter constructs driven by the HIV or P2 NF-KB elements 
were transfected into normal a n d  HIV infected cells. NF-KB 
dependent  promoters were inducible by PMA in PLB-985 cells 
but in HIV-infected cells high basal levels of activity and  low 
inducibility were observed. Finally, PLB-IIIB cells show increased 
IFNp and IL-1p mRNA expression in response to secondary 
stimuli compared to PLB-985 cells, Thus,  viral infection induces 
distinct NF-KB subunits with unique sequence specificity, which 
may subsequently alter NF-KB mediated gene  expression. 

B550 ANALYSIS O F  FUNCTIONAL DOMAINS O F  RELB, 
A TRANSCRIPTIONAL FACTOR O F  T H E  R E L  

FAMILY, Rolf-Peter Rvseck, Pawel Dobrzanski, and Rodrigo 
Bravo, Department of Molecular Biology, Bristol-Myers Squibb 
Pharmaceutical Research Institute, P.O. Box 4000, Princeton, 
New Jersey 08543-4000, USA 
We have identified a serum-inducible gene, r e l B ,  which 
encodes a protein of 558 amino acids containing a region of 
300 amino acids, the Re1 homology domain (RHD), with high 
similarity to c-Re1 and other members of the Re1 family. In 
contrast to other members of this family RelB is not able to 
form stable homodimers and does not bind with high affinity 
to NF-KB sites. However, it forms heterodimers with p5O-NF- 
KB and p5OB-NF-rB that do bind to different NF-rB-binding 
sites with a similar or higher affinity to that shown by p50- 
NF-KB homodimers. We identified the minimal length of the 
RHD of RelB required for its dimerization with ~ ~ O - N F - K B .  
We have found that the transcriptional activation of 
RelB/pSO-NF-rB heterodimers is suppressed by IKBU due to 
inhibition of effective DNA binding. Therefore we have 
initiated studies to identify the regions of RelB, p5O-NF-rB, 
and I k B a  necessary for this interaction. The results indicate 
that the RelB/pSO-NF-rB complex in contrast to RelB and p50- 
NF-KB alone strongly associates with IKBu.  Furthermore, a 
complex of p50-NF-kB with only the RelB RHD is weakly 
susceptible to the inhibiting effect of IKBu,  although it can 
strongly bind to DNA. Whereas the presence of the N-terminal 
region of RelB has no influence on the IKBa interaction C- 
terminal located sequences outside the RHD are required for a 
complete inhibition of DNA binding. These observation have 
been confirmed by co-immunoprecipitation experiments. 
Hybrid molecules between RelB and p5O-NF-rB were 
constructed to better determine the region of RelB interacting 
with IKBu. 

B 549 

S.M. Ruben1, T.A. Coleman1, J.K. lemcntl, A.A. Beg2, C. Kunschl. 
A.S. Baldwin2 and C.A. Rosenl,~DepaRment of Gene Regulation. 
Roche lnsutute of Molecular Biology, Nutley, NJ 07 110. 2Lineberger 
Comprehensive Cancer Center. University of Nonh Carolina at Chapel 
Hill, Chapel Hill. NC 27599. 
NF-KB is a transcriptional activator originally identified as being 
involved in the tissue specific control of the mouse K light chain 
enhancer. The DNA KB binding site has now been identified in the 
regulatory elements of cytokine, cytokine receptor. MHC class I and I1 
antigens. inflammatory and acute phase response genes, and viral 
enhancer elements. NF-KB is composed of a heterodimer of the p50 and 
p65 subunits, both members of the re/-family of proteins. This family of 
proteins contains a region of approximately 300 AA at the amino 
terminal end important for DNA binding, protein dimcrization and 
nuclear localization. In most cells NF-KB is complexed in the cytoplasm 
with the repressor, IKB. Upon activation of the cells by a variety of 
stimuli, NF-KB shuttles to the nucleus, a process thought to involve 
phosphorylation of I K B .  To gain an understanding of the mechanism of 
IKB function, the subcellular localization of proteins in the NF-KB 
complex was determined by indirect immunofluorexence in COS7 cells. 
Both p65 and p50 were localized in the nucleus, although the subnuclear 
localization was quite different. When IKB was co-transfected uith p65. 
p65 was excluded from the nucleus. In addition p50 was also excluded 
from the nucleus following co-transfection with IKB even though IKB 
fails to inhibit p50 binding in vitro. Co-immunoprecipitation studies also 
demonstrated an interaction of IKB with both p65 and p50. Mctauonal 
analysis demonstrated that the nuclear localizauon signal of p65 was 
critical for interaction with IKB. Also. addition of a hetero1ogoL.s nuclear 
localization signal inhibited the ability of IKB to exclude p65 from the 
nucleus. Surprisingly, IKB was also localized in the nucleus. When p50 
and p65 were expressed with IKB. it was observed in the cytoplasm. 
These results suggest that IKB may have a role within the nuclex. The 
role of phosphorylanon on localization and function will be discus.sed. 

SUBCELLULAR LOCALIZATION OF PROTEINS IN THE 

CYTOSOLIC INHIBITOR, IKB. IS A NUCLEAR PROTEIN. 
NF-KB TRANSCRIPTION COMPLEX REVEALS THAT THE 

B 551 Functional and Phjsid AppoemtiOms of NF-KB With Regulators 
of cell Gmwth Winman,  RI., Beg Ak, and Baldwin, AS. 

Lineberger Cancer Center, UNC at chapel Hill, chapel Hill, NC 27519 
NF-KB, a regulator of immune system and inflammation genes, consists of 
a 50 kDal protein (p50) and a 65 kDal protein (p65). The cloning of 050 and 
p65 revealed a homology with the proto-oncogene c-re1 and expanded the 
model of NF-KB function to include the possible regulation of cell growth. 

We have observed that an NF-KB like activity is transiently induced 
by serum stimulation of quiescent 3T3 fibroblasts. We now show that the 
p65 subunit of NF-KB is capable of transadivating gene expression liom the 
c-myc promoter in transient transfedions. We have mapped two p65 
responsive sites; each site separately contributing a 3-4 fold stimulation, 
increasing to10-20 fold with both sites present. One site is located 1100 bp 5' 
of the P1 start site while the second site is located 3' of the P2 start site 
within exon 1 in a region responsible for transcriptional attenuation. In 
addition, we have preliminary evidence that fos is able to interact 
synergistically with p65 to activate c-myc over 100 fold above basal activity. 
We are currently addressing the importance of these NF-KB sites in b z w .  

Recently a novel oncogene, lyf-10 (also known as p100@9), was 
cloned from a translocation breakpoint in a B cell lymphoma and identified 
as a member of the re1 family. We have identified a DNA binding protein 
with properties similar to lyf-10 while characterizing the EMSA complex, 
H2TF1, from HeLa and Raji extrads. We observe three EMSA amplexes, 
primarily in cytoplasmic 6adions, which have different binding specificities 
when tested with a panel of NF-KB motifs. W crcsslinking studies has 
identified a single 125 kDal DNQrotein complex derived from each of 
these EMSA complexes. This 125 kDal crosslinked complex is 
immunoprecipitated by a number of antisera raised against NF-KB, rel, and 
lyt-I0 epitopes while an antibody specific for lyf-10 homodimers only 
supershifts the EMSA complex correspooding to H2TF1. These data suggest 
that cytoplasmic lyf-I0 may be found either as homodimers or complexed 
with NF-KB and re1 proteim, thus raising the possibility that lyr-10 fundions 
either by sequestering NF-KB and blocking NF-KB function or by modibing 
NF-KB mediated gene expression. 
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B552 STRUCTURE/FUNCTION ANALYSIS OF NF-cB 
P49(100). Roland M. Schmid, Susanne Liptay, 

Neil Perkins, Gary J. Nabel, Howard Hughes Medical 
Institute, University of Michigan Medical Center, 
Departments of Internal Medicine and Biological 
Chemistry, Ann Arbor, MI 48109-0650 
p50/p(105) and p49/p(100) are highly related 
molecules of the NF-RB multigene family. They are 
synthesized as high molecular weight precursors 
and have ankyrin repeats in their C-termini. 
Homodimeric p49 binds weakly to the HIV UB site 
but strongly to the palindromic H2 KB element in 
contrast to p50 which binds both sites with high 
affinity. In association with p65, the 
heterodimeric complex binds with greater affinity 
to the HIV CB element. In transfection 
experiments, the combination of ~ 4 9 1 ~ 6 5  is more 
potent in stimulating the HIV enhancer. To 
understand the structural basis for this 
difference, chimeric ~ 4 9 1 ~ 5 0  proteins were 
synthesized. DNA binding activity and 
transactivation were tested in combination with 
p65. Analysis of chimeric molecules indicate, that 
a conserved region in the N-terminal portion of 
the re1 conserved domain contributes to the 
specificity DNA binding and function of p49 and 
p50. Chimeric molecules have been characterized 
with p50 DNA binding properties which 
transactivate the HIV-LTR in synergy with p65 like 
p49. These results stongly suggest that the 
preferential transactivation by ~ 4 9 1 ~ 6 5  
heterodimers is an intrinsic property of p49 amino 
acid sequences and is not likely to be due to 
repression by p50 homodimers. 

B 554 NF-KB ASSOCIATES WlTH MEMBERS O F T H E  CIEBP 
AND AP-1 FAMILIES OF TRANSCRIPIION FACTORS. 

Bemd Stein1.x3, Peter Herrlichl, Wamer C. Greenez, Albert S. Baldwid. 
'Kernforschungszentrum Karlsruhe, Institut f i r  Genetik und Toxikologie, 
Postfach 3640, W-7500 Karlsruhe, Germany: ZHoward Hughes Medical 
Institute, Departments of Medicine and Microbiology and Immunology, 
Duke University Medical Center, Durham, NC 27710, USA; 3UNC 
Lineberger Comprehensive Cancer Center, CB #7295, University of 
North Carolina at Chapel Hill, Chapel Hill, NC 27599, USA. 

NF-KB, AP-I and CEBP represent three distinct families of transcrip- 
tion factors that target unique DNA enhancer elements. The heterodimeric 
NF-KB complex is composed of two subunits, a 50 kD and a 65 kD 
protein. All members of the NF-KB family are characterized by their 
highly homologous N-terminal region, found also in the product of the 
proto-oncogene c-re/. This Re1 homology domain mediates DNA binding, 
dimerization and nuclear targeting of these proteins. The AP-1 transcrip- 
tion factor complex is comprised of dimers of the c-jun and c-fos proto- 
oncogene products or closely related proteins. AP-1 and CEBP are 
members of the bZlP family, characterized by two elements in the C- 
terminal half of the proteins, a basic region domain involved in  DNA 
binding and a leucine zipper motif involved in dimerization. The CEBP 
family consists of several related proteins, CEBPa, f3, y and 6 that can 
form homodimers and heterodimers with each other. 

We now demonstrate the unexpected cross-coupling of NF-KB with 
members of the CEBP and AP-1 family. NF-KB p50, p65 and c-Re1 
directly physically associate with the bZIP region of CEBPf3 through the 
Re1 homology domain. This cross-coupling results in altered DNA 
binding in vitro, in inhibition of promoters with KB enhancer motifs and 
in  synergistic stimulation of promoters with C E B P  binding sites. 
Similarly, NF-KB p65 functionally synergizes with Jun and Fos through a 
"mini-leucine zipper" motif in its C-terminal activation domain. This 
results in synergistic stimulation of promoters with KB enhancer and AP-I 
enhancer motifs. In contrast, Jun and Fos do not cross-couple with NF-KB 
p50 or with c-Rel. Only the nuclear form of NF-KB is associated with Jun 
or Fm. The exact nature of this interaction and the composition of the 
NF-rB-Junffos and N F - K B ~ E B P  complexes remain to be character- 
ized. The cross-coupling of NF-KB with CEBP, Jun and Fos highlights a 
mechanism of gene regulation involving the interaction between distinct 
transcription factor families. 

B553 NF-KB AND C/EBP TRANSCRIPPION FACTORS INTERACT TO 
ACTIVATE THE G-CSF PROMOTER, M. Frances Shannon, 

Stephanie M. Dunn, Leeanne S. Coles, Robyn K. Fielke 
and Mathew A. Vadas, Division of Human Immunology, 
Institutr of Medical & Veterinary Science, Frome Road, 
Adelaide, South Australia, 5000. 

Granulocyte-colony stimulating factor (G-CSF) is an 
important cytokine in myeloid haemopoiesis and in 
inflammatory reactions. Its expression is tightly 
controlled, being induced in mesenchymal and myeloid 
cell types by inflammatory mediators. Transcription 
mediated by the G-CSF promoter region is also inducible 
by inflammatory cytokines. 

We have found that a functional element in the G-CSF 
promoter, termed CK-1, can be transactivated by over 
expression of p65, a member of the NF-cB family of 
transcription factors. More significantly, expression 
of antisense RNA for the NF-KB proteins, p50 and p65, 
can block activation of this sequence by TNF-a and IL- 
18 implying a direct or indirect involvement of NF-KB 
in activation of G-CSF. Although we had previously 
stated that NF-RB could not bind to the G-CSF CK-1 
sequence, we can now detect weak NF-RB, as well as 
synthetic p65 binding to this sequence under altered 
plyacrylamide gel conditions. 

Detailed mutational analyses has shown that p65 
transactivation of the G-CSF promoter is dependent on 
CK-1 as well as an overlapping sequence which can bind 
NF-IL6. NF-IL6 is a member of the C/EBP family of 
transcription factors. Both the CK-1 and NF-IL6 sites 
are also essential for TNF-a and IL-1B activation of 
the G-CSF promoter. 

These data imply that the IL-1/TNF activation of the G- 
CSF promoter requires an interaction between NF-RB and 
C/EBP proteins which may lead to the cell specific 
expression of G-CSF. 

B 555 INVOLVEMENT O F  RELINF-KB PROTEINS IN 
ACTIVATION O F  GM-CSF GENE IN T CELLS 

Akio Tsuboi, Esteban S .  Masuda, Hiroshi Tokumitsu, *Ken-ichi Arai 
and Naoko Arai, Department of Molecular Biology, DNAX Research 
Institute, 901 California Avenue, Palo Alto, California 94304-1 104 
* Department of Molecular and Developmental Biology, Institute of 
Medical Science, University of Tokyo, Tokyo, Japan 

Helper T cells produce a battery of lymphokines including GM-CSF 
when stimulated by antigens. This activation can be mimicked by a 
combination of phorbol ester (PMA) and calcium ionophore (A23187). 
We have identified two elements, GM21GC box and CLEO, between 
positions -96 and -40 upstream of the mouse GM-CSF gene. Both of 
them are responsible for the maximal transcription activation, induced 
by the costimulation with PMA and A23187. The GM2 sequence 
(GGTAG'ITCCC) is recognized by NF-GM2, whose binding activity is 
mainly induced by PMA. The CLEO sequence appears to associate with 
a factor(s), NF-CLEO, which is optimally induced by PMAlA23187. 
We purified NF-GM2 from the nuclear extract of the stimulated Jurkat 
cells and found that NF-GM2 is composed of 50 kDa (p50) and 65 kDa 
(p65) polypeptides which are immunologically indistinguishable from 
NF-KB. We checked the involvement of human R e W - K B  proteins 
(p50 [p105], p50B [plOO], p65, and c-Rel) in regulation of the GM- 
CSF gene by transient transfection assay in Jurkat cells. Among 
various combinations, cotransfection with p50 and p65 cDNAs 
stimulated optimally the transcription from the GM-CSF promoter 
harboring a (GM2)dGC-box sequence. The cotransfection with p50 
and p65 cDNAs failed to activate the transcription from the GM-CSF 
promoter containing a single GM21GC-box sequence, whereas it 
stimulated slightly the transcription from the promoter containing an 
Ig-rB (GGAAAGTCCC)/GC-box sequence, which shows a higher 
affinity to NF-KB (NF-GM2). The purified NF-GM2 stimulated the 
transcription from the Ig-rB enhancer, but not from the GWGC-box  
sequence of the GM-CSF promoter in the in v i m  transcription assay. 
These results indicate that NF-KB alone cannot activate the transcription 
of the GM-CSF gene, suggesting that a cooperation with the G W G C -  
box and the CLEO elements is required for the transcriptional activation. 
We arc now characterizing the CLEO element and the binding factor 
(NF-CLU)) in order to test this possibility. 
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B556 EIGH BASAL TRANSCRIPTION THROUGH THE NT-KB 
ELEMENT RESULTS IN ACCUMULATION OF HGSA/GROO 

IN HUKaN XELANOMA, Lauren D. Wood, Rebecca L. 
Shattuck, and Ann Richmond, Departments of Cell 
Biology and Medicine, VA Medical Center 
(Nashville) and Vanderbilt University School Of 
Medicine, Nashville, TN 37232 
Genes encoding three isoforms of the chemokine, 
melanoma growth stimulatory activity (MGSA/GRO), 
have been identified. The three mRNAs are barely 
detectable in normal human melanocytes while the a 
isoform (but not p and y) is highly prevalent in 
Hs294T melanoma cells. To characterize the 
regulation of expression of MGSA/GRO mRNA in 
Hs294T melanoma, the basal and cytokine induced 
transcription of MGSA/GRO were compared. The 
Hs294T melanoma cells exhibit a high basal 
transcription of the MGSAa 5' CAT fusion gene 
relative to non-malignant pigmented control cells. 
Mutation or deletion of the NF-KB element within 
this construct markedly decreased basal activity 
(>75%) in the melanoma cells. However, since all 
of the MGSA/GRO genes contain identical NF-rB 
elements, other potential sites may be involved in 
the elevated expression of MGSA/GROa in Hs294T 
cells. One potential co-regulatory site is the 
C/EBP-like element near the NF-KB element. 
MGSA/GROa mRNA is only modestly transcriptionally 
regulated by TNFa, I L - l a ,  TPA and cycloheximide as 
shown by nuclear run-offs and CAT assays, though 
gel mobility shift assays indicate strong 
activation by these factors of the NF-KB element 
in the Hs294T cells. Our findings suggest that 
deregulation of MGSA/GROa in Hs294T cells appears 
to involve the NF-KB element and that the 5' 
regulatory region of MGSA/GRO becomes 
transcriptionally insensitive to effectors 
requiring this element for enhancement of 
transcription. 

Transcription Factors and Differentiation I 
B 600 REGULATION OF CIEBP-RELATED GENES DURING 

ADIPOCYTE DETERMINATION AND DIFFERENTIATION. 
Ingrid E. Akerblom and Charles P. Emerson, Jr., Institute for 

Cancer Research, Fox Chase Cancer Center, Philadelphia.PA 
191 11. We have used the multipotential C3HlOT1/2 cell line as 
a model system to examine genetic changes that occur when 
embryonic cells are determined to a specific differentiation 
pathway. These cells convert to stable muscle, adipocyte and 
chondrocyte lineages after treatment with DNA-demethylating 
agents. We have taken both molecular and genetic approaches 
in our initial efforts to identify genes important in the conversion 
of a multipotential cell to an adipoblast. Several novel adipocyte 
cell lines have been established by selection for 10T1/2 
adipocyte variants that exhibit unique differentiation properties. 
Comparison of these adipocyte lines with both the parental 
10T1/2 cells and with cells committed to an alternative lineage, 
the 10T1/2-derived 23A2 muscle cell line, has revealed 
differences in the expression of transcription factors known to be 
markers for adipocyte differentiation. Using western blot 
analysis, we have found that all differentiating 10T112 adipocyte 
lines express C/EBPa, a transcription factor which binds to 
regulatory regions of fat-specific genes and is required for 
differentiation in 3T3L1 adipocytes. In contrast, neither the 
parental 10T1/2 cells nor the 23A2 muscle cells express 
detectable CIEBPa in response to differentiation hormones. 
Therefore, one of the genetic programming changes which 
occurs during 10T1/2 conversion from a multipotential cell to a 
committed adipoblast is the ability to induce ClEBPa gene 
expression. Further work is being directed towards identifying 
elements on the C/EBPa gene which regulate this lineage-spe- 
cific expression. Interestingly, 10T1/2 cells and 1 OT1/2-derived 
adipocytes share some common signal transduction properties 
as both express another marker of fat differentiation, C/EBPS, in a 
similar manner during hormone treatment; 23A2 muscle cells, 
however, have lost the ability to express high levels of CIEBPs. 
These results demonstrate that lineage choice in the 10T1/2 
system involves both the acquisition and the loss of specific sets 
of transcription factors. 

B557 REGULATION OF NF-kB PROTEINS BY 
ANKYRIN REPEAT CONTAINING INHIBITORS 

F. Gregory wulczyn, M. Naumann, E. Hatada, 
A.Nieters and C. Scheidereit, Max-Planck- 
Institut fur molekulare Genetik, Ihnestr. 63, 
1000 Berlin 3 3 ,  FRG 
Regulation of the transcription factor NF-kB 
depends on the interaction between families of 
DNA binding proteins and cytoplasmic inhibitory 
proteins. The p50 subunit of N F - K E  is 
synthesized as an 105 kdalton precursor 
protein(pl05). Cytoplasmic processing of p105 
releases the DNA-binding p50 domain. We show 
that p105 is able to inhibit DNA-binding of rel- 
factors in trans. This inhibitory function has 
been mapped to seven ankyrin-like repeats in the 
C-terminus of p105. In the cell, p;O5 is 
complexed with re1 proteins in the cytoplasm, 
and thus serves as an anchor preventing nuclear 
translocation. 
The ankyrin repeat domain of p105 is hlghly 
homologous to analogous domains in the 
cytoplasmic inhibitory proteins IkB/MAD-3 and 
pp40, as well as the candidate proto-oncogene 
bcl-3. bcl-3 is able to inhibit DNA-binding of 
NF-kB and displays asubunit specificity f a r  p50 
and p49. The ankyrin repeat domain of bcl-3 is 
necessary and sufficient for inhibition of p50. 
The region of p50 required for the interaction 
with bcl-3 has been mapped, allowirq the 
definition of subdomains within the re1 
homologous region responsible for DNA-binding, 
dimerization, and inhibitor binding. The csb~.lity 
of bcl-3 to sequester NF-kB subunits i r ,  the 
cytoplasm has been demonstrated in d co- 
transfection assay. 

B 601 IDENTIFICATION OF LUNG-SPECIFIC ENHANCER 
AND CYCLIC AMP RESPONSE (CRE) ELEMEhiS IN 

THE 5 ' -FLAN"G REGION OF THE RABBIT SURFACTANT 
PROTEIN-A (SP-A) GENE, Joseph L. Alcorn, Envei Gao, Margaret 
E. Smith, and Carole R. Mendelson, Depts of Biochem and Ob-Gyn, 
Univ Texas southwestern Med Ctr, Dallas, TX 75235 
The rabbit SP-A gene is expressed in pulmonary alveolar type I1 cells 
and is transcriptionally regulated by cAMP in fetal lung in culture. By 
electrophoretic mobility shift assay we identified two regions, termed 
"proximal binding element" (PBE, --lo0 bp) and "distal binding 
element" @BE, -980 bp), that specifically bind type I1 cell nuclear 
proteins. The PBE correspnds to the localization of a lung-specific 
DNaseI hypersensitive site. To define regions of the SP-A gene 
involved in type I1 cell-specific and CAMP-regulated expression, fusion 
genes containing various amounts of DNA flanking the Y-end of the 
rabbit SP-A gene linked to the human growth hormone (hGH) 
structural gene were introduced into transgenic mice and into primary 
cultures of type I1 pneumonocytes. Studies in transgenic mice indicate 
that -381 bp of SP-A 5'-flanking DNA is sufficient to promote lung- 
specific and appropriate developmental timing of hGH expression. In 
transfected type I1 cells in primary monolayer culture, we observed that 
-990 bp of SP-A 5'-flanking DNA is required for high levels of CAMP- 
inducible (30-40 fold) SP-A:hGH expression. When SP-Am:hGH 
fusion genes were transfected into two human adenocarcinoma cell 
lines (A549 and H358) which do not express SP-A and into CAMP- 
responsive adrenal Y l  cells, Bt CAMP had no effect to increase fusion 
gene expression. Deletion of t e  DBE (SP-Ag76:hGK) resulted in a 
>90% decrease in basal levels of fusion gene expression in type I1 
cells, although a 2.5-fold induction in fusion gene expression by 
Bt2cAMP was observed. The finding that basal expression of 
SP-A-976:hGI-I fusion genes also was greatly reduced in H358, A549 
and Y1 cells suggests that the DBE may act as a general enhancer. 
Mutagenesis of the putative CRE (TGACCTCA) at -260 bp resulted in 
a >95% reduction in basal and cAMP stimulated levels of 
SP-km:hGH fusion gene expression in type II cells. Deletion of the 
PBE at -100bp also caused a pronounced reduction in fusion gene 
expression in type Il cells and abolished the stimulatory effect of 
CAMP. These findings suggest a synergistic interaction of rrans-acting 
factors bound to the CRE, the DBE and PBE the DBE may serve as a 
general enhancer, whereas, the PBE appears to be required for type II 
cell-specific CAMP-induced SP-A gene expression. 
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B 602 EXPRESSION OF MULTIPLE HUMAN & TRANSCRIPTS 
CONTAINING ALTERNATIVE 5' NONCODING EXONS 

Torik AY. Ayoubi, John W.M. Creemers, Anton J.M. Roebroek and 
Wim J.M. van de Ven, Center for Hvman gnetics, University of 
Leuven, Herestraat 49, B-3000 Leuven Belgium. 
The ubiquitously expressed ,& gene encodes the furin protein, a 
member of the novel mammalian family of subtilisin-like proprotein 
processing enzymes with cleavage specificity for pairs of basic amino 
acids. Furin is shown to possess cleavage specificity for the 
consensus motif Arg-X-Arg/Lys-Arg. Other members of this family, 
such as PCl/PC3 and PC2, cleave C-terminally of simple pairs of 
basic amino acids. In gene transfer experiments, furin has been 
shown to accurately process various substrates, such as the pre- 
cursors of von Willebrand factor, &nerve growth factor, albumin, 
complement C3 and influenza virus hemagglutinin. There is only 
limited knowledge about the regulation of expression of the &r 
gene. Three alternative 5'-noncoding exons have been detected and 
characterized in cDNAs from human, mouse and rat tissues, indica- 
ting that the presence of mRNA isofonns is a conserved characteris- 
tic of & gene expression. Results of our studies point towards the 
involvement of three alternative promoters in the regulation of &g 
gene expression. The transcription start sites for the alternative fLr 
promoters were determined using primer extension analysis. Exon 
1A had an extremely heterogenous start site while exons I and 1B 
had a major start site and some minor ones. The regions upstream 
of exons 1A and 1B have characteristic features of the promoter 
regions of so-called "housekeeping genes". They lack typical TATA 
and CAAT boxes, have a high G + C  content. multiple Spl-binding 
sites and transcription is initiated at heterogenous sites. The region 
upstream of exon 1 contains a TATA element and is not G + C  rich. 
Interestingly, the TATA box seems to be located downstream of the 
transcription start site as determined by primer extension analysis. 
We are currently characterizing the three putative promoter regions 
for their possible involvement in the differential regulation of the &r 
gene in different tissues and developmental stages. 

6604  INVOLVEMENT OF A C/EBP-LIKE PROTEIN I N  THE 
A C Q U I S I T I O N  O F  RESPONSIVENESS T O  

GLUCOCORTICOID HORMONES DURING CHICK NEURAL RETINA 
DEVELOPMENT, S a r a  Ben-Or' and Sam O k r e t ' ,  
'Department  o f  Phys io logy ,  H e b r e w  U n i v e r s i t y ,  
Hadassah Medical  School ,  P.O.B. 1 1 7 2 ,  J e r u s a l e m  
91010,  Israel and 'Department o f  Medical  N u t r i t i o n ,  
K a r o l i n s k a  I n s t i t u t e ,  Huddinge U n i v e r s i t y  H o s p i t a l  
F60 N o v u m ,  5-141 86 Huddinge, Sweden 
The g l u c o c o r t i c o i d  r e c e p t o r  (GR) i n  c h i c k  
embryonic  (E)  n e u r a l  r e t i n a  is e x p r e s s e d  e a r l y  i n  
ontogeny,  y e t  t h e  t i s s u e ' s  r e s p o n s e  t o  the  
g l u c o c o r t i c o i d  hormone, i.e. i n d u c t i o n  of 
g l u t a m i n e  s y n t h e t a s e  ( G S )  d e v e l o p s  la ter ,  o n l y  
d u r i n g  t h e  second week o f  on togeny.  T r a n s i e n t  
t r a n s f e c t i o n  o f  embryonic  day  7 ( E 7 )  r e t i n a l  
cells, which a r e  n o n r e s p o n s i v e  t o  g l u c o c o r t i c o i d s ,  
w i t h  c h i m e r i c  p l a s m i d s  c o n t a i n i n g  the  
chloramphenicol  a c e t y l t r a n s f e r a s e  (CAT)-reporter  
gene  u n d e r  t h e  c o n t r o l  of g l u c o c o r t i c o i d  
r e s p o n s i v e  promoters ,  d e m o n s t r a t e d  t h a t  GR i n  E7 
ce l l s  is a f u n c t i o n a l  t r a n s a c t i v a t i n g  f a c t o r .  W e  
show t h a t  t h e  l i m i t i n g  t r a n s c r i p t i o n  f a c t o r  t h a t  
c o n t r o l s  t h e  deve lopmenta l  a c q u i s i t i o n  of 
r e s p o n s i v e n e s s  t o  g l u c o c o r t i c o i d s  is a m e m b e r  o f  
t h e  CCAAT e n h a n c e r  b i n d i n g  p r o t e i n  (C/EBP) f a m i l y .  
T h i s  p r o t e i n  r e c o g n i z e s  a sequence  i n  t h e  c l o n e d  
c h i c k  GS promoter ,  which is r e q u i r e d  fo r  e l i c i t i n g  
t h e  g l u c o c o r t i c o i d  r e s p o n s e .  R e t i n a l  C/EBP-like 
p r o t e i n  was n o t  d e t e c t e d  i n  t h e  g l u c o c o r t i c o i d  
n o n r e s p o n s i v e  (E7) p r o l i f e r a t i n g  g l i o b l a s t s  b u t  
was found t o  b e  p r e s e n t  i n  g l u c o c o r t i c o i d  
r e s p o n s i v e  (E12) p o s t - n i t o t i c  cells. Premature  
e x p r e s s i o n  of  C/EBP i n  t h e  n o n r e s p o n s i v e  E7 cells 
by t r a n s f e c t i o n  was shown t o  enhance  t h e  
deve lopmenta l  a c q u i s i t i o n  o f  r e s p o n s i v e n e s s  t o  t h e  
g l u c o c o r t i c o i d  hormone, as  deduced f r o m  t h e  level 
o f  G S  i n d u c i b i l i t y .  

B 603 COMPLEX REGULATORY STRUCTURE OF THE HUMAN 
EMBRYONIC p-GLOBIN GENE PROMOTER, Margaret H. 

Baron and William L. Trepicchio, The Biological Laboratories, 
Harvard University, Cambridge, MA 021 38. 

During its ontogeny, the human red blood cell expresses 
first an embryonic, then a fetal, and finally an adult globin gene 
("hemoglobin switching"). Very little is known about the regulatory 
elements which control embryonic P-globin gene ( E )  expression. 
We have prepared a series of promoter mutants by exonuclease 111 
digestion and have analyzed their behavior in several different cell 
lines. Comparison of expression patterns of the various promoter 
constructs in mouse erythroleukemia (MEL), GM979 (MEL cell 
variant that expresses both embryonic and adult globins), K562 
(human embryonic erythroid), and Hela cells suggests the 
presence of at least three positive and at least four negative 
regulatory elements within the 860 base pairs just upstream of the 
transcriptional start site. An embryonic erythroid-specific positive 
regulatory element is of particular interest. To our knowledge, it is 
the first stage-specific positive control element to have been 
identified for any of the mammalian globin genes. Erythroid- 
specific expression of the embryonic P-globin gene appears to be 
mediated in part by two other positive regulatory elements, 
presumably in combination with the dominant regulatoly "locus 
control region (LCR)" located far upstream. We have identified 
four (possibly five) negative elements, one of which probably 
corresponds to a previously reported silencer that is more active in 
nonerythroid than in erythroid cells. Thus, the organization of the 
human embryonic globin gene promoter region is more complex 
than previously believed. In vivo , the high level expression of this 
promoter in erythroid cells probably results from 
synergistic/cooperative interactions among the multiple (relatively 
weak) positive regulatory elements. Correct temporal regulation of 
the gene must reflect a balance between antagonistic and 
synergistic interactions among the negative and positive elements. 
DNA-binding studies are now in progress to identify the regulatory 
protein(s) that are responsible for the embryonic expression 
pattern of the earliest-transcribed P-globin gene. 

B 605 STEROID RESPONSE ELEMENTS ARE INVOLVED IN 
THE TRANSCRIPTIONAL LNDUCTION OF THE EPO 

GENE BY HYPOXIA Kerry L. BlanchardY, Anthony M. 
Acquaviva, Deborah Galson, H.  F. Bunn, Department of 
Medicine, Division of Hematology/Oncology, Brigham and 
Women's Hospital, Harvard Medical School, Boston, MA, and 
%Louisiana State University Medical Center, Shreveport, LA. 

Oxygen is vital for growth and development of mammalian 
cells. During physiologic and pathologic stress (e.g. ischemia, 
neoplasia, respiratory failure, and anemia), cells are subjected 
to low oxygen tensions. Changes in gene expression are 
induced by hypoxia. A striking example of a gene regulated by 
hypoxia is erythropoietin (Epo), the hormone that controls the 
oxygen carrying capacity of the blood. Epo transcription 
increases 50-100 fold in response to hypoxia in vivo and in an in 
vitro system based on the cell line Hep3B. We have investigated 
the cis-acting elements necessary for this response by transient 
expression in Hep3B cells of a vector containing fragments of 
the Epo promoter and enhancer upstream of a luciferase 
reporter gene. We have defined short regions of the promoter 
and enhancer that cooperate in the hypoxic induction of 
expression. Both regions contain steroid receptor response 
element half-sites, and the enhancer contains a direct repeat of 
half-sites with a 2 bp gap (DR-2). A factor(s) that bind(s) the DR- 
2 in  the enhancer has been identified by electrophoretic 
mobility shift assay. DNA binding has been characterized by 
DNase I footprinting and methylation interference. The ability 
of the DR-2 region to direct transcriptional induction is 
destroyed by site-specific mutagenesis of the DR-2. Steroid 
hormones in physiologic concentrations do not affect the basal 
or inducible activity of the enhancer, suggesting the DR-2 may 
be activated by an orphan member of the steroid receptor 
superfamily . 

151 



Transcription: Factors, Regulation and Differentiation 

B 606 

Maoz, Rodrigo Bravo3, Jeffrey M. Leiden4, and Craig B. Thompson1 v 2 v 5  

1 Howard Hughes Medical Institute, 2Departments of Microbiology and 
Slnternal Medicine, University of Michigan Medical Center, Ann Arbor. 
MI. 48103. 3BristoCMyers Squibb Pharmaceutical Research Institute, 
Princeton, NJ, 4Department of Cardiology, University of Chicago, 
Chicago, IL. 
Interleukin-2 (IL-2) gene expression is activated upon stimulation of T 
cells through the signal transduction pathway associated with the 
C D m  cell receptor complex. Activation of IL-2 gene expression is 
transcriptional and mediated through a 320 bp enhancer that is 
upstream of the gene. One site within the enhancer which is a good 
model of T cell gene regulation is the NFAT-1 site. since, like the IL-2 
enhancer irs activity is specific to activated T cells and sensitive to 
cyclosporin A. We have previously reported that the NFAT-1 site binds 
a complex of at least two proteins and that the 5' portion of the site 
can function as a binding site for members of the Ets protooncogene 
family. In the current studies we demonstrate that the 3' portion of 
the NFAT-1 site is a variant form of an AP-1 site. NFAT-1 binding can 
be competed specifically by a consensus AP-1. Mutation of the AP-1 
site within the NFAT-1 sequence blocks the ability for complax 
formalion in gel shift assays and the ability of NFAT-1 to function as an 
inducible enhancer in transfection assays. To determine i f  specific AP-1 
dimers are part of the NFAT-1 DNA-binding complex, antisera against 
different Fos and Jun family members were used in gel shift assays. 
Supershins were seen with antisera specific to Fra-1 and JunB. An 
explanation for the specificity of the presence of Fra-1 and JunB in the 
complex is currently under investigation. Interestingly the expression 
of junB mRNA was shown to be completely dependent on T cell 
activation. Current theories on complex formation of NFAT-1 suggest 
that a newly synthesized ubiquitous component complexes with a 
modified 1 cell-specific component. Thus, formation of a Fra-l/JunB 
heterodimer may represent the newly synthesized portion of the NFAT- 
1 DNA-binding complex. 

The NFAT-1 DNA-BINDING COMPLEX IN ACTIVATED T CELLS 
CONTAINS FRA-1 AND JUNB, Lawrence H. Boise1, Xiaohong 

B 608lDENTlFlCATlON OF AN ESTROGEN - RESPONSIVE 
ELEMENT IN THE HUMAN GFAP GENE. 
E. Bongcam-Rudloff, G. Andersson', M. Nister and 
0. Westerrnark. 
Department of Pathology and 
'Department of Medical Genetics, Uppsala University, Uppsala 
Sweden. 
In this work we demonstrate that 178 atradio1 can 
increase the level of glial fibrillary acidic protein ( GFAP ) 
mRNA in the human glioma cell line U - 343 MGa 31 L. 
We have determined the promoter sequence of the human 
GFAP gene and studied the promoter activity with and 
without 178 -estradiol stirnulation. In the proximal 
promoter region between -250 and +1 bp we also identified 
several regulatory motifs including an Estrogen Response 
Element (ERE) ( GGGCACAGTGACC ) showing 
only one mismatch from the ERE consensus sequence 
( GGTCAXXXTGACC ). The functionality of this element 
has been analysed by gel retardation and DNase I 
footprinting experiments. 

B 607 RNA EXPRESSION AND LOCALIZATION OF 

(NUR'I'I/NGF-B/NIO) IN HUMAN LUNG, Gregory P. Bonoy, 
Shaun Granleese, Simon Bicknell, John-David Aubert, James C. 
Hogg and Tony R. Bai, UBC Pulmonary Research Laboratory, St .  
Paul's Hospital, Vancouver, British Columbia, Canada, V6Z IY h. 

ST-59 i s  an inducible gene that has the structure of a ligand 
activated nuclear hormone receptor gene (Cell Growth Diff. 21203- 
208,1991). I t  is normally not expressed in quiescent cells but IS 
rapidly induced by a variety of external stimuli including growth 
factors, serum, heat shock, and seizures. The function of ST-59 in 
cells i s  unknown. In order to improve our understanding of Sl- 
59's function in cells, we have been examining the expression of 
ST-59 in normal and pathological human tissues. ST-59 mRhA 
was found to be persistently and highly expressed in peripheral 
human lung tissue. The expression o f  other "early response" genes 
(fos, jun, myc) was low or not detectable in lung tissue. JLL% 
hybridization histochemistry localized the ST-59 mRNA expression 
to bronchiolar and alveolar lining cells. ST-59 mRNA expression 
was examined in a number o f  pathological conditions. Expression 
of ST-59 in lung carcinomas was decreased when compared to 
adjacent non-neoplastic lung tissue. The decrease in expression 
of ST-59 in lung tumors was not due to gene deletion or re- 
arrangement. Studies with the A549 cell line demonstrate that 
high levels o f  ST-59 expression are induced in lung cancer cells 
following treatment with serum and/or second messanger 
analogues (phorbol esters, forskolin). Variable expression of ST-59 
was observed in lung tissue obtained from patients with asthma 
and chronic obstructive lung disease. A very high level of 
expression was seen in a 4 yr old child who died of acute asthma. 
These findings demonstrate that ST-59 i s  highly expressed in the 
lung and suggest that the level o f  ST-59 expression i s  modulated 
by external signals. 

THE NUCLEAR HORMONE RECEPTOR ST-59 

B 609 FUNCTIONAL ANTAGONISM BETWEEN RETlNOlC 
ACID AND VITAMIN D3 IN THE REGULATION OF 
CD14 AND CD23 EXPRESSION DURING 

Johan Botling. Fredrik 6berg and Kenneth Niisscn. 
Deptartment of Pathology. Unlverslty Hospital, S-75185 
Uppsala. Sweden. 

1,25a-dihydroxicholdciIerol (WtD3) and retinoic acid (RA) 
are imporlant regulators of proliferatlon and diierentiation in 
many cell systems We show that the expression of the 
monocyte-macrophage antigen CD14 and the low affinity Fc 
receptor for IgE. CD23, were inversely regulated by MID3 and 
RA during monocytic dlfferentlation of U-937 monoblasts. 
Phorbol-myristate-acetate (PMA) Induced the expression 01 
both CD14 and CD23. VitD3, on the other hand, rapidly 
induced CD14 mRNA and protein while suppressing the basal, 
PMA- and RA induced CD23 levels in a concentration 
dependent manner. In contrast, U-937 cells induced by RA 
strongly upregulated the CD23 expression, whereas they 
completely lacked CD14. Furthermore. the VltD3- and PMA 
inducible CD14 expression was gradually inhibited as a 
temporal consequence of RA induced differentiation. The 
mechanisms behind the inverse regulation of these genes in 
U-937 cells are not known. However, the similarities between 
the VitD3 and RA signallng pathways, i.e. similar nuclear 
receptors. common co-receptors and related gene target 
sequences, provide several possible levels of interaction that 
could explain the functional antagonism between RA and 
VRD3 with respect to CD14 and CD23 gene regulatlon. The 
effects on CD14 and CD23 further Implicate VltD3 and RA as 
important regulators of rnonocyie differentiatlon and activation 
during inflammatory responses and normal rnonopoiesis. 

MONOCYTIC DIFFERENTIATION OF U-937 CELLS 
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B610 AN ALTERNATIVE AP-2 PROTEIN IS A NEGATIVE 

Buettner*, Axel Imhof , Reinhard Bauer*, Peri 
Kannan+, and Michael A. Tainsky+, *Department of 
Pathology, University of Regensburg, D-8400 
Regensburg, Germany; +Department of Tumor 
Biology, M.D. Anderson Cancer Center, Houston, 

AP-2 is a retinoic acid-sensitive and 
developmentally regulated transcription 
activator. We have cloned an alternative AP-2 
transcript (AP-2B) from the human 
teratocarcinoma cell line PA-1, which encodes a 
protein differing in the C-terminus from the 
previously isolated AP-2 protein (AP-2A). 
Analysis of overlapping genomic clones spanning 
the entire AP-2 gene proves that AP-2A and AP-2B 
transcripts are alternatively spliced from the 
same gene. Both transient and stable 
transfection experiments show that AP-2B 
inhibits AP-2 transactivator function as 
measured by an AP-2 sensitive CAT reporter 
plasmid. Furthermore, constitutive AP-2B 
expression causes a retinoic acid resistant 
phenotype and leads to anchorage independent 
growth in soft agar, phenotypes that have been 
associated previously in PA-1 cells with the 
effect of transformation by oncogenes. 
To determine the mechanism by which AP-2B exerts 
its inhibitory function, we have purified 
bacterially expressed proteins A and B. While 
bacterial AP-28 does not bind an AP-2 consensus 
site, it strongly inhibits binding of the 
endogenous AP-2 present in PA-1 nuclear 
extracts. In contrast, bacterially expressed AP- 
2A binds the DNA consensus site, but is not 
competed by AP-28. We conclude that inhibition 
of AP-2 by the protein AP-2B requires an 
additional factor or modification present in 
nuclear extracts. 

REGULATOR OF TM*SACTIVATION, Reinhard 

TX 77030 

B 612 TWO NUCLEAR SIGNALLING PATHWAYS FOR 

VITAMIN D, Carsten Carlberg, Clinique de Dermatologie. 

HBpital Cantonal Universitaire. CH-1211 Geneve 14, Switzerland 

1.25-dihydroxyvitamin D3 (VD) mediates a biological response by 

binding to inttacellular VD-receptors (VDR) that belong to the steroid 

receptor superfamily. These receptors act as ligand-dependent 

transcription factors which bind to specific DNA sequences. We have 

identitied two classes of VD response elements that are either activated 

by the VDR alone or by heterodimers of VDR and the retinoid-X- 

receptor a (RXR). Arranging the motif GGGTGA either as a direct 

repeat with a spacing of 6 nucleotides or as a palindrome or inverted 

palindrome with 0 and 12 nucleotides spacing, respectively, confers 

V D  inducibility that i s  mediated by VDR alone. Conversely, a second 

class of V D  response elements composed of directly repeated pairs of 

motifs (GGTCA,  AGGTCA, or GGGTGA) spaced by 3 nucleotides 

i s  synergistically activated by RXR and VDR, but only in the presence 

of both ligands. Thus, the nature of the response element determines 

whether a nuclear receptor i s  co-regulated by RXR. 

B 611 A COhEPLEX REGULATORY ELEMENT IS REQUIRED FOR CO - 
OPERATION BETWEEN A PEA3/AP-l ELEMENT AND AN AP-1 

SITE DURING PHORBOL ESTER INDUCTION AND GLUCOCORTICOID 
REPRESSION OF THE ENHANCER ELEMENT OF HUMAN UROKINASE 
GENE 
Anna Caracciob, Dam de Cesare, Claus Nerbv, Francasco Blasi. Morten 
Johnsen and Pasquale Verde. University Institute of Microbolcgy. 0ster 
Farimagsgade 2A. 1353 Copenhagen K. Denmark and International lnstdute 
of Genetics and Biophysics, Via Mamni 12,80125 Naples. Italy 

We have analyzed the enhancer of the human urokinase-type plasminogen 
activator (uPA) gene. uPA is a serine protease involved, like collagenase and 
stromelysin, in the degradation of the extracellular matrix We have found that 
the enhancer sequence, located at about 2 kb upstream of the transcnption 
start site of the uPA gene, is required both for growth factor-dependent 
induction of the gene, which can be mimicked by phorbol esters, and for 
transcriptional repression by glucocoriicoids. l n y i y ~  and iayitcp mutational 
analysis showed the role of multiple binding sites for nuclear factors, which 
interact with a 100 bp DNA region.We have charadefized a canonical AP-1 site 
and a PEWAP-1 element, which contains a spurious AP-1 sequence. This 
AP-1 -like site interacts iuilm with a factor related to, but distind from the jun- 
10s heterodimer. The other binding sites form a regulatory element, that we 
designated cooperatiin mediator (COM), since it is required for cooperation 
between the PEAYAP-1 element and the AP-1 site. Both the PEA3/AP-t 
element, the AP-1 site and the C W  are required for phorbol ester induction 
and for glucocorticoid-mediated repression of transcription from the uPA 
promoter in the HepG2 hepatoma cell line. Mutational analysis showed that 
COM function requires the presence of multiple overlapping binding sltes for 
nuclear proteins. designated uPA enhancer factors 1 through 4 (UEF-1 to -4). 
We have identgied putative binding sites for UEF-1, -2 and -3. Several lines of 
evidence suggest that the UEF factors might play a more general role, in 
addition to their function in the context of the urokinase enhancer. In fact, we 
have shown that the C W  is able to mediate cooperation between dinerent 
inducble trans-acting factors. We have also shown that UEF-3 binds to the 
NIP-element, previously characterized as a regulatory element in the human 
interleukin-3 and stromelysin promoters, suggesting that it plays a role in 
regulation of a variety of genes. 

B 613 REGULATION OF THE C/EBP-RELATED GENE, 
gaddZ53, BY GLUCOSE DEPRIVATION, Sara G. 

Carlson. Timothv W. Fawcett. Nikki J. Holbrook: Laboratow of 
Molecular Gene& National institute on Aging, Baltimore, 6lD 21224. 
gaddl53 encodes a C/EBP-related protein which heterodimerizes with other 
C/EBPs but does not bind DNA. goddl53 may therefore function as a 
negative regulator o f  C/EBP transcription factors. Since i t  has been 
proposed that C/EBPalpha may be a cennal regulator o f  genes encoding 
proteins involved in energy metabolism, we have examined the role of  
glucose in the conuul of gadd253 expression, and have compared the 
expression of  gaddl53 with that of other C/EBP genes. Glucose depriva- 
tion induced gaddl53 mRNA levels 14.4 and 15.4 fold in HeLa and 3T3- 
LI cells, respectively. This induction was reversible, as addition of D(+)- 
glucose resulted in the rapid loss of gaddl53 mRNA. A similar induction 
and reversal of gaddl53 expression in response to glucose deprivation was 
observed at the protein level. Nuclear run-on assays determined that the 
induction i s  uanscriptionally mediated. Because the C/EBPs appear to play 
an important role i n  the induction andor maintenence of  adipogenesis. we 
examined the expression of  gaddl53 i n  relation to other C/EBPs during 
differentiation of  3T3-LI cells, and as a function of  glucose utilization. As 
per the standard differentiation scheme, differentiation was induced by 
hormonal stimulation (dexamethasone, insulin, methylisobutylxanthine) for 
2 days, followed by medium changes every 2 days thereafter. As expected, 
under the standard conditions, C/EBPs beta and delta were induced early 
(days 1 and 2) in response to the hormone ueaunent, followed by CEBP 
alpha (day 3) as the cells became more differentiated. gaddl53 was not 
significantly expressed until after CEBPalpha (day 4). Because adipocytes 
metabolize glucose at a much higher rate than preadipocytes, we suspected 
that glucose depletion may influence the expression of  gadd153 during 
differentiation. To test this, we altered glucose levels by either refeeding the 
cells with fresh medium or adding D-(+)-glucose to the medium every 8 
hours. When glucose concentrations were maintained at high levels by 
either refeeding or adding glucose, gaddl53 expression was signficantly 
reduced in contrast to the other UEBPs. These results show that gndd153 
expression i s  not essential for the process of  differentiation. and is signifi- 
candy influenced by the availability o f  glucose to the cell. 
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B 614 REACTIVATION OF A MAJOR HISTOCOMPATIBILITY 
COMPLEX CLASS II GENE IN MOUSE PLASMACYTOMA 
CELLS AND MOUSE T CELLS, Cheong-Hee Chang, William 
L. Fodor, and  Richard A. Flavell, HHMI,  Section of 
Immunobiology. Yale University School of Medicine, New 
Haven, CT 0651 0 

Terminally differentiated plasma cells and mouse T cells do  
not express Major Histocompatibility Complex (MHC) class II 
genes  although class I1 gene  expression is observed in pre B 
cells and mature B cells as well as in activated human T cells. 
Transient heterokatyons were prepared and analyzed to 
investigate the mechanisms of inactivation of MHC class II 
gene  in mouse plasmacytoma cells and mouse T cells. The 
endogenous MHC class I1 genes  in both mouse plasmacytoma 
cells and mouse T cells can be reactivated by factors present 
in B cells. This reactivation ot class II gene  is also observed 
by fusion with a human T cell line which express MHC class II 
genes  but not with a class II negative human T cell line. It 
appears  that the loss of MHC class II gene  expression during 
the terminal differentiation of B cells or T cell lineage is due  to 
absence of positive regulatory factor@) necessary for class II 
transcription. Cloning of this factor@) will be discussed. 

8616 INDUCTION OF DIFFERENTIATION OF 

DEAZAADENOSINE OR INSULIN REQUIRES C-FOS 
PROTO-ONCOGENE, Chiang. P. K . .  Dave. J .  R., 
Nicholson, D. E., *Rhodes, C.. *Yamada, Y., and Zeng, G. 
C., Walter Reed Army Institute of Research, and Walter 
Reed Army Med. Ctr., Washington, DC 20307-5100, and 
*National Institute of Dental Research, NIH. Bethesda, MD 
20892. 
3-Deaza-adenosine (3-deaza-Ado) I S  an inhibitor of 
S-adenosylhomocysteine (AdoHcy) hydrolase. In cells 
treated with 3-deaza-Ado, AdoHcy accumulates, leading to 
an inhibition o f  methylation reactions. Confluent 3T3-LI 
fibroblasts treated with either 3-deaza-Ado or insulin 
differentiate into adipocyteh [Science 21 I ,  I I64 (1981)l. 
Both 3-deaza-Ado and iiistilin produced i n  confluent 
-7Tj-LI cells a rapid but tliiii\ieii~ eipt-eshion nl mRNA for 
p ro ro -oncopxh  c-f.s ;ind c - l i i f i  wi t l i i i i  30-60 niin. after 
which the mRNA o l  both protu-oncofrne\  became 
undetectable In  comparison c-niyc proto-oncozene became 
detectable after 2 h.  and then declined after 4 h. 
Electrophoretic mobility shift assay5 showed an increase in 
the levels of transcription factors AP-I and AP-2, 1 h 
following ticatnient with either 3-deaza-Ado or insulin. In 
cells stably transfected with antisense c-f0.r. neither 
3-deaza-Ado nor insulin could induce cel lular  
differentiation response. In comparison, in cell5 transfected 
with sense c-fos, the differentiation to adipocytes proceeded 
as normal. Furthermore. in cells stably transfected with 
c-fos-CAT, the CAT aciiviiy was activated by 3-deaza-Ado 
or insulin in a dose-dependent manner. ;ind thet-e wab no 
additive effect between 3-de;ir;i-Ado ;ind 1ns~111i i .  111 cells 
stably transfected with H-ru.\, the CAT : I C I I V I I ~  was not 
affected by 3-deaz-Ado or i i i \u I i I i .  

3T3-LI FIBROBLASTS TO ADIPOCYTES BY 3- 

B 615 CONVERGENT REGULATION OF NF-IL6 AND OCT-1 
SYNTHESIS BY INTERLEUKIN-6 AND RETINOIC ACID 

SIGNALLING, Selina Chen-Kiang and Wei Hsu. Molecular Blology 
Center, Mt Sinai Medical School, New York, N.Y. 10029 

Among the mammalian genes encoding POU domain-containing 
proteins, the oct-1 gene is ubiquitously expressed and has been shown 
to be regulated post-uanslationally. We present evidence here that it can 
also be regulated at the levels of mRNA and protein synthesis by two 
diverse signals, interleukin-6(IL-6) and retinoic acid (RA) in human 
embryonal carcinoma and T cells. NF-IL6, a human transcription 
factor of the C/EBP family and an intermediate in the IL-6 signal 
transduction pathway, can confer this regulation. Furthermore, the 
abundance and the molar ration of the three forms of NF-IM, 
corresponding to the activator and repressor proteins initiated in frame 
from different AUG's, are regulated by IL-6 and by RA. These results 
suggest that the two signal msduction pathways overlap and that Oct- 
1 may be downstream of NF-IL6 in the shared regulatory cascade. 

We have previous shown that NF-IL6 can substitute for the adenovirus 
E lA  proteins in uansactivating E1A-respnsive promoters in transfection 
and in complementing E l  A-deletion mutants in viral infection. 
Enhanced Oct-1 synthesis was found to correlate with one of the 
functions of Oct-1: stimulation of adenovirus DNA replication. This 
result provides an example of the functional consequence of IL-6 and 
RA signalling that is mediated by NF-IL6 and Oct-l regulation. 

B 617 T R A N S C R I P T I O N A L  R E G U L A T I O N  OF J U N B  
PROMOTER ACTIVITY,  Paul J. Coffer ,  Hubrecht  

Laboratory for Development  Biology, Utrecht ,  The 
Netherlands.  

T h e  product  of the junB gene ,  is a component  of the 
AP-1 transcription factor family.  Although homologous to  
the proto-oncogene c-Jun, JunB differs in its ability to both 
bind D N A ,  transactivate target genes and in its response to  
extracellular st imuli .  

JunB expression is itself modulated by a wide range 
of extracellular stimuli including serum, g rowth  factors,  
T P A  and protein kinase A activators.  We have recently 
cloned the mouse junB promoter  and have analysed the 
response of promoter  deletion constructs t o  mitogens.  

We will present fur ther  data  concerning the 
modulation of junB promoter  transcriptional activation and 
discuss  the possible role of such regulation in differentiation 
of embryonal  carcinoma cells and embryonic  s t em cells. 
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B 618 MULTIPLE MECHANISMS OF COUP-TF- 
DEPENDENT REPRESSlON OF STEROID RECEPTOR 

TRANSACTIVATION. 
Austin J .  Cooney. Xiaohua Leng, Sophia Y. Tsai, Bert W. 
O'Malley and Ming-Jer Tsai. Department of Cell Biology. Baylor 
College of Medicine, I Baylor Plaza, Houston, TX 77030 
COUP-TF i s  a member of the steroid/thyroid hormone receptor 
superfamily, about which little is known of its functional role in 
the cell. However. i t  is  able to repress hormonal induction of 
target genes hy VDR, TR, and RAR. We have previously shown 
that COUP-TF can bind a wide variety of NGGGTCA repeats. 
This promiscuous recognition of response elements correlates with 
the ability of COUP-TF I to repress other receptors that bind to 
NGGGTCA repeats with different spacings between the half sites. 
Here we show that repression of transactivation by these receptors 
i s  a general phenomenon for the COUP-TF subfamily, as 
inhibition i s  also observed with COUP-TF 11. This repression is 
dose-dependent on COUP-TF. lnhibition of VDR. TR. and RAR 
activities also occurs through natural physiological response 
elemenls found in the osteocalcin, myosin heavy chain, and PRAR 
promoters, respectively. In search of the mechanisms of 
repression by COUP-TF we show that it does not involve the 
formation of detecuble functionally inactive heterodimers hetween 
COUP-TF and VDR. TR, and RAR. Instead, we show that the 
mechanism of repression could occur at three different levels : 
active silencing of transcription, and dual competition for, (a). 
occupancy of DNA binding sites, and (b), heterodimer formation 
with RXR, the coregulator of VDR. TR, and RAR. The silencing 
activity was localized to the putative ligand binding domain of 
COUP-TF. In addition, COUP-TF can inhibit RA induction of a 
reporter gene through endogenous RAR in PI9 and F9 embryonic 
carcinoma cell lines. We postulate that COUP-TF may play a 
master role in regulating transactivation by VDR, TR. and RAR. 

B 620 REGULATION OF GERMLINE TRANSCRIPTION WITHIN 

Jean-Pierre de Villartay and Regina de Chasseval, INSERM U132 
Hopital Necker, Paris, France. 

The TCR-a and TCR-8 loci are located on the same 
chromosome. but are independently rearranged and expressed during T 
cell ontogeny. The 8Rec-YJa rearrangement, which i s  preceded by the 
germline transcription of the YJa region (TEA transcript), leads to the 
site-specific deletion of the TCR-8 locus. 

THE HUMAN T-CELL RECEFTOR JA CLUSTER. 

TEA gemdine transcript 

I n  order to get insight into the molecular events that may govern the 
accessibility of the Ja cluster to the recombinase machinery, we 
analyzed the regulation of the human TEA transcription. The human 
TEA transcript initiates from one major start site located 2.5 Kb 
upstream of the YJa recombination acceptor site. A DNase I 
hypersensitive site was found in the vicinity of the TEA transcription 
start site. Although this HS site was ubiquitous it was much stronger in 
lymphoid versus non lymphoid cells. This suggests the presence of 
tissue specific DNA-binding factors in  this area. Indeed, several 
evolutionary-conserved DNA-binding sites for known lymphoid- 
specific transcription factors could be noted in the TEA promoter. The 
sequence analysis of the murine counterpart of TEA promoter revealed 
a region with 70% homology over 250 bp centered around the TEA 
start site. Transient transfcction experiments established that a 14Obp 
fragment upstream of the TEA initiation site had promoter activity in  
many cell types, but was dependant on the addition of a aanscriptional 
enhancer. These results suggest that the germline transcription through 
the Ja cluster, under the control of the TEA promoter and the TCR-a 
and 8 enhancers, may "unlock the TCR-a locus for recombination. 
The understanding of the fme regulation of the TEA transcription might 
help elucidate the ~8 versus a/@ T cell differentiation pathways. 

B 619 THE ROLE OF NUCLEAR FACTORS (MYB, SCL AND ID) 
IN MEL CELL DIFFERENTIATION, Agnes E. Cuddihy, 

Leslie A. Brents. llan R. Kirsch and W. Michael Kuehl, NCI-Navy 
Medical Oncology Branch, Bethesda. Md 20889 
Friend-virus infected murine erythroleukemia (MEL) cells, a model 
for erythroid differentiation can be induced by various agents 
(HMBA and DMSO) to terminally differentiate into more mature 
erythroid cells expressing globin. During this terminal 
differentiation, the nuclear protooncogenes, c-myc and c-myb, are 
biphasically downregulated. Constituitive expression of either myc 
or m y b  blocks differentiation in a dose dependent manner. 
Mutational analysis of c-myb shows that its ability to block 
differentiation requires intact DNA binding and transactivatton 
domains suggesting that myb, like myc, blocks differentiation 
through a transcriptional transactivation mechanism. 

Negative regulatory nuclear factors may also control 
differentiation. In the muscle system, Id-1 dimerizes with E2A (a 
constituitively expressed HLH protein) preventing E2A from 
dimerizing with muscle specific MyoD to form a DNA binding 
complex. During differentiation, the expression of Id-1 decreases, 
correlating with an increase in the dimerization of E2A with MyoD. 
Id-1 and Id-2 are also down-regulated during lymphoid and 
erythroid differentiation. To test if Id is a negative regulator of MEL 
cell differentiation and up-regulation of Id-1 can block differentiation, 
we stably transfected MEL cells with Id-1 under the control of an 
inducible promoter. Preliminary results suggest that Id-1 does not 
block differentiation even with high Id protein expression. 

In contrast to myb and myc, the expression of an erythroid 
specific nuclear factor SCL increases with MEL differentiation, and 
over-expression of stably transfected SCL increases the frequency 
of chemically induced and spontaneous differentiation. Preliminary 
data suggest that SCL may operate downstream from myc and myb 
because in MEL cells, blocked in differentiation by stably 
transfected anti-sense SCL, myc and m y b  were still down 
regulated. Conversely, in cells blocked by myb and myc. the 
expression of SCL did not increase. To test this hypothesis, MEL 
cell clones, blocked by stably transfected myb, are being super- 
transfected with vectors expressing SCL and the effect on 
chemically induced differentiation examined. 

B 621 IDENTIFICATION OF SPECIFIC DNA BINDING 
SEQUENCES FOR A DIVERGED HUMAN HOMEOPROTEIN. 
Yasuhiro Deguchi. Atsushi Muraguchi and John H. Kehrl, 
Dept. Immunol., Toyama Med. Pharrn. Univ., Japan and NIAID. 
NIH. USA. 
Homeobox genes encode specific DNA-binding proteins 
which have been implicated in the control of gene expression 
both in developing as well as in adult tissues. We have 
recently isolated a diverged human homeobox gene, HB24, 
which encodes a homeodomain which is 35-48% identical to 
the homeodomains of the major classes of mammalian and 
Drosophila homeobox genes. HB24 was found to be 
expressed in hematopoietic progenitors, but not in  
differentiated hematopoietic cells. Treatment of CD34 positive 
hematopoietic progenitors with IL3 and GM-CSF in vitro 
resulted in an initial increase in HB24 mRNA transcripts 
followed by their down-regulation and disappearance after 
several days of culture. Furthermore, high levels of HB24 
were found in cells from patients with acute myelogenous 
leukemia. These data suggest that HB24 play an important 
role in the proliferation and lineage commitment of 
hematopoietic progenitors and that dysregulated expression of 
HB24 may potentially contribute to leukemogenesis. In this 
study, the specific DNA binding sites of the HB24 protein were 
identified by polymerase chain reaction and cloning DNA 
fragments from binding complexes from repeated gel 
retardation assays using random oligonucleotide fragments. 
The HB24 protein used in this study was from in vitro 
translation of in vitro transcribed HB24 RNA. We have found 
that the HB24 protein specifically binds to nucleotide 
sequences similar to the target binding sites of Drosophila 
Antenapedia (Antp) homeotic selector protein. By using 
mutated oligonucleotides, the core binding site of ATTA was 
identified. Functional analysis using repotterchloramphenicol 
acetyltransferase (CAT) constructs containing this target core 
binding site is in progress. 
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B 622 TRANSCRIPTIONAL REGULATION OF 
INTERFERON ALPHA GENES, Carolyn Dent, 

Nigel Sharp, Sonya MacBride, and Dirk Gewert, 
Department of Cell Biology, Wellcome Research 
Laboratories, Langley Court, Beckenham, Kent, BR3 
3BS, UK. 
We have recently commenced a series of experiments 
aimed at a more complete understanding of the induction 
of interferon-a by Sendai virus. In this poster we 
communicate our initial findings and discuss their 
relevance to induction. Our studies are aimed at the 
identification and characterisation of transcription factors 
(including IRF-1 and IRF-2) involved in the induction 
process, and comparing the relevance of these factors to 
the induction of different interferon alpha sub-types. 
Promoters From subtypes known to be differentially 
induced by Sendai virus in Namalwa lymphoblastoid 
cells have been cloned into an expression vector, ptkSAP. 
The levels of S A P  (secreted alkaline phosphatase) 
activity driven by these promoters on induction can then 
be assayed and compared with the proteins found to be 
binding to the same promoters in gel retardation assays. 
This will then enable us to compare mutations that 
disrupt the binding of proteins with their ability to drive 
transcription, thus aiding us in the identification of the 
role of these proteins. 

B 624 REGULATION OF AND IN DIFFERENTIA- 
TION OF MURINE ERYTHROLEUKEMIA CELLS STABLY 

TRANSFECTED WITH OR c-, N- AND L - u .  B.Dunn, T. 
Cogliati, C.Cultraro and S.Segal. NCI-Navy Medical Onco- 
logy Branch, NIH, Bethesda, MD 20889-5105. Myc and 
its dimerization partner Max are believed to regulate cell 
growth via Myc-Max heterodimers which transactivate 
and Max homodimers which suppress growth promoting 
genes. While two forms of the Max protein (short form 
(S) of 151 and long form (L) of 160 amino acids) were 
initially identified, multiple mRNAs due to alternative 
splicing are now known to exist. 
of Max in differentiation, C19 MEL cells were transfected 
with an expression vector containing wild type (wt) or 
basic region mutant (bm) m, S or L, under transcrip- 
tional control of the metallothionein promoter. With 
increasing amounts of transfected u mRNA, there is a 
gradual decrease in expression of endogenous a 
species. When transfected is highly expressed, 
endogenous mRNA appears to increase. Following 
HMBA induction of C19 cells, expression of the predomi- 
nant endogenous 1.8 kb and 2.3 kb mRNA species is 
downregulated in a pattern similar to that of u mRNA. 
In contrast, the 3.1 kb mRNA decreases initially, but 
is upregulated after 24 hours.Cl9 cells blocked in HMBA 
induced differentiation by large amounts of transfected 
c-, N- or L-Myc show no significant change in expression 
of endogenous m. In HMBA induced clones expressing 
transfected w t - m ,  the biphasic downregulation of the 
endogenous is delayed, which, in turn, is paralleled 
by a delay in the differentiation process. L b m - u  clones 
differentiate spontaneously. Following induction with 
HMBA, they show accelerated differentiation, although 

To investigate the role 

downregulation is normal. 

9623 MOUSE MAMMARY TUMOR VIRUS DISPLAYS 
DISCRETE TRANSCRIPTIONAL REGULATION IN 

DIFFERENT CELLULAR ENVIRONMENTS, Stefan Doerre and 
Ronald B. Corley, Department of Immunology, Duke Medical Center, 
Durham, NC 27710 
The expression of MMTV has been used as a paradigm of tissue specific 
transcriptional regulation, and the MMTV 5' LTR contains both positive 
and negative sequences that govern tissue specificity of proviral gene 
expression. MMTV transcripts are expressed in several normal tissues 
in addition to mammary tissue, including B lymphocytes. Expression in 
B cells has profound consequences for the developing immune system: 
since B cells present a viral gene, the superantigen e n d e d  wlthin the 3 
open reading frame of the viral LTR, to T lymphocytes. We have been 
studying the regulation of MMTV expression in B cells, and find that it 
is constitutively expressed in B cells and transcriptionally upregulated by 
many stimuli that activate mature B cells, including LPS and the 
lymphokines IL-2 and IL-5. In contrast with its expression in tissues 
such as in mammary cells, MMTV expression in B cells is independent 
of hormone receptorlhormone response element interactions. 
Nevertheless, the U3 domain of the viral LTR is essential for its 
expression in B cells. We have mapped the transcription start sites in B 
cells and are currently defining the cis sequences within the LTR that are 
required for regulated expression in B cells, using transient and stable 
transfection of reporter constructs with the MMTV LTR as promoter 
elements. Interestingly, the region of the LTR that contains the HRE 
also appears to contain the essential elements for MMTV expression in B 
cells. Since the expression of the superantigen by B cells is known to be 
an important step in the life cycle of the infectious MMTV, these studies 
should provide unique insights into viral-host interactions. Moreover, 
they may contribute to our understanding of a "bifunctional" promoter, 
one which allows gene expression in two different cellular environments 
using at least partially non-overlapping factors to accommodate viral 
transcription. (Supported by NIH grant CA36642) 

B 625 AN IMMUNOGLOBULIN LAMBDA LIGHT CHAIN 
GENE ENHANCER CONTAINS AN e t s  

CONSENSUS BINDING SITE WHICH BINDS B CELL- 
RESTRICTED FACTORS AND IS REQUIRED FOR 
ENHANCER ACTIVITY, Charles F. Eisenbeis, Harinder 
Singh, and Ursula Storb, Department of Molecular Genetics 
and Cell Biology, University of Chicago, Chicago, IL 60637 

The murine immunoglobulin 1 light chain gene locus contains 
two highly homologous transcriptional enhancers. each 
associated with a J N s  cluster. In an effort to understand 
the cell type- and developmental stage-specific expression of 
the 1 genes, we have begun a molecular analysis of the 
regulatory activity of these enhancers. A candidate protein 
binding site, AB, has homology to an identified site in the xE3 
enhancer, and contains a near-consensus binding site for the 
ets family of transcription factors. In gel mobility shift 
assays using a myeloma nuclear extract, three B cell-specific 
complexes are formed on this site, at least two of which are 
multi-protein complexes containing PU.l, a B cell- and 
macrophage-restricted transcription factor. In addition, 
transient transfection assays using a CAT reporter have 
shown this site to be required for enhancer function. A 
second protein binding site 3 of the ets consensus is required, 
but not s&icient, for the formation of two of the complexes. 
We are currently studying the developmental regulation of 1 
gene expression, and its relationship to x gene expression. 

Supported by ACS grant Ihf-69901 to U S .  and a Medical 
Student Research Award from the Arthritis Foundation to 
C.F.E. 
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B 626 DOMINANT REPRESSION OF THE RAT INSULIN I GENE 
IN HNF-1-CONTAINING CELL LINES, Leisha A. Emens and 
Larry Gene Moss, Departments of Cell Biology and Medicine, 
Baylor College of Medicine, Houston, TX 77030 
Previous studies have defined a small region of the rat insulin I 
gene, the FF minienhancer, that confers cell-specific and glucose- 
induable activity on a heterologous promoter. It is composed of 
two primary regulatory elements, the Far box (-241 to -232) and 
the FLAT element (-222 to -2081, which interact to synergistically 
upregulate transcription. The FLAT element consists of two 
closely apposed regulatory sites; the activity of the positive up- 
stream element, FLAT-F, is revealed only upon mutation of the 
neighboring repressor locus, FLAT-E. We have demonstrated 
that HNFla, an important regulator of liver-specific genes, is 
both present in the FLAT-F binding complex in hamster insuli- 
noma (HIT) cells and capable of upregulating rat insulin I gene 
transcription. To further elucidate the complex regulatory inter- 
actions mediated by the FF-minienhancer, constructs containing 
unidirectional multimers of the wild-type enhancer and various 
mutant derivatives upstream of -109 TK CAT were transfected 
into a variety of cell types. Transfection into hepatoma (HepG2), 
colon carcinoma (CaCoZ), and kidney epithelial (MDCK) cell 
lines, demonstrated that the FF minienhancer is weakly active. 
Specific mutation of the FLAT-E locus resulted in dramatic 
upregulation of transcription, suggesting that FLAT-E functions 
as a dominant repressor locus in these non-insulin producing 
cell types. Furthermore, a construct containing the FLAT-E mu- 
tation specifically engineered into the full-length rat insulin I 
promoter exhibited significant transcriptional activity in these 
cells. Double mutation of the FLAT-F and FLAT-E sites abrogated 
activity, suggesting that the transcription is primarily HNFl de- 
pendent. Further characterization of the basal and physiologic 
regulation of this modified promoter in HNF1-containing cells 
is critical as it may ultimately represent a useful tool for gene 
therapy in the management of insulin-dependent diabetes 
melli tus. 

B 628 CHARACTERIZATION OF THE a5CRYSTAWN 
PROMOTER: EVIDENCE FOR A ROLE FOR HSF IN LENS 

EXPRESSION Peter Frederikse and Joram Piatigorsky, 
LMDB, NEI, NIH, Bethesda MD 20892 

aA- and aB-crystallin are major constituents of 
the vertebrate lens, and are related to small heat shock 
proteins. Both aA- and aB-crystallin expression are 
strongly lens preferred. In contrast to a A-, a B  - 
crystallin protein and RNA are readily detected in 
several non-lens tissues. In addition, a 6-crystallin is 
induced by heat and osmotic shock, and oncogene 
expression (Klemenz and co-workers, and Carper and co- 
workers). We found a 4-fold increase of aB-crystallin 
expression upon heat shock at 42%. Deletion analysis of 
the a B-crystallin promoter was performed to identify 
factors mediating the heat shock response in 
transfected cells. A comparison of consensus heat 
shock elements (HSE) in the aB-crystallin promoter 
with heat shock promoters from chicken, mouse, and 
human, revealed an overlapping dyad-element involved in 
directing lens preferred expression by several groups 
(Piatigorsky, Breitman, and Yasuda). We have compared 
the binding of factors from chicken lens, aTN4-1  (a 
mouse lens cell line transformed with SV-40 T- 
antigen), and HeLa nuclear extracts to oligonucleotides 
in EMSA assays. We found complexes cross-reactive 
with anti-heat shock transcription factor (HSF) 
antibodies, using sequences containing HSE, dyad- 
element, or HSE/dyad-element sites These results raise 
the possibility that an HSF has been co-opted for 
directing lens-preferred expression, together with the 
recruitment of a heat shock protein as a lens crystallin. 

B627 TRANSCRIPTIONAL REGULATION OF N-MYC BY 
IRON Chris topher  N.Frantz, Jaya I y e r ,  and 

Kevin K.Frick, Departments of Pediatrics, 
Un ive r s i ty  of Maryland School of Medicine, 
Baltimore,  MD 21201 and Universi ty  of Rochester 
School of Medicine, Rochester,  N.Y. 
Expression of N-myc i n  human neuroblastoma may 
p lay  an important r o l e  i n  t h e  malignant behavior 
of t h i s  tumor. W e  explored N-myc r e g u l a t i o n  i n  
LA-N-1 human neuroblastoma cells c u l t u r e d  i n  
de f ined  medium containing i n s u l i n ,  t r a n s f e r r i n ,  
pu t r e sc ine ,  and progesterone and measured 
c e l l u l a r  N-myc p r o t e i n  con ten t  by Western b l o t .  
Removal of t r a n s f e r r i n  from t h e  def ined medium 
r e s u l t e d  i n  a decrease i n  N-myc, while  d e l e t i o n  
of t h e  o t h e r  s i n g l e  f a c t o r s  had no e f f e c t .  
S i m i l a r l y ,  i n h i b i t i o n  of t r a n s f e r r i n  binding t o  
its r e c e p t o r  by monoclonal ant ibody 4 2 1 6  
decreased N-myc expression.  Deferoxamine (DFO), 
an i r o n  c h e l a t o r ,  decreased c e l l u l a r  N-myc 
p r o t e i n  i n  a t i m e  and dose-dependent manner. 
Antibody and DFO e f f e c t s  w e r e  prevented and 
r eve r sed  by s o l u b l e  i ron .  DFO a l s o  decreased 
cel l  s u r v i v a l  and i n c r e a s e d  n e u r a l  
d i f f e r e n t i a t i o n ,  measured as pe rcen t  of cells 
with extended n e u r i t e s .  The decrease i n  N-myc 
w a s  no t  due t o  simple blockade of cel l  c y c l e  
p rogres s ion  i n  or t o  decreased r ibonuc leo t ide  
r educ ta se  a c t i v i t y  because induct ion of cell 
c y c l e  arrest with hydroxyurea (which a l s o  
inhibits r ibonuc leo t ide  reductase)  had no e f f e c t  
on N-myc. The decrease i n  N-myc p r o t e i n  
c o r r e l a t e d  with a decrease i n  N-myc mRNA. There 
was no e f f e c t  of DFO on t h e  h a l f - l i f e  of N-myc 
p r o t e i n  o r  mRNA, and i n  nuclear  run-on a s says  
t h e  i r o n  s t a rved  neuroblastoma cells f a i l e d  t o  
t r a n s c r i b e  N-myc although they  t r a n s c r i b e d  a c t i n  
a t  near-normal l e v e l s .  T ransc r ip t iona l  
r e g u l a t i o n  by i r o n  of genes important f o r  
p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  has  no t  been 
p rev ious ly  r epor t ed ,  and t h e  mechanism r e q u i r e s  
f u r t h e r  d e f i n i t i o n .  

Be29 OPAQUE 2: A PLANT LEUCINE ZIPPER TRANSCRIPTIONAL 
ACTSVATOR, P h i l i p  Callusci, Jost Muth, Stephane 

Lohmer, Francesco Salamini and Richard Thompson, Max- 
Planck-Institut fuer Zuechtungsforschung, Carl Von-Linne- 
Weg 10, 5000 Koeln 30, Germany 
The Opaque 2 (02) gene product controls the eynthesis of 
one of the two major classes of storage protein in maize 
endosperm, the 22 M a  reins, and of several other non- 
rein polypeptides, the most abundant of which in the 
endosperm albumin b32. The 02 gene has been recently 
cloned and shown to encode a protein which shares a high 
level of homology with transcriptional activators of the 
leucine zipper family' (b zip). It has bean shown that the 
02 protein is able to bind a series of 5 sites on the 
promoter of the b32 gene, and to transactivate it in a 
transient expression system using tobacco protoplasts? 
The mutagenesis of these binding sites has allowed us to 
determine their relative contribution to this 
transactivation. 
The transcription of the 02 gene is itself precieely 
controlled during endosperm development since its mRNA is 
first detected 10 days after pollination (DAP) and 
reaches a steady state level two or three days later. In 
order to analyse the mechanism involved in this control, 
a functional analysis of the 02 promoter has been 
performed using transgenic tobacco plants as an 
heterologous system. The 02 promoter in expressed in 
tobacco endosperm and is developmentally regulated. 
Furthermore a minimal promoter (160 bp long),which is 
similarly regulated has been defined . 
Different sequence epecific interactions occuring botween 
the 02 promoter and endosperm nuclear proteins have been 
characterised. We are now analysing the function of 
these interactions in the control OF the transcription 
of the 02 gene during endosperm development. 
1) Maddaloni et a1 (1989). The sequence of the 
regulatory gene opaque 2 (02) of Zeas mays. Nucl. Acids 
Res. 17:7532 
2) Lohmer et a1 (1991). The maize r-latory locue 
Opaque 2 encode. DNA-binding protein which activates 
the transcription of the b-32 gene. EMBO J. 10:617-624 
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B 630 INDUCTION OF INTERFERON REGULATORY 
FACTOR- 1 mRNA IN HEPATOCYTES STIMULATED BY 

CYTOKINES, David A. Geller, Stewart C. Wang, Mauricio Di Silvio, 
Andreas K. Nussler, Richard A. Shapiro, Dan Nguyen, Richard L. 
Simmons and Timothy R. Billiar. Department of Surgery, University of 
Pittsburgh. Pittsburgh, PA 15261 
Interferon regulatov factor-1 (IRF-1) is a transcriptional factor protein 
originally cloned from mouse fibroblasts and rat T cells which activates 
interferon4 (IFN-8) and other IFN-inducible genes. The cytokines TNF 
and IL-1 have been shown to stimulate IRF-1 production in fibroblasts, 
but the role of IRF-1 in the liver during inflammation is unknown. Since 
TNF and IL-1 are mediators of the hepatic response to sepsis, we 
hypothesized that IRF-1 may play a role in regulating gene expression in 
the liver during inflammation. Recently, we demonstrated the induction 
of IRF-I mRNA in rat hepatocytes (HC) in vivo in models of sepsis and 
the acute phase response, but the specific stimuli that upregulate HC IW- 
1 are unknown. To determine the signals which induce HC IRF-1 
mRNA expression, normal rat HC were isolated by in-situ collagenase 
perfusion and stimulated in virro with the cytokines IFNy (100 U/ml), 
TNF (500 U/ml), IL-1 (5 U/ml), or lipopolysaccharide (LPS, 10 pdml).  
Total RNA was extracted from the HC following stimulation, and 
Northern blot analysis performed using an IRF-1 cDNA generated by 
polymerase chain reaction. Autoradiography revealed a single mRNA 
band at -2.4 Kb. The HC IRF-I mRNA levels were markedly 
upregulated (vs. control HC) 2 hours following in virro stimulation with 
IFNy (16-fold). TNF (2.6-fold), or IL-I (1.8-fold). LPS had no direct 
effect. The addition of cytokines plus cycloheximide further increased 
IRF-1 mRNA levels, consistent with the role of IRF-1 as an "early- 
immediate" transcriptional factor. The results show that IRF- 1 is 
upregulated not only in T cells and fibroblasts, but also in HC in virro 
primarily in response to IFNy, and to a lesser extent following TNF or 
IL-I stimulation. This suggests that IRF-I may play a role in regulating 
gene expression in the liver following inflammatory or septic stimuli. 

B 632 BRAIN 3.0: A CLASS IV POU-DOMAIN REGULATORY 
GENE WITH NOVEL DNA BINDING AND TRANS- 

ACTIVATION CHARACTERISTICS, Michelle Renee Gerrero, and 
Michael G. Rosenfeld. University of California. San Diego and the 
Howard Hughes Medical Institute. La Jolla. California 92093-0648 

A member of the POU-IV class, Brn-3.0 is the mammalian 
homologua of unc-86. the POUdomain developmental regulator 
in C. elegans necessary for the determination of neuronal cell 
identity. Identification of the complete sequence of Bm-3.0 mRNA, 
and subsequent characterization of the Bm-3.0 protein has 
revealed several novel features of this POU-IV class member. In 
contrast to previously described POU domain proteins, Brn-3.0 
binds ineffectively to octomer DNA binding motifs. Instead, Brn-3.0 
binds with high affinity to a specific, highly restricted class of DNA 
sites. These sites include a site in the corticotrophin releasing 
factor (CRH) promoter which has been previously identified as a 
high affinity site for Brn-2. Mutation across the CRH site defined 
nucleotides essential for DNA binding. The data suggest that Brn- 
3.0 binds DNA in a highly restricted manner and is competent to 
bind a much more limited set of DNA sites than other members of 
the POU domain gene family. Brn-3.0 holoprotein as well as N- 
terminal truncated Brn-3.0 protein, consisting of only the POU 
domain, are directly able to transactivate upon binding to cis- 
active response elements. Isolated POU domains have generally 
proved to be ineffective transactivators. Brn-2, a member of the 
POU 111 class, binds the CRH sites with affinity levels equal to or 
higher than Brn-3.0. however, the Bm-2 POU domain was 
ineffective in transactivation while the Bm-3.0 POU domain was a 
highly effective transactivator. An attempt to isolate the specific 
POU domain region(s) conferring the observed ability to stimulate 
transcription will be made by co-transfection of Bm-2/Brn-3.0 
chimeric POU domain proteins. 

B631 IKAROS A N  EARLY LYMPHOID RESTRICTED 
REGULATORY PROTEIN A PUTATIVE MEDIATOR FOR T 

CELL SPECIFICATION. Katia Georgopoulos, CBRC, Mass General 
Hospital, Boston, M.A. 02129 
In search of the transcriptional regulators that mediate commitment and 
differentiation of an early hemopoietic stem cell into the T cell lineage we 
have isolated a cDNA encoding a unique zinc finger DNA binding protein 
(Ikaros). 
The Ikaros protein is  comprised of 431 amino acids with five 
CX2CX12HX3H zinc finger motifs organized in two distinct domains. 
The organization of zinc fingers in this protein is reminiscent of that in 
the Drosophila Gap gene Hunchback. Protein similarity searches revealed 
a 41% identity between the C terminal finger domain in the two proteins. 
The Ikaros protein binds to and activates the enhancer of the CD36 the 
earliest definitive T cell differentiation antigen. In the adult mouse Ikaros 
expression is restricted in the spleen and the thymus with thymic 
expression being three fold higher. During mouse embryonic 
development Ikaros is f i s t  detected in the fetal liver at a time when 
hemopoietic progenitors are proliferating in this tissue and before 
development of the thymus. Expression of the Ikaros gene is detected in 
the early thymus which becomes very prominent through midgestation. 
The restricted pattern of expression of the Uraros gene in T cells and their 
progenitors, and in sites of embryonic and adult thymopoiesis, and its 
ability to stimulate transcription of early T cell markers is suggestive of a 
determining role in T lineage specification. Funhermore, several cDNAs 
products of differential splicing at the Ikaros gene were isolated which 
encode for protein isof- with distinct DNA binding domains. The role 
of these proteins in transcription in T cells will be discussed. 

B 633 SPECIFIC MODULATION OF THE RETINOID SIGNAL 
BY A NOVEL ORPHAN NUCLEAR RECEPMR 
Vincent Gigutre, Marco Tini, Gail Otulakowski and Grace 

Flock. Department of Molecular and Medical Genetics, University of 
Toronto, and Research Institute, Hospital for Sick Children, Toronto, 
Canada M5G 1 x 8  

Nuclear receptors represent a large family of mscript ion factors that 
mediate complex effects on development, growth and homeostasis by 
selective modulation of gene expression via interactions with small 
hydrophobic ligands such as steroid and thyroid hormones, vitamin D 
and retinoids. This family also contains members referred to as orphan 
nuclear receptors for which no ligands has been identified. 
We described the characterization of a novel member of the superfamily 
of nuclear receptors, here referred to as ROR, that show closest 
homology with the retinoic acid receptors (RARs). Within the DNA- 
binding region, ROR exhibits 672, 59% and 48% amino acid identity 
with the RAR, T3R and VD3R. respectively. In panicular, the amino 
acid sequence at the base of the first DNA-binding Zinc finger allows 
the classification of ROR into the subfamily of nuclear receptors that 
recognizes hormone response elements (HRE) containing the half-site 
consensus sequence AGGTCA. However, unlike RARs, T3R. and 
VD3R that bind to direct tandem repeats of the half-site motif AGGTCA 
as heterodimers with the retinoid X receptor (RXR), ROR binds as a 
monomer to a specific subset of HRE containing the half-site AGGTCA. 
Further analysis showed that specific recognition of an HRE by ROR is 
provided by the base pairs preceding the half-site at its 5' end. Based on 
this definition of the binding site for ROR, we predicted that ROR might 
bind to a newly identified retinoic acid response element (RARE) 
located in the promoter of the mouse yF-crytalIiin gene. In vitro studies 
showed that ROR binds with high affinity to the $-RARE while in vivo 
studies revealed that ROR activates gene expression through the $- 
RARE in a ligand-independent manner. Transient msfect ion of ROR 
leads to synergistic activation of the reporter gene upon retinoic acid 
treatment These results provide novel evidence that interaction between 
orphan receptors and R A R s  can specifically modulate retinoid signaling. 
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B 634 ISOLATION OF AN AVIAN MEMBER OF THE INTERFERON 
REGULATORY FACTOR (IRF) FAMILY OF PROTEINS, 

Caroline E. Grant and Roger G. Deeley, Cancer Research 
Laboratories, Queen's University, Kingston, Ontario,Canada, K7L 
3N6 
The avian apoVLDLll gene is normally expressed exclusively in the 
liver of laying hens. However, birds of either sex can be induced 
to express the gene as early as day 7 of embryogenesis in 
response to estrogen. Previous studies have demonstrated that 
demethylation of specific sites 5' and 3' to  the apoVLDLll gene 
takes place during the critical period between days 7 and 9. 
Specific protein interactions at a site -2.6kb upstream from the 
gene have been extensively characterized (Hoodless ef. a/. ,MCB 
U.154-164; Hoodless ef. aL,1992,DNA Cell Biol., in press). This 
site, Site 1. includes an Mspl recognition sequence that is 
demethylated between days 7-9, and methylation interference 
experiments indicate that the outer G's of Mspl site are contact 
points in a DNA/protein interaction. We used a direct screening 
method in which a day 9 embryonic liver expression library was 
screened with a concatenated Site 1 oligonucleotide probe. One 
of the clones isolated hybridized to  a broad band on Northern blots 
corresponding to mRNA species of 1.9-2.1 kb. The predicted 
amino acid sequence of the full length cDNA sequence was 
compared to  the translated Genbank database and significant 
similarity was found to  the DNA binding domains of ISGFZ/IRFl, 
IRFZ, ICSBP, and lsGF-3~. proteins that compose the interferon 
regulatory factor family. Members of this family contain a highly 
conserved DNA binding domain that includes five tryptophan 
residues whose spacing and periodicity are reminiscent of the 
DNA binding domains of the c-myb-related proteins. The amino 
acid identity in this region is 37% between our avian sequence 
and the closest member of the family, ICSBP, and all five 
tryptophan residues are conserved. Expression of the avian IRF- 
like mRNA in a chicken hepatocyte cell line, LMH, is dependent on 
the presence of serum and is enhanced by cycloheximide. The 
growth factor dependence of this expression will be described. 

B 636 REGULATION OF INTERLEUKIN-2 GENE TRANSCRIPTION 
BY NUCLEAR HORMONE RECEPTORS, Albeno Gulino#". 

Alessandra Vacca'. Maria P. Felli#. Daniela Meco". Ugo de 
Grazia", Marella Maroder', Isabclla Screpanti". Stefano 
Martinotti# and Luigi Frati". "Department o f  Experimental 
Medicine,  University La Sapienza. 00161 .  Rome and 
#Department o f  Experimental Medicine, University o f  
L'Aquila. Italy. 

Interference between phorbol ester and calcium ionophore- 
induced activation o f  the interleukin-2 (1L2) promoter by two 
members o f  the steroid hormone receptor superfamily 
(retinoic acid and glucocorticoid receptors. RAR and GR) has 
been studied in T lymphocytes. Both RAR and GR inhibit the 
cis-regulatory activity of the 1L2 enhancer (-317 bp to +47 
bp). Functional analysis o f  CAT vectors containing either 
internal delet ion mutants o f  the IL2 enhancer or 
multimerized cis-regulatory elements  showed that RAR 
inhibits  the phorbol  esterlcalcium-induced enhancer 
activity of  an IL2-promoter octamer motif without affecting 
the levels  o f  the cellular oc t - l  DNA-binding protein. 
Transfection of  wild type or deletion mutants or chimeric oct- 
2 proteins shows that RA is  a strong inhibitor of oct-2- 
dependent transcription. In contrast. the GR-dependent 
inhibition o f  the IL2 enhancer involves two elements: the 
NFAT (-273/-263 bp) and the jun and fos-binding API (-160/- 
150 bp) motifs. The API element alone was not activated by 
phorbol ester and calcium whereas i t  synergistically 
cooperated with the NFAT motif. Interestingly, such a phorbol 
e s t e r / c a l c i u m - i n d u c e d  funct iona l  cooperat iv i ty  was  
selectively impaired by GR. Our data suggest multiple levels 
of transcriptional interference between nuclear receptors 
and phorbol esterand calcium-generated signals involving 
distinct transacting factors. 

B 635 

DOWNREGULATED DURING GRANULOCYTE/ MACRO- 

SCL AND GATA-1 ARE COEXPRESSED IN MULTI- 
POTENTIAL IL3-DEPENDENT PROGENITORS AND 

- - - - . . - . - . -. . - 
PHAGE DIFFERENTIATION. AR Green+. A Mumell+. E-0 
Bockamp+, E Spooner*, C Heyworth* and M Cross*, +Dk$ of 
Haematology, University of Cambridge, MRC Centre, Hills Road, 
Cambridge CB2 2QH, UK and *Paterson Institute for Cancer 
Research, Wilmslow Road, Manchester M70 SBX, UK. 

The SCL or TAL-1 gene encodes a putative transcription factor with 
a basic helix-loop-helix motif. SCL and GATA-1 are mexpressed in 
er throid, mast and megakaryocytic cells but not in other 
dAerentiated haemopoietic lineages. We have previously suggested 
that SCL and GATA-1 ma be  expressed in multipotential 
haemopoietic precursors and tiat lineage-dependent modulation of 
their expression may occur during differentiation. Here we extend 
our previous observations and show that SCL and GATA-1 are 
coexpressed in all IL3-dependent murine cell lines examined. 
Furthermore, one murine multipotential IW-dependent cell line was 
induced to undergo either erythroid or granulocytelmacrophage 
differentiation using appropriate mixtures of IU, EPO or GM-CSF. 
Erythroid differentiation was accompanied by upregulation of SCL 
and GATA-1 whereas ganulocytelmacro hage differentiation 
resulted in a loss of mRNA for SCL and 8ATA-1. Our results 
suggest, that SCL and GATA-1 are coexpressed in multipotential 
progenitors. Moreover the final lineage-restricted pattern of 
expression of SCL and GATA-1 involves their lineage dependent 
down-regulation. 

B 637 Retinoid Regulation of Bone Motphogenetic Protein 4 (BMP 4 

Transfection Into Primary Cultures of Fetal Rat Calvariae (FC) 
osteoblasts. Stephen E. Hanis'. J Feng', MA Hanis', B C r i e .  A 
Cooney3, S Tsai3. and MJ T d 3 .  J Wourey', and GR Mundy'. The 
University of Texas Health Science Center, Dept of Medicine, Division 
of Endocrinology, San Antonio, TX 78284; 'Institute of Biotechnology, 
San Antonio, TX 78245; ' hp t  of cell Biology, bylor Cdlege of 
Medicine, Houston, TX; 'Genetics Institute, Cambridge, Mk 
Retinoic acid has a profound effect on bone cell growth and 
differentiation. Using primary cells from the fetal rat &aria, which on 
long term culture for 10-15 days forms various kinds of 'bone' like 
structures or mineralized nodules. We have found that retinoic acid 
stimulates 'bone' tormation at 10% but completely inhibit bone 
formation at 1 W'M RA. However, the combination of recombinant BMP 
2 plus RA at 10-'M reverses this inhibition and allows h bone 
formation to occur. We have been studying the biphasic nature of RA 
and RA plus BMP 2 on BMP 4 mRNA expression in this system and 
beginning to analyze the mouse BMP 4 promoter. RA at 10% or BMP 
2 at 6Ong/ml plus l0"M RA stimulates BMP 4 mRNA, at 3 days in these 
long-term FRC bone forming cultures. However, RA at lo' M inhibits 
BMP 4 mRNA. Using a (-1067/+120) BMP Meporter CAT gene 
construct, transfect@d into FRC osteoblasts, we show that 1 O-7M inhibitJ 
CAT actiwly. Further experiments are in progress. A zif-TF 268 
response element at 4 in the BMP 4 gene has been shown to bind to 
-- in vitro translated zif 268-TF and bacterially produced zit 268. The zif 
268 gene is regulated by RA in a variety of osteoblast cell lines and 
FRC cultures and is most likety playing a role in BMP 4 transcription. 
Also at -911 in the BMP 4 promoter is a DR-1 element (6 bp direct 
repeat with 1 base pair spacing), w h i i  specifically bind the COUP-TF 
and the RxRa -TF. We propose that the biphasic nature of RA on the 
BMP 4 gene, and bone formation itself, may, in pact, be explained by 
RxR homodimem activating positively on the BMP 4 DR-1 elements. 
while RxRCOUP -TF or RxR-RAR heterodimm act negatively on the 
same DR-1 element. 

or DVR 4): Analysis of the Mouse BMP 4 Gene Promoter by 
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B 638 

Melissa A. Brown, Departments of MicrobiologylImmunology and 
Medicine, Oregon Health Sciences University. Podand, OR 97201 

Intcrleukin 4 (IL-4) is a multifunctional cytokhe with many diverse 
biological functions which have been defined by both in vim and in vivo 
assays. These functions include mediating growth. activation and/or 
differentiation among various cells of the hematopoetic lineage. The 
most well documented in vivo-defined activities include the regulation of 
IgE production in B cells as well as anti-tumor activity. In general, the 
production of IL4 is limited to a small subset of CD4+ T cells and cells 
of the mast cell/basophil lineage. The physiologic expression of IL-4 in 
T and mast cells is transient and is activation-dependent In contrast, it 
has been found that many transformed murine mast cells can express IL-4 
constitutively. The constitutive expression of IL-4 in &insformed nust 
cells provides a useful model to define cis and ram-acting regulatory 
elements that modulate mast cell IL-4 expression. Previously, DNAse I 
hypersensitivity analysis was used to map potential regulatory regions in 
the murine IL-4 gene in these cells. A hypersensitive site was located in 
the second inmn of the mouse IL-4 gene. A 670 bp fragment, 
comprising the area of the hypersensitive site, was found to contain 
prototypic enhancer function using SV40 or IL-4 promoter /CAT reporter 
gene consructs. The enhancer was functional in L-4 producing 
transformed mast cells. weakly operative in activated normal mast cells 
and inactive in stimulated T-cells. It was also inactive in IL-4 non- 
producing transformed mast cells. Sequence analysis identifed three 
potential binding sites for SP-1-like transcription factors. Scveral 
deletions of 670 fragment were generated using resaiction enzymes 
and/or limited treatment with Bal31 exonuclease and tested for enhancer 
function. This analysis identified two regions (El and E2) within a 340 
bp subsequence that were necessary for positive function. The SP- 1 like 
consensus sites we.re located in El. Preliminary gel shift analysis with an 
El regioncontaining DNA fragment showed nuclear extracts from IL4 
produc@g mast cells formed specific DNA-protein complexes of distinct 
m0bAheS compared to exhacts from non-IL4 producing mast cells. A 
third functionally important region contains a negative regula~~ry element 
(NRE) which. when deleted, rcsulu in a two to three-fold higher 
enhancer activity, compand to the parent construct In contrast to the 
parent plasmid, this NRE minus consttllct demonstrates enhancer 
function in the IL-4 non-producing transformed mast cells. 

MOLECULAR CHARACTERIZATION OF A MAST CELL 
SPECFIC IL-4 INTRONIC ENHANCER, Greg Henkel and 

B 640 ANALYSIS OF TRANSCRIPTIONAL ELEMENTS 
REGULATING THE EXPRESSION OF HUMAN T 

CELL RECEPTOR GAMMA GENES, Thore Hettmann and 
Amos Cohen, Department of Immunology and Cancer 
Research, Hospital for Sick Children, Toronto, ON, Canada, 
M6G 1x8 

Positive and negative transcriptional regulatory mechanisms 
are thought to play a major role in the expression of T cell 
antigen receptor (TcR) genes. Since the up and yd T cell 
heterodimers are expressed in a mutually exclusive fashion and 
since TcR genes are sequentially activated during T cell 
ontogeny, transcriptional activation and repression must at 
least in part determine T lineage-specific and developmental- 
specific expression of these genes. As a first attempt to 
identify these transcriptional regulatory elements, we have 
cloned and sequenced the 5' upstream regions of the human T 
cell receptor gamma (TRG) genes. A conserved heptamer 
(CTGCAGG) was found upstream from the translation 
initiation site of all TRG genes and was determined to be 
located 65 bp and 124 bp upstream from the cap sites of two V 
region genes. Furthermore, we have identified a transcriptional 
enhancer located 6.5 kb downstream from the human T cell 
receptor gamma (TRG) locus. The nucleotide sequence of the 
301 bp enhancer core element shows strong sequence 
homology to the recently identified murine Cyl enhancer. The 
enhancer demonstrates T cell-specific activity, but not yS 
sublineage-specificity in combination with either a 
heterologous or gene specific promoter. Additional regulatory 
elements may downregulate the expression of rearranged TRG 
genes in non-yS T cells. 

B 639 REGULATION OF THE TCR 6 ENHANCER BY 
PROTEIN 

CORE SlTFS, Cristina Hernandez-Munain and Michael S. 
Krangel, Department of Immunology, Duke University Medical 
Center, Durham, NC 27710. 
A T cell-specific transcriptional enhancer lies within the J-C 
intron of the human T cell receptor (TCRJ b gene. The mi~mal 
enhancer has been defined as a 30 bp element denoted 6E3. 
The binding of a T cell-specific factor to the core sequence 
(TGTGGTIT) in the 5' end of 6E3 is necessary for 
transcriptional activation by the 6E3 element or a larger 370 bp 
enhancer fragment, but is not sufficient for activation. We 
recently identified a consensus Myb binding site (TAACGG) 
within the 3' portion of bE3 that is adjacent to the core site. 
Using EMSA we found that bacterially expressed v-Myb 
specifically binds to this site, but not a site with a mutation 
predicted to disrupt Myb binding. We detect proteins in Jurkat 
T cell nuclear extracts that bind with similar specificity and that 
are recognized by an antic-Myb se-rum in supershift 
experiments. A mutation in the Myb site abolishes enhancer 
activity of the bE3 element, and also abolishes the activity of the 
370 bp enhancer fragment. Enhancer activity is also abolished 
by the introduction of either a 5 bp (half-turn) or 10 bp (full 
turn) insertion between the Myb and core sites. These data 
indicate that the interaction of proteins that bind to the Myb and 
core sites within bE3 is essential for transcriptional activation by 
the TCR 6 enhancer, and argue that protein binding to these 
sites plays an important role in T cell development. 

BINDING TO ADJACENT MYB AND 

B 641 In-vivo heterodimerisation between yeast 
GCN4 and the plant b-ZIP factor Opaque-2. 

M.J.Holdsworth, J. Mufioz Blanco, IW. Schuch, M. Bevan. 
John Innes Centre for Plant Science Research, Colney Lane, 
Norwich, Norfolk, U.K.1 ICI International Seeds Business, 
plc, Jealotts Hill Research Station, Bracknell, Berks, U.K. 

Opaque-2 is a maize b-ZIP transcription factor that 
regulates the expression of seed storage proteins during 
endosperm development. We have analyzed the activation 
potential of opaque-2 in yeast using several opaque-? cis-  
elements derived from storage protein gene promoters, in a 
two component effector (opaque-2)/reporter (cis-element- 
LacZ fusion) system. Opaque-2 activated reporter gene 
transcription more than 100-fold through one promoter 
fragment from a wheat seed gene promoter (designated EB). 
We have shown by in-vivo footprinting and gel retardation 
analyses that wheat endosperm contains two factors that 
bind two separate cis-elements within EB,  and in transgenic 
plants these sequences confer endosperm-specific 
transcription. One of the EB cis-elements is very similar to 
the yeast cis-element GCRE, the binding site for GCN4. We 
have shown that in yeast opaque-2 interacts with GCN4 
specifically on the GCRE-like element within E B ,  and this 
interaction results in opaque-2 activity in yeast: Growth of 
yeast in conditions that suppress GCN4 levels (high amino- 
acid availability) results in a drastic reduction in opaque-2 
activity, and opaque-2 is inactive on E B  in a gcn4 - yeast 
strain. AS both GCN4 and opaque-2 regulate nitrogen 
metabolism we speculate that wheat opaque-2 may interact 
with a GCN4 homolog, and this heterodimer may be 
involved in the control of storage protein gene transcription 
and regulation of seed nitrogen metabolism. 
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B 642 ANALYSIS OF CIS-ELEMENTS AND TRANSACTING FACTORS OF 
Na.K-ATPase ALPHA2 SUBUNIT GENE, Kelko ikeda. Klyoshi 

Kawakami and Kei Nagano.Department of Bioiogy,Jichi Medical School, 
Minami-kawachi. Tochigi. 329-04. Japan 
Na, K-ATPase is an integral membrane protein which is essential tor 

maintaining the Na+ and K+ concentration in ail animal cells using energy from 
ATP hydrolysis. This enzyme plays a critical role for nerve excitation. various 
ion and nutrient transports and cell volume regulation. The enzyme is 
composed of two subunits named alpha and beta. The alpha subunit is the 
cataiylic subunit and at least three isoforms (alpha1 . alpha2. aipha3) have 
been identified. The alpha2 subunit gene is  expressed mainly in skeletal 
muscle and brain and is thought to be involved in the specific function of 
these tissues. Moreover, the expression of the alphe2 subunit gene is krom 
to be regulated through developmental stages. in new-born rats. the mRNA 
increases w-foid in skeletal muscle by t 5days (~.orlowski et ai.. JBC263. 
pp 10436-1 0442.1 988). 

For understandlng the regulatory mechanism of alpha2 subunit gene 
expression during myogenic differentiation, we analyzed cis-elements in the 
S flanking region of the gene using transient transtection assays in 10T112 
cells, which were cotransfected with MyoD cDNA. and L6 myobias1 cells. By 
S-deletion mutation analysis. the positive regulatory element of the promoter 
activity (8 to10 fold) was found between the region of -175 and -108 relative 
to the transcrlption start sne as +1 h both cells. in this region. there are two E 
box moMs. one Spl consensus binding site and a GGGAGG sequence. Sne- 
specific mutation with any one of proximal E box, Sp l  binding site or 
GGGAGG diminished UW prOIWter activlty in both calls. The distal E box eCted 
as a negative regulatory element in L6 cei!s. Gel moblilly shift assays were 
perlormed with a DNA fragment of ATPtA2 (-175 to -99) as a probe. Three 
major complexes (Cl  .C2 and C3) were observed in the nuclear extract of 
both cells. The formations of these complexes were competed with specific 
Spl  consensus oligonucleotides. These results suggest that the binding 
factors in these complexes bind Spl consensus sequence. Using a mutated 
DNA fragment of mut34 (double mutant of Spl slte and GGGAGG sequence) 
as a probe, one major complex (C4) was observed. The formation of this 
complex was competed with mu14 (single mulanl of GGGAGG sequence) and 
mu134 but was not competed with wild type fragment and other mutated 
fragments which have intact GGGAGG sequence. These results suggest that 
the GGGAGG sequence interferes the formation of this complex. 

B 644 CHARACTERIZATION OF A BCELL SPECIFIC 
PROMOTEROFJ CHAIN GENE TRANSCRIPTION, 

Saoussen Karray, Jeffery Cox 8 Marian E. Koshland, 
Department of Molecular and Cell Biology, University of 
California, Berkeley 94720 
During the differentiation of a B cell to an IgM-secreting 
plasma cell, a signal from the T-cell lymphokine, IL-2, 
induces synthesis of the J chain required for IgM 
assembly. Fine deletion analyses of the J chain gene 
promoter have identified an IL-2 responsive control 
element, JB, that has positive and negative regulator 
effects (Lansford et al. PNAS 89: 5966, 1992). Recently 
a second control element with a unique T-rich sequence, 
JA. has been located immediately upstream of the JB 
element. Gel shift mobility assays, have identified a 
nuclear factor that recognizes the JA element and shown 
that the protein is B cell specific and constitutively 
expressed at all B cell stages. Functional studies of the 
JA element were performed using a wild type or mutant 
JA oligonucleotide cloned upstream of a heterologous 
promoter and the CAT gene. In transient transfections, 
the JA element increased transcription of the CAT gene 
reporter in both J chain positive and negative B cell 
lines, but had no effect in other cell types. Mutations in 
the JA site completely suppressed its activity in B cells, 
thus demonstrating that JA element is critical for J 
chain gene transcription. Further characterization of the 
JA transcription factor and its potential interaction 
with other regulatory elements in J chain promoter are 
under investigation. 

B 643 

Reinhard Buettner, Paul J Chiao and Michael A Tansky. Department 
o f  Tumor Biology, The University o f  Texas M. D. Anderson Cancer 
Center, Houston, T X  77030. 
Transcription factor AP-2 plays an important role in cell 
differentiation and development. Increased level of AP-2 expresslon 
was observed in retinoic acid-induced differentiation o f  the human 
teratocarcinoma cell line PA-1. N-rac oncogene-induced 
transformation blocks retinoic acid-induced differentiation of these 
cells and promotes cell growth. However, we also observed a several- 
fold increase in AP-2 mRNA level in N-rac oncogene transformed 
PA- I  cells. When assayed with an AP-2-tk-CAT reporter gene 
wnstruct, retinoic acid induced AP-2 transactivation activity several- 
fold commensurate with changes in the mRNA level. On the contrary, 
N-rac oncogene inhibited AP-2 transactivation activity. Transfectron 
of anti-sense N-rac into these cells restored AP-2 activity suggesting 
inhibition o f  AP-2 activity is a direct effect of N-rac oncogene. In 
mobility shift assays nuclear extracts o f  the N-rac transformed cells 
exhibited AP-2 specific D N A  binding activity although AP-2 failed to 
activate transcription in these cells. We established stable 
transfectants of non-N-rac PA- I  cells that express AP-2 from an SV40 
early promoter. These overexpressors were very similar to N-ras 
transformed PA- I  cells with high expression o f  AP-2 and reduced AP-2 
transactivation activity. Similar to N-rac transformed cells AP-2 over- 
expression also promoted anchorage independent growth. In 
transient transfections the AP-2 transactivation activity was inhibited 
progressively when increasing amounts of AP-2 expressor plasmid 
wnstruct were transfected. We call this phenomenon ‘self- 
squelching’. A series o f  deletion and frame-shift mutations in the AP-2 
over-expressor wnstruct were made and the region that is involved in 
self-squelching was analyzed and mapped to the carboxy terminus o f  
AP-2 protein. A D N A  binding domain with an integral dimerization 
doamin are located in this region o f  AP-2 protein. 

MODULATION OF THE TRANSCRIPTION FACTOR AP-2 
B Y  N-rac ONCOGENE AND RETINOIC ACID. Perry Kannan, 

B645 A NOVEL PATHWAY FOR ACTION OF RETiNOiC ACID: 
DIFFERENTIATION OF F9 CELLS WITHOUT RECEPTOR- 

MEDIATED TRANS-ACTIVATION, i ssay  K i tabayash i  and 
Kazushige Yokoyama. Tsukuba Life Science Center, RiKEN(The 
institute of  Physical and Chemical Research), Tsukuba, ibaraki 
305, Japan. 
Ret inoic ac id  (RA) has  s t r i k ing  e f fec ts  o n  vertebrate 
development and induces differentiation of several lines of cells 
including embryonal carcinoma F9 cells. During differentiation 
of  F9 cells, transcription of the c- jun gene is  strongly induced. 
Ectopic expression of the c- jun gene results in dilferentiation of  
F9 cells, suggesting that the Induction of  c - j un  plays an 
important role in the differentiation process. Through the use 
o f  delet ion,  subs t i t u t i on  and inser t ion  analysis,  the  
differentiation response element (DRE) has been defined as a 
145 bp element between -190 and -46 in the B’-flanking region 
of  the c- jun gene. However, gel retardation analysis indicates 
that RA receptors (RARs) and Retinoid X receptors (RXRs) does 
not b ind  speci f ical ly to the DRE, suggesting that these 
receptors are unlikely to be involved in  the activation of the c- 
jun gene. We now provide evidence that F9 cells can 
differentiate in response to  RA without t rans-act ivat ion b y  
nuclear receptors. irreversible differentiation of F9 cells and 
constitutive expression of the c - jun  gene are induced by 18 h 01 
exposure to RA with subsequent incubation in the absence of  
RA. l h i s  induction of differentiation i s  not blocked after 
incubatlon without any amino acids and with cycioheximide and 
a-amanitin for  22 h in totality from 1 h before 18 h of  RA- 
treatment to 3 h after the treatment. During this treatment and 
subsequent incubation without retinoic acid and the inhibitors, 
however, the endogenous receptors fail to activate transcription 
of their primarily target promoters containing RA response 
elements such as PRARE and TREp. These results suggest that 
RA-induced dilferentiation of  F9 cells can be determined without 
protein synthesis de novo, and that there i s  a novel pathway for 
RA-action that i s  independent of RAR-mediated trans-activation. 
Furthermore, differentiation of  F9 cells is triggered by inhibitors 
of protein kinases such as K-252a. staurosporin and herblmycin 
A. During the commitment to RA-induced differentiation, at 
least five sets o f  four specifically phosphoryiated proteins are 
altered in the absence o f  protein synthesis de  novo. We will 
also report factors which specifically bind to the ORE. 
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B 646 TISSUE-SPECIFIC RNA SPLICING DISRUPTS A LEUCINE 
HEPTAD REPEAT THAT AFFECTS THE DIMERIZATION 

PROPERTIES OF THE bHLH PROTEINS REBa and REBP, Elliott S .  
Klein and Michael G. Rosenfeld, Howard Hughes Medical Institute and 
University of California, San Diego, Department and School of Medicine, 
La Jolla, Ca 92093-0648 
mRNAs encoding two rat bHLH proteins, refered to as REBa and REBP 
have been idenufied as alternatively spliced transcripts derived from a 
single genomic locus. This RNA processing results in tissue-specific 
differences in the ratios of these two mRNAs. Although exhibiting a 
highly enriched level of expression in the developing neural tube, the REB 
gene is expressed at variable levels in many organs of the mature animal. 
REBa encodes a polypeptide containing a leucine heptad repeat situated N- 
terminal from its C-terminally located bHLH domain. REBP is identical to 
REBa except for a 24 amino acid insertion in the leucine heptad repeat 
which is due to the inclusion of an additional 72 base pair exon in the 
REBP transcript. As a consequence of this insertion, REBP exhibits a 
markedly diminished capacity to bind to cognate E-box binding sites, and 
to form homodimers and heterodimers with other members of the bHLH 
gene family. It is proposed that this tissue-specific pattem of REB RNA 
splicing is involved in the determination of corresponding tissue-specific 
combinations of heterodimeric complexes of ubiquitous and tissue- 
restricted bHLH proteins. Thus, REBa and REBP represent a novel 
example of a regulated disruption of a leucine heptad repeat in a bHLH 
protein that can mediate control of protein-protein interactions. 

B648 THE EVI-1 ZINC FINGER PROTEIN BLOCKS GATA-1 MEDIATED 
TRANSCRIPTIONAL ACTIVATION AND CAN ALTER THE RESPONSE 

To ERYTHROPOIETIN (EP0)IN EPO-RESPONSIVE CELLS. Brent L. 
Kreider and James N. Ihle, Department of Biochemistry, St. 
Jude Children's Research Hospital, Uemphis, TN, 38105. 

Evi-1 was first identified as a gene associated with a common 
site of retroviral integration in murine myeloid tumors and 
encodes a zinc finger protein which is not normally expressed 
in hematopoietic cells. Recently, it has been shown that 
Evi-1 binds to DNA containing the sequence GATA or GACA, but 
it is not known if it can act as a transcriptional activator 
of such sequences. Another zinc finger protein, GATA-1, is 
a transcriptional activator which also recognizes the 
sequence GATA and has been shown to be absolutely required 
for maturation of the erythroid lineage. To determine the 
consequence of Evi-1 binding to its recognition sequence, 
transient co-transfection assays were performed using various 
CAT vectors harboring an Evi-1 binding sequence. In these 
assays, Evi-1 was not able to act as a transcriptional 
activator whereas GATA-1 activated all of the constructs 
tested. Additionally, when both GATA-1 and Evi-1 were 
cotransfected along with a reporter construct, Evi-1 acted 
as a transcripthonal repressor of GATA-1 activation. The 
ability of Evi-1 to repress GATA-1 activation was dose 
dependent and also was influenced by the recognition sequence 
used for the reporter construct. Since Evi-1 was capable of 
interfering with GATA-1 mediated transcriptional activation 
in these transient assays, it was of interest to see what 
effect Evi-1 may have in a cell where GATA-1 is expressed. 
For this purpose, a retroviral Construct was introduced into 
the 32D Epol cell line which requires either Epo or IL-3 for 
growth and expresses a number of erythroid specific mP.NAs 
zncluding those for GATA-1, Epo receptor, P-globin, and 
carbonic anhydrous I. Expression of Evi-1 in this cell line 
resulted in its inability to grow in response to Epo without 
altering its growth in IL-3. 

B 647 THE MOUSE TESTIS-SPECIFIC PDHtIa SUBBUNIT: 
INTERACTION OF THE PROXIMAL PROMOTER WITH 

PUTATIVE TRANSCRIPTION FACTORS. Ismail Kola, Rocco 
Iannello and Heinrich H-M Dahl, Centre for Early Human 
Development, Monash University, Victoria, 3168, Australia 

In mouse and human, two genes code for the Eltx subunit of the 
pyruvate dehydrogenase (PDH) complex: an autosomal intronless gene 
which codes for the testis-specific E l a  isoform (t-Ela) and the 
somatic X-linked gene. The testis-specific enzyme has an important 
function in the provision of energy to spermatozoa. In vivo, the 
expression of t -Ela  is restricted to the testis. In this study we 
investigate the transcriptional regulation of the t -Ela  gene. 

Our data demonstrates that the expression of the t -Ela  gene can be 
detected in somatic tissue when a proximal promoter fragment 
spanning the nucleotide sequences from -187 to t 2 2  is ligated upstream 
of CAT. Furthermore, a 4-5X inhibition in CAT activity is obtained in 
somatic cells when other more upstream t-Ela  promoter sequences are 
ligated to CAT. This data suggests that the restricted pattern of t -E la  
is due to repressor elements upstream of -187 in somatic cells 

DNaseI footprinting of the [-187tot22] proximal promoter fragment 
using testis or brain extracts revealed 4 common regions of protection. 
One of these contain the consensus sequence for Spl  and another the 
ATF/CREB binding site. The cis-sequences of the remaining two 
protected regions (MEP-1 & MEP-3; Mouse Ela Promoter) show no 
apparent consensus homology with other cis-elements. Thus, these 
MEP sequences represent novel transcription factor binding sites. 
Another novel binding site, MEP-2, is unique to the testis only. 

Gel shift assays of the 4 common sites confirm that these interact 
with factors present in nuclei of both testis and brain in a specific 
manner. However, the MEP-2 site demonstrates binding to a specific 
protein found in the testis only. In addition, the MEP-2 protein 
interaction is first observed in the testis of 2 week old mice, correlating 
temporally with the transcription of this gene. This data therefore 
suggests (1) that MEP-2 binding factor is developmentally regulated 
and (2) interactions involving the MEP-2 binding facior with its 
binding site may be essential for t -E la  expression in the testis. 

B 649 RETINOIC ACID INDUCED DIFFERENTIATION OF HL-60 
CELLS LEADS TO DIFFERENTIAL EXPRESSION AND 

ALTERNATIVE SPLICING OF HOX 3.5, Katharine M. Lang, Edbert 
Hsu and James D. Griffin, Division of Tumor Immunology, Dana-Farber 
Cancer Institute, Boston, MA 021 15 
Differentiation of hematopoietic cells is not well understood at the 
molecular level and the genes which control commitment of immature 
stem cells to different lineages have not been identified. The human HL- 
60 promyelocync leukemia cell line can be induced to differentiate to either 
monocytes or neutrophils. In other tissues, members of the homeobox- 
containing gene family are known to control aspects of morphogenesis 
and tissue-specific differentiation. Using inverse PCR we cloned a 
number of homeobox-containing gene fragments whose expression 
patterns changed during retinoic acid (RA)-induced neutrophilic 
differentiation of HL-60 cells. The expression of one such gene, HOX 
3.5 (3E). a deformed-related homeobox-containing gene, was 
unexpectedly complex on Nonhem blots. 10 HOX 3.5 cDNA clones were 
isolated, 5 from an uninduced HL-60 cDNA library and 5 from a RA 
induced 3-day HL-60 cDNA library. Sequencing the cDNAs rcvealed a 
complex pattern of alternative splicing involving a 485 bp segment just 5' 
to the homeobox, previously published as a single intron (Simeone er al. 
NAR 165379-5390). Three seperate regions (A,B and C) of this segment 
have been alternatively spliced to produce four different transcripts. Two 
cDNAs contain a putative leucine zipper (LZ) domain which would be in 
frame with the homeodomain (HD) in transcripts where regions A and B 
are included with region C spliced out. Transcripts containing this splicing 
pattern decrease dramatically with differentiation. Other cDNAs contain 
the putative "Lz" and an in kame stop codon preventing the nanslation of 
the homeobox (regions A, B and C included). The amount of these 
transcripts increase after RA induction. In addition, some cDNAs contain 
only region B in a different frame which also contains an in frame stop 
codon. Therefore, based on the cDNA sequences, four possible proteins 
can be predicted: 1) a protein containing only the HD (Simeone er al.); 2) a 
protein which contains both the " L Z  and the HD (transcripts which 
decrease after HL-60 induction); 3) a protein which contains the " L Z  but 
not the HD (transcripts which increase with differentiation); 4) and a 
protein which contains neither the " L Z  or the HD. Thus, the process of 
neutrophilic differentiation in HL-60 cells is associated with a complex 
pattern of alternative splicing of HOX 3.5 transcripts. This results in 
differential expression of a putative LZ domain and the HD. potentially 
altering the biological properties of the HOX 3.5 gene product 
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B 650 TRANSDOMINANT NEGATIVE GLUCOCORTICOID 
RECEPTOR MUTANTS 

Rainer Lanr; Stefan W i e l d ,  Sandro Ruzconi 
lnsntur f i r  Molekularbrologie I1 der Unrversidt. Wrnterthurersrrasse 190, 8057 ZGrich, 
s w i h e r h d  

We have studied the behavior of several mutalions in L4e glumrt icoid receptor (GR) by 
expressing GR-cDNAs along with appropriate reporter genes and other non-ubiquitous 
transactivators in mammalian cells. The two mutations are' (1) a transdominant negatrve 
GR generated upon alteration of the translational reading frame of the amino-locatcd OPA 
q e a t  and (2) a dwble point mutant GR which fully activates transcription in the presence 
of the antagonist RU486. 
( I )  The gluurolticoid receptor embodies more than one tranracfimtion domain and this 
functional redundancy has not allowed the isolation of mutants which are unable to 
tl;wacfivatc whilc being fully wmpetent for DNA binding, nuclear translocation and 
hormone binding In particular, no transdominant negative O N )  mutant has been 
descnbcd so far. A systematic study on the mlc of monotonous aminwid repeats in GR 
revealcd diffcrent cffects depending on the frame by which the repeated CAG-motif just 
upstream to the major activation domain is translated. By changing the d i n g  frame of 
this OPA repeat to encode a ply-Ala-segment. we have been able to generate a mutant 
which displays inter- as wcll as intrasirtronic negative dominance whcn tested for 
transcription activation in VIVO, whereas a shift to poly-Ser do not show these effccts This 
p lyd laan fa in ing  GR acts as a transdominant negative (TDN) mutant We can show 
that changes in thc OPA-reading frame affect squelching capacily with respcct to OctZA 
and that othcr functions of this mutant arc impaircd as dcmonstrated with chimcras vith 
othcr mcrnbcrs of thc steroid rcccptor supcrfmily Thc potential gencral significancc of this 
finding is outlined by the existcncc of several othcr factors wnmnmg eithcr alaninc nch or 
oligo-Ala strctchcs and displaying transcriptional rcprcssing aaivitles. 
(2) Stcroid receptors are ligand inducible transcription factors One of the two dcscnbcd 
transcnptional activation function was localized in the hormone binding domain. It was 
shown that mutagencsis in the mosf carboxy 1CrmiMI portion of this ve'y conserved region 
can abolish ligand dependend transcriptional activation without apparent effect on steroid or 
DNA binding (Danielian el al., 1992) On the other hand, a progesterone receptor (PR) 
delction mutant lacking the carboxy terminal 42 aa has been reported to be a unresponsive 
to progatcrone, but efficiently activated by the potcnt antiproptin RU486 Ncgcto el al., 
1992) We rcconstructcd these carboxy terminal mutations by eithcr replacemcnt of a pair 
of hydrophobic residues (GR aa 770 and 771) with alanines or by deletion of this C- 
terminal part of the receptor and tested them for transdominance or for response to 
agonidantagonis. We found that the substitution mutants have a differential response to 
dexmcthzsondRU486, while the truncated form failed to react m the way anticipatcd from 
work with PR None of these mutants appears to have TDN propeflis. 

B 652 REGULATION OF THE ACTIVITY OF RAT SERINE 
PROTEASE INHIBITOR GENE PROMOTERS BY 
GROWTH HORMONE AND GLUCOCORTICOIDS,  
Alphonse Le Cam, Ldurent Paquereau and Marie Josi 
Vilarem, Centre CNRS-INSERM d e  Pharmacology 
Endocrinologie, 34094 Montpellier cidex 05, France 
Three genes, spi 2.1, 2.2 and 2.3, encoding serine protease 
inhibitors are differentially expressed in rat hepatocytes, 
depending on the hormonal status of the animals. 
Transcription of spi 2.1 and 2.2 is tightly controled by growth 
hormone (GH) and, glucocorticoids (GC) that are inactive 
per se. strongly potentiate its action. In contrast, spi 2.3 
escapes GH regulation and GC activate its transcription. The 
structural parts of these genes display a high degree of 
identity whereas major differences occur in the 5' flanking 
regions. Analysis of nuclear factors interacting with the first 
200 bp of the promoters performed in vitro revealed the 
presence of three common binding sites that bound mainly 
proteins of the C E B P  family. However, the most upstream 
(5') site was found to specifically interact with a GH-inducible 
factor. Functional assays were performed with normal 
hepatocytes transfected by electroporation and maintained in 
culture for  24 h. They revealed the presence of two 
apparently independent GH-responsive regions located 
between positions -150 and +8 in spi promoters. The first one 
maps within the most upstream common protein binding site 
whereas the second one appears to be located in the close 
vicinity of the transcription start site. Inhibitory sequences 
were identified further upstream in the spi 2.3 promoter and 
may account for the GH refractoriness of this gene. Both 
positive and negative glucocorticoid-responsive regions were 
found in all spi promoters. 

B651 DNA-BINDING A C T I V I T Y  OF W C  AND MAX DURING 
D FFERENTIATION OF U- 37 MONOBLASTS, Lars-Gynnar 

University Hospital, 5-751 85 Uppsala, Sweden, ' Inst i tut  
f u r  Molekularbiologie, Medizinische Hochschule Hannover, 
3000 Hannover 61, Germany. 

Different ia t ion o f  U-937 nonoblasts can be induced by 
various physiological and non-physiological agents and i s  
accompanied by a reduced expression of c-Myc. We have 
previously shown tha t  const i tut ive expression of v-Myc 
inhib i t s  TPA-, vitamin D3- and re t ino ic  acid-induced 
terminal different ia t ion of U-937. However, the 
different ia t ion programne i s  restored i f  the inducers are  
combined with interferon-)' (IFN-Y), despite a continous 
expression of v-Myc. The mechanism by which IFN-I' 
res tores  the different ia t ion is  unknown. Now we show that  
IFN-f alone or  in combination w i t h  the inducers of 
d i f fe ren t ia t ion  increase the expression o f  Max, the 
heterodimeric partner of Myc. By using anti-Myc and -Max 
antibodies (Ab) which do not interfere  with MyclMax DNA 
binding, we show tha t  the specif ic  DNA-binding ac t iv i ty  
of in v ivo-f ormed Myc/Max-conta i n i ng complexes 
(precipi ta ted by anti-Myc Ab under low stringency 
conditions) was rapidly decreased during TPA- ,  VitD3- and 
RA-induced different ia t ion i n  both v-Myc expressing and 
control U-937 ce l l s .  However, the DNA-binding was 
thereaf te r  regained i n  the v-Myc c e l l s  b u t  not in the 
control c e l l s .  In contrast the DNA-binding ac t iv i ty  of 
anti-Max precipi ta ted material remained constant or 
increased during U-937 di f f erent i a t  ion. Pre 1 imi nary 
resu l t s  suggest tha t  1FN-f alone or  in combination 
reduced the binding ac t iv i ty  of anti-Myc precipi ta ted 
innnunocomplexes in U-937-v-Myc c e l l s  b u t  a t  least  
t rans ien t ly  increased the binding of anti-Max complexes. 
The resu l t s  points t o  the possibi l ty  tha t  external 
s ignals  may regulate the DNA-binding ac t iv i ty  of Myc and 
Max independent o f  the i r  expression. This issue i s  being 
investigated a t  present. 

\arssonlel  , Monica Pettersson 4 and Bernhard Liischer , 
Department of Pathology, University of Uppsala 

B 653 ANALYSIS OF RETINOID X RECEPTOR (RXRP) FUNCTION 

Paul H. Drieeers. Jeffrev A. Medin and Keiko Ozato. Laboraton, of 
BY AN IN VITRO TRANSCRIPTION ASSAY, Insong J. Lee, 

Molecular 6;ow;h Reghation, NICHD, NM, Bethesda, MD 26894 

Our laboratory has previously cloned a cDNA encoding a retinoid X 
receptor (RXRP). In the presence of its specific ligand 9-ci,r RA, RXRp 
homodimer formation is increased as seen by band shift experiments and 
RXRp stimulates transcription from promoters containing the appropriate 
response elements in transient transfection experiments. Our lab as well as 
others have shown that RXRp can act as an auxilliary protein by hetero- 
dimerizing with a diverse group of nuclear hormone receptors as well as 
some orphan receptors to increase their binding affinity and affect trans- 
cription from promoters containing the appropriate response elements. 

We are investigating the mechanism of transcriptional activation by RXRp 
by using an in v im rrdnscription system. Recombinant RXRp protein was 
prepared with a baculovirus expression system and nuclear extracts from 
embryonal carcinoma cells (N-tera2) and lymphoblastoid cells (Namalwa) 
were used to support transcription. The test templates we used contained 
either region I 1  (from MHC class I gene H-2Ld promoter), TREp or CRBPII 
RXRE response elements connected upstream of an H-2Ld basal promoter 
fused to a G-free cassette. In N-tera2 nuclear extracts, addition of RXRP 
increased transcription from the templates above in a ligand dependent 
manner. Transcription of control template containing only the basal 
promoter was not affected. Also, addition of nuclear extracts from wild type 
baculovirus infected Sf9 cells had no effect on transcription. Trms- 
criptional activation by RXRP was receptor concentration dependent and 
was ligand specific since all-trans RA had no effect on transcription. 
Preliminary order of addition experiments suggest that RXRp increases 
nanscription by stabilizing the pre-initiation complex. In Namalwa nuclear 
extracts, the transcriptional activation by RXRp seen in N-tera2 nuclear 
extracts was not reproducible. The possible basis of this lack of activation 
is currently being investigated. 

163 



Transcription: Factors, Regulation and Differentiation 

B 654 LlGAND-DEPENDENT CONFORMATIONAL CHANGES 
IN HOMODIMERS AND HETERODIMERS OF THYROID 

HORMONE AND RETINOIC ACID RECEPTORS, Xiaohua Len&. 
Sophia Y. Tsai, Ben W. O'Malley and Ming-Jer Tsai, Dept. of Cell 
Biology, Baylor College of Mcdlcine, One Baylor Plaza, Houston, 
Tx 77030 
Llke the steroids. thyroid hormone and retinoids exert their biological 
effects via specific interaction with their cognate nuclear receptors, 
thyroid hormone receptor (TR) and retinoic acid receptor (RAR), 
respectively. This group of receptors form suong heterodimers with 
retinoid X receptor (RXR) and function as uanscriptional repressor in 
the absence of ligands. Upon binding ligands, they are activated and 
slimulate the target gene uanscripuon. We have recently reporled 
that steroid hormone, progesterone, induce distinct conformational 
changes in the progesterone receptor (PR). Those conformational 
changes then initiate heat shock proleins dismciation. receptor 
dimerization, DNA binding and uansactivation. However, the exact 
role of this structural change in receptor activation ib not clear. 
Utilizing partial proteolytic analysis. here we show that TR and RAR 
also undergo hormone-dependent conformational changes. Studies of 
various deletion mulanls reveal that the major structural change 
centers upon the ligand binding domain of the receptor and renders 
the entire region resistant to protease digestion. The conformational 
change occurs in the absence of DNA and occurs independent of the 
other domains of the receptor. Heterodimerization between RXR and 
TR or RAR has little effect on receptor conformation in the absence 
of hormone but does enhance the ligand-dependent suuctural change. 
Interestingly, dual hormone treatment intensifies this enhancement. 
We suggest that the observed ligand-dependent conformational 
change is not required for the receptor to bind to the DNA or to 
heterodimeriw with RXR. but instead, may he imporlant for 
converting the receptor from a negalive regulator to a positive 
activator. 

B 656 9-CIS RETINOIC ACID ACTIVATES RXRa IN YEAST 

Paul Mak+, Rouwen Ge* and Sotirios K. Karathanasis' 
+ Agricultural Division, Princeton, NJ 08540 and 

'Department of Cardiovascular Molecular Biolo Lederle 
Laboratories, Pearl River, NY 10965, American8anamid 

Company 

The retinoid X receptor (RXRa) beterodimerizes with retinoic acid 
receptors (RARs), thyroid hormone receptor (TR) and vitamin D3 
receptor (VDR) and stimulates both their DNA binding and 
transactivation properties. The stereoisomer 9-cis retinoic acid binds 
with high affinity to RXRQ and transactivates basal promoters 
containing the retinoid X response element (RXREs) in mammalian 
cell transcient transfection studies. Because all mammalian cells 
contain endogenous RARs, it is not clear whether RXRa functions 
exclusively as heterodimer or also functions on its own. Here we 
report that  RXRQ expressed in yeast, which does not contain 
endogenous RARs transactivates efficiently a basal promoter 
containing an RXRE from the apolipoprotein AI gene (site A) in 
response to  9-cis RA. RXRa produced from yeast exhibits similar 
DNA-binding properties as those produced from mammalian cells. 
Thus, this yeast expression system provides a useful model to study the 
transcription activation pathways induced by retinoids. 

B 655 POSITIVE AND NEGATIVE MODULATION OF JUN 
ACTION BY THYROID HORMONE RECEPTOR AT UNIQUE AP1 
SITE. Gabriela N .  Lopez, Fred Schaufele, Paul Webb, Jeffrey M. 
Holloway, John D. Baxter, and Peter J. Kushner. Metabolic 
Research Unit .  University of California San Francisco. San 
Francisco C.A. 94143. 

Uniiganded thyroid receptor (TR) polentiates 
transcriptional activation of promoters by transfected j u i  at an 
AP1 site found in the backbone of pUC and related plasmids. 
Thyroid ho rmone ,  by contrast, changed potentiation into 
repression. AP1 site from the collagenase promoter, studied in 
parallel, failed to show potentiation of jun activation with TR or 
repression with thyroid hormone on the tk-promoter. The alasmid 
AP1 site thus has unique regulatory effects. Deletions of the 
ligand binding domain of the TR eliminated the ability of the 
receptor lo boost jun activity, and deletion, mutation, or changes 
in specificity of the  DNA binding domain eliminated both 
potentiation by unliganded receptor and repression by thyroid 
hormone. 

Gel shift a s s a y s  confirmed that jun/fos oinds the 
operative fragment, and  the presence of TR, even in excess, did 
not interfere with junlfos binding activity.TR could also bind the 
fragment, at least in the absence of jun/fos,.and thyroid hormone 
reduced this ability. Protein interaction studies in the aDsence of 
DNA suggested that TR binds j u n  protein in solution either in 
presence or absence of hormone .This observations suggest a 
mechanism for synergy and repression by TR through modulation 
of j u n  activity by accompanying TR; positive when TR is 
unliganded, and negative when hormone is bound. 

B 657 PROTEIN KINASE PATHWAYS AND REGULATION 
OF HEPATIC APO E GENE EXPRESSION 

Marise Mangeney, Yves Vandenbrouck and .4gnb 
Ribeiro,Department of Molecular Biology, Faculty of Medicine, 27 
rue Chaligny, 75571 Paris C&x 12 
Apolipoprotein E (Apo E) is a plasma protein involved in the 
transport of cholesterol and other lipids among various tissues and 
organs through its interaction with low density lipoprotein-receptor 
and to the LDL-receptor related protein. Hepatic parenchymal cells 
are primarily responsible for apo E production within the liver. 
We have previously demonstrated that liver apo E mRNA level is 
highly correlated with Insulin/Glucagon molecular ratio ( I /G) in the 
plasma, during the development of fetal and young rats. 
Furthermore, injection of glucagon or db cAMP to young rats 
induced an increase in the apo E mRNA content of their liver. In 
various nutritional circumstances which modified the IlG in rat 
plasma, we also found a correlation with liver apo E mRNA levels 
which increased when I/G decreased. 
In order to investigate the role of the cAMP/PKA pathway in the 
regulation of apo E gene expression in hepatocytes, we have 
submitted rat liver hepatocytes in primary culture to db cAMP and 
theophyllin treatment. We evidenced a two fold inrjyse in apo E 
mRNA level paralleled by a three fold increase in [ S] methionine 
incorporation into apo E. To examin the role of the apo E promoter 
in the db cAMP effect, we prepared by PCR the [-200/+1] region 
of the promoter and inserted it at the Hind IIIlXho I site of pUC- 
SH-CAT. The CAT activities of Hep G2 transiently transfected by 
pUC-[-200/ + I]-apo E-CAT was stimulated by two fold in presence 
of cAMP and theophyllin. 
The actual target of db cAMP remains to be established since no 
CRE B sequence homology was observed between -200 and +1, 
which only contains a sequence highly homologous to AP2 
(CCCACCTC) in a region protected in footprint experiments. 
Preliminary results showed that TPA decreased, and interleukin 1 
increased apo E mRNA level in Hep G2 cells. To identify the actual 
target of protein kinas pathways on apo E gene transcription, 
several pUC-CAT constructs of the 5' flanking region of the apo E 
gene are currently under investigation. 
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8658 POSITIVE AND NEGATIVE REGULATION OF 
HUMAN lck TYPE I PROMOTER TRANSCRIPTION. 

Susan Mc(3racke.n. Stewart Lung, and Neil G. Miyamoto, 
Division of Cellular and Molecular Biology, The Ontario Cancer 
Institute, 500 Sherboume Street Toronto, Ontario, Canada M4X 
1K9. 
The human Ick gene, encoding a lymphoid-specific, cytoplasmic 
membrane-associated tyrosine kinase ~ 5 6 ~ .  is hanscribed from 
two snucturally distinct promoters. The hvo Ick promoters are 
expressed in a developmental stage-specific manner in T cells. 
The Ick type II promoter is active in al l  T cells, whereas the Ick 
type I promoter is active in immature thymocytes and is down- 
regulated during T cell maturation. In addition, several human 
colon and small cell lung carcinoma lines abermntly express the 
Ick type I promoter. To elucidate mechanisms controlling the 
expression of the human lck gene, we investigated the cis-acting 
DNA sequence nquirements for transcription of the human Ick 
type I promoter in the leukemic T cell line, Jurkat, and in the 
colonic tumor cell line, SW620. Transient hansfection assays in 
Jurkat and SW620 cells revealed both negative and positive cis- 
acting regulatory regions. Lck type I promoter activity was only 
detected after removal of sequences between -570 and -480. 
Further 5' deletions showed that 128 bp of 5' flanking sequences 
of the type I promoter, containing an ETS-binding element @BE, 
positions -98 to -91). a TCF binding site (positions -77 to -71). 
and a consensus helix-loophelix transcription factor binding site 
(IgHE, positions -45 to -37). was sufficient to direct rabbit p- 
globin reporter gene transcription. This region of the Ick type I 
promoter is highly conserved between man and mouse. In  vino 
assays demonstrated that both the EBE and the TCF binding site 
were specifically bound by ETS and TCF family members, 
respectively. Point mutation of the EBE abolished lck type I 
promoter activity in Jurkat and SW620 cells. In contrast, 
alteration of the TCF binding site led to an -3-fold increase in 
Ick type I promoter activity in lurkat cells. Currently, we are 
investigating the effect of mutating the IgHE on lck type I 
promoter transcription. 

B 660 CHARACTERIZATION OF RXRR DELETION MUTANTS 

Saverio Minucci, Dina J. Zand, Michael S .  Marks, 
Toshi Nagata and Keiko Ozato, Laboratory of 
Molecular Growth Regulation, National Institute 
of Child Health and Human Development, NIH, 
Bethesda, MD 20892 
Retinoic Acid Receptors (RARs) and Retinoid X 
Receptors (RXRs) mediate the cellular response to 
Retinoic Acid (RA). RARs bind to all-trans RA 
with high affinity, while the RA stereoisomer, 9- 
cis RA, was recently shown to be a good 
candidate for the role of physiological ligand 
for RXRs. RXRs form heterodimers with RARs and 
with several other members of the nuclear 
receptor gene superfamily, suggesting a central 
rsle for RXRs in the fine-tuning of multiple 
hcrmonal signaling pathways. 
in order to further investigate the molecular 
anatoxy of this system, a deletion analysis of 
murine RXRR was performed. Different C-terminal 
ana N-terminal truncated RXRD polypeptides were 
syntnesized in vitro and analyzed for their 
molecular characteristics. This analysis confirms 
the previous findings of the critical role of the 
C-terminal domain in the formation Of 
heterodimers and show that the deletion 
encompassing the whole DNA binding domain, albeit 
to a lesser extent than the intact RXRR, still 
allows heterodimerization to occur. We 
established clones of P19 embryonal carcinoma 
cells expressing a deletion mutant of RXRR 
lacking the DNA binding domain. The functional 
analysis of these clones and transient 
transfectants have given results consistent with 
those obtained from in vitro heterodimerization 
experiments. This RXRR deletion mutant may serve 
as a useful tool to study physiological responses 
to RA controlled by RXK heterodimers. 

AND ANALYSIS OF THEIR FUNCTION, 

B 659 9-CIS-RETINOIC ACID ALTERS THE DNA 
B I N D I N G  C H A R A C T E R I S T I C S  O F  

RECOMBINANT RXRO, Jeffrey A. Medin, Paul H. Driggers, and 
Keiko Ozato, Laboratory of Molecular Growth Regulation, Bldg. 6 Rm 
416, NICHD, NIH, Bethesda, MD 20892 
We have previously cloned the murine gene for Retinoid X Receptor 
D (RXRB), a member of the steroid/thyroid subfamily of nuclear 
hormone receptors. RXRD bas been shown, by us and others, to 
heterodimerize with a specific subset of nuclear hormone receptors and 
thus act as a potential convergence point for multiple hormone 
response pathways. The specific ligand for RXRO has been identified 
as the 9-cis form of retinoic acid (RA) and it has also been recently 
demonstrated that the addition of 9-cisRA induces RXRB homodimer 
binding to various elements, creating even greater potential response 
diversity. 

In this study we examine the physical DNA binding 
characteristics of heterodimers and homodimers of recombinant RXR!3 
in the presence or absence of 9-cisRA for a series of nonequivalent 
hormone response elements. It is shown that the addition of 9-cisRA 
does not affect the ability of heterodimers and homodimers to form in 
solution by co-immunoprecipitation assays and by direct protein-protein 
crosslinking analysis. The addition of specific ligand does increase the 
binding of homodimers to multiple hormone response elements, while 
heterodimer binding affinity is not affected. Nanomolar binding 
constants are calculated from quantitative gel shift analyses and reflect 
preferential binding of certain dimeric forms for different elements. 
DNA methylation interference patterns are also examined for 
heterodimers and homodimers formed in the presence and absence of 
the specific ligand. 

B 661 TRANSCRIPTIONAL CONTROL OF ENDOGENOUS 
MOUSE MAMMARY TUMOR VIRUS IN B 

LYMPHOCYTES, Edwin C. Murphy 111, Stefan Doerre and Ronald B. 
Corky, Department of Immunology, Duke Medical Center, Durham, 
NC 27710 
It has been previously shown that levels of transcripts encoded by an 
endogenous mouse mammary tumor virus (MMTV) increase during both 
lipopolysaccaride (LPS) and interleukin 5 induced differentiation. This 
occurs both in normal B lymphocytes and in inducible B cell lymphomas. 
Induction of MMTV by LPS in B cells occurs via a glucocorticoid- 
independent pathway, and is at least partially distinct from mechanisms 
controlling immunoglobulin gene expression. Further, two transcription 
factors known to function in immunoglobulin upregulation, NF-kappa€? 
and m - 2 ,  are not sufficient for MMTV upregulation, even though the 
viral LTR contains putative binding elements for each factor. Transient 
transfections have shown that MMTV upregulation results from 
transcriptional stimulation from the viral long terminal repeat (LTR), 
indicating the presence of specific and inducible transcription factors in 
B cells. The transcription of MMTV in B cells results in the expression 
of a virally encoded superantigen which is important in the viral life 
cycle. It is therefore of interest to define the elements involved in 
MMTV upregulation in B cells, and the factors that act on these 
elements. Electrophoretic mobility shift assays are now being used to 
define the elements in the viral LTR which may function to bind specific 
transcription factors and thus regulate MMTV transcription. 
(Supported by NIH grant CA36642) 
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B 662 Abstract IVitlldr-au'n 

B 664 MINIMAL DNA SEQUENCES WHICH CONTROL THE 
TISSUESPECIFIC ACTIVITY OF THE PROd(Il COLLAGEN 
PROMOTER Karen Niederreither, Tarja Helaakoski, Lee 

Ann Garrett, Rena N. DSouza' and Benoit de Crombrugghe 
Department of Molecular Genetics M .  D. Anderson Cancer Center, 
'Department of Anatomical Sciences University of Texas Health 
Science Center Dental Branch, Houston, TX 77030. 
The pattern of expression of the prod(1) collagen gene is highly 
tissue-specific in adult mice and shows its strongest expression in 
bones, tendons, and skin. Transgenic mice were generated 
harboring promoter fragments of the mouse prod(1) collagen gene 
linked to the Escherichia coli p-galactosidase or firefly luciferase 
genes to examine the activity of these promoters during 
development. A region of the mouse prod(1) collagen promoter 
between -2000 and +54 exhibited a pattern of p-galactosidase activity 
during embryonic development that corresponded to the 
expression pattern of the endogenous proaZ(1) collagen gene as 
determined by in situ hybridization. A similar pattern of activity 
was also observed with much smaller promoter fragments 
containing either 500 or 350 bp of upstream sequence relative to 
the start of transcription. Embryonic regions expressing high 
levels of p-galactosidase activity included the valves of the 
developing heart, sclerotomes, meninges, limb buds, connective 
tissue fascia between muscle fibers, osteoblasts, tendon, 
periosteum, dermis, and peritoneal membranes. The pattern of p- 
galactosidase activity was similar to the extracellular 
immunohistochemical localization of transforming growth factor- 
p l  (TGF-pl). The -315 to -284 region of the proaZ(1) collagen 
promoter was previously shown to mediate the stimulatory effects 
of TGF-pl on the proaZ(1) collagen promoter in DNA transfection 
experiments with cultured fibroblasts. A construct containing this 
sequence tandemly repeated 5' to a very short aZ(I1 collagen 
promoter (-40 to +54) showed preferential activity in tail and skin 
of 4-week old transgenic mice. The pattern of expresssion mimics 
that of the -350 to +54 prnaP(1) collagen promoter linked to a 
luciferase reporter gene in transgenic mice. We are currently 
testing whether the -315 to -284 sequence functions upstream of a 
heternlogous minimal promoter and are attempting to identify the 
transcription factors responsible for this tissuespecific expression. 

B 663 RETINOID REGULATION OF THE HUMAN 
SKELETAL a- ACTIN GENE: IDENTIFICATION 
OF A RETINOIC ACID RESPONSE ELEMENT 

Lesley Mynett-Johnson, Michael Downes,  Russell Griggs 
and George  E.O.  Muscat. University o f  Queensland, 
Centre for Molecular Biology and Biotechnology, Ritchie 
Research Laboratories, St Lucia , 4072, QL.D., 
AUSTRALIA 

The retinoids, all trans retinoic acid (RA) and 9 4 s  RA have 
diverse regulatory roles in  vertebrate development. The action of these 
ligands are mediated by the retinoic acid and retinoid X receptor (RAR 
and RXR) families. The RXRs have been shown to selectively 
modulate the binding of the thyroid hormone, vitamin D and retinolc 
acid receptors to their cognate elements, thus affording the potential of 
a wide and complex level of hormonal regulation. 

We have used electrophoretic mobility shift assays (EhlSA) and 
northern analyses to characterize the retinoid regulation of the skeletal 
a-act in  gene. This gene i s  specifically expressed and 
pathophysiologically regulated in cardiac and skeletal muscle tissue. 
EMSA experiments have shown that bacterially expressed RARa and 
RXRa interact specifically with sequences between nucleotide 
positions -273 and -249 in the human skeletal a-actin gene; a region 
previously shown to mediate a response to T3. In addition, RXR 
enhances the dimeric and oligomeric binding of RAR to this element. 
This element conferred a RAR-dependent transcriptional response to an 
enhancerless SV40 promoter. In vitro competition utilizing mutant 
oligonucleotides spanning this region indicated that RAR interacrq uith 
a direct repeat of the AGGTCA motif with a 2 nucleotide spacing. 
These findings are consistent with the fact that most, if not all. T3 
responsive genes are subject to multihormonal control. Northern 
analyses indicated that the various RAR and RXR isoforms are 
differentially expressed and predominantly down regulated during 
rodent myogenesis. We are currently over-expressing these receptors 
in muscle cell lines to evaluate their regulatory role during myogenesis. 

B 665 REGULATION Of INTERFERON-INDUCIBLE GENES 
DURING MONOMlC DIFFERENTIATION OF U-937 
CELLS: EFFECTS OF THE CONSTITUTIVE 
EXPRESSION OF V-MF 

Fredrik bberg, Kenneth Nllsson and Lars-Gunnar Larsson 
Laboratory of Tumor Biology, Depl. of Pathology, University 
Hospital, Uppsaia University, S-751 85 Uppsala. 

Extensive studies suggest a role for the myc proto-oncogene 
famlly in the control of cell proliferation and differenlietion in 
vertebrates. We have utlllzed the human monoblastic U-937 
cells constitutively expressing an exogenous v-myc construct to 
study the role of the myc gene during hematopoietic 
differentiation. The expresetan of v-Myc blocks the phorbol ester 
(PMA). 1.250-dihydroxyvttamin D3 (VID3) and retinoic acid (RA) 
Induced terminal differentiation of U-937 ceils. However. this 
block can be abrogated by the co-stimulation of these Inducers 
wlth interferony (IFNr). In contrast, the terminal differentlatlon 
cannot be restored by co-stimulation wlth IFN-a. Since 1FN-y and 
IFN-a differ In their capacfty to restore terminal differentiation it 
was of interest to examine the effects of v-Myc expression on the 
response to these cytokines. Furthermore, the expression 01 
several interferon-inducible genes, e.g. MHC class I and Fc 
receptors. are upregulated during differentiation of U-937 control 
cells. induced by PMA, ViD3 and RA. To investlgate those 
responses in tufther detail the regulation of the expresslon of six 
interferon-inducible genes. 6-18, 9-27. FCpI. the transcription 
factor IRF-1, and the enzymes dsRNA kinase (p68) and 2% 
oligoA synthetase, we8 studied in U-937 control cells and cells 
constitutively expressing v-Myc. Data on the effect of v-Myc w1 
the regulation of the expression these interferon-induclble 
genes during terminal differentiation. and in the response to IFN- 
y and IFN-a stiiulatlon will be presented. 
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B 666 TRANSCRIPTIONAL REGULATION OF THE HUMAN 
MIP GENE. C h i k i  Ohtaka-Maruyama, LaShawn R. Drew, 

M. Michele Pisano and A m  B. Chepe l iky .  Laboratory of Molecular 
and Developmental Biology, National Eye Institute, National Institutes of 
Health, Bethesda, MD 20892, U.S.A. 
MIP, the major intrinsic protein of the lens fiber membrane, is specifically 
expressed in the ocular lens fiber cell membrane. MIP belongs to an 
ancient superfamily of putative transmembrane channel proteins and may 
play a role in cell-cell communication. 
We cloned 2840 bp of 5’ flanking sequence of the human MIP gene to 
study the cis regulatory elements responsible for the tissue specificity and 
developmental regulation of the MIP gene. Initially we analyzed the 
sequences proximal to the initiation site of transcription. We found that 
a DNA fragment containing 253 bp of 5’ flanking sequcnce and 42 bp of 
exon one of the human MIP gene fused to the reporter gene 
chloramphenicol acetyltransferase (CAT) gene directs CAT gene 
expression to lens cells in transient assays and transgenic mice. We are 
presently focusing on other 5’ flanking sequences of the MIP gene that 
may be required for appropiate tissue specificity. Two putative NF1 
binding sites are present in one of the three Alu repzats present in the 5’ 
flanking region of the MIP gene, at positions -2687 and -2460. The other 
two Alu repeats contain two CACCC boxes each, at positions -2072, 
-2080, -1750 and -1701. The most proximal Alu repeat, positions -1700 
to -1994, contains a CpG island. The 5’ flanking region between this Alu 
repeat and the transcription initiation site contains five CCAAT boxes, 
seven additional CACCC boxes, one Spl binding site, six additional NF-1 
binding sites, and two glucocorticoid responsive elements; all of them 
known to function synergistically in the binding to the glucocorticoid 
receptor. To elucidate whether those motifs are involved in the regulation 
of MIP gene expression we are presently studying the effect of several 
factors on the in vitro transcription of the MIP gene using Drosophila and 
Hela nuclear extracts. Purified human SpI activates the in vitro 
transcription of the MIP promoter, suggesting its involvement in the 
regulation of transcription of the MIP gene. These studies will further our 
understanding of the role of general transcription factors on the tissue 
specific expression of the MIP gene. 

B 668 CHROhTC EXPOSURE OF HIT CELLS TO HIGH 
GLUCOSE CONCENTRATIONS ALTERS BINDING OF 

INSULIN GENE REGULATORY PROTEIN AND PARADOXI- 
CALLY DECREASES INSULIN GENE TRANSCRIPTION, L. Karl 
Olson, J. Bruce Redmon, Howard C. Towle, and R. Paul Robertson, 
Diabetes Center and the Division of Endocrinology and Metabolism, 
Department of Medicine, and Department of Biochemistry and lnstitute 
of Human Genetics, University of Minnesota Medical School, 
Minneapolis, MN 55455 

Chronically culturing HIT-TI5 cells in media containing 1 1.1 mM 
glucose leads to decreased insulin mRNA levels, insulin content and 
insulin secretion, and these changes can be prevented by culturing the 
cells in media containing 0.8 mM glucose. This represents a 
paradoxical event since glucose is a physiologic stimulator of insulin 
gene transcription and stabilizes insulin mRNA. To determine the 
mechanism of this event we transiently transfected HIT cells with a 
chloramphenicol acetyl transferase (CAT) reponer gene controlled by 
the 5’-regulatory domain of the human insulin gene (INSCAT). Early 
passages of HIT cells readily expressed INSCAT, whereas late 
passages of cells chronically cultured in 11.1 mM glucose expressed 
only 14.1k3.3 B (meadSEM) of the CAT activity expressed in early 
passages. In contrast, late passages of HIT cells chronically cultured in 
0.8 mM glucose retained the ability to express INSCAT to the same 
extent as early passages. The decrease i n  INSCAT expression in late 
passages of HIT cells serially cultured in 11.1 mM glucose was 
associated with the absence of a specific nuclear protein-DNA 
complex. This specific protein-DNA complex could be preserved in 
late passages of HIT cells by serially culturing in 0.8 mM glucose. The 
binding site of the protein was determined to lie within the CT-11 motif 
(-2151-210) of the human insulin promoter. This motif has been shown 
to bind the beta cell specific transcription factor, IUF, and is similar to 
a sequence found in the glucose responsive element of the rat 1 insulin 
gene. There werc no other observable differences in protein-DNA 
complexes when the sequences between -326 and -131 of the human 
insulin gene were examined. These data suggest that chronic exposure 
of the beta cell to high glucose concentrations can paradoxically 
decrease insulin gene transcription, in part, by altering the interaction 
of a regulatory protein with the CT-II motif of the human insulin gene 
promoter. 

B 667 INVOLVEMENT OF A CIEBP-LIKE PROTEIN IN THE 
ACQUISITION OF RESPONSIVENESS TO 

GLUCOCORTlCOlD HORMONES DURING CHICK NEURAL 
RETINA DEVELOPMENT. Sarah Ben-Or and Sam Okret, 
Dept. of Physiology, Hebrew Univerity Hadassah Medical 
School, Jerusalem, Israel and Dept. of Medical Nutrition, 
Karolinska Institute, Huddinge University Hospital, Huddinge, 
Sweden. 
The glucocorticoid receptor (GR) in chick embryonic (E) neural 
retina is expressed early in ontogeny, yet the tissue’s response 
to the glucocorticoid hormone, i.e. induction of glutamine 
synthetase (GS) develops later, only during the second week 
of ontogeny. Transient transfection of embryonic day 7 (E7) 
retinal cells, which are nonresponsive to glucocorticoids, with 
chimeric plasmids containing the chloramphenicol 
acetyltransferase (CAT)-reporter gene under the control of 
glucocorticoid responsive promoters, demonstrated that GR in 
E7 cells is a functional transactivating factor. We show that the 
limiting transcription factor that controls the developmental 
acquisition of responsiveness to glucocorticoids is similar to a 
CCAAT enhancer binding protein (CIEBP). This protein 
recognizes a sequence in the promoter of the chick GS gene, 
which is required for eliciting the glucocorticoid response. 
Retinal C/EBP-like protein was not detected in the 
glucocorticoid nonresponsive (E7) proliferating glioblasts but 
was found to be present in the glucocorticoid responsive (E12) 
post-mitotic cells. Premature expression of C/EBP in the 
nonresponsive E7 cells by transfection was shown to enhance 
the developmental acquisition of responsiveness to the 
glucocorticoid hormone, as deduced from the level of GS 
inducibility. 

6669  THE LIGAND BINDING DOMAIN O F  THE HUMAN 
RETINOIC ACID RECEPTORy RECOGNIZES A CHIRAL 

LIGAND, Jacek Ostrowski, Kuo-Long Yu*, Roman Stew&*, Laura 
Hammer, Thor Roalsvig, Simon Chen, Joyce Phelan, Kevin 
Pokornowski, Patrick Spinaue, John Starrett, Muzammil Mansun*, 
Peter R. Reczek, Department of Molecular Biology and *Retinoid 
Chemistry, Bristol-Myers Squibb PRI, Buffalo, NY 14213 

Retinoic acid exerts its many biological effects by interaction with 
specific nuclear receptors (RAR). The human retinoic acid receptors 
are members of the steroidhhyroid hormone receptor superfamily. Of 
the three known receptors, R A R y  is the predominant form in the skin. 

Despite efforts to understand the binding properties of retinoic acid for 
its receptor, little is known about this interaction. Retinoids that bind 
selectively to each of the three receptor subtypes have only recently 
been described. We report here that several different classes of 
synthetic retinoids with a racemic hydroxyl group in the linker region 
are  selective for the R A R y  subtype. Further, traditional 
transactivation and direct binding assays using these synthetic 
compounds demonstrate that the receptor clearly prefers one 
enantiomer over the other. These results are correlated with the same 
preferences in in vivo experiments. 

Taken together, these results suggest that R A R y  is very sensitive to 
structural modifications in synthetic ligands and that the portion of the 
receptor that interacts with the linker region of these ligands is chiral. 
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B 670 DIFFERENTIALGENE REGULATIONINRESPONSE 
TO LOSS OF TUMOR SUPPRESSOR GENE 

FUNCTION: COLLAGEN I1 (ALPHA 1) AND H19, Russell D. 
Owen and J. Carl Barrett, Laboratory of Molecular 
Carcinogenesis, National Institute of 
Environmental Health Sciences, D2-04, National Institutes of 
Health, P.O. Box 12233, Research Triangle Park, NC 27709 
Loss of tumor suppressor gene function is essential to the multistep 
progression of cells to neoplasia. Immortalized, non-tumorigenic 
cells which were established by carcinogen treatment of Syrian 
hamster embryo (SHE) cells, retained the ability to suppress 
tumorigenicity in cell hybrids with highly malignant cells (termed 
suppressor-positive). Passage and subcloning of these cells 
allowed the isolation of variant cell lines that had lost tumor 
suppressor activity (termed suppressor-negative) but remained non- 
tumorigenic. The steady state mRNA levels for collagen I1 (alpha 
la), a chondrocyte differentiation marker, and H19, a 
developmentally-controlled gene, were found to be differentially 
regulated between suppressor-positive and suppressor-negative 
cells. Nuclear run-on analysis indicated that this differential gene 
expression was effected in cells by alterations of transcriptional 
and post-transcriptional regulation. Transient transfection 
experiments were used to identify a cis-acting transcriptional 
element resident in the rat collagen II 5' flanking sequences that 
directs differentially regulated gene transcription. Gel retention 
analysis demonstrated the presence of a nuclear DNA-binding 
factor(s) that specifically recognizes a DNA sequence common to 
both the mouse H19 enhancer and the rat collagen I1 gene. The 
emergence of two independent mechanisms that cause differential 
expression of collagen I1 and HI9 in response to tumor suppressor 
loss, operating at both the transcriptional and the post- 
transcriptional levels, strongly suggests that the coordinate 
regulation of these genes, or other genes regulated by common 
mechanisms, may be important in maintaining tumor suppression. 

6672 1,25 DIHYDROXYVITAMIN D3 INDUCTION OF A 
RETINOIC ACID RESPONSE ELEMENT BY A CHIMERIC 

RECEPTOR, S. M. Pemrick, L. J. Stumnbecker, P. Abarzlia', C1. 
Kratzeisen, M. S .  Marks2, J. A. Medin2, Keiko Ozato', A. A. Levin, 
W. Hunziker', and J. F. Grippo, Depts. of Investigative Toxicol. and 
Oncology', Nutley, NJ, and Pharma Research), Basel Switzerland, 
Hoffmann-La Roche, Inc., and Laboratory of Cell Biology, Nat'l 
Cancer Inst., N.I.H., Bethesda, MD2. 
A chimeric receptor (RAWVD) containing the DNA binding domain of 
the retinoic acid receptor (RAR a) and the ligand binding domain of 
the vitamin D receptor (VDR) mediated transcription of a retinoic acid 
(RA) response element (RARE) in the presence of 1,25 
dihydroxyvitamin D3 (D3). Nucleosol fractions from COS-I cells 
transfected with either VDR or RAWVD bound PHIL25 dihydroxy 
vitamin D3 with Kds of approximately 0.1 nM. In CV-1 cells, 
RAWVDR mediated transcriptional activity of a RARE (&RARE& 
thymidine kinase (tk)-luciferase reporter gene, but not that of a retinoic 
acid X receptor, RXRE (ApoAI)-tk-lucifeme reporter gene, in 
response to treatment with D3. Transcriptional activation by 
RAWVDR was linearly dependent upon receptor plasmid concentration 
and exhibited half maximal activation at 0.7nM D3. Two additional 
chimeric receptors containing RAR a DNA binding domains and 
estrogen receptor (ER) ligand binding domains failed to mediate 
transcriptional activity on the RARE, although both were capable of 
binding ['HI estradiol. Gel retardation assays indicated RAWVDR, but 
not the RAWER chimeric receptors bound to the RARE. Co- 
precipitation assays with RXR antibody showed RAR and RAWVDR, 
but not the RAR-estrogen chimeras, formed heterodimers with RXR. 
These results demonstrate that formation of a functional RAR chimeric 
receptor may require a ligand binding domain capable of interacting 
with RXR. 

B671 EXPRESSION OF THE ACUTE PROMYEWCYTIC 
LEUKEMIA (APL) TRANSLOCATION PRODUCTS 

INTO HUMAN MYEMID CELL LINES. Pier Giuseppe 
Pelicci, Pier Francesco Ferrucci, Marta Fagioli, 
Myriam Alcalay, Giampaolo Talamo, Amedea 
Mencarelli, Fausto Grignani and Francesco 
Grignani, Istituto di Clinica Medica I, 
University of Perugia, Perugia, Italy 06100. 
The ApL 15;17 chromosomal translocation 
breakpoints lie within the RARa and PML loci. Two 
fusion genes, PML/RARa and RARa/PML, are formed 
as consequence of the translocation. 
Alternatively spliced PML/RARa transcripts encode 
PML/RARa fusion proteins and aberrant truncated 
PML proteins; the RARa/PML transcript encodes a 
fusion RARa/PML protein. 

To investigate the contribution of these 
abnormal proteins to the leukemic phenotype, we 
constructed retroviral expression vectors for the 
PML/RARa, RARa/PML and aberrant PML proteins as 
well as for the wild type PML and m a .  We also 
generated retroviral vectors for engineered 
PML/RARa fusion proteins lacking the m a  and the 
PML DNA binding domains, respectively. We used 
these vectors to infect three human myeloid cell 
lines: HL-60, which is sensitive to =-induced 
granulocytic terminal differentiation: HL-60R, an 
HL-60 subline defective for RARa and resistant to 
FA; U937, which is also sensititive to the RA- 
induced differentiation, but is committed to the 
monocytic lineage. For each cell line we have 
generated subclones expressing protein of the 
transduced gene. The effects of the expression of 
the 15;17 translocation aberrant proteins on the 
differentiation programme and the proliferation 
of these myeloid cell lines will be presented and 
discussed. 

B 673 HOX 2.4 AND A MILIEU OF HIGH IL-3 CONCENTRATION 
DELIVER SYNERGISTIC SELF-RENEWAL SIGNALS. 

A.C.Perkins, J.M.Adams, S.Cory. Walter and Eliza Hall Institute of 
Medical Research, P.O.Box Royal Melbourne Hospital, Parkville, VIC., 
AUSTRALIA 3050. 

Homeobox genes perform important managerial roles in embryonic 
development and subsequent cellular differentiation processes. 
Hematopoietic cells express a wide array of Hox genes, some of which 
may govern lineage commitment. However, the expression of Hox 2.4 in 
the murine myelomonocytic cell line, WEHI-3B is abenant due to insertion 
of an endogenous intracisternal A-particle (IAP) into the 5' untranslated 
region of the gene. A similar IAP insertion leads to autocrine IL-3 
production. We have previously demonstrated that the simultaneous 
expression of Hox 2.4 and IL-3 leads to the tumorigenic transformation of 
a subpopulation of bone marrow progenitor cells. In view of the fact that 
enforced autocrine IL-3 production alone can cause proliferation but cannot 
impede differentiation of naive bone marrow cells we have argued &at Hox 
2.4 is the immotalizing partner in the generation of the WEHI-3B 
leukemia. More recently we have confirmed that Hox 2.4 alone can 
immortalize a subpopulation of progenitors cells from bone marrow to 
yield factor-dependent, non-tumorigenic lines of myeloid, mast and 
megakaryocyte lineages. Many of the lines express surface markers of 
more that one lineage and some have stem cell features such as the ability 
to form cobblestone areas on marrow stromal lines and day 13 CFUs in  
vivo . Surprisingly , immortalization is dependent upon the continued 
presence of very high concentrations of IL-3. Its withdrawl results in 
terminal differentiation which can be biased towards granulocytes or 
macrophages with G-CSF or M-CSF respectively. Mice reconstituted with 
Hox 2.4 reaoviral-infected marrow remain healthy presumably because the 
amounts of lL-3 available in vivo are limiting. Nevertheless self-renewal of 
the progenitor cell compartment was demonstrable as an increased number 
of CFCs which grew as compact colonies in the presence of high IL-3 
concentrations. Many clonally identical immortalized lines were generated 
from independent colonies which argues for CFC self-renewal in vivo. In 
addition, Hox 2.4 expression within CFUs allows for their continued self- 
renewal during serial transplantation.The critical effect of Hox 2.4 
expression appears to be increased self-renewal potential. It may mimic the 
action of another homobox gene product that normally maintains stem cell 
self-renewal or alternatively, it may inhibit the function of one needed for 
terminal diffenntiation. The requirement for high concentrations of IL-3 to 
maintain self-renewal raises inuiguing questions about signal pathways in 
hematopoietic stem cells. 
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B 674 THE ATF/CREB FAMILY OF TRANSCRIPTION FACTORS 
IS A TARGET FOR REGULATION BY 

TRANSFORMATION, Manoussos Perros, Steffen Faisst, Nathalie 
Spruyt and Jean Rommelaere, Oncologie Moleculaire. lnstitut 
Pasteur de Lille, BP245, 59019 Lille, France 
Oncogenic transformation of mammalian cells causes 
modifications in the transcriptional activity of a wide variety of 
cellular genes. Although most nuclear oncoproteins can act as 
transcription factors, others appear to regulate gene expression 
by modulating the activity of cellular transcriptional complexes. In 
the present study, promoter P4 of parvovirus MVMp was used as 
a model system to identify transformation-responsive 
transcription factors. Indeed, ras transformation was previously 
shown to result in a striking stimulation of the activity of this 
promoter in rat cells. Protein-DNA complexes formed on the 
regulatory region of promoter P4 were mapped by inAk~ and h 
% footprinting experiments. Among other transformation- 
dependent changes, a striking differential interaction was 
detected within a repeated sequence at the 5' end of the 
parvoviral promoter. Copper-orthophenanthroline footprinting 
and methylation interference assays narrowed this region down 
to a tandem-repeated motif that closely resembles the 
consensus sequence for the binding of the ATF/CREB family of 
transcription factors. Competitive gel retardation assays, UV- 
crosslinking experiments and incubation with specific antibodies 
were performed to characterize the nucleoprotein complexes 
that are formed within that region. Out of five complexes, three 
were found to be =-sensitive and to consist of CREB/CREB, 
CREB/ATFl and ATFVATFl dimers. Although all three species 
could be detected in both normal and transformed cells, ras 
transformation appeared to favor the formation of ATF1 
homodimers compared to CREBlCREB and CREB/ATFl 
complexes. These data and other experiments under progress in 
our laboratory suggest that ras transformation can modulate 
transcription of target genes through members of the ATF/CREB 
familly. 

B676 FLJNCTIONAL CHARACTERIZATION OF W R X R  
DIMERIZATION, Jens Pohl. Thomas Bugge and Henk 

Stunnenberg, Gene Expression Programm, European 
Molecular Biology Laboratories, Meyerhofstrasse 1, D-6900 
Heidelberg, Germany 

Stable binding of retinoic acid receptors (RARs) to 
their response elements requires heterodimerization with 
the retinoid X receptor (RXR). To characterize the nature of 
the interaction, the C-terminal part of RARa and RXRa 
encompassing the ligand binding domain and nine short 
hydrophobic heptad regions presumably fonning a coiled 
coil structure, were expressed in bacteria. The use of 
histidine tagged proteins faciliated purification of soluble 
proteins on Ni*+-chelate NTA agarose. Co-expression of 
histidine-tagged RXRa ligand binding domain with non- 
tagged RARa ligand binding domain yielded a soluble 
heterodimeric RAR/RXR complex as shown by SDS-PAGE 
and western blotting using polyclonal antibodies against 
KARa and RXRa. This clearly demonstrated the importance 
of the ligand binding domain for the receptor interaction 
and that RXR and RAR are tightly associated in the absence 
of DNA. Purification of these heterodimeric complexes will 
facilitate studies of the dimerization interface by NMR and 
crystallography. 

The response elements for RARs are composed of 
two direct repeats of GGTCA. To clearify the orientation of 
binding of the W R X R  heterodimers, we substituted the 
DNA binding domain of either RAR or RXR with that of the 
glucocorticoid receptor (GR). By binding to chimeric 
response elements having either the first or second direct 
repeat substituted with a consensus GRE half site, we 
conclude that RXR binds specifically to the first half site 
and RAR to the second. 

B675 SELECTIVE MYOD AND MYOGENIN mRNA 
EXPRESSION IN FAST AND SLOW MUSCLE IS 

UNDER NEURONAL CONTROL, Charlotte A. Peterson*, Helen 
M. Blau', and Simon M. Hughes', $Departments of Medicine and 
Biochemistry and Molecular Biology, University of Arkansas for 
Medical Sciences and John L. McClellan Veterans Medical Center, 
Little Rock, AR 72205, USA; ?Department of Pharmacology, 
Stanford University Medical Center, Stanford, CA 94305-5332, 
USA; *Current address: MRC Muscle and Cell Motility Unit, 
King's College London, 26-29 Drury Lane, London, WC2B 5RL, 
UK. 

In skeletal muscle, each of the myogenic helix-loop-helix 
transcription factors (MyoD, Myogenin, Myf-5, and MRF4) is 
capable of activating muscle-specific gene expression, yet distinct 
functions have not been ascribed to the individual proteins. One 
possibility is that their differential expression or activity may 
contribute to the distinct phenotypes characteristic of different 
muscles of the limb. We report here that MyoD and Myogenin 
mRNAs are selectively expressed in hindlimb muscles of the adult 
rat that differ in contractile activity: MyoD was prevalent in fast 
twitch and Myogenin in slow twitch muscles. Furthermore, within 
a single muscle, in siru hybridization showed that the distribution 
of MyoD and Myogenin transcripts correlated with the proportions 
of fast glycolytic and slow oxidative muscle fibers. Alteration of 
the fast/slow fiber type distribution by cross-reinnervation resulted 
in a corresponding alteration in the MyoD/Myogenin mRNA 
expression pattern: Myogenin transcripts declined in those regions 
of a slow muscle that were converted to express fast myosin heavy 
chain. These findings suggest that the content of specific 
myogenic helix-loop-helix regulators may control adult muscle 
fiber phenotype and mediate nervedependent changes in contractile 
protein expression. 

B 677 DEVELOPMENTAL REGULATION OF THREE bHLH 
MYOGENIC REGULATORY GENES, M.E.Pownal1 and 

C.P.Emerson, Jr. Department of Biology, Gilmer Hall, University 
of Virginia, Charlottesville. VA 22901 and Institute for Cancer 
Research, Fox Chase Cancer Center, 7701 Burholme Avenue, 
Philadelphia, PA 191 11. 

qmfl, qmf2, and qmf3 are bHLH transcription factors that are 
involved in regulating gene expression during the 
establishment of the myogenic lineage. The expression of the 
quail bHLH myogenic factors themselves is precisely regulated 
during somite development. qmf7 (the quail MyoD homologue) 
expression is detected earliest, in the immature somite, 
followed by qrnf3. qmf2  and contractile protein gene 
expression is not detected until the somite has matured. 
Expression of the qmfs and other muscle specific genes is 
restricted to the myotomal compartment of the mature somite. 
In the earlier, immature somite. qmfl  and qmf3 are expressed 
in the medial cells proximal to the neural tube. The expression 
patterns of these quail myogenic regulatory factors differs from 
that of the mouse homologues, suggesting that although the 
amino acid sequence conservation between homologues is 
high, they may have different roles in myogenic determination 
and differentiation. The activation of qmfl  expression in the 
somite cells proximal to the neural tube supports the 
hypothesis that neural tube influences may regulate some 
initial events of myogenesis. We are testing the capacity of the 
neural tube to induce ectopic qmf7 expression in immature 
somites. The sequential activation and co-localization of qmfl ,  
qmf2 and qmf3 gene expression indicate that there may be a 
gene regulatory hierarchy. We are using a cell culture/ DNA 
transfection approach to identify regulatory sequences 
responsible for the observed sequential activation pathway in 
somite cells. 
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B 678 RETINOIC ACID-INDUCED ACTIVATION OF 
TRANSCRIPTION FACTORS HNF-3a AND HNF-30 UPON 

TERATOCARCINOMA CELL DIFFERENTIATION, Ronald R .  
Reichel l ,  Shalini  Budhirajal .  Alexander J a c o b l ,  Xiaobing 
Qian2 and Robert H. Costa2,  IDepartment of Pharmacology 
and Molecular Biology, The Chicago Medical School,  North 
Chicago, 1L 60064. Department of Biochemistry,  
University of Il l inois,  College of Medicine,  Chicago,  IL 
606 1 2  
We have investigated the regulation of HNF-3a  and HNF-30 
during differentiation of F9 teratocarcinoma cells.  Addition 
of re t inoic  acid to F9  stem cells leads to  differentiation into 
primitive endoderm, which is accompanied b y  a dramatic 
increase of the DNA binding activit ies of both HNF-3a  and 
HNF-3P. Activation of HNF-3P occurs between 1 and 2 days 
after induction of differentiation and HNF-3P levels  remain 
elevated up to 10 days post-differentiation. In  contrast ,  HNF- 
3 a  is activated much earlier,  between 4 and 8 hours after 
retinoic acid addition. Furthermore,  H N F - 3 a  levels peak at 
about 24hours post-differentiation and then decl ine to 
undetectable levels.  The described kinetic behaviours 
indicate that these two members of the HNF-3 transcription 
factor family are involved in different aspects of the 
differentiation process. In  addition, the relatively ear ly  
induction of HNF-3a  opens up the possibil i ty that the HNF- 
3 a  gene is a direct  target of retinoic acid receptor.  W e  have 
also studied the fluctuation of HNF-3a  and HNF-3P upon F9 
cell differentiation into parietal  endoderm, which i s  
tr iggered by the combined addition of retinoic acid and 
CAMP level-increasing agents.  Both HNF-3 factors are 
induced with kinetics that are virtually identical  to the ones 
observed during primitive endoderm differentiation. With the 
help of specific DNA probes,  we a re  currently investigating 
the regulation of both transcription factors a t  the RNA level.  
This will bring as closer t o  o u r  long-term goal ,  which is the 
elucidation of the pathway that l inks retinoic acid action to  
the regulation of gene expression.  

B 680 INDUCTION OF TERMINAL DIFFERENTIATION AND 
EFFECTS ON CELL CYCLE REGULATORY PROTEINS 

IN KERATINOCYTES, K.Hartmut Richter, Petra Rehberger 
and Friedrich Marks, Department of Tissue Specific 
Regulation, German Cancer Research Center,  W-69  
Heidelberg, GERMANY 

Primary murine keratinocytes were prepared from neonatal  
mice acc. to Yuspa e t  al., fractionated on  a Percoll gradient 
acc.  to FBrstenberger e t  al. and cultured at 34OC in 
modified MEM with 1 0 %  fetal bovine serum containing only 
0.06 mM Ca*+.  Terminal differentiation was induced by 
raising t h e  Ca*+-concentration up to 1.2 mM together with 
a medium change. 
Differentiation was followed thereafter by measuring t h e  
amount  of Coomassie blue stained covalently linked 
proteins (cornified envelopes) bound to regenerated 
cellulose and by determining t h e  distribution of the  cells in 
t h e  cell cycle by cytoflow fluorometric measurements.  The 
content  of tumorsuppressor p53,  p l  10Rb, Cyclin A, Cyclin 
B, cdk2- and  cdc2-kinase was monitored concomitantly by 
analyzing Western blots of cell lysates with corresponding 
antibodies by using t h e  ECL method. 

More than 80% of the  cells accumulated within 30 hours in 
t h e  G1-phase of t h e  cell cycle. In parallel to t h e  increase of 
t he  G1-arrested cells t h e  amount  of cdk2-,  cdc2-kinase, 
Cyclin A and Cyclin B decreased and was hardly detectable 
30 h after increasing the  Ca*+-concentration, whereas  t h e  
content  of p 5 3  and p l  lORb seemed  to remain constant .  
A 20mer ant isense p 5 3  deoxy-oligonucleotide of t h e  5'-end 
of the  coding region a t  a concentration of 10 pM is in use  
t o  investigate t h e  involvement of p 5 3  in t h e  process  of 
differentiation. Uptake reached saturation levels after ca. 30 
h of treatment with a half life in t he  medium of about  6 h. 
In keratinocyte fractions isolated from neonatal murine skin 
followed by Percoll gradient centrifugation only t h e  viable 
cells showed  expression of cyclin A, cdk2  and  cdc2 ,  
whereas  t h e  nonviable, differentiated cells did not. In 
contrast there were no significant differences in t h e  cellular 
distribution of p l  l @ b  and  p53.  

B 679 CLONING OF POTENTIAL TARGETS OF GATA-I 
ACITVATION DURING MAST CELL DEVELOPMENT, Paul M. 

Richardson, Paula Fraenkel, and Leonard I. Zon, Harvard Medical School, 
Division of Hematology, Children's Hospital, Boston, MA 021 15. 
GATA-1 is a cell-specific transcription factor which is required for normal 
erythroid development. GATA-1 is also expressed in the mast cell lineage. 
Northem blot analysis of several mast cell lines revealed abundant 
expression of GATA-I, except in the cell line p81.5. Although this line was 
derived from a mastocytoma tumor, during tissue culture the cells lost the 
ability to form metachromatic staining granules typical of mature mast cells. 
An expression vector containing the GATA-I cDNA was stably transfected 
into p81.5 cells. Several resultant cell lines showed significant 
morphological differences compared to the parental line, most notably the 
appearance of granules. To identify genes which could be targets of 
GATA-I action during the development of mast cells, a subtractive 
approach was initiated. First strand cDNA w b ~  obtained from polyA RNA 
from a GATA-1 expressing subline (designated pMG6) by reverse 
transcription. and hybridized to a 20-fold excess of photobiotinSlated 
mRNA from the parent cell line ( ~ 8 1 5 ) .  Hybridized nucelic acids were 
removed with streptavidin. The resultant subtracted cDNA probe was 
randomly labelled and used to screen a mouse bone marrow-denved mast 
cell cDNA library. Of approximately 200,000 plaques screened, snty 
independent clones were found to be expressed at a higher level in pMG6 
than p81.5. Comparison of the sequences of these 60 clones with the 
Genbank database revealed that several have previously been isolated and 
characterized; these include the mouse mast cell carboxypeptidase A gene, 
which is known to be GATA regulated. Other differentidy regulated genes 
include a non-classical histocompatibility gene, and the sex-limited gene, 
which is related to the C4 complement factor. Several of the cDNA's 
obtained had homology to known genes: these include the human he 
oncogene, and a highly homologous fungi gene of unknown funtion. 
Based on preliminary analysis, we have isolated at least twelve no>el 
cDNAs, including several which are hematopoietic-specic. The 
differential expression of these genes may result from direct activation by 
GATA-I, or may be downstream events in the mast cell program. Thus, 
GATA-1 appears to regulate many genes involved in mast cell development, 
consistent with its previously determined role in the erythroid lineage. 

B 681 PROMOTER CHARACTERIZATION OF THE HUhWN 
MIP-la GENE, Linda M. Rimer*, Margaret Bryans and Neil 

Wilkie, Department of Molecular Genetics, The Ohio State 
University, Columbus, OH 43210 

Hematopoietic stem cells derived from bone marrow are 
normally quiescent. They are  induced to proliferate in response to 
as yet unknown signals when peripheral blood white cells are 
damaged by cytotoxic drugs. Macrophage from quiescent areas of 
marrow secrete an  activity (SCI) which rapidly inhibits cell cycle 
progression of proliferating stem cells from regenerating bone 
marrow. Recently, it has been shown that the inflammatory 
cytokine MIP-la is a major component  of SCI. There is evidence 
that there is a switch in  macrophage expression from SCI to a stem 
cell stimulatory activity in regenerating bone marrow. It is 
therefore important to identify the signals which regulate gene 
expression and secretion of t he  MIP-laPC1 protein. 

To identify tissue-specific transcription factors and factors 
involved in the  transcriptional activation of the MIP-la gene in 
activated macrophage, we  have begun a molecular analyws of the 
huMIP-la promoter. Promoter sequences have been linked to a 
luciferase reporter gene, and mutational analyses used to identify 
regions of the promoter necessary for transcription and increased 
transcriptional activity after macrophage activation. Probes 
spanning the  promoter have been used in mobilityshift assays with 
nuclear extracts from activated macrophages to  identify possible 
sequence specific DNA binding proteins. The correlation between 
the results of these experiments have identified several regions 
containing sites for specific DNA-binding proteins which affect 
transcriptional activity. One  region necessary for transcriptional 
activation contains a site@) for macrophage specific factor(s). 
Methylation interference is being used to identify the  specific DNA- 
binding site for this factor. 

*L.M.Riner supported by NCVCancer Training Grant 
NCI T32 CAO9498-06. 
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B 682 REGULATION OF A NOVEL TRANSCRIPT, C-jer IN EIIr60 
CELLS WITH HOMOWGY M TEE C, REGULATORY 

DOMAIN OF PKC a Jane E. Rosen, Dept. of physiology and 
Cellular Biophysics, Columbia University CoUege of physicians and 
Surgeons, New York, N.Y. 10032 Present ad- The American 
Health Foundation, Valhalh, New York 10595 
A novel transcript. C-jer, has been identified in HL-60 cells. The gene has not 
been cloned and i s  reported here as a unique message of 1.4 kb. Approximately 
350 base pairs of C-jer are homologous to the C, regulatory domain of the gene 
coding for PKC a. The plasmid pHPKCa-7 cut with BamHl released a 350 hp 
fragment wbicb after being random primed to create the cDNA. hybridized to 
both PKC u (5.7 kb) and to the new 1.4 kb (C-jer) message in HL-60 cells 
according to Nonhem analysis. The C, regulatory domain of PKC a has been 
proposed to coordinate the binding of calcium. C-jer mRNA is down regulated 
after HL-60 induced differentiation with DMSO, PhtA, RA and I.ZS(OH), 
Vitamin D, and is concornitanfly down regulated with myeloblastin, a serine 
protease (aka proteinase 3 or Wegener's autoantigen) mRNA (1.3 kb)(Bories ex 
al., 1989 Qj! 59, 959). Myeloblastin mRNA was used as a control for 
differentiation since i t  is  known to be down regulated after induced differentiation 
in the presence of DMSO, PMA, RA and l,25(OH), Vitamin D,. Since growth 
arrest is always associated with HL-60 cell differentiation, serum starvation has 
been used to determine whether regulation of myeloblastin and C-jer mRNA is 
linked to growth inhibition of HL-60 cells through serum growth factors. A 
concomitant serum dependent up regulation of both myeloblastin and C-jer 
mRNA was observed after serum starvation. After exposure to the serum growth 
factors insulin or transferrin a concomitant up regulation of both messages was 
also observed. The fact that the regulation of C-jer mRNA is  coincident with 
that of myeloblastin mRNA after induced differentiation and after exposure to 
serum, insulin and transferrin may reflect that C-jer is  an important regulatory 
gene for growth (since myeloblastin is  known to be down regulated during 
growth arrest in HL-60 cells and since the known 350 bp sequence of the 
pHPKCa-7 plasmid i s  related to a conserved region in the PKC gene family). 
Inhibition of myeloblastin mRNA expression with antisense caused growth arrest 
and induced differentiation of HL-60 cells. The known 350 bp sequence of the 
pHPKCa-7 plasmid which hybridizes to the 1.4 kb message has MI homology to 
the 800 bp sequence of the myeloblastin gene. The goal is to clone the new gene 
C-jer, to discover whether calcium regulation by C-jer is  critical to its role in the 
cell and to better understand its function with respect to myeloblastin down 
regulation during growth arrest in HLdO cells. 

B 684 IDENTIFICATION OF A NOVEL MEMBER OF THE C/EBP 
FAMILY OF TRANSCRIPTION FACTORS, Aimee K. Ryan 

and Roger G. Deeley, Cancer Research Laboratories, Queen's 
University, Kingston, Ontario, Canada, K7L 3 N 6  
Expression o f  the avian apoVLDLll gene is liver specific and 
completely estrogen dependent. Mutational analysis o f  the 
promoter identified a region (-231 t o  -248) that has a major effect 
on  the ability t o  induce transcription in the presence of an estrogen 
receptor complex (Schrader et  al., in prep.). This site corresponds 
t o  a genomic footprint (Site F) occupied in vivo when the gene is 
active (Wijnholds et  al., 1991, Nucl. Acids. Res. 19:33-41). Its 
sequence does not resemble any known liver enriched or specific 
factors. Using mobility shift and methylation interference assays, 
w e  have identified t w o  protein complexes that can form a t  this 
site, one of which is liver enriched. A day 9 embryonic chicken 
liver cDNA library was screened using concatenated Site F 
oligonucleotide. One of the isolated clones hybridizes t o  t w o  
mRNA species (approx. 2.3 and 1.8 kb) at moderate stringency 
(O.lxSSC/52"C), but only t o  the larger mRNA at higher stringency 
(O,lxSSC/65"C). Expression of the smaller mRNA is liver specific 
and increases during development. The larger mRNA is expressed 
in liver, lung, intestine, spleen, kidney and gizzard. In the liver, 
expression o f  the larger mRNA is highest early in embryogenesis 
(day 7-91 and then gradually declines until day 20 a t  which point 
the level o f  expression has decreased b y  75%. Expressionof both 
mRNAs increases upon activation of the apoVLDLll gene with 
estrogen. The cloned sequence shows significant homology t o  
CIEBPoat the nucleotide and amino acid level (90% identity t o  the 
basic domain of CIEBPo). A t  moderate stringency (O.lxSSC/52"C) 
the 2.3 kb mRNA is recognized by a portion o f  rat C/EBPo cDNA 
encoding the bzip domain but  not by the portion which encodes 
the NH,-terminal trans-activationdomains. Our data suggests that 
this clone is not the avian homologue o f  ClEBPo but  is a member 
of the C/EBP family. Studies t o  address the functional significance 
o f  the t w o  closely related mRNAs and the ability of the cloned 
protein t o  promote/suppress transcription are underway. 

B 683 
MYELOID-INDUCIBLE EXPRESSION. 
Alan G Rosmarin, David Caprio, Gina Trarnpe, and Robert Levy, 
Brown Un ive r t i t yh  Miriam Hospital, Providence, RI, 02906 

CD18 is the 8 chain of the leukocyte inteorine LFA-1, Mol, and 
p150/95. It is expressed exclusively by leukocytes, and CD18 cell 
surface and mRNA expression increase markedly during myeloid 
differentiation. CD18 transcription increases during phorbd ester IIPAI 
and retinoic acid induced myebid differentiation of HL-60 and U937 
cells. We cloned the CD18 gene in order to study the cis elements and 
trans acting factors which are responsible for myeloid differentiation. 
The CDl8 promoter, lib other leukocyte specific genes, lack CCAAT 
and TATA boxer. It contains DNA sequences which correspond to the 
AP-1 la TPA responsive element), CREB. and O n  elements. The CD18 
promoter also contains potential binding sites for PU. 1 - an ets-related 
transcription factor which is expressed exclusively by B lymphocytes 
and macrophages. We linked the 900 nudeotidee upstream of the 
CD18 transcription initiation site to the lucifersse reporter gene and 
transfected this construct tCD18l-0.9lflucl into the U937 myeloid CJI 
line. Basal expression from CD181-0.9Ifluc increases 3 to 5 fold 
following exposure to phorbol estere. suggesting that it contains a 
functional TPA responsive &ment. Luciferase expression increorer 
following exposure to retinoic acid and when co-transfected with 
retinoic acid receptors, suggesting the presence of a retinoic acid 
response element. CD18l-O.9lfluc is expressed, but not phorbol 
responsive, following transfection into Raii . p d  Jurkat cells (8 and T 
lvmphocyte liner. respectivelyl. It is not expressed following 
transfection into HeLa lnon-hernatopoieticl cells. Thus, transfection of 
the CD18 promoter recapitulates the tissue specif= and myeloid 
inducible expression of the gene h vivo. A region of the promoter 
which directs high l e d  mydoid expreesion contains the PU h. By 
DNAse I footprinting with nuclear extracts from mydoid cells, we haw 
identified bindiig to the proximal PU site and to a neighboring region 
which does not contain a recognizable transcription factor binding *to. 
We used the electrophoretic mobilitv shift assay to evaluate the tissue 
specificitv of binding to the CD18 PU .it.. CD18 should aawe as M 
important model for defining the cis elements and wms acting f a m e  
which regulate mydoid differentiatian. 

THE CD18 PROMOTER DIRECTS LEUKOCYTE-SPECIFIC, 

B685 DNA-PROTEIN INTERACTIONS ON A gPAL2 
PROMOTER FRAGMENT WHICH DRIVES 

DEVELOPMENTALLY REGULATED EXPRESSION IN 
TOBACCO, Robert W. M. Sablowski, Diane Shufflebottom 
and Michael Bevan, IPSR Cambridge Laboratory, Norwich, 
UK, NR47UJ. 

Phenylalanine-ammonia-lyase (PAL) is the first enzyme in 
the plant phenylpropanoid pathway, which participates in 
the synthesis of lignin, pigments and antimicrobial 
substances. The promoter of one of the bean PAL genes 
(gPAL2) drives a complex pattern of reporter gene expression 
in tobacco. Deletion analysis defined a 104 bp fragment of this 
promoter which drives expression in tobacco xylem and 
petals. Tobacco nuclear proteins binding to this promoter 
fragment were detected by EMSA assays. Their corresponding 
binding sites were determined by methylation interference 
and binding site mutation experiments. One of these binding 
activities is petal-specific and binds to a sequence similar to a 
cis-element involved in UV-induced expression in parsley 
cells. Another binding activity has a wide tissue distribution 
and binds to a G-box -like sequence. A probe containing this 
G-box sequence was used to screen a tobacco cDNA 
expression library in lambda gtll .  Two cDNA clones were 
isolated which bound specifically to the probe. One of them 
is highly similar to the tobacco transcription factor TAF-I, 
whereas the other done shows no striking homology to any 
sequence in the EMBL database. The role of these DNA- 
binding proteins in the control of expression from the 
gPALL promoter is being investigated. 
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B686 TRANSCRIPTIONAL REGULATION OF C-FMS GENE 
EXPRESSION BY GLUCOCORTICOIDS IN BREAST 

CAR CINOMA CELLS. Eva Sapi and Barry M. Kacinski, Department 
of Therapeutic Radiology, Yale University School of Medicine, New 
Haven, CT 06510. 

Regulation of c - m  (CSF-IR) mRNA expression was 
investigated in breast carcinoma cells. Specifically, we tested whether a 
transcriptional regulation exists, in addition to a known post- 
transcriptional regulation of the c-fms transcript during monocytic 
differentiation. The c-fms transcript and protein expression in breast 
carcinoma cell lines is dramatically increased by dexamethasone, a 
glucocorticoid which is a potent modulator of normal mammary 
epithelial cell differentiation. Measurement of the c-fms mRNA half-life 
was not significantly different in resting or dexamethasone induced 
breast carcinoma cells. Analysis of the time-course of c-fms mRNA 
induction by dexamethasone revealed a two-fold increase within 60 min 
after the addition of the agent. The nuclear run-on transcription assay 
demonstrated that this early change in mRNA abundance corresponds to 
changes in transcriptional activity of the c-fms gene. The major c-fms 
transcripts arising from different initiation sites were measured by RNase 
protection assay. The dexamethasone-treatment increased the expression 
of various c-fms transcripts with markedly different kinetics. 

Our data indicate that glucocorticoids can influence both the 
activity and the utilization of c-fms promoters. The shift in promoter 
utilization raises the possibility that binding of a single transcription 
factor (e.g. the glucocorticoid receptor) to c-fms promoters alters their 
re1a:ive activity and utilization in human breast carcinoma celk 

B 688 BIOCHEMICAL CHARACTERIZATION OF REGION I OF 
THE RAT CClO PROMOTER REVEALS COMPLEX 

BINDING OF GENERAL AND LUNG SPECIFIC TRANSCRIPTION 

Patricia L Sawaya, Charlene D. McWhinney and Donal S. Luse, 
Department of Molecular Genetics, Biochemistry and 
Microbiology, University of Cincinnati College of Medicine, 
Cincinnati, Ohio 45267-0524 
The CCIO gene product is the major secretory protein of lung 
Clara cells, a non-ciliated bronchiolar epithelial cell. DNase I 
footprinting has demonstrated that nuclear extracts prepared 
from NCLH441 (a Clara cell-like human tumor line), HeLa, or 
rat liver cells bind region I of the rat CClO promoter (-86/-128) 
in cell-specific patterns (JBC 267, 14703). By utilizing specific 
antibodies and competitor oligonucleotides in electrophoretic 
mobility shift assays, the proteins binding CClO region I in HeLa 
extracts have been identified as Oct-1 and members of the AP- 
1 family, while in rat liver extracts an HNF3 class factor has 
been found to have two binding sites within CClO region I. 
Proteins from NCLH441 cells which bind to region I are either 
considerably enriched in H441 cells or absent altogether in 
HeLa, rat liver and fetal sheep lung cells. (The fetal sheep lung 
preparation consisted primarily of alveolar, not bronchiolar cells). 
An AP-1-like activity present in H441 cells but not in HeLa, rat 
liver, or fetal sheep lung has been found to bind the AP-1 site 
within CClO region I. This same AP-1 activity has been found 
to bind the promoter of the surfactant protein B gene. An 
HNF3-like activity greatly enriched in H441 extracts relative to 
HeLa extracts, and absent in rat liver and fetal sheep lung 
extracts, binds to one and possibly both of the HNF3 sites 
found in CClO region I. 

FACTORS FROM THE AP-1, OCTAMER AND HNF-3 FAMILIES. 

B 687 DIFFERENTIATION-SPECIFIC EXPRESSION OF 

DIFFERENTIATZJG EPITHELIA REGULATION BY 
TRANSGLUTAMINASE TWE I IN SQUAMOUS 

RETINOIDS. Nicholas A Saunders, Susan H Bernacki, 
Margaret D George and Anton M Jetten. Lab. Pulmonary 
Pathobiology, NIEHS, RTP, NC, 27709 

Although many epithelia can undergo squamous 
differentiation, the transcriptional events regulating this 
pathway are unknown. An understanding of the events 
regulating squamous differentiation can be obtained by 
studying mechanisms regulating the expression of squamous 
specific marker genes such as, transglutaminase type I (?GI). 
Isolation of a genomic clone encoding a functional TGI 
promoter revealed several putative regulatory elements. A 
TATA-like element and an SP1 site were found withm 100 bp 
5' of the transcription initiation site. Putative response 
elements for c-myc, Kerl /AP2, API, AP2 and CK-8-me, were 
also present. Transfection of rabbit tracheobronchial 
epithelial (RbTE) cells with a 2.9 kb TGI promoter/luciferase 
reporter construct resulted in 2.2 fold more luaferasp activity 
in differentiated vs undifferentiated cells. Differentiation- 
specific activity was localised to a 1.2 kb region containing 
putative API and Kerl/AP;! sites. The 2.9 kb promoter also 
exhibited differentiation-specific expression in human 
epidermal keratinocytes (HEK) induced to differentiate by 
phorbol ester treatment (8 fold greater than undifferentiated 
cells). This induction was inhibited 5 fold by bryostatm I. 
Differentiation-specific luciferase activity of the 2.9 kb 
construct in RbTE cells was suppressed 82% by RA, a known 
regulator of squamous differentiation. All deletion mutant 
constructs were suppressed by RA in RbTE cells as was 
phorbol ester induced luciferase activity of the 2.9 kb 
construct (2.5 fold) in HEK cells. These data indicate that 
response elements mediating differentiation-specific 
expression and retinoid sensitivity of the TGI gene are 
contained within the proximal 2.9 kb of the promoter. 

B 689 ON THE MOLECULAR MECHANISM OF 
IL-4 IMMUNOSUPPRESSION, Edward M. 

Schwarz and Barry R. Bloom, Department of Microbiology and 
Immunology, Albert Einstein College of Medicine, Bronx, NY 
10461 

IL-2 and IL-4 appear to be produced by different functional T- 
cell subsets, and are reciprocally negatively involved with the 
different subset. In order to elucidate the molecular mechanism 
of IL-4 immunosuppression we chose to study its inhibitory 
effects on an essential T cell growth factor, IL-2. IL-4 
pretreatment of Jurkat cells for 24hr followed by stimulation 
with PMA and ionomycin results in a 4 fold decrease in IL-2 
mRNA production, as determined by Northern analysis. The 
addition of the CD28 second signal eliminates this inhibition. 
Since the IL-2 gene promotor has been extensively studied, we 
were able to test the effect of IL-4 on the individual enhancer 
elements, using P-galactosidase as a reporter. One of these 
enhancer elements, NFIL-2B, showed a decrease of 50'% p- 
galactosidase activity when the transformed cells were 
pretreated with IL-4. In electrophoretic mobility shift assays, 
using a DNA oligomer containing the NFIL-2B binding site, it 
was determined that pretreatment with IL-4 inhibits the 
formation of the NFIL-2B complex. The NFIL-ZB site has most 
recently been characterized as merely an AP-1 binding site. 
Here we show that the NFIL-2B complex contains at least one 
other factor which is distinct from AP-1 and is inhibited in IL-4 
pretreated cells. These data lead us to speculate that IL-4 may 
inhibit factors required for transcription of genes involved in 
immune responses. 
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B690 INDUCTION OF MHC CLASS I GENES IN RETINOIC- 

RETINOID RECEPTORS AND p501P65-NF~B FACTORS, James 
Segars, Toshi Nagata, Paul Drew, Vincent Bours, Jeff Medin, 
Jiabin An, Kevin Becker, David Stephany, Ulrich Siebenlist and 
Keiko Ozato, National Institutes of Health, Bethesda, MD 20892 
Human embryonal carcinoma NTeraZ cells respond to  retinoic 
acid by differentiation along a neuronal cell lineage. We show 
that retinoic acid induces expression of major histocompatibility 
complex (MHC) class I and a,-microglobin molecules in these 
cells. This induction was accompanied by increased levels of 
MHC class I mRNA, which was attributable to an increase in 
MHC class I enhancer activity. The enhancement was mediated 
by a conserved upstream regulatory element that contains two  
enhancers, region I and region II. Mutation of either of the two 
enhancer elements resulted in a decrease in enhancer activity. 
This induction of enhancer activity was accompanied by 
expression of a nuclear factor binding activity specific for region 
I which was induced following retinoic acid treatment. We show 
that the induced binding activity results from heterodimeric 
binding of P50/P65 to the region I enhancer element. Further, 
P50 mRNA was found to increase after retinoic acid treatment, 
suggesting that the induction of region I binding activity is 
caused by activation of the P50 gene. Region II binding activity, 
although present in undifferentiated cells, was also increased 
after retinoic acid differentiation. We show that increased region 
I1 binding activity consists of the retinoic acid X receptor R 
(RXRB) and a second heterodimer partner which was induced 
following retinoic acid treatment. The increased region II binding 
was not due to  an increase in RXRR mRNA or protein, but rather 
was caused by retinoic acid induction of the heterodimer partner. 
These results indicate that the mechanism responsible for 
induction of MHC class I genes in NTeraZ cells upon retinoic acid 
induced differentiation involves the induction and co-activation 
of retinoid receptors and NFKB-like nuclear factors. 

ACID TREATED NTERAZ CELLS: CO-ACTIVATION OF 

B 692 MOLECULAR CLONING OF A P R O "  BINDING 
TOTHE PROMOTEROF IgCflGERMLINEIN 
THE MOUSE, Eva Severinson, Mats Lundgren, 

Tatsunobu-Ryushh Mizuta, Janet Stavnezer, Tasuku €ion@ and 
Akira Shimizu, Department of Cell and Molecular Biology, 
Karolinska institutet, Stockholm, Sweden, Center for Molecular 
Biology and Genetics, Kyoto university, Japan and Department 
of Molecular Genetics and Microbiology, University of 
Massachusetts, USA 
Resting B lymphocytes activated by mitogens and interleukhs 
divide and differentiate to high rate Ig secreting cells. When 
cells secrete other classes than IgM, DNA recombhation has 
normally occured, resulting in a juxtaposition of the VDJ region 
a n d  the CH gene to be expressed. The mechanism of class 
switching is unknown, but activation of germ line Ig Iransaipffi 
prior to the recombination event has been implicated as one 
necessary requirement. It is of imprtarue to identify factors 
which may regulate the above mentioned transcription. 
cDNA from murine B lymphocytes activated by 
lipopolysaccharide plus interleukin 4 was prepared and cloned 
into Agtll. The expression-library was screened in 
southwestern hybridization using a radioactive concatenated 
probe of 70 bp, corresponding to the minimal promoter of 
germ line C ~ I  transcripts. one done out of 7 x 104 were 
positive. Sequence-analysis indicate that the cDNA encode a 
protein with zinc-finger motif, with homology to esrly growth 
response genes. We are at present trying to isolate full length 
clones and investigate the expression pa- 

B 691 INDUCTION OF AP-l BINDING PROTEINS 
POSITIVELY REGULATES THE EXPRESSION OF 

HLA-DRA IN B-CELLS. Niclas Setterblad, B, Matija Peterlin', 
and Gdran Anderson, Department of Medical Genetics, 
Biomedical Center, Uppsala University, S-751 23 Uppsala, 
Sweden; 'Departments of Medicine, Microbiology and 
Immunology, Howard Hughes Medical Institute. University of 
California at San Francisco, San Francisco, CA 94143-0724, 
USA. 
We have examined the transcriptional regulation of the human 
major histocompatibility HLA class II DRA gene during protein 
kinase C dependent signal transduction in  the B- 
lymphoblastoid cell line Raji. Transcription of the DRA gene is 
tightly regulated during B cell development. High expression is 
restricted to mature B cells, whereas DRA expression is 
repressed in pre-B cells and plasma B cells. Treatment of Raji 
cells with the phorbol ester 12-0 tetradecanoylphorbol 13- 
acetate (TPA), increased mRNA expression of the DRA gene 
and the activity of the DRA promoter in transient transfection 
analyses. Gel mobility shift assays using an oligonucleotide 
corresponding to the TPA-response element (AP-1 box; 
TGCGTCA), at position -97 to -91 in the DRA promoter, 
showed induced AP-I  binding. The induced complex 
consisted of h-XBP-l/c-Fos heterodimers. Although c-Jun is 
expressed, c-Jun binding was undetectable in Raji nuclear 
extracts even after TPA treatment. In order to determine the 
cis-promoter elements involved in the TPA response, 
transfection assays were performed with wild type and 
mutated DRA promoter constructs. In these studies, mutation of 
the AP-1 box caused reduction in DRA expression as well as 
in TPA induction. Therefore, we conclude that the DRA AP-1 
box is a major component for PKC dependent high DRA gene 
expression and that induced c-Fos-h-XBP-1 complexes may 
be responsible for this phenotype in Raji B-lymphoblasts. 

B 693 A -OD FOR THE IDENTIFICATION OF RETINOID- 
RESPONSIVE GENES EXPRESSED DURING MOUSE 
DEVELOPMENT, Mary Shago and Vincent Gigukre, 

Department of Molecular and Medical Genetics, University of Toronto, 
and Research Institute, Hospital for Sick Children, Toronto, Canada 
M5G 1x8 
Our understanding of the molecular mechanisms of morphogenesis is 
severely limited by the paucity of genes known to regulate this ineicate 
process. Retinoic acid (RA), a biologically active metabolite of vitamin 
A, has been implicated as a putative morphogen in mouse development 
and is a powerful teratogen in mammals. The developmental effects of 
RA are mediated through interaction with nuclear proteins (referred to as 
RARs and RXRs) that belong to the superfamily of steroid hormone 
receptors. Nuclear receptors are transcription factors that control cell 
functions and developmental processes by regulating gene expression in 
a liganddepcndent manner. Thus, the interaction between RA and its 
receptors is believed to induce of a cascade of regulatory events that 
results from the activation of specitic gene networks by the RA-receptor 
complexes. 
In order to identify genes whose expression is under the control of RA 
during cell differentiation, we have developed a method whereby small 
genomic DNA fragments that are contained within CpG-rich islands and 
not associated with bulk inactive chromatin are selected for the presence 
of RAR/RXR binding sites by electrophoretic mobility shift assay 
(EMSA). Chromatin present in intact nuclei obtained from F9 cells, a 
mouse teratocarcinoma RA-responsive cell line, or mouse embryos at 
different stages of development, is first subjected to digestion with 
resmction enzymes whose recognition sites contain the dinucleotide 
CpG. The specific subsets of non-nucleosomal (NN) fragments obtained 
by this procedure are then isolated from bulk chromatin by gel elecm- 
phoresis. NN fragments arc incubated with RAR/RXR and DNA- 
receptor complexes are selected by EMSA. Subsequent to enzymatic 
amplification, cloned DNA fragments are tested for their ability to 
confer RA-responsiveness to a basal promoter driving the luciferase 
reporter gene, using F9 cells as vehicles for transient transfection 
experiments. The DNA fragments shown to be functional in this assay 
are then used as probes to clone the genomic sequences surrounding 
them and, subsequently, larger DNA probes derived from these loci used 
to search transcripts whose expression is regulated by RA. These genes 
will be subjected to detailed molecular analysis and their role in deve- 
lopment analyzed using revme genetics. 
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B 694 THE TRANSCRIPTION FACTOR AP-2 REGULATES 
TRANSCRIPTION OF U6 snRNA GENES, Anne-Christine 
Strom and Gunnar Westin, Department of Medical 
Genet ics ,  Biomedical  Center ,  Box 589,  Uppsala  
University, S-75 1 23 Uppsala, Sweden 
Recently it has been found that the TATA-binding 
protein (TBP) and the transcription factor Oct-1 are 
involved in both RNA polymerase I1 and pol 111 
t ranscr ip t ion .  We wil l  p resent  e v i d e n c e  t h a t  
transcription factor AP-2 is also involved in regulation 
of U6 snRNA (pol 111) transcription. The inducible 
transcription factor AP-2 is involved in the process of 
signal transduction and cell-specific expression and may 
play a role in the control of developmentally regulated 
gene expression. We have found that affinity purified 
AP-2 binds adjacent to the octamer site in the mouse U6 
snRNA gene enhancer. The functional importance of this 
AP-2 site was demonstrated in a transient expression 
assay using U6 maxi genes with wild type- and mutated 
enhancer sequences. Furthermore, preliminary results 
suggest that U 6  maxi gene transcription is  TPA- 
inducible in BJA-B cells and that the induction is  
dependent on an intact AP-2 site. The presence of an 
AP-2 binding site in the U6 snRNA gene enhancer might 
thus be a way for a cell to control transcription of this 
highly expressed class  of RNA polymerase 111 
transcribed genes. The AP-2. TBP and Oct-1 factors are 
all involved in both pol I1 and pol 111 transcription and 
this points towards a unifying mechanism for eukaryotic 
transcription initiation. 

B 696 ANALYSIS OF THE RETINOIC ACID RECEPTOR-R. 

Terry L. Tang and Benjamin G. Nee1 
Molecular Medicine Unit, Beth Israel Hospital, Boston, MA 02215 

Retinoic acid receptor4 (RAR-R) is a retinoic a d d  (RA) dependent 
trans-acting transcription factor, which belongs to the steroid- 
thyroid hormone receptor superfamily. The molecular details of 
signal transduction involving RAR-K remain obscure. To 
approach this question, we have raised and affinity-purified poly- 
clonal antibodies to the N- and C- termini of RAR-R, respectively. 
These antibodies specifically recognize both overexpressed and 
endogenous murine or human RAR-R. Using these antibodies, we 
have identified RAR-R as a 55kDa serine phosphoprotein in 
immunoprecipitation and immunoblotting assays. Immuno- 
precipitates of RAR-R run as a doublet on sodium dodecyl sulfate 
polyaaylamide gels. Alkaline phosphatase treatment cunverts the 
doublet to a single, more rapidly migrating species, indicating that 
the posttranslational modification occuring is phosphorylation. 
Pulse-chase analysis reveals that RAR-R is initially synthesized in 
an underphosphorylated state, then is rapidly phosphorylated to a 
slower migrating species. Moreover, RAR-I3 appears to be 
relatively unstable, with a half-life of approximately fifteen 
minutes, a t  least in NIH-3T3 cells stably overexpressing the 
protein. Cyanogen bromide cleavage and phosphotryptic peptide 
analysis show that RAR-R is phosphorylated at multiple sites; 
currently these techniques are  being used to determine if 
phosphorylation is regulated by RA or other agents. 

B695 nrreMIa 81- 
PAlm?AIa I. T I- Ip)= BI culp 

m a  U TPA ppIp(pIIVB (TEE)- 

Ami Tamir and Noah Isakov, 0e-t of Uicrobiology 
and Immunology, Ben-Gurion Unive?=sity of the wegev, 
Beer-Sheva, Israel. 

Activators of adanylate cyclase or cell permeable W 
derivatives inhibit T cell activation by interfering 
with the antigen receptor (TCW-linked phosphoinositide 
turnover. We found that dibutyql W (dbcAwp) also 
inhibits T cell activation by TPA + Ionomycin which 
directly activate PKC and bypass the requir-nt for lTR 
perturbation and phoephoinositide hydrolysis. dbcAI4P 
inhibited also the m A  + Ionomycin-mediated induction of 
c - a  but induced increased trans-cription of c - a ,  
p o s ~ ,  and m. H-s of JUN or hetero-dimers 
of JUN and POS or any of the pos-related proteins 
function as transcription factors (-1) that bind unique 
regulatory DNA sequences t d  TPA responsive elements 
(TRE). To test whether the dbcAwp-diated inhibition 
of c - a  transcription is accompanied by a parallel 
reduction in AP-1 proteins, we performed a gel mobility 
shift assay using oligonucleotide probes possessing the 
consensus AP-1 recognition site. We found that dbcAIIp, 

similar to TPA + Ionomycin, i n d u d  increased TRB- 
binding activity that could be blocked by anti-JUN-B, 
JUN-D and POS Abs. Recent data have indicated that 
members of the JUN family differ with regard to their 
regulatory functions and that JUN-B inhibits c-JUN- 
mediated activation of genes that possess TRE-containing 
promoters. In our system dbcAwp increased the 
transcription of e. Thus, binding of JUN-B/pos 
heterodimers to the AP1 binding site on the c - a  
promoter may suppress c - u  transcription even in the 
presence of TPA + Ionomycin. The data suggest that 
increased cMP levels inhibit early activation genes 
possessing the AP-1 recognition site, apparently, 
induction DNA binding protein that inhibit 
transcryption- regulation via the TRE. 

- 

B697 TRANSCRIPTION FAaORS PU.1 AND Spl ARE 
ESSENTIAL FOR MYELOID SPECIFIC EXPRESSION OF 

CDllb, Daniel G. Tenen, Heike L. Pahl, Hui-min Chen, Dong-Er 
Zhang, Richard A. Maki, and Renate J. Scheibe, Divlsion of 
Hematology/Oncology, Beth Israel Hospital, Harvard Medical School, 
Boston, MA 02215 
The myeloid cell surface marker CDllb is expressed exclusively on 
mature monocytes, macrophages, granulocytes and natural killer cells, 
and is transcriptionally upregulated during retinoic acid-icduced 
differentiation of myeloid cells. We have recently demonstrated that 
1.7 kb of 5’ flanking DNA constitute a functional CDllb prnmoter 
which directs myeloid-specific expression of reporter genes in both 
tissue c u l m  and transgenic mice. Deletion analysis shows that a 
promoter containing only the first 92 bp of 5’ flanking DNA, 
although less active than the 1.7 kb fragment, still retams complete 
tissue specificty in transient transfection assays; the same 92 bp 
fragment contains the element responsible for retinoic acid 
inducibility. Here we show that the proto-oncogene and macrophage 
transcription factor PU.1 binds the 92 bp CDllb promoter in v i m  
and in vivo, and that mutation of the PU.1 site reduces CDllb 
promoter activity 4 fold in myeloid cells, but does not effect low 
level expression in non-myeloid cells. This is the first report of a 
macrophage target for PU.1. Although PU.1 is thus a major 
determinant of the myeloid specific expression of CDllb, the 
promoter still retains significant activity after mutation of the PU.1 
site. Binding of a second transcription factor, Spl, is essennal for 
CDllb promoter activity. Mutation of the Spl site at bp -60 reduces 
promoter activity 20 fold. Both EMSA and in v i m  footprinting show 
that the ubiquitous transcription factor Spl binds the CDllb promoter 
when nuclear extracts from either U937 or HeLa cells are used. 
However, in vivo footprinting demonstrates that Spl binds specifically 
in myeloid cells (U937), not in non-myeloid cells (HeLa) in vivo. 
Thus, both PU.1 and Spl represent impcrrant determinants of the 
myeloid specific expression of CDllb. Funhermore, since there is 
no retinoic acid receptor binding site in the 92 bp CDllb promoter, 
these or other factors binding in this region appear to mediate the 
retinoic acid-induced upregulation of CDllb during the come of 
myeloid maturation. 
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B 698 DImRENTlAL SPLICING OF THE GHFI PRIMARY 
TRANSCRIPT GIVES RISE TO A GHF-I ISOFORM WlTH 
A PROMOTER-SELECTIVE ACTNATION DOMAIN, 

Lars E. Theilll, Kazue Hattori2. Jol-Luis Casuillo2, and Michael 
Karin2, lkpartment of Cell and Molecular Biology, Amgen, Thousand 
Oaks. CA 91320 and 2Department of Pharmacology, Center for 
Molecular Genetics, School of Medicine. University of California at San 
Diego. La Jolla. CA 92093-0636 

The POU-domain protein GHF-1 has a critical role in generation, 
proliferation, and phenotypic expression of three pituitary cell types. 
GHF-1 functions in part by binding to and transactivating the promoters 
of both the growth hormone (GH) and prolactin (PRL) genes and that of 
the GHFI gene itself. We describe a naturally occurring isoform of 
GHF-1. GHF-2, in which additional 26 amino acids are inserted into 
the activation domain of the protein as a result of alternative splicing. 
GHF-2 retains the DNA-binding activity of GHF-1 and can activate the 
GH promoter hut has lost the ability to activate the PRL and GHFI 
promoters. These results suggest that GHF-2 may function in 
differential target gene activation during differentiation of the 
somatotrophic lineage. Both GHF-1 and GHF-2 transcripts are 
specifically expressed in the anterior pituitary. Analysis of the genomic 
GHFI gene shows that most of the distinct functional domains of GHF- 
1 (and GHF-2) are encoded by separate exons. Gene segment 
duplication and exon shuffling may have contributed to the evolution of 
e is cell type-specific transcriptional regulatory gene. 

6700  REGULATION OF AFP TRANSCRIPTION IN 
THE MOUSE SMALL INTESTINE. Angela L. 

Tyner, Lisa Ann Cirrillo, Jean Vacher' and Michael S. Serfas, 
Dept. of Genetics, University of Illinois College of Medicine, 
Chicago, Illinois, and I.C.R.M., Montreal, Quebec.' 
In the fetal mouse, transcription of a-fetoprotein (AFP) is 
activated in the yolk sac, liver and intestine. In the intestine, 
highest levels of expression are detected shortly before birth 
when most epithelial cells lining the small intestine express 
AFP mRNA. In the adult, AFP expression is found only in 
enteroendocrine cells that represent less than 1 .O% of the 
total epithelial cells. We have investigated the mechanisms 
underlying repression of AFP transcription in the remainder of 
the intestinal epithelial cell types by examining expression of 
AFP minigene constructs in transgenic mice. We have found 
that repression occurs in a temporal gradient along the length 
of the intestine from the duodenum to the ileum, with 
expression decreasing first in most epithelial cells of the 
duodenum. Deletion of cis-acting sequences that lie between 
-838 and -250 of the AFP gene results in high level AFP 
minigene transcription in additional intestinal epithelial cells in 
adult animals, primarily of the goblet cell lineage. This 
suggests that cis-acting sequences not included within the 
-838 to -250 deletion and still present in the minigene, may 
mediate repression in the absorptive cell lineage, the major 
epithelial cell type. Alternatively, absorptive cells may lack the 
positive factors that are necessary for directing AFP 
transcription in the absence of repressor binding. We have 
used in situ hybridization to determine if expression of the 
HNF-1 transcription factors that regulate AFP transcription is 
restricted to specific cell types in the gut. HNF-la and p are 
expressed in multiple cell types along the length of the 
intestine, with highest levels in the intestinal crypts where 
proliferation and cell differentiation take place. Thus, HNF-1 
activity does not appear to be responsible for the cell type 
specific expression of the AFP gene and minigenes in the 
small intestine. 

B 699 UlSSOCIATION BETWEEN CELL PROLIFERATION 
AND c-mvc EXPFtE6SION IN PHYSIOLOGICALLY IN- DUCEU k ~ - ~ - R P ~ - ~ - . * B R - ~ - ~ - A - ~ ,  

Josef Houstek2' and Jan Nedergaard l?JP The Werner-Gren 
Petr Tprdik Anderu Jacobsson ady Sugiaman , 
Institute, The Arrhenius Luburabries) FS. 9 &holm Uni- 
versity, S106 91 Stockholm, Sweden; and%nstitute of 
Physiology, Czechoslovak Academy of Sciences, Praye. 

oncogene expression for physiolo &!%:d Zfi:: 
liferation, c-myc and c-fos mRNA%vels were examhed in 
brown adipose bsue .  Onset of cell proliferation in brown 
adipose tissue was induced by exposing mice to cold. We 

e (> SO-fold) but transient increase of the c-fos 
%21:2 30 min &r the mice had been transferred to 
the cold. In contrast. there was no significant change in 
the c-myc mRNA level. As cold-induced cell proliferation 
in this tinsue has been demonstrated to be regulated Via & 
adrenergic receptors, the effect of injection of mice with 
adrenergic agents was examined. In mice injected with 
norepinephrine, the mRNA levels of both oncogenes waa 
elevated: c-@ about 100-fold with a maximum after 90 min 
and c-myc about 3-fold after 1.5 h. However, pharmaco- 
logical d y u i s  revealed that the c-m c response was me- 
diated via u-adrenergic receptors. '&he hannacologisal 
characteristiu, of the norepinephrine-in8uced c-m c ex 
prsssion were thus different h o r n  those of norepinepi'& 
lnduced all roliferation. FurLhermore. in cell cultures of 
brown-fat cs8 ~ ~ C W U O M .  nore inephrine and 8-Br-CAMP 
(which have been demonotrdto  induce cell profileration 
in these cultures) could not induce c-m c expression, 
whereas the protein kinase C activator d A  was able to 
induce c-m c expression. - W e  conclude that an enhanced 
c-myc l e d i s  not, a regulatory step during physiologically 
induced cell roliferation in brown adipose tissue and that 

hysiologicdy induced cell proliferation in this tissue 
30,s not proceed via atimdation of a protein kina= C de- 
pendent pathway. Thus. M enhanced c-myc expreumon is 
not necemsarily a mediator in conditions of phyriological 
induction of cell proliferation. 

In order to investigate the m 

B 701 TRANSCRIPTIONAL REPRESSION OF BAND 3 AND CAI1 IN 
V-ERBA TRANSFORMED ERYTHROBLASTS ACCOUNTS FOR AN 
IMPORTANT PART OF THE LEUKEMIC PHENOTYPE, 

Sally Fuerstenberg', lrene Leitnerz. Gunilla Wahlstroml), Christian 
Schroeder2, Bjorn Vennstroml , and Hartmut Beug2.. I )Department of 
Molecular Biology, Karolinska Institute, Box 60400, Stockholm, 2, 
Institute for Molecular Pathology, Dr. Bohrgasse 7, Vienna. 

The v-erbA oncogene confers two prominent properties to transformed 
erythroblasts: a block of spontaneous differentiation and tolerance to wide 
variations in the pH or ionic strength of culture medium. V-erbA acts as a 
constitutive repressor of erythrocyte-specific gene transcription, arresting 
the expression of least three different erythroid genes: the erythrocyte 
anion transporter (band 3). carbonic anhydrase I1 (CAII), and 6- 
aminolevulinate synthase (ALA-S). To test whether or not the v-erbA 
induced repression of these genes is causally related to the v-erbA induced 
leukemic phenotype., we have reintroduced the genes for band 3 or CAII 
into transformed erythroblasts via retrovirus vectors. We show here that 
such erythroblasts, expressing v-erbA. require the same narrow range of 
medium pH and ion concentration for growth as  do transformed 
erythroblasts lacking v-erbA, i.e. the v-erbA induced tolerance to pH 
variation was abrogated. The v-erbA induced differentiation block, 
however, remained unaffected by the re-expression of band 3 and was only 
slightly affected by the re-expression of CAII. Our experiments show that 
the two v-e rbA-related "erythroblast transformation parameters'' are 
separable: suppression of band 3 and CAII accounts for one parameter 
(pH/ion tolerance), while the second parameter (differentiation block) must 
involve v-erbA regulation of a different set of target genes. 
We next studied the heterodimerization partners with which the v-erbA 
protein associates to achieve transcriptional repression in the erythroblasts. 
Nuclear extracts from transformed cells were analyzed by a novel "shift- 
western" technique, a combination of the gel retardation and Western 
blotting techniques. The results sugggest that i nmuc lea r  v-erbA protein 
is associated with at least 2 distinct proteins belonging to the RXR group 
of nuclear receptors. 
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B702 PROTEIN FACTORS THAT INTERACT WITH AND B 703 Abstract withdrawn 
REGULATE TRANSCRIPTIONAL ACTIVATION BY E47 

HELIX-LOOP-HELIX PROTEIN, Anna Voronova and Frank Lee 
DNAX Research Institute of Molecular and  Cellular Biology, Palo 
Alto, CA 94304-1104 
The protein products of the E2A gene, E47 and E12, are members of the 
family of B-HLH transcription factors which are involved in cell growth 
control and carcinoeenesis. neuroeenesis, sex determination, muscle 
differentiation, and pancreatic expFession: Furthermore their cognate 
DNA sequence motif CANNTG (E box) is present in the regulatory 
regions of a variety of genes. The E l 2  and E47 proteins form both homo- 
and heterodimers which recognize E box motif present in the enhancers of 
the immunoglobulin genes. Enhancer-binding activity of E47 results in 
the transcriptional activation of the immunoglobulin locus and plays a 
critical role in B lymphocyte development. E l 2  and E47 form 
heterodimers with myogenic HLH proteins, MyoD and myogenin, and are 
necessary for induction of myogenesis. We investigated the nature of the 
in vivo oligomeric interactions of E12/E47 proteins in various cell types as 
to elucidate the involvement of E47 in the developmental pathways of 
other lineages. Electrophoretic mobility shift assay (EMSA) in 
conjunction with analysis using specific antisera revealed hetercdimers 
between E12E47 molecules and another B-HLH protein, fal-1. The 
ability of ral-1 to heterodimerize with E47 in virro was previously 
reported. We now demonstrate the presence of E2Nral-1 heterodimers in 
myeloid cells including mast cells and monocyte cells, as well as in some 
T-ALL. Although tal-1 gene is not normally expressed in T lymphocytes, 
it is rearranged and transcriptionally activated in 30% of human T-ALL. 
We examined whether ral- 1 regulates transcriptional activation by E47in 
vivo. Transient expression and CAT assays demonstrated the inhibition of 
the E47 trans-activation by fa1 - 1  in vivo. Interaction of other cellular 
proteins with E47 resulting in modulation of transcriptional activity by 
will be presented. 

B704 Tissue SO ecitic Reeulation of the Human 
Phenvlalanine Hvd roxylase Ge ne, Wang, Y., Hahn, M. T., 
Tsai, S. and Woo, S. L C., Howard Hughes Medical 
Institute and Department of Cell Biology, Baylor College of 
Medicine, One Baylor Plaza, Houston, Texas 77030, USA. 
Human hepatic phenylalanine hydroxylase (PAH) is 
specifically expressed in liver where it catalyzes the 
hydroxylation of phenylalanine to tyrosine. A deficiency of 
this enzyme results in Phenylketonuria (PKU), which can 
cause mental retardation among affected children. Human 
PAH gene has a TATA-less promoter with multiple 
transcriptional initiation sites. An approximately 9 kilobase 
DNA fragment from 5' end of the human PAH gene is 
sufficient to confer tissue- and development-specific 
expression to a reporter gene in the transgenic mice. In 
transient expression assays, a 120 bp promoter region still 
retains the basal hepatic specific activity, while the deletion 
of the P A H  gene promoter to -54 bp can abolish its basal 
activity in hepatoma cells. Two protein binding domains 
were identified within the region from -120 bp to -54 bp, 
including a CAGGTGACmG palindromic sequence and 
a direct repeat with CCCI'CCC motif. The initial 
characterization of the protein factors interacting with these 
cis elements indicated that the palindromic sequence was 
recognized by an ubiquitous protein while the direct repeats 
interacted with multiple factors. These results suggest that 
the tissue specific expression of the human PAH gene is at 
least in part regulated by its basic promoter involving 
multiple cis- and trans-acting regulatory elements. 

B 705 SCREENING OF AN EXPRESSION LIBRARY WITH 
32P-LABELED CREB PROTEIN IDENTIFIES cDNAs 
THAT ENCODE INTERACTING PROTEINS. 

Andreas Wechsler, Cox Terhorst, Kenneth P. LeClair, Division of 
Immunology, Beth Israel Hospital and H m a r d  Medical Schold, Boston, 
MA 02215. 

Research has shown that protein transcription factors modulate 
eukaryotic gene expression by binding to specific regulatory DNA 
elements in gene enhancers and promoters. Transcription factor proteins 
possess multiple structural elements that confer DNA binding function as 
well as the ability to interact with other proteins. These proteln-protein 
interactions may play a role in the regulation of the function of a given 
transcription factor. One key transcription factor known to be expressed in 
different tissues at different times is the CAMP response element binding 
protein (CREB). The CREB protein, along with other transcriphor. factors, 
plays an important role during T-cell development hy controlling 
expression of genes encoding T-cell specific proteins, such as C D ~ E .  
TCR-a and -p. 

As an approach to study interactions between the CREB protein 
and other proteins, human CREB was produced in a bacterial expression 
system as a fusion protein with 2 additional epitopes. The 15 amino acid 
fragment added to the CREB amino terminus contains an antigenic epitope 
as well as a specific substrate for heart muscle kinase, allowing 32P- 
labeling by in vitro phosphorylation. This modified CRE,B protein was 
purified by immunoaffinity chromatography and was shown to bind the 
CRE DNA element in gel shift analysis. Also, use of the ?2P-labeled 
CREB as molecular probe for Western blotting demonstrated that CREB 
forms homodimers and heterodimerizes with a differential splicing 
product of the CREB gene, termed CREB.B. Additionally, a limited 
number of other bands are seen after probing cellular extracts wi th  the 32P- 
labeled CREB protein. 

When a h g t l l  expression library was screened with the CREB 
protein probe, 6 distinct cDNA fragments were isolated. Preliminary 
results from sequencing one of these cDNAs reveals a nucleotide sequence 
distinct from CREB with many 3rd position codon changes but encoding a 
stretch of protein identical to CREB. Further characterization of this 
potentially novel CREB-related cDNA and of the other cDNAs encoding 
interactive domainr is in progress. 
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B 706 BOTH POSITIVE AND NEGATIVE-ACTING 5’ 
ELEMENTS REGULATE 11-4 GENE TRANSCRIPTION 

IN MURINE MAST CELLS, Deborah L. Weiss, David Tam and 
Melissa A. Brown, Depattments of Medicine and Mimbiology- 
Immunology. Oregon Health Sciences University. Portland, OR 
97201. 
Inter!eukin 4 (11-4) is a key immunoregulatory cytokine which 
exerts its effects on a variety of hematopoietic cells. Originally 
defined as a T cellderived cytokine, it is dear that cells of the mast 
cell-basophil lineage are also important sources of IL-4. IL-4 has a 
major role in regulating B cell production of IgE and is a mast cell 
growth factor. Thus, mast cell produdin of 11-4 may be a 
dominant influence in allergic reactions in which high IgE titers and 
high mast cell numbers are found. An increase in the 
transcripional activity of the 11-4 gene was previously 
demonstrated in ionomycin-stimulated, growth factordependent 
mast cell lines. To identify 5’ cis and fms acting factors that 
regulate IL-4 transcription in activated mast cells, a series of 5‘ 
deletion mutants of an IL-4CAT reporter gene fusion construct 
were tested in transiently transfeded, ionomycin-stimulated C m  
15 mast cells. These experiments defined two functionally 
important regions. One region, between -87 and -70, is required 
for inducible expression of IL-4. This is the same region that is 
critical for 11-4 expression in activated T cells. Mobility shift assays 
demonstrated that nudear extracts from unstimulated and 
stimulated mast cells contain proteins which specifically bind this 
region. Activated cell extracts contain an additional stimuhtion- 
dependent DNA -protein complex of bwer mobility. Interestingly, 
ail mast cell complexes showed marked differences in mobility 
compared to those observed using T cell extracts. These results 
suggest that either different proteins or differentially modified 
proteins interact with the IL-4 inducible response element in T and 
mast cells. In addition, a strong mast cell-spedfic negative 
regulatory element is W e d  5’ of -306. An oligonucleotide 
spanning -326 to -302 forms similar specific DNA-protein 
complexes with nudear extracts from unstimulated and stimulated 
mast cells. No such specific interaction was observed with T cell 
extracts. Taken together, these data support the hypothesis that T 
and mast cell production of 11-4 is differentially regulated. 

B 708 EFFECT OF 9-CIS RETINOIC ACID ON HUMAN 
PRIMARY MELANOCYTES AND METASTATIC 

MELANOMA CELLS. Douglas T. Yamanishi, Edward A. 
Wagner, Joel E. Voboril, Richard A. Heymanz, Marcus F. 
Boehmz, and Frank L. Meyskens Jr., Clinical Cancer 
Center, U.C. Irvine, Irvine, CA 92717 and 2Ligand 
Pharmaceuticals Inc., San Diego, CA 92121 

Our previous studies have determined that high doses 
of all-trans retinoic acid (tRA, ID50 > 1 pM) or 13-cis 
retinoic acid (13-cis RA, ID50 > 1 pM) were required to 
inhibit the growth of human metastatic melanoma 
cells. We have determined that the basal and tRA- 
induced RNA transcript expression levels of the 
retinoic acid receptors (RAR) did not correlate to the 
cell growth studies obtained with tRA or 13-cis RA. 
These studies would suggest that another retinoic acid 
metabolite may be involved in the growth inhibition 
of human melanoma cells. We investigated the effect 
of 9-cis retinoic acid (9-cis RA) on cell growth in 
primary melanocytes and metastatic melanoma cell 
strains using cell proliferation assays. Primary 
melanocytes were slightly stimulated following 
treatment with 9-cis RA (10-10 - 10-6 M). 
we observed a decrease in cell proliferation following 
9-cis RA treatment in three of four melanoma cell 
strains (ID50 6 10-7 M). The other melanoma cell 
strain was only slightly inhibited (<30% for all doses). 
Current studies are underway to determine the basal 
and 9-cis RA induced RNA transcript expression levels 
of the RXR isotypes in human primary melanocytes 
and metastatic melanoma cells. 

However, 

8707 IDENTIFICATION OF THE R?IiANCER/SILENCER 
ELEMENTS OF THE SCAVENGER RECEPTOR GENE 
THAT IS REGULATED BY TPA 

Hong Wu, Karen S. Moulton, Christopher K. Glass, 
Department of Medicine, University of California, 
San Diego, La Jolla, CA 92093-0656 
Transcription factors that control gene networks 
during terminal differentiation of the 
macrophages have been poorly characterized. To 
address this problem, we are studying the 
mechanisms regulating the expression of the 
macrophage scavenger receptor, which is markedly 
upregulated during the final stages of 
macrophage development. Studies using the 
monocytic cell line, THP-1, have demonstrated 
that the phorbol ester, TPA induces macrophage 
differentiation and maximally stimulates 
scavenger receptor gene transcription 16hr after 
treatment. Three functional elements have been 
identified that regulate scavenger receptor gene 
expression in transient transfection 
experiments. Promoter sequences (-696-+46bp) are 
sufficient for tissue-specific expression of the 
scavenger receptor in monocytefmacrophage cells, 
but confer only a fraction of maximal TPA- 
dependent induction. A silencer element, 
located more than 3.5 kb upstream of the 
transcription start sites, suppresses the basal 
promoter activity by 70%-80%. An enhancer 
element containing two AP-1 consensus sequences 
resides between the silencer and the promoter 
elements and is required for maximal 
transcriptional activation by TPA. Deletion of 
either of the AP-1 sites within the enhancer 
abolishes the TPA responsiveness. Multiple cis- 
active elements that are widely spaced are 
therefore required for appropriate control of 
the scavenger receptor gene. These studies 
should provide further insights into mechanisms 
responsible for macrophage-specific responses to 
protein kinase C activation. 

B 709 Drosophila Ultraspiracle Modulates Ecdysone 
Response via Heterodimer Formation 
T.P. Yao, W. A. Segaves, A. E. Om, M. McKeown*, and R.M. Evans 

Gene Expression Lab and Howard Hughes Medical Institute, 
*Molecular Biology and Virology l a h t o r y ,  
The Salk Institute, La Jolla, CA 92186-5800 

The venebrate retinoid X receptor (RXR) has been implicated in the 
regulation of multiple hormonal signalling pathways through the formation 
of heteromeric receptor complexes which bind DNA with high 
affinity. We now demonstrate that ultraspiracle (usp), a Drosophila RXR 
homologue can substitute for RXR in stimulating the DNA binding of 
receptors for RA, T3, VitD and peroxisome proliferator activators. 
Ultraspiracle has been shown to be a pleiotropic factor which is required at 
multiple developmental stages and tissues. The pleiompic phenotype of 
usp mutant may reflect its ability to interact with multiple factors which 
are important in the Drosophila development. These observations led to 
the search and ultimate identification of the ecdysone receptor (EcR) as a 
Drosophila partner of usp. Together, usp and EcR bind DNA in a highly 
cooperative fashion and the hetcrodimer shows a DNA binding specificity 
correlated well with the ecdysone response in vivo. Coaansfection of both 
EcR and usp expression vectors is required to render cultured mammalian 
cells ecdysone responsive. These results implicate the functional ecdysone 
receptor is a binary complex consisting of the products of both EcR and 
usp locus and offers a molecular mechanism by which the complex 
ecdysone response can be achieved. By demonstrating that receptor 
heterodimer formation precedes the divergence of vertebrate and 
invcnebrate lineages and its involvement in the important aspects of the 
animal development and homeostasis. these data underscore a a n d  role 
for RXR and its homologue usp in the evolution and control of the nuclear 
receptor based endocrine system. 
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B710 C - m S  DEPENDENT HL-60 CELL DIFFERENTIATION AND 

Forbes, Hark L. Tykocinski, Richard K. Groger, and Joseph D. 
Platko, Cancer Biology Laboratory, Department of Pathology, 
College of Veterinary Medicine, Cornell University, Ithaca, NY 
14853 
The dependence of induced myelo-monocytic cell 
differentiation, and regulation of the RB tumor suppressor 
gene during this process. on the c-fms gene product, the CSF-1 
lymphokine receptor, was studied in HL-60 promyelocytic 
leukemia cells. Adding a monoclonal antibody with specificity 
for the c-fms gene product to cells treated with various 
inducers of myelo-monocytic or macrophage differentiation, 
including retinoic acid and 1,ZS-dihydroxy vitamin D3, 
inhibited the rate of differentiation. During the period of 
inducer treatment usually preceding onset of differentiation, 
longer periods of antibody exposure caused greater inhibition 
of differentiation. In a stable HL-60 transfectant over- 
expressing the CSF-1 receptor at the cell surface due to a 
constitutively driven c-fms trans gene, the rate of 
differentiation was enhanced compared to the vild type cell, 
consistent with a positive regulatory role for the CSF-1 
receptor. The anti-fms antibody caused much less inhibition 
of differentiation in the transfectants than in wild type 
cells, consistent with a larger number of receptors causing 
reduced sensitivity. During the induced metabolic cascade 
leading to differentiation, the typical early down regulation 
of RB gene expression was inhibited by the antibody. The 
antibody itself caused an increase in RB expression per cell, 
which offset the decrease normally caused by differentiation 
inducers (1.25-dihydroxy vitamin D3 and retinoic acid). Thus 
the metabolic cascade leading to myelo-monocytic 
differentiation of HL-60 cells appears to be driven by a 
function of the c-fms protein. Inhibiting that process by 
attacking this receptor impedes differentiation as well as 
compromises the down regulation of RB tumor suppressor gene 
expression which normally precedes differentiation. These 
findings provide additional support for a potential role for 
down regulating RB expression in promoting cell 
differentiation, and suggest the possibility that RB may be 
either a target or intermediate mediator of CSF-1 actions. 

REGUIATION OF RB GENE EXPRESSION, Andrew Yen, nary E. 

Phosphorylation of Transcription Factors 
B 800 

SAkira, SKino&ita,T.Nakajima,andT.Kishjmoto 
Institute for Molecular and Cellular Biology, Osaka 
University, 1 3  Yamada-oka, Suita, Osaka 565, Japan 

Ras-dependent transcriptional activation of 
NF-IL6 

NF-IL6 was initially identified as a nuclear factor binding to 
a 14 bp palindromic sequence(ACATTGCACACT) within 
a n  IL-1 responsive element in the human IL-6 gene. The 
cloned NF-ILG contained a region highly homologous to the 
C-terminal portion of CIEBP. NF-IL6 recognizes the same 
nucleotide sequences as CIEBP. In contrast to the tissue- 
specific expression of CIEBP, NF-IL6 is a n  inducible and 
ubiquitously expressed transcriptional activator. NF-IL6 is 
also known as LAP, AGPEBP, IL-GDBP, rNFIL-6, and 
C / E B P P .  In this study we demonstrated tha t  the 
transactivating activity of NF-IL6 is stimulated by  
coexpression of oncogenic ras. Recently the Ras protein has 
been implicated in signal transduction pathways mediated by 
tyrosine kinases and  functions ups t ream of t h e  
serinekhreonine kinases such as MAP kinases and c-Raf. In 
fact, we noticed that NF-ILG harbors the optimal consensus 
sequence for MAP kinases. The mutation of the sequence 
resulted in loss of the ras-dependent activation of NF-ILG. 
Taken together, these findings suggest that the activation of 
NF-ILG is mediated through phosphorylation by ras- 
regulated MAP kinases. 

B711 HORMONE-DEPENDENT GROWTH INHIBITION OF ESTROGEN 
RECEPTOR-TRANSFECTED HUFIAN W R Y  EPITHELIAL 

CELLS REQUIRES THE DNA BINDING W I N  OF THE RECEPTOR, 
Deborah A. Zajchowski and Lynn Webster, Department of Cell 
Biology and Iimnunology, Berlex Eiosciences, Alaraeoa, CA 
94501 

Constitutive expression of the cloned human 
estrogen receptor ( E R )  i n  ER-negative i m r t a l ~  non- 
tumorigenic (18465) as well as tumor-derived human maimnary 
epithelial ce l l s  (21T and MDA-231) enables estrogen- 
responsive gene expression (1). Estrogen treatment also 
results in cell  cycle perturbation and marked growth 
inhibition. Postulated mechanisms for such an anti- 
proliferative effect include: (a) direct interaction 
between the estrogen-bound ER and target genes to  -nduce 
expression of inhibitory proteins or block expression of 
growth enhancing factors; (b) indirect inhibition of 
growth-related gene expression by ER competit?on for  
ancillary transcription factors essential for the 
transcription of those genes ("squelching"). Since ER 
binding to  Estrogen Responsive Elements in specific genes 
i s  required f o r  mechanism (a),  18485 cell lines that stably 
express ER mutants in the DNA binding domain (HE27, HE34, 
2 ,a )  were constructed. These ce l l s  were not inhibited by 
estrogen treatment even though receptor levels were 
comparable to  those found in growth-inhibited wild-type ER 
transfectants and ER nuclear localization was verified. On 
the contrary, ER mutants which lack the N-terminal A / B  
domain (HE19) were inhibited t o  the same extent as  wild- 
type transfectants, while ce l l s  expressing ER with C- 
terminal deletions of the hormone binding domain lHE15) 
showed no change in growth rate. These d a t a  suggest t h a t  
the negative growth regulatory effect of estrogen-bound 
receptors i s  mediated by DNA interaction and that the 
transcriptional activation function in the A / B  domain i s  
not essential. 

1. Zajchowski, D. and Sager, R.  Mol. Endo. (1991) 5 ,  1613. 
2 .  Mader, 5 .  e t  al .  Nature (1989) 338, 271. 
3. Green, S. e t  a l .  EMBO J .  (1988) 1, 3037. 

B 801 ROLE OF THE SEOUENTIAL 
PHOSPHOR%AKOfS OF CREB IN THE 

REGULATION OF ITS TRANSCRIPTIONAL RESPONSE TO 
CAMP. J.S.Williams, C.J. Fiol. PJ. Roach and O.M. 
Andrisani,Lkpt of Vet. Physiology.Purdue University and Dept. 
of Biochemistry & Mol. Biology, I.U. School of Medicine, 
Indianapolis, IN 

The transcriptional activity of the &MP-Nponse- 
element binding protein CREB is regulated by the CAMP- 
dependent protein Kinase A. Phophorylation occurs at 
Serl3 111 of CREB 027. respectively. We observed that 
phospiory?ation by P a  IS required for a secondary 
phosphorylation of CREB by the Glycogen Synthase Kine-3. 
Based on the recognition determinants for GSK-3 
phosphorylation. -SXXXS(P)-, Ser-1 W129 of CREB was 
predicted as the target for GSK-3. A peptide was synthesized 
containing these phosphorylation sites. Ser-I15 in the model 
peptide was phosphorylated by GSK-3 but again ody after 
previous phosphorylation of Ser-I19 by PKA. Similarly, 
employing recombinant CREB 41/327 proteins it was shown in 
v i m  that sequential phosphoryfauon at the GSK-3 site of the 
native CREB, requires prior phosphorylation in v i m  by PKA. 

To assess the functional role of the sequential 
phosphorylation of CREB in vivo. we constructed CREB 
mammalian expression vectors, containing Sa + Ala 
substitution of at the GSK-3 site. The mammalian expression 
vectors encode a chimeric CREB protein fused to the DNA 
binding domain of Gal4(1-14 Two types of chimeric proteins 
were constructed: 1) the Gdd):147 portion was fused to the 
NH terminus of CREB and 2j the Cal41-147 replaced the bZip 
of &B. The indicator plasmid is the somatostatin promoter 
(+50 to -750). containing the Gal4 binding site in place of the 
CRE motif. Transient mfection assays in X I 2  cells of either 
expressor construct show that the CREBgl  mutant containing 
Ser --f Ala substitution at the GSK-3 consensus site is 
transcriptionally inactive in response to forskolin. The 
corresponding CREB327 mutant ntains - 30% of its 
tmnsaiptional activity. In viw labeling studies employing S35- 
methionhe confirmed the synthesis of the CREB-Gal4 proteins. 
'Ihese results support the importance of the sequential 
phosphorylations of CREB in its transcriptional response to 
CAMP, in X I 2  cells. 
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B 802 PHOSPHORYLATION OF PU.1 CAN COMFloL PROTEIN 
INTERACTION, DNA BINDING, AND TRANSCRIPTIONAL 

ACTIVATION BY NF-EM5. Michael L. Atchisonl, Sujatha 
Nagulapalli’. Charles Van Beveren2, Michael J. Klemsz2. Richard A. 
Maki’. and Jagan M. R. Pongubalal. ’Department of Animal Bology, 
University of Pennsylvania, School of Veterinary Medicine, 
Philadelphia. PA 19104, 2Cancer Research Center, La Jolla Cancer 
Research Foundation, La Jolla, CA 92037 
PU 1 is an ets-related transcription factor that binds to the 
immunoglobulin kappa (Igx) 3 enhancer (xE3’). Binding of PU.l to 
the rE3’ enhancer enables the binding of a second B cell-specific 
factor, NF-EM5. Binding of NF-EM5 to h e  enhancer requires protein- 
protein interaction with PU.1 as well as specific DNA contacts. We 
show here that phosphorylation of PU. 1 is necessary for interaction 
with NF-EMS PU.1 prepared by in vitro translation is capable of 
interacting with NF-EM5, but not PU.1 produced in bacteria. In 
addition, dephosphorylated PU.l can bind to DNA but is incapable of 
interacting with NF-EM5. However, treatment of bacterially made 
PU 1 with purified casein kinase I1 modified it to a form capable of 
interacting with NF-EMS. Analysis of serine to alanine mutations in 
PU 1 indicated that serine 148 iscrucial for protein-protein interaction 
This serine residue is phosphorylated in v im and lies within a 
consensus sequence for casein kinase ( I .  To determine whether PU 1 
interaction with NF-EM5 is important for enhancer activity in vim, 
transfection experiments were performed with plasmids expressing 
either the wild-type PU.1 cDNA or the serine 148 mutant form. Wild- 
type PU.1 increased expression of a reporter construct containing the 
PU 1 and NF-EM5 binding sites nearly 6 fold, while the serine 148 
mutant form only weakly activated transcription. In addition, a reporter 
containing the PU.l binding site, but lacking the NF-EM5 binding sate 
was only weakly activated by the wild-type PU 1 protein. These 
results demonstrate that phosphorylation of PU.1 at serine 148 is 
necessary for interaction with NF-EM5 and suggest that this 
phosphorylation can regulate transaiptlonal act~vlty. 

B 804 A NOVEL TRANSCRIPTION FACTOR REGULATES 
HIV-1 LTR-DIRECTED TRANSCRIPTION IN 
RESPONSE TO SIGNALS FROM TYROSINE KINASES 

Brendan Bell and Ivan Sadowski, Dept. of Biochemistry, 
University of British Columbia, Vancouver, Canada, V6T 123. 

To investigate the mechanisms that alter the transcriptional 
machinery in response to extracellular signals we have 
identified and begun characterizing a transcription factor whose 
activity is increased by signals from the v-fps protein-tyrosine 
kinase. We used a Rat-2 cell line that expresses a temperature 
sensitive mutant of P130gag-fPs to screen for promoters that are 
stimulated by increased kinase activity of P130gag-fPs. The 
HIV-1 LTR was shown to be stimulated 10 fold by v-fps in this 
system. Deletion analysis of the H I V  LTR revealed a novel fps 
responsive element (FRE) residing mainly 119 to 160 
nucleotides upstream of the transcriptional start site. 
Stimulation of the HIV LTR occurs in the H I V  permissive 
human monocyte cell line U937 by v-fps and in Jurkat T cells by 
p561ck. Nuclear extracts from U937, Jurkat with and Rat-2 cells 
contain proteins that form specific complexes with 
oligonucleotides from the FRE in mobility shift assays. 
Moreover, the mobility of these complexes are altered upon 
increasing v-fps kinase activity in Rat-2 cells. This altered 
mobility is due to a change in the phosphorylation status of the 
FRE binding proteink) (FKEBP), since it can be reversed by 
addition of a non-specific phosphatase to the nuclear extract. 
Signals from membrane assodated fps are coupled to nuclear 
FREBP by ras and the cytoplasmic raf kinase as determined by 
cotransfection experiments with constitutive and dominant 
negative ras and raf mutants. FREBP thus represents a novel 
transcription factor that responds to signals from tyrosine 
kinases via ras and raf and may play a role in transcriptional 
regulation of the HIV-I virus. Work to isolate and characterize 
cDNAs coding for FFSBP is in progress. 

B 803 CHARACERUTION AND PHOSPHORYLATION 
PROPERTY OF THE HUMAN GCF, A TRANSCRIPTIONAL 

REGULATOR OF THE EGF RECEPTOR GENE. 
J aura Begui&,-AIfred C. Johnson, Hitoshi Yamazaki. Ira Pastan 
‘Lab. of Molecular Oncology. DIBIT. HS Raffaele. Milano. Italy 
and Laboratory of Molecular Biology, NIH, Bethesda Md.. 
The human EGF Receptor (EGF-R) is a proto-oncogene whose 
over-expression is implicated in the development of several types 
of human tumors. Transcriptional regulation of EGF-R gene is 
complex. EGF-R promoter binds several transcriptional activators, 
like Spl and ETF, and one repressor protein named GCF. cloned 
for its ability to bind to EGF-R promoter GC rich sequences and 
shown to repress its transcription in vitro. GCF is composed of a 
basic amino-terminal region which constitute the DNA binding 
region, two leucine-zipper motifs and contains several putative 
nuclear localization signals and potential phosphorylation sites. 
To characterize GCF protein and to address its role we have 
developed antibodies against a bacterial expressed GCF-fusion 
protein. GCF antibodies recognize GCF synthetized in vitro and in 
cell extracts from human cells. In cell extracts, the major form of 
GCF has a molecular weight of approximately 97Kdalton. In 
addition other less abundant species with a slightly higher 
apparent molecular weight are specifically recognized, 
suggesting extensive post-translational modification. GCF shows 
a wide variety of expression in cultured human cells and human 
tissues and is present both in EGF-R negative human cell lines 
(HUT-102, U266) and in lower amounts in EGF-R expressing 
cells (KB, A431, AGS). GCF is a stable protein with a relatively 
long half-life. Cell fractionation studies indicate that the major 
form of GCF is localized in the nucleus and the association with 
the nuclear fraction is quite stable. In addition, GCF is a 
phosphoprotein and the phosphotylated form is associated 
mainly with the nuclear compartment both in HUT-102 and KB 
cells. Phosphorylation occurs on serine and threonine residues 
and is stimulated by Okadaic acid, PMA and CAMP but not 
vanadate or EGF. Interestingly. PMA and Okadaic acid effects are 
not additive suggesting stimulation of a similar pathway. Studies 
will be presented on the role of different cellular kinases in GCF 
phosphorylation. 

B 80s STRUCTUREIFUNCTION STUDIES OF THE PHOU 
GENE PRODUCT, A PROTEIN KINASE 

INVOLVED IN REPRESSION OF ACID PHOSPHATASE 
TRANSCRIPTION IN SACCHAROMYCES CEREVISIAE , 
Lawrence W. Bergman, Reynaldo Santos and David L. 
Johnson, Department of Microbiology and Immunology, 
Hahnemann University School of Medicine, Broad & Vine, 
Philadelphia, PA 19102. 

The PH085 gene product is required for the transcriptional 
repression of the yeast phosphate-repressible acid phosphatase 
(encoded by the PH05 gene), under conditions of excess 
inorganic phosphate and is involved in some aspects of general 
carbon metabolism. The sequence of the coding region of 
PH085 is highly homologous (approximately 52% identical) to 
the CDC28 gene of Socchnromyces cerevisioe , suggesting that 
PH085 encodes a protein kinase. Mutation of a conserved Lys 
residue, involved in ATP binding in other protein kinases, 
causes constitutive synthesis of PH05. This implicates the 
kinase activity of PH085 in the repression of PH05 
transcription. Due to the high due of homology, we have 
constructed a series of fusions between the CDC28 gene and 
the PH085 gene. These fusions were then assayed for their 
ability to complement a pho85 mutation and repress PH05 
expression. These studies may allow the localization of the 
domain which confers the specificity to the PH085 kinase. 
Finally we have utilized a selection scheme to isolate mutants 
which constitutively express acid phosphatase. Genetic studies 
have mapped some of these mutations to the PH085 gene. 
These mutant PH085 genes are being cloned and the DNA 
sequences determined to provide information concerning the 
mode of action of the PH085 gene. 

1 79 



hnscription: Factors, Regulation and Differentiation 

BE06 PHOSPHORYLATION OF c-Jun DURING THE CELL B 807 'I RA"LATIONAL CONTROL OF C-JUN: 
CYCLE, Biedenkapp, H and Hunter, T , Department of 

Molecular Biology and Virology. The Salk Institute, 10010 Torrey 
Pines Road, La Jolla, CA 92037 

HEPKESSION BY UNTRANSLATED SEQI'ENCES 
Timothy J. Bos, Anil Sehgal, and Anluta Patel. Department of 
Microbiology and Immunology, Eastern kuginia Medical School, P.O. 
Box 1980, Norfolk, VA 23501. 

The c-Jun oncoprotein is a nuclear phosphoprotein that 
acts as a transcription factor. Recent studies have shown that 
both the DNA-binding activity as well as the transactivation 
activity of c-Jun are regulated by protein phosphorylation. 
In order to investigate possible changes in Jun activity during 
cell proliferation we have studied the phosphorylation of the 
human c-Jun protein during the cell cycle. 

Phosphorylation of bacterial expressed human c-Jun 
protein in vitro reveals that c-Jun serves as a substrate for 
c y ~ l i n B / p 3 4 ~ ~ C ~  isolated from mitotic Hela cells. Tryptic 
phosphopeptide mapping and phosphoamino acid analysis 
show that cycIinB/p34CdC2 phosphorylates c-Jun at sites that are 
also phosphorylated i n  vivo. To study the in v i v o  
phosphorylation of those sites during the cell cycle we first 
analyzed tryptic phosphopetide maps of c-Jun isolated from 
Nocodazole blocked Hela cells. Preliminary data suggest that 
the sites phosphorylated by ~ y c l i n B / p 3 4 ~ ~ ~ ~  in vitro are also 
phosphorylated in mitotic cells. To analyze possible changes in 
c-Jun phosphorylation during the cell cycle in more detail, we 
are currently examining c-Jun from Hela cells at different times 
after release from Nocodazole or Aphidicolin block. 

BE08 MAZ, A ZINC FINGER PROTEIN WHICH 

ONCOGENE, Steven A. Bossone', Amanda J. Patel#, Marco A. 
Passinit, Timothy J. Sellatit. Claude Asselin@ and Kenneth B. Marcu't, 
Department of Pathology. and Biochemistry and Molecular Biology#, 
SUNY at Stony Brook, Stony Brook, NY 11794; Department of 
Anatomy and Cell Biology@, University of Sherbrooke, Sherbrooke, 
Quebec. 
MAZ encodes a zinc finger protein which possesses a proline-rich domain 
and several polyalanine tracts which are thought to mediate transcriptional 
activation and/or repression. It binds double-stranded DNA in a 
sequence-specific manner with a minimal core-binding site of 
GGGAGGG. MAZ protein binding sites have been associated with 
uanscriptional initiation and termination in the c-myc gene and with C2 
gene termination. MAZ displays a generally ubiquitous expression pattern 
in most tissues and cell lines tested except for its absence in human kidney 
and the human promyelocytic leukemia cell line HL60 after ueaunent with 
dimethyl sulfoxide (DMSO). DMSO effectively consigns HL60 cells to 
their differentiation pathway concomitant with a rapid downregulation of 
c-myc mRNA. The effect of constitutive MAZ expression on c-myc 
regulation in differentiating HL60 cells will be discussed. In addition to 
its predominant 2.7 kilobase mRNA, multiple forms of MAZ RNA were 
observed and an alternatively spliced cDNA has been obtained which lacks 
one of its putative transcriptional effector domains. The functional 
significance of this observation remains to be determined. 
h p e r  transcription of the c-myc gene was shown to be dependent upon a 
functional MAZ protein binding site. Furthermore, MAZ was able to 
transacnvate myc-chloramphenicol acetlytransferase (CAT) chimeric 
constructs in COS-I cells under transient conditions as determined by 
CAT assay. Transcription of constructs containing multiple MAZ protein 
binding sites was dramatically induced in the presence of enforced MAZ 
expression. The role of MAZ in c-myc expression will be further refined 
by employing MAZ-specific monoclonal antibodies and in both in virro 
and in vivo systems. 

POSITIVELY REGULATES THE C-MYC PROTO- 

The lun proto-oncogene has been widely studied for its role as a 
transcription factor and oncogene. The l u n  protein is a sequence 
specific DNA binding protein that recognizes the consensus target 
sequence TGACTCA. It was first characterized as a major component 
of the mammalian transcription complex, AP-1. Like many 
transcription factors, Jun activity is under tight regulatory controls. Jun 
message is induced rapidly and transiently by a variety of growth and 
differentiation factors as an immediate early response. gene. In the 
absence of protein synthesis inhibitors, thejun message is rapidly turned 
over. Jun activity is also modulated at the protein level. Jun protein can 
be activated in response to tumor promoters as well as  other oncogenes 
such as Ras by post translational modification. The phosphorylation 
state of the Jun protein plays a critical role in determining if it can bind 
DNA or activate transcription. In addition, Jun activity is affected by a 
variety of protein - protein interactions. Through a structural domain 
called the leucine zipper, Jun is able to dimerize with a number of 
proteins including those in the Jun family (c-Jun, Jun D, and lun B), the 
Fos family (c-Fos, Fra-1, Fra-2, FosB and FosB-SF) and the CREB 
family. The affinity for Ap-1 target DNA varies according to the 
dimerization partner utilized. Thus, regulation of Jun activity is 
complex and exists at a number of levels. 

Here we describe another level of regulation of Jun activity - the 
translational level. Although rapid increases in c Jun  mRNA are a 
common response to a variety of stimuli, an equal rise in Iuri protein 
does not always follow. The chicken c-jun message contains a 5' leader 
over 300 bases in length with a high GC content. This leader sequence 
has the potential to form a long and stable hairpin loop structure. 
Similar structures in other oncogenes have been implicated in 
translational repression. We have assayed the affect of this 5' leader 
sequence on Jun translation in virro and found it to repress protein 
synthesis several fold. A mutational analysis of this region has been 
initiated, the results of which will be presented. 

BE09 IDENTIFICATION OF A NOVEL PROTEIN THAT 
INTERACTS WITH C-MYC. Brent H. Cochran and P. Sanjeeva 
Reddy. Center for Cancer Research and Department of Biology, 
Massachusetts Institute of Technology, Room E l 7  - 517.77 Mass. 
Ave., Cambridge, MA 021 39 

We have used the yeast two-hybrid method of screening 
for protein-protein interactions to look for mammalian genes that 
interact with c-myc. After screening over a million cDNAs from a 
hybridoma cell library, 16 positive clones were found. All the 
cDNA clones isolated were derived from a single gene. 'To score 
positive in the yeast assay, the hybrid proteins must interact with 
the c-myc helix-loop-helix-leucine zipper domain. The clones do 
not interact with an Rb-LexA fusion protein indicating that the 
interaction does not occur through the LexA portion of the fusion 
protein. A common region of all the cDNAs isolated contained a 
predicted leucine zipper motif. This gene which we are calling 
Myp for m c  interacting grotein. is distinct from max and has no 
predicted helix-loop-helix domain immediately adjacent to the 
leucine zipper. However, the complete sequence of this gene 
has yet to be determined. In the in vivo yeast interaction assay 
myp gives a stronger signal, than does Max. Work that is in 
progress will address the ability of myp to bind myc in vitro, the 
activity of myp in vivo, and the domain of myc required for the 
interaction. 

180 



'hmscription: Factors, Regulation and Differentiation 

B 810 EFFECTS OF PHOSPHORYLATION ON THE HOMEO- 
DOMAIN-CONTAINING PROTEIN fushi tarazu, John 

W.R. Copeland, L.-H. Hung, B. Strome. E. Burgess1 and H. 
Krause. Banting and Best Dept. of Medical Research, 
University of Toronto, Toronto, Ontario, Canada, M5G 1L6, 
Dept. of Biology, York University, Toronto, Ontario, Canada 

The fushi tarazu (ffz) protein of Drosophila is a homeodomain- 
containing transcription factor which plays a role in 
segmentation, neurogenesis, and, perhaps, gut development. 
ffz protein (Ftz) is phosphorylated differentially during its 
different phases of expression, suggesting that these 
modifications may alter tissue specific activities of the protein. 
Notable differences are observed in the partial proteolysis 
profiles of phosphorylated Ftz expressed in the Baculovirus 
system compared with unphosphorylated protein expressed in 
bacteria, suggesting that phosphorylation alters Ftz 
conformation. Phosphatase treatment of Baculovirus- 
expressed Ftz also reduces the ability of the protein to bind 
DNA in a gel retardation assay. Scatchard analyses of gel 
retardation data indicates that different Ftz phosphoisoforms 
have different affinities for the tested sequence. Many of the 
phosphorylation sites of the Baculovirus-expressed Ftz have 
been mapped. Some of these sites have been altered by site- 
directed mutagenesis. Interestingly, several of these mutants 
show altered transcriptional activity when expressed in 
Drosophila Schneider cells. 

B812iNDUCIBILITY OF JUN D BY A POST- 
TRANSCRIPTIONAL HECHANISM IN T CELL, 

'Antonietta R. Farina, 2Terri Davis-Smith,%evin 
Gardner and 'David L. Levens. 'Dept . Medicina 
Sperimentale, University L'Aquila, Italy. 
lLab. of Pathology, NCI, M I .  Bethesda MD. 
Multiple chromatographically distinct complexes 
interacting with the AP1 site of the GALV-Seato 
LTR are separable from -144 gibbon T-cell and 
TPA induced human T-cell line Jurkat nuclear 
extracts.The most abundant of these complexes 
(T-AP1) possesses novel biochemical properties 
and is different from the fosfjun complex. The 
T-AP1 complex, composed of at least two 
dissociable protein components, CORE and FT , is 
induced in Jurkat cells following activation 
with TPA. The purified core component was 
identified as jun D by biochemical and 
immunologicalmethods. As TPA induction of T-AP1 
binding was not modified by protein synthesis 
inhibitors and the core factor was preexistant 
in Jurkat cells, we propose that the jun D 
component is activated by a protein synthesis 
independent mechanism. GALV-TRE enhancer 
t - t . i . v i t : r  was also increased in vivo following 
TPA treatment in the presence of protein 
synthesis inhibitors. Transcription, in vitro, 
indicated that purified T-cell jun D activated 
GALV-TRE driven RNA synthesis. Jun D binding to 
GALV-TRE was highly dependent on the presence of 
a separate cofactor, Flow Through (FT). The 
protein synthesis independent nature of TPA 
dependent T-AP1 activation may suggest that this 
transcription factor is involved in the earliest 
stages of T cell activation. 

B 811 DOWN-REGULATION OFTHE DROSOPHILA MORPHOGEN 
BlCOlD BY THE TORSO RECEPTOR MEDIATED SIGNAL 

TRANSDUCTION CASCADE. Nathalie Dostatnil, Elettra Ronchi', 
Jessica Treisman Gary Struh13 and Claude Desplanl. Howard 
Hughes Medical Institute, 1. The Rockefeller University, 1230 York Ave, 
New York, NY 10021. 2. Department of Molecular and Cell Biology, 
University of California, Berkeley 94720 3. Center for Neurobiology and 
Behavior, Columbia University College of Physicians and Surgeons, New 
York, NY 10032. 

Most aspects of anterior body pattern in Drosophila are specified 
by the graded distribution of the Bicoid protein (Bcd) which is presumed to 
bind with different affinities to subordinate regulatory genes such as 
hunchback (hb) and orfhodenticle (old), leading to their transcriptional 
activation in distinct anterior domains. However, transcription of these 
target genes is subsequently repressed at the anterior pole in response to 
the activity of the receptor tyrosine kinase torso (for). We show that both 
activation by bcd and repression by for can be reproduced using an 
artificial promoter consisting solely of Bcd binding sites placed upstream 
of a naive transcriptional start site. Repression depends on the function of 
the Drosophila homologue of the serine-threonine kinase ruf@-ruf), but 
not on either failless (111) or huckebein (hkb), two transcription factors 
whose local activity was previously thought to constitute the output of the 
for signalling system. Further, the addition of heterologous transcriptional 
activation domains to Bcd renders it insensitive to tor-mediated repression. 
Thus, the activity of the Bcd protein appears to be down-regulated by input 
from the f o r  signalling cascade, possibly by D-raf-dependent 
phosphorylation of the Bcd structural domain normally required for 
activating transcription. We are currently analysing the molecular basis of 
this observation. 

B 813 MAX AND MYC/MAX COMPLEXES ACTIVATE 
TRANSCRIPTION IN VIVO, Fiona Fisher'. D.H. Crouch. Colin R. 
Goding', P.4 .  Jayaraman'. W. Clark and D.A.F. Gillespie, 
'Marie Curie Research Institute. The Chart. Oxted, Surrey, UK 
RH8 OTL, Cancer Research Campaign, The Beatson Institute 
for Cancer Research, Garscube Estate, Switchback Road, 
Bearsdon, Glasgow, UK G61 1 BD. 
Despite the large body of evidence implicating the Myc 
oncoprotein in the control of proliferation, differentiation and 
transformation, little advance was made until recently in 
understanding its biochemical function. The observation that 
Myc contains structural motifs common to the basic helix-loop 
helix leucine zipper (bHLH-LZ) family of transcription factors, 
and can interact specifically with the DNA sequence CACGTG 
as a heterodimer with an unrelated bHLH-LZ protein, Max, 
strongly suggests a role for Myc and Max in transcriptional 
regulation. To date however, there has been no direct 
demonstration of the ability of Myc or Max to activate or repress 
transcription. In Mammalian cells analysis of My- function 
is complicated by the presence of endogenous Myc and M a x  as 
well as multiple other CACGTG-binding transcription factors. 
We have therefore used the yeast, Sacchammyces cerevisiae, 
to express Myc and Max and assay their ability to regulate 
transcription in viw. Our results show that both Max and Myc 
can bind to DNA and activate transcription, but that Myc can 
only do so in conjunction with Max. Furthermore, the ability of 
mutant Myc proteins with lesions in the bHLH-U domain to 
activate transuiption in yeast, complex with Max and bind DNA, 
correlates with their neoplastic transforming capacity for higher 
eukaryotic cells. 
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B814 TRANSACTIVATION OF GENE EXPRESSION BY MYC 
IS INHIBITED BY A POINT MUTATION AT THE MAP 

KINASE PHOSPHORYLATION SITE. Shashi Gupta, Alpna 
Seth, and Roger J. Davis, Program in Molecular Medicine, and 
the Department of Biochemistry and Molecular Biology, 
University of Massachusetts Medical Center , Worcester, MA 
01 605. 
The c-Myc protein is a short-lived nuclear phosphoprotein that 
has an important functional role during cellular proliferation, 
differentiation, and neoplasia. The structural organization of Myc 
indicates the presence of sub-domains that are found in several 
transcriptional regulators: Basic-helix-loop-helix (bHLH) and 
leucine zipper (Zip) motifs at the COOH terminal region and a 
transcriptional activation domain at the NHz-terminal region. We 
demonstrate that the specific Myc DNA binding site CACGTG 
placed up-stream of a luciferase reporter gene confers 
Myc-stimulated expression of the reporter gene. Over-expression 
of Max inhibited the Myc-activated gene expression. 
The c-Myc protein is phosphorylated in vifro by MAP kinases 
within the NHZ-terminal transactivation domain at SeW. which 
may be a regulatory site of phosphorylation. Here, we show that 
SeW2 is a major site of Myc phosphorylation in vivo. The8 was 
identified as another site of in vivo phosphorylation of Myc. A 
mutational analysis was performed to investigate the role of the 
phosphorylation sites The8 and See2 during transactivation of 
gene expression by Myc. Mutation at The8 caused no significant 
change in Myc function, but the replacement of SeFz with Ala 
markedly inhibited the observed Myc-dependent transactivation 
of gene expression. In contrast, the replacement of Se62 with an 
acidic residue (Glu) caused only a small inhibition of 
transactivation. Together, these data demonstrate that the 
NH2-terminal phosphorylation site SeW is required for high 
levels of transactivation of gene expression by Myc. 

B 816 A PROTEIN TYROSINE KINASE IS INVOLVED IN THE 
RAPID ACTIVATION OF THE TRANSCRnrION FACTOR 

APRF BY INTERLEUKIN-6, Friedemann Horn, Jan Buschmann, 
Claudia Lutticken, Ursula M. Wegenka, Juping Yuan, and Peter C. 
Heinrich, Institute for Biochemistry, RWTH Aachen, Klinikum 
Pauwelsstrasse 30. I35100 Aachen, Federal Republic of Germany 
We have shown previously that interleukin-6 (IL-6) and leukemia 
inhibitory factor (LIF) both trigger the rapid activation of acute phase 
response factor (APRF), a transcription factor involved in the 
regulation of various acute phase protein genes in hepatocytes. APRF 
is different from other cytokine-regulated transcription factors of the 
C/EBP and NF-rB/rel families, exhibits an apparent molecular weight 
of about 110 kDa as estimated by Southwestern blotting and gel 
filtration, and binds with highest affinity to the palindromic sequence 
RCCNGGAA. Since APRF occurs ubiquitously, it is likely to play an  
important role in the regulation of gene expression by IL-6 and LIF in 
many tissues. 
We studied the mechanism of APRF activation in the human 
hepatoma cell line HepC2. APRF activation does not depend on 
ongoing protein synthesis and thus occurs posttranslationally. Within 
one minute after stimulation with IL-6, active APRF can be observed 
in cytosolic fractions indicating that the activation takes place in the 
cytoplasm followed by translocation of the factor to the nucleus. 
Genistein and tyrphostin, specific inhibitors of protein tyrosine 
kinases, prevent the IL-6-induced APRF activation. Preliminary 
evidence from studies with anti-phosphotyrosine antibodies indicates 
that APRF is phosphorylated at tyrosine residues in response to IL-6. 
Furthermore, APRF could also be activated in vifro using cellular 
homogenates and subcellular membrane fractions. This process was 
dependent on the presence of ATP and could be blocked by protein 
tyrosine kinase inhibitors as well. 
The results from these studies lead to the conclusions that (1) IL-6 
rapidly activates a cytoplasmic protein tyrosine kinase which in turn 
phosphorylates and thereby activates the transcription factor APRF, 
and (2) that these events are likely to occur in close association with 
ihe plasma membrane. 

B 815 Cyclin Expression Overcomes Promoter Repression by 
p 1 loRBI. 

Paul A. Hamell and Joan Hanley-Hydez. 
IDepartment of Pathology, Univ. of Toronto, Toronto, Ontarlo W5S 

1A8 and ZLaboratory of Genetics, NCI, NIH, Bethesda, MD, 20892. 

p 1 1 O R B 1  is a nuclear, phosphoprotein which becomes 
phosphorylated in a cell cycle dependant manner and which exhibits 
characteristics of a regulator of the cell cycle. Recently, evidence has 
suggested that p l  IORBl acts as a transcription factor. potentially 
regulating genes required for normal progression through the cell cycle, 
such as c-myc. One complex in which p l l 0 ~ 1  appears to panicipate as 
a negative regulator of transcription contains the transcription factor, 
E2F. When examined in the context of this complex, p l 1 W l  is found 
in the hypo-phosphorylated and, presumabl activt! form. The 
transcriptional repression activity of p I 1 0 R l ;  was determined in 
promoter assays and that the active form of pllORB1 was the hypo- 
phosphorylated form supported using a mutant protein refractory tn 
hyperphosphorylation. 

We now demonstrate that over expression of cyclin A o r  E can 
overcome the repression of plIORB1 on the c-myc and adenovirus early 
promoter, EIlaE. Transient co-transfection assays were performed 
using PI9 cells where either cyclin A or E were titrated against pl I W ' .  
Both cyclins could overcome repression by pllORnl 111 a dose 
dependent manner. When cyclin D was tested. reversal of p lORH1 
repression of EIIaE occurred, while repression of the c-mvc and N-myc 
continued. However, the action of cyclin D appears tn be indcpendent 
of p l  ]ORB1 or E2F since a c-invc promoter construct, defectlve In  the 
E2F site (mycAE2). was still repressed by cyclin D. 

Our data suggest that cyclins A and E are able 10 csvercome 
transcriptional repression by pllORBl by acting directly on p1 IORBl 
while cyclin D acts on other elements or initiation factors independent of 
pll0RBI. 

BE17 A NOVEL TRANSCRIPTION FACTOR, OB2-1, IS 
UPREGULATED IN BREAST TUMOUR LINES WHICH 

OVEREXPRESS c-erbB-2, Helen C. Hurst and Dona1 P. 
Hollywood, Gene Transcription Laboratory, ICRF 
Oncology Group, Hammersmith Hospital, DU Cane 
Road, London W12 ONN, U.K. 
The receptor tyrosine kinase protooncogene, c- 
erbB-2, is overexpressed in 20-30% of zammary 
carcinomas and correlates with poor prognosis. 
It is known that although the c-erbB-2 gene is 
often amplified in breast lines and tumours, 
overexpression can occur from a single copy gene. 
Furthermore, whether or not the gene is 
amplified, overexpressing cells produce 4-8 fold 
more c-erbB-2 mRNA per gene copy than low 
expressing cells. We have examined the mechanism 
behind these observations and have found that the 
c-erbB-2 gene is more heavily transcribed and the 
promoter is more active in overexpressing cells. 
By combining promoter deletion assays with DNase 
footprinting we have identified a novel factor, 
OB2-1, which mediates at least some of tmese 
effects. The binding activity of OB2-1 is l o w  or 
absent in control breast lines, but readily 
detected in all lines which overexpress c-erbB-2. 
However, our preliminary experiments have lead us 
to suspect that the absolute abundence of the 
factor does not vary greatly between the two 
types of cell line. Instead, we believe that the 
binding activity of 082-1 is regulated by its 
phosphorylation state and that the protein is 
constitutively active in the lines which 
overexpress c-erbB-2, thus contributing to the 
overaccumulation of mRNA and protein observed in 
these tumour lines. We hope to clone a gene for 
OB2-1 and to investigate the differences in its 
regulation between control and overexpressing 
mammary cells. 
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B 818 MOLECULAR CHARACTERISATION OF THE DNA 
DEPENDENT PROTEIN KINASE, Stephen Jackson, 

Tanya Gottlieb and Katharine Hartley, WellcomelCRC 
Institute, Tennis Court Road, Cambridge CB2 IQR, U.K. 

The DNA-dependent protein kinase (DNA-PK) phosphorylates Spl and 
a variety of other transcription factors. The kinase is only active when 
bound to DNA. For efficient Spl phosphorylation, GC boxes must be 
present on the DNA. By template competition studies, we have shown 
that the DNA-PK and Spl must be colocalised on the same DNA 
molecule for efficient phosphorylation to occur. Whilst determining 
where the kinasc hinds in relation to Spl,  we made the surprising 
discovery that the DNA-PK interacts with ends of DNA molecules. 
Furthermore, we found that the DNA-PK requires DNA termini for 
activity. Another protein that binds specifically to DNA ends is Ku. 
This protein, originally identified as an antigen recognised by various 
human autoimmune sera, consists of two polypeptides of approximately 
70 and 80 kDa in a 1: 1 complex. Because of their similar DNA binding 
modes, and because Ku co-purifies with DNA-PK activity, we tested 
for a possible relationship between Ku and the DNA-PK. Through a 
combination of biochemical fractionation and immunological 
approaches. we have demonstrated that the DNA-PK consists of two 
functional components. One, the catalytic subunit, corresponds to a 
polypeptide of approximately 350 kDa. The other specifies DNA 
binding by the kinase and corresponds to Ku. Our studies have 
therefore provided a function for the enigmatic Ku protein, and have 
shown the DNA-PK to be a multiprotein complex. 

As a step towards further characterisation of the DNA-PK, we have 
collaborated with Dr. Carl Anderson to isolate a series of overlapping 
partial p350 cDNA clones. Together, the cloned region spans 
approximately 9 kb, and a single open-reading-frame has been identified 
running throughout this region. RNase H mapping studies indicate that 
a further 4.5 kb of cDNA remains to be cloned. We are currently 
expressing various portions of p350 in bacteria to determine whether 
isolated regions of the protein display kinase activity. DNA binding, or 
an ability to interact with Ku. 

B 820 REGULATION OF C-JUN PHOSPHORYLATION IN 
HEMATOPOIETIC CELLS, Andrew S .  Kraft, Christopher Franklin, 
Tino Unlap, and Victor Adler, Division of Hematology/Oncology, 
University of Alabama, B'ham, Ala. 35294. 
We have shown that the addition of phorbol esters to U937 leukemic 
cells induces differentiation of these cells and stimulates the 
phosphosphorylation of the c-Jun on serines 63 and 73. This increase 
in phosphorylation was demonstrated by transfecting a plasmid 
e n c d n g  a c-Jun protein truncated after amino acid 234. Now we have 
inveshgated the location of this c-Jun A234 by both cell fractionation 
and immunofluorescence and find that it is in the cytoplasm. Time 
course studies demonstrate that c-Jun A234 is phosphorylated over the 
same time course as endogenous c-Jun which is found in the nucleus. 
To examine the location of the amino terminal c-Jun protein kinase (c- 
JAT-PK). we used a fusion protein between GST and amino acids 5-89 
of the c-Jun protein as a substrate for kinase reactions. This substrate 
was equally phosphorylated by both nuclear and cytosolic extracts. As 
reponed previously the c-JAT-PK binds strongly to beads which have 
glutathione-GST-Jun attached. We have eluted this protein kinase from 
the beads and by passing it  over a molecular seive sizing column 
demonstrate a M.W. of approximately 60 kDa. Unlike c-Jun, we have 
shown that v-Jun is not phosphorylated by phorbol ester treatment of 
U937 cells. c-Jun contains the 6 domain, a.a. 40-66, which is not 
found in v-Jun, suggesting that these amino acids are important for the 
regulation of phosphorylation. To examine this possibility we have 
synthesized the 6 domain peptide and linked it to sepharose beads. We 
find that iodinated c-JAT-PK which has been eluted from the sizing 
column binds tightly to the 6 domain containing beads. These results 
suggest that the protein kinase phosphorylating c-Jun has an 
approximate M.W. of 60 kDa, is found in the nucleus and cytoplasm, 
and is capable of direct binding to the 6 domain. 

B 819 INTRACELLULAR INTERACTIONS BETWEEN MYC, 
MAXANDAMAX 

Paivi Koskinen, Tomi MZkela, Imre Vastrik, and Kari Alitalo 

Departments of Virology and Pathology, University of Helsinki, 
00290 Helsinki, Finland. 

Max is a basic/helix-loop-helix/leucine zipper protein, which 
forms a sequencespecific DNA-binding complex with the Myc 
family proteins (1). We have recently identified an alternatively 
spliced m a x  cDNA, which produces a carboxyterminally 
truncated protein termed AMax (2). AMax has retained the 
ability of Max to form DNA-binding heterodimers with Myc, 
but is exclusively cytoplasmic in the absence of Myc, since it 
lacks the nuclear localization signal. In rat embryo fibroblasts, 
AMax enhances transformation by Myc and Ras, whereas Max 
causes a decrease in the number of transformed foci. Thus, the 
mx gene encodes both a negative (Max) and a positive (AMax) 
regulator of Myc function. The intracellular interactions 
between Myc, Max and AMax will be discussed in the light of 
our recent results on the properties of these proteins. 

1. Blackwood EM & Eisenman RN, Science251,1211,1991. 
2. Makela TP, Koskinen PJ, Vastrik I & Alitalo K, Science, 256, 

373,1992. 

B 821 THE FUNCllONAL VERSATILITY OF CREM IS 
DETERMINED BY ITS MODULAR STRUCTURE, Brid 

M. Laoide, Nicholas S .  Foulkes, Florence Schlotter and Paolo 
Sassone-Corsi, Laboratoire Gbnbtique Mol6culaire d e s  
Eucaryotes d u  CNRS, U184 d e  I'INSERM, 11 rue Humann, 67085 
Strasbourg Cedex, France. 

The CREM gene (CAMP-responsive element modulator)  
generates both activators and repressors of CAMP-induced 
transcription by alternative splicing (1,2). We determined the 
exon structure of the CREM gene and have identified new 
isoforms.  CREM isoforms wi th  different  s t ruc tura l  
characteristics are generated by the shuffling of exons to produce 
proteins with various combinations of functional domains. 
CREM proteins bind efficiently to CREs; the various isoforms 
heterodimerize i n  v ivo  with each other and with CREB. The 
two alternative DNA binding domains of CREM, which are 
differentially spliced in the various isoforms, show distinct 
binding efficiencies, while CREMa/CREB heterodimers exhibit 
s t ronger  binding than CREMP/CREB heterodimers to a 
consensus CRE i n  vitro. We identify the protein domains 
involved  i n  act ivat ion funct ion a n d  f ind that the 
phosphorylation domain and a single glutamine-rich domain 
are  sufficient for activation. A minimal CREM repressor, 
containing only the b-Zip motif, efficiently antagonises CAMP- 
induced transcription. In addition, phosphorylation may 
reduce repressor function, as a CREMP mutant carrying a 
mutation of the serine phosphoacceptor site (CREMW) 
represses more efficiently than the wild-type CREMB. 

REFERENCES. 
(1) Foulkes, N.S. et  al., (1991) Cell 64, 739-749 
(2) Foulkes, N.S. et al., (1992) Nature 355,80-84 
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B822 MODULATION OF NUCLEAR FACTOR AP-1 BY pX 
INVOLVES BOTH AN INCREASE IN DNA BINDING 

AND CHANGES IN c-JUN TRANSCRIPTIONAL ACTIVITY, G 
Natoli, ML Avantaggiati, C Balsano, M Artini, P 
Chirillo, MS Bonavita, M Levrero - Fond. A. 
Cesalpino and I Clinica Medica-Rome-Italy. 

The HBV x gene product (px) activates in trans 
several regulatory sequences of viruses and of 
cellular genes by modulating defined nuclear 
transcription factors. We used in vitro 
DNA/protein interaction assays to study the 
mechanism of the pX induced activation of the 
transcription factors AP-1. AP1 binding activity 
is clearly increased in nuclear extracts from 
HepG2 cells infected with a pX expressing 
vaccinia virus. The same results were obtained 
in Hela Cells but not in Alexander, CV1, and 
murine L cells, in which, anyway, pX is able to 
activate AP1. The mechanism of this pX induced 
increase of AP1 binding was further investigated 
using in vitro translated pX, fos and jun 
proteins in gel retardation assays. pX does not 
bind canonical or atypical APl/TRE sites, does 
not form functional heterodimers with c-fos, does 
not modify the binding of either c-jun homodimers 
or fos/jun heterodimers and does not modify the 
binding of AP1 complexes when added to nuclear 
extracts: all these data suggest that pX needs or 
acts through additional cellular factors that are 
not ubiquitous. The role of phosphorylation 
events is suggested by the blocking effect of PKC 
inhibitors. Cotransfection experiments conducted 
in F9 cells show that pX can increase the 
intrinsic ability of c-Jun to activate 
transcription, thus explaining, at least in part, 
the ability of pX to increase the TRE-directed 
transcription in cells in which it is unable to 
augment the AP1 binding. 

B 824 A COMPARATIVE STUDY OF BACULOVIRUS 
EXPRESSED FOS AND JUN FAMILY POLYPEPTIDES BY 

AN IN WTRO TRANSCRIPTION ASSAY., Richard Metz and 
Rodrigo Bravo, Department of Molecular Biology, Bristol-Myers 
Squibb Pharmaceutical Research Institute, P.O.Box 4000, 
Princeton. New Jersey 08543-4000. 

Each of the Fos family polypeptides, c-Fos, FosB, Fra-1 , and 
Fra-2, are able to form heterodimeric complexes with members of 
the Jun family and bind to a TPA response element (TRE). The 
transcriptional activation properties of the various heterodimeric 
complexes have been studied mostly by transient transfection 
assays. In order to directly characterize the transcriptional 
activation properties of the various Fos and Jun molecules, we 
expressed the polypeptides in S19 cells using the baculovirus 
expression system. All of the proteins were expressed as fusion 
polypoptides with six histidines to enable their purification by nickel 
affinity chromatography. 

The fosB gene is a member of the immediate early gene 
family, whose differentially spliced mRNA encodes two 
polypeptides, FosB and FosBISF. Recently reported transient 
transfection experiments with FosB and FosB/SF suggest that 
FosB/SF functions as a negative regulator of APl activity. However, 
our lab and others have demonstrated that both forms of FosB, 
when complexed with c-Jun can activate transcription through a 
TRE element. In order to demonstrate directly the ability of FosB 
and FosB/SF to activate transcription, purified FosB and FosB/SF 
proteins were complexed with a truncated c-Jun molecule [c-Jun 
short form (c-JunlSF)] which contains only its b-zip domain. Both 
FosB-cJun/SF and FosB/SF-c-Jun/SF can activate a collagenase 
TRE containing template in an in vitro transcription assay. In 
contrast, the control c-Jun/SF hornodimers can not activate 
transcription. Therefore both FosB and FosB/SF contain at least 
one functional activation domain. Currently, the activity of the Fos 
and Jun family members are being characterized in vitro. and 
experiments are underway to determine wheiher these molecules 
function through independent biochemical pathways to activate 
transcription. The outcome from these studies will be presented. 

B 823 

McCaffrey, Brian A. Perrino , Thomas R. Soderling and Anjana 
Rao. Division of Tumor Virology, Dana Farber Cancer Ipstitute, 
Department o f  Pathology, Harvard Medical School, and Volluni 
Institute for Advanced Biomedical Research, Oregon Health Sciences 
University, Portland, Oregon. 
The nuclear factor o f  activated T cells (NF-AT) i s  essential for 
transcription o f  the interleukin 2 (IL2) gene upon T cell activation. 
Here we use a technique involving elution and renaturation of 
proteins from SDS gels to identify a DNA-binding component of NF- 
AT  (NF-ATp) that i s  present i n  hypotonic extracts of T cells prior to 
activation and appears in nuclear extracts when T cells are actnated. 
NF-ATp i s  present in resting T cells predominantly in a form 
migrating with an apparent molecular weight of 110-140 kDa, while 
NF-ATp from nuclear extracts o f  activated T cells migrates with a 
lower apparent molecular weight (90-125 kDa). This difference is  
likely to reflect dephosphorylation of NF-AT , since treatment o f  
NF-AT with calf intestinal phosphatase or t t e  calcium- and 
calmodth-dependent phosphatase calcineurin in  vifro results i n  a 
similar decrease in i t s  apparent molecular weight. We show that NF- 
ATp i s  dephosphorylated in cell lysates by a calcium-dependent 
process that is  blocked by inclusion of EGTA or a specific peptide 
inhibitor of calcineurin i n  the cell lysis buffer. Moreover, 
dephosphorylation of NF-ATp is  inhibited by treatment of T cells 
with the immunosuppressive drugs cyclosporin A (CsA) or FK506. 
which inhibit the phosphatase activity of calcineurin when cornplexed 
with their specific binding proteins, cyclophilin and FK506 binding 
protein. This work identifies NF-ATp as,a DNA-binding 
phosphoprotein and a target for the drug/immunophilin/calcineurin 
complexes thought to mediate the inhibition o f  IL2  gene inductnn by 
CsA and FK506. 

NF-ATp: A T cell DNA-binding protein that i s  a target for 
calcineurin and impunosuppressive drugs,Patricia G. 

B 825 CELL TRANSFORMATION BY THE ONCOGENIC TRANSCRlmlON 
FACTOR C-FOS REQUIRES AN EXTENDED PERIOD OF EXPRESSION. 

Graham Gang M i a o l ~ Z  and Tom Curran'. Department o f  Molecular 
Oncology & Virology, Roche Institute o f  Molecular Biology, Nutley, NJ 
071 1 0  and ZDepiartment of Biological Sciences, Columbia University, 
New York, NY 10027. 
The proto-oncogene c-fos is the cellular counterpart o f  the viral oncogene 
v-fos carried by the FBJ and the FBR murine osteogenic sarcoma viruses. 
lndumon of oncogenesis by fos is a cowequence of the deregulation of gene 
expression. Continuous, high level expression o f  this transcription 
factor results in neoplastic transformation of fibroblasts in culture and 
induction of tumors in mice. The protein product of the fos oncogene 
(Fos) forms a heterodimeric complex with t h e  product of the j u n  
oncogene (Jun) tha t  functions as a component of the mammalian 
transcription factor AP-1. Both fos and jun are members of the class 
known as cellular immediate-early genes whose expression is induced 
rapidly and transiently by  an array of extracellular signals associated 
with cell proliferation, differentiation and neuronal excitation. Despite 
the general role played by c-Fos as a nuclear signaling molecule involved 
in signal transducuon processes, the pathological effect associated with 
deregulation of fos expression is limited to  bone and cartilage tumors. In 
an attempt t o  unravel the molecular basis o f  fos-induced tumorigenesis 
and to identify target gene(s) controlled by this oncogenic transcription 
factor, we have established a conditional cell transformatlon system. Rat 
fibroblasts were transformed by  a c- fos gene under the control of 
Lacl-VP16 activator protein (LAP) which can be regulated by isopropyl- 
P-D-thiogalactoside (IPTG). Stable cell lines were established in which 
morphological transformation could be induced or reversed depending 
upon the absence or presence o f  IPTG. While the  regulation of fos 
expression by  IPTG was extremely rapid, phenotypic transformation or 
reversion required a much longer period of time. This indicates that the 
products of the target genes regulated directly or indirectly by  fos must 
reach a critical threshold t o  affect cell morphology. The system will 
allow an analysis of the molecular events that occur during the transition 
of normal fibroblasts t o  the transformed state in response t o  Fos 
expression. 
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B 826 INHIBITION OF BASAL TRANSCRIPTION 
FROM T H E  V-FOS PROMOTER BY V-MOS 

PROTEIN DEPENDS ON V-MOS SEINE KINASE 
ACTIVITY. Lydia A. Bishop and Edwin C. Murphy, Jr.. Dept. of 
Tumor Biology, Section of Molecular Virology, The University of 
Texas M. D. Anderson Cancer Center, Houston. TX. 77030. 
We have studied the effect of F’37 v-s expression on transcription 
from the human c-fos promoter in NIH 3T3 cells. In these experiments, 
the v-mos gene linked to an SV-40 promoter (termed v-mos) and c-fos 
promoter sequences linked to the CAT gene (termed fosCAT) were cc- 
transfected into NIH 3T3 cells, and the CAT activity assessed 36 hrs 
later. Relative to controls, v-mos expression was observed to inhibit 
CAT production by 4-10 fold. This inhibitory activity was found to 
depend on v-mos serine kinase activity since a v-mos “kinaseless” 
mutant containing a inactivating mutation in the kinase domain was 
unable to inhibit fosCAT production. Moreover, using a series of v-mos 
mutants with progressively larger N-terminal deletions, the inhibitory 
effect was not lost until the deletions invaded the v-mos ATP-binding 
site. To determine the basis for the inhibition of the c-fos promoter, co- 
transfection assays were done using a series of progressively rmncated c- 
fos promoters linked to the CAT gene. The inhibitory effect of v-mos on 
CAT expression persisted until the region of dyad symmetry responsible 
for basal transcription from the c-fos promoter about 100 nucleotides 
upstream of the c-fos transcriptional start site was deleted; at hiis point 
the inhibitory effect was lost. In gel shift assays, DNA probes 
containing this region were retarded by a protein(s) found in cells 
transfected with the v-mos construct. This protein was found in much 
lower abundance in cells transfected with the “‘kinaseless” v-mos 
mutant, arguing that the kinase. activity of v-mos necessary for cell 
transformation was involved in the formation of the complex. The region 
of the c-fos promoter responsive to v-mos inhibition contains a tract very 
closely related to the E2F transcription factor recognition sequence. 
Mutation of this sequence to one less closely related to the E2F 
recognition sequence. caused the c-fos promoter to lose its sensitivity to c- 
m s  inhibition and, in parallel, its ability to be retarded in gel shift 
assays by the proteins(s) found in nuclei of cells expressing v-mos. We 
conclude that the depressive effect of v-mos expression on the c-fos 
promoter proceeds through phosphorylation of the E2F transcription 
factor or other proteins that can complex either with E2F or the same 
region of the c-fos promoter. 

B 828 CALCINEURIN REGULATES THE ACTIVITY OF 
MULTIPLE TRANSCRIPTION FACTORS IN T CELLS, 

E.A. O’Neill*. B. Franlz-Wanley*, E. Nordby*, J.N. Parsons*, M.J. 
Tocci*, R.L. Kincaidt and S.J. O’Keefe*; *Dept. of Molecular 
Immunology, Merck Research Labs, Rahway. NJ 07065 and 
tlmmunology Sect.. “H, Rcckville, MD 20852. 

T-cell proliferation requires induction of interleukin-2 (IL-2) gene 
aansnpt ion via signal transduction pathways which involve activation 
of protein kinase C and a rise in intracellular Ca2+. The 
immunosuppressants. Cyclosporin A (CsA) and FK-506, selectively 
inhibit a Ca2+-dependent pathway. We have recently demonstrated that 
the Ca2*/calmodulin dependent protein phosphatase calcineurin 
(phosphatase 2B) is the FK-506- and cyclosporin A-sensitive protein 
required for T-cell-receptor-mediated activation of interleukin-2 gene 
uanscnpnon. To identify transcription factors activated by calcineurin 
in T cells we have examined the effects of calcineurin on various 
promoter elements. We repon that the IL-2 enhancer elements IL-2A 
(recognized by Oct-1 and OAP) and IL-2E (recognized by NF-AT and 
Ets-factors), and binding sites for either NFkB or AP-I,  all respond to 
calcineurin in Jurkat T cells, each in a unique manner. We demonstrate 
that maximal activation of the IL-2A and L 2 E  elements require not 
only PMA and calcineurin but also an additional Ca2+ signal. The 
NFkB site requires only PMA and calcineurin for maximal activity. 
The AP- 1 element requires PMA and a Ca2+ signal for full activity but 
this activanon is inhibited by calcineurin. These data demonstrate that 
calcineurin can activate at least thne distinct uanscription factors and 
inhibit activation of a fourth. The data also suggest the existence of a 
non-calcineurin, Ca*+-dependent promoter activation pathway in T 
cells. These observations indicate a broad role for calcineurin in T cell 
transcription regulation. 

B 827 CAMP-DEPENDENT PROTEIN KINASE A REGULATES THE 
ACTIVITY OF THE THYROID TRANSCRIPTION FACTOR T I T I  

Musti A.M., Gallo A., Zannini S.. Avvedimento V.E., Gottesman. M.E. 
C.E.O.S. del C.N.R. II facolta di Medicina ,80131 Naples, Italy. I.C.R. 
Columbia University, N.Y.N.Y. 10032 
In thyroid cells (FRTL) expression of thyroid specific function is 
dependent on the cellular response to TSH. TITI is an homedomain 
protein that binds to the thyroglobulin (Tg) promoter and it is required 
for the tissue-specific expression of the gene. We have recently show 
that the DNA binding activity of T I T I  present in lTRL nuclear extracts 
is phosphatase sensitive and is restored by treatment with cAMP 
dependent protein kinase A ( PKA) . In this study we show that either 
TSH or forskolin induce T I T I  binding activity, in FRTL cells. 
lmmunoprecipitation experiments, using TTF1 antibody, show that 
forskolin induces TTFl phosphorylation. To estabilish a causal link 
between PKA phosphorylation and the capacity of TTFl to trans-activate 
Tg promoter we initiated a series of transient expression experiments in 
the PKA deficient cell line Amisz.  We show that a TITI-expressing 
plasmid trans-activates Tg-CAT fused gene only if cotransfected with a 
plasmid expressing the catalitic subunit of PKA. We propose that l T F 1  
activity is regulated by PKA phosphorylation , and plays an important 
role in the cAMP regulation of Tg gene expression. 

B 829 TRANSCRIPTIONAL REGULATION OF PROTEIN KINASE 
C BY PHORBOL ESTERS, Lina M. Obeid and Yusuf A. 

Hannun. Departments of Medicine and Cell Biology, Duke 
University Medical Center, Durham, NC 2771 0. 
Protein kinase C is a family of closely related but distinct 
isoenzymes that has an important role in differentiation and 
development. We have shown that PKCO is transcriptionally 
upregulated in leukemia cell differentiation (J. Biol. Chem. 265, 
2370-2374). Here we show that phorbol ester induced 
differentiation of K562 erythroleukemia cells is accompanied by a 
4 fold increase in RNA for PKCO. In order to explore the 
mechanism of this upregulation we have cloned the PKCO 5’ 
region and identified its promoter. PKCO has a GC rich TATA-less 
promoter that is upregulated up to 20 fold in response to phorbol 
esters. This regulation is independent of AP1 as deletion of an 
APl site does not abolish the upregulation. Several deletion 
constructs narrow promoter activity to a 150 bp fragment that 
contains 2 SPt sites and an octamer binding motif. This fragment 
is also sufficient to induce the PMA effect. Gel shift analysis shows 
that phorbol esters cause loss of octamer binding protein. These 
effects are late starting at 6 hours and coincide with down 
regulation of PKCO protein. This represents a novel mechanism of 
PKC autoregulation at a transcriptional level. 
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B 830 CHANGES IN THE PHOSPHORYLATION 
STATUS OF MYOD ALTER DlMERlZATlON 

SPECIFICITY AND DNA BINDING ACTIVIP(. Bruce 
M. Paterson, Kazuhiro Mitsui, and Masaki Shirakata. 
Laboratory of Biochemistry, National Cancer Institute, 
National Institutes of Health, Bethesda, MD 20892 
The members of the MyoD family of transcriptional 
regulators are nuclear phosphoproteins but little is 
know about the role of phosphorylation in the 
regulation of their function. In order to study this 
question we have developed a convenient variation 
on the Baculovirus expression system that has 
allowed us to express reasonable amounts of 
phosphorylated protein for study. Our preliminary 
studies have looked at the phosphorylation of the 
avian MyoD homolog. CMD1. The phosphopeptide 
pattern for CMDl produced in primary muscle 
cultures is very similar, if not identical, to that of the 
Baculo-CMD1 protein. Phosphoamino acid analysis 
of both proteins identifies only phosphoserine. 
Changes in the phosphorylation status of the protein 
alters its dimerization specificity as well as its DNA 
binding activity. Identification of the phosphorylated 
sites will help us to identify potential kinases involved 
in the modulation of CMDl function. Models 
describing the CMDl homodimer and the 
heterodimer with El2 will be presented with a view 
towards understanding the role of these phosphate 
groups in HLH protein function. 

B 832 LIGAND- AM) PHOSPHORYIA~ON-DEPENDENT HETE- 
RODIMERIWTION AID DNA BINDING ACIlVlTY OF 
THE bHLH DIOXIN REczprOR AND THE bHLH Amt C O  

REGULATOR. Lomz PoeUinger. Murray Whitclaw, Inganar Pongratz 
and Anna W i l h e b n ;  Departnunt of Mcdicll Nuuition. KarolinsLs 
Institute, Huddiinge University Hospital F-60. Nowm S-141 86 
Huddinge. Sweden 
l l ~ e  inmccllular brdc Egion-hebx-lwp-heh WU?l) dioxin receptor 
mediates signal mnsdnction by dioxin and functionr LF a ligmd- 
activated DNA binding protcin dirtaly intaudng with target genes by 
binding to dioxin ruponoc elancrh Tho purifiad. ligmd-bound receptor 
showcd poor, if any, affmity for tlrga DNA. In contnsr, cffcient DNA 
binding by the receptor could k induced by addition of the sauctmlly 
ICW bHLH factor Amt. While rlmr exhibited no dcrectablc & i t y  for 
the dioain rtsponsc element in the absence of the dioxin receptor. it 
strongly promotcd the DNA binding function of the ligmd-activated but 
not the ligmd-free receptor forms. The figand-frce receptor form is 
characterized by stable associatitin with hspW which is important for 
maintainance of a lieand-binding configuration of the nccptor. 
Importantly. co-immunoprcsipimion experiments shoved that Amt 
physically intcmctcd with the ~mnd-acfivatcd dioxin receptor but fiilcd 
to hetercdimaizc with the ligmd-free. hsp9O-.ssoCi.ted receptor form. 
indicating that the dimcriucion inrcrfac may k blocked by hsp90. 
Ihus. the dioxin receptor systnn nlw provides the fint example of 
signal-contmllcd dinmidon of bHLH factors. Dephosphorylation 
rryrimmf~ indirnrd th.1 h h  hefmwii-viminn nf rhr. w q m r  and 
Amt and the DNA binding activity of the hemodimcric complex is 
regulated by phosphcuyladon. In line with this model. down-regulption 
of PKC activity in vivo by TPA ~snltcd in inhibition of both the DNA 
binding activity of the ligsnd-activated receptor and the h a i o n  of the 
dioxin response element suggesting a aitical role of PKC in receptor 
function. F i s  work was supported by the Swedish Cancer Society). 

B831 C O N T R O L  O F  I N T R A C E L L U L A R  

PROTEIN,  Marc Piechaczyk, Serge CARILLO, Pierre 
ROUX, Ann-Muriel STEFF. Maryse ETIENNE-JULAN, lean- 
Marie BLANCHARD and Philippe JEANTEUR, Laboraroire de 
Biologie MolCculairc. CIA CNRS 1191 "GCnCriquc MolCculaire", 
place E .  Baraillon -34095 - Monrpcllier Ccdcx 05 -France; Fur : 
(33) 67 14 33 93. 

L O C A L I Z A T I O N  AND DEGRADATION OF C-FOS 

c-fos proto-oncogene is a master switch converting 
short-term stimulations to long term-responses such as 
proliferation and differentiation. I t  is  the cellular 
homolog of oncogenes carried by two tumorigenic 
murine retroviruses, FBR and FBJ. It encodes a short- 
lived transcription factor interacting with the members 
of the jun family into the API transcription complex. Its 
regulation involves  numerous transcriptional,  post-  
t r ansc r ip t iona l  and  post- t ranslat ional  levels of 
repression, the multiplicity of which likely explains why 
i t  has not yet been found constitutively expressed in 
natural tumors. 

We have recently pointed to the existence of two 
new gene activity regulation levels : 
( 1 )  the transport of c-fos protein from the cytoplasm. 
where it is synthesized, into the nucleus, where it plays 
its part, is not constitutive but subjected to tight control 
by extracellular signals. 
(2) c-fos protein is extremely instable into the cytoplasm 
where its degradation is initiated by calcium-dependent 
proteases, a situation that departs from the nuclear one. 

Interestingly, FBR and FBI  viral proteins are  
constitutively transported into the nucleus and display 
lower sensit ivity to  cytoplasmic degradation, thus 
revealing two  new mechanisms contributing to their 
tumorigenic potential. 

B 833 UV-C INDUCED IMMEDIATE ACTIVATION OF MAP-2 
KINASE AND C-JUN PHOSPHORVLATION 

Adriana Radler-Pohl, Christoph Sachsenmeier. Stephan 
Gebel, Peter Herdich, Hans J.Rahmsdorf 
lnstiiut N r  Genetik und Toxikologie, Kernfonchungszentrum 
Karisruhe, P.O. Box 3640. W-7500 Kadsruhe 1, Germany 
Exposure of mammalian cells to growth factors and tumor 
promoters Induces the transcription of the group of 
immedicte early genes. Induced transcription does not 
require the synthesis of regulatory proteins and depends 
entirely on the posttranslational modification of transcription 
factors such as AP-1 (c-Jun/c-Fos). Posttranslational 
modification is caused by a signal transduction cascade. 
that starts at the cell membrane with the activation of 
receptors, proceeding to GTP-binding proteins and to 
cytoplasmic and nuciear protein kinases, such as raf and 
MAP-2 kinase. Here we show that UV-C also feeds in this 
signal transduction chain. Several UV-C induclble genes 
are controlled by AP-1 dependent promoters. We 
therefore analyzed UV-C dependent posttranslational 
modification of AP-1 and compared it to the modifications 
seen after phorbol ester treatment. The two agents, 
although both activating AP-1, did not only induce similar 
(e.g. phosphorylation of peptides x and y. 
dephosphorylation of peptide a and in c-Jun). but also 
different modifications. The phosphorylation of the 
peptides x and y may be due to MAP-2 kinase activation: 
the activated form of this kinase. which depends on 
threonine and tyrosine phosphorylation. is transiently found 
in TPA treated cells. MAP-2 kinase is also transientty activated 
in UV-C radiated cells. Thus the TPA and UV-C Induced 
pathways must merge prior to MAP-2 kinase. The 
modifications found after UV-C may be due to the 
invoivement of a growth factor loop in UV-C induced signal 
transduction: an inhibitor of growth factorfreceptor 
interactions inhibits UV-C but not TPA induced signal 
transduction. and interleukin-1 a (a growth factor secreted 
by UV treated cells) and UV-C induce Identical 
posttranslational modifications of the cJun protein. 
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BE34 DNA-BINDING AFFINITY 0 NONEISTONE PROTEIN EMG-I/Y 
IS MODULATED BY pS4c6cq XIWAS$ PHOSPHOBYIATION, 
Ra ond Reeves', Thomas A Langan and Mark S. Nissen'; 'g t Biochem./Bioph s , Washin on State UNv., pullmas WA 
9916{#Dept. Pharmaco~, kniv. Cofrado Sch. Med., Denver, CO 
80262. 

Members of the HMG-I/Y family of nonhistone proteins are the first 

c r  groove of A$-rich regions of DNA both in vim and in vivo. 
The HMG-I/Y proteins are of considerable interest because they 
have been experimentally implicated in a variety of important nuclear 
functions. These include participation in transcriptional regulation of 
a number of different genes whose promoter/enhancer regons 
contain HMG-I/Y binding sites and in the establishment of 
specialized chromatin structures in regions of AT-rich DNA. 
Recently we determined the peptide domain(s) of the HMG-I/Y 
proteins that mediate in vdw AT-DNA bindink. Both corn uter 
modeling and two-dimensional H NMR solution studies ofthe 
structure of synthetic DNA-binding domain (BD) ptides suggest 
that they represent a new peptide motif (the "AT-Lk") that 
specifically recognizes the structure of the narrow minor groove of 
AT-DNA, rather than its sequence. We have also demonstrated that 
the DNA-binding, AT-hook peptide domains of intact HMG-I/Y 
proteins are specific sites of phosphorylation by purified mammalian 
cdc2 (aka, histone H1) kinase in v i m  and have further demonstrated 
that these same protein site($ are phosphorylated in vivo in a cell 
cycle dependent manner by a cdc2 kinase-like enzyme. Quantitative 
in v i m  studies indicate that the DNA-binding affinity of cdc2 kinase 
phosphorylated HMG-I/Y proteins is reduced greater than 20-fold 
compared to unphosphorylated proteins. Together these results 
strongly su port the assertion that HMG-I/Y proteins are natural 
substrates h r  mammalian cdc2 kinase in vivo and that their cell cycle- 
dependent phosphorylation by this enzyme(s) significantly modulates 
their DNA-bindine affinitv therebv uossiblv alterine their bioloeical 

an chromatin roteins demonstrated to specifically bind to 

I .  , 
functions. I ' 

- " 

B 836 TYROSINE PHOSPHORYLATION REGULATES THE 
DNA BINDING ACTIVITY OF A HELA CELL 

NUCLEAR PROTEIN, Anne E. Reifel-Miller and Brian W. 
Grinnell, Departments of Diabetes and Cardiovascular 
Research, Lilly Research Laboratories, Lilly Corporate 
Center, Indianapolis, IN. 46285 
We have previously shown that the enhancer of BK virus 
P2, BKV-P2, is repressed in HeLa cells and that the 
oncoproteins of adenovirus, the early region 1A proteins 
(ElA), induce further repression of the enhancer. 
addition, we have demonstrated that a 98-kDa HeLa cell 
nuclear protein referred to as BEF-1 (BK virus enhancer 
factor 1) is responsible for both the endogenous and ElA-  
induced repression and that phosphorylation of this 
protein is required for its DNA binding activity (Reifel- 
Miller et al., 1991). We demonstrate here that 
dephosphorylation of BEF-1 with either potato acid 
phosphatase or calf intestinal alkaline phosphatase 
inhibits its DNA binding activity and that the inhibition of 
binding is reversed by sodium orthovanadate, a specific 
inhibitor of phosphotyrosyl-protein phosphatases. Using 
gel mobility retardation assays, we show that polyclonal 
or monoclonal phosphotyrosine-specific antibodies block 
binding of the repressor protein to the BEF-1 site. 
Transfection studies in HeLa cells demonsuate that EIA- 
induced repression can be relieved in a dose dependent 
manner with the tyrosine kinase inhibitor genistein. 
Therefore, a phosphotyrosine on the 98-kDa repressor 
protein, BEF-1, regulates its DNA binding activity and thus 
regulates repression of the BK virus enhancer. 

In 

B 835 TYROSINE PHOSPHORYLATION IS REQUIRED 
FOR ACTIVATION O F  AN 1NTERFERON-a- 

STIMULATED TRANSCRIPTION FACTOR. ISGF3. Nancv , . . ~ .  
C. Reich, Christopher Daly and  Michael J. Gutch: 
Department of Pathology, State University of New York a t  
Stony Brook, Stony Brook, NY 11974 
The signal transduction pathway of interferon-a utilizes 
tyrosine phosphorylation to transmit a signal generated a t  the 
cell surface to the transcriptional machinery in the nucleus. 
Activation of the interferon pathway initiates with the binding 
of interferon-a to its cell surface receptor. The ligand-receptor 
complex signals the activation of a latent cytoplasmic 
transcription factor. The active form of the interferon- 
stimulated gene factor (ISGF3) is phosphorylated on tyrosine 
residues. ISGF3 subsequently translocates to the nucleus and 
binds to  a DNA sequence, the interferon-stimulated response 
element, found within the promoter of inducible genes. ISGF3 
is a mukicomponent factor consisting of four proteins of 113- 
kDa, 91-kDa, 84-kDa and 48-kDa. Three proteins of 113-kDa. 91- 
kDa and 84-kDa are phosphorylated on tyrosine residues after 
stimulation by interferon-a. Tyrosine phosphorylation is 
essential for activation of ISGF3. Genistein, a tyrosine kinase 
inhibitor, blocks the appearance of ISGF3, and blocks the 
transcriptional stimulation of interferon-induced genes. 
Tyrosine phosphorylation provides a link between the 
interferon-receptor complex at the plasma membrane and 
specific activation of gene expression in the nucleus. In 
addition, activation of the interferon-stimulated tyrosine 
kinase appears to occur in the absence of interferon during 
adenovirus infection or dsRNA transfection. 

BE37 SOMATIC CELL MUTANTS IMPLICATE A 

AS AN ESSENTIAL SIGNALLING ELEMENT IN T CELL 
AaIVATION, Andrew T. Serafinict, Ridurd S. LewisA+, Steve 
Fiering*+, Leonard A. HerZenberg*+ and Gerald R. Crabtree#+, 
'Department of Genetics, "Department of Molecular and Cellular 
Physiology, #The Howard Hughes Medical Institute, +Beckman 
Center for Molecular and Genetic Medicine, Stanford University, 
Stanford CA 94305-5125 

A sustained rise in the concentration of intracellular calcium 
(Ca2+) regulates a wide variety of intracellular processes, including 
the activation of early genes essential to T cell proliferation and 
acquisition of immune-effector function. The regulatory 
mechanisms controlling the increase in Ca*+ during T cell 
activation are poorly understood. We report a novel system to 
select cellular mutants in previously uncharacterized areas of the T 
cell activation pathway. The system utilizes a human Jurkat T cell 
line stably transfected with an NF-AT responsive diphtheria toxin 
construct. Upon activation by the calcium ionophore ionomycin 
and the phorbol ester PMA, wildtype cells of this line produce 
diphtheria toxin A chain (dipAJ and die. Cells with mutations in 
the T cell activation pathway do not produce dipA and survive. 
Two of the selected mutant clones have a specific defect in Ca2+- 
dependent signalling. Both mutant clones fail to make K-2 and do 
not translocate the cytosolic component of NF-AT to the nucleus, 
however they do induce the IL-2 receptor normally. Unlike 
wildtype cells, depletion of intracellular Ca*+ stores in the mutants 
by treatment with thapsigargin fails to activate Ca*+ entry across 
the plasma membrane. However, transfection of the mutants with 
a construct expressing a constitutively active Ca*+-independent 
calcineurin gene can overcome the signalling defect and 
reconstitute normal NF-AT activity. These results suggest that 
activation of thapisgargin-sensitive Ca2+ channels is a critical step 
in the regulation of sustained Ca2+ signals during T cell activation 
and that calaneurin is the major regulator of calaum-dependent 
early events in T lymphocytes. 

THAPSIGARGIN-SENSITIVE CALCIUM CHANNEL 
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B 838 PKA-Dependent RepressionofMyogenic Differentiation and 
Activity of the Musclespecific Transcription by Myf-5 and 

MyoDI. Barban Winter, Thomas Braun and Hans-Henning h o l d ,  
DepartmentofCell andMolecularBiology.TU ofBraunschweig, Konstantin- 
Uhde Str.5.33M) Braunschweig, FRG 
The human muscle determination factor Myf 5 like MyoDI and the other 
members of the farmly of skeletal muscle-specific regulatory proteins, 
contains a highly conserved putativ basic helix-loop-helix (bH-L-H) do- 
main. Th1smotifisrequiredforthemyogeniccapacityinC3Hmouse IOTU 
2 fibroblasts and other nonmuscle cells as well as for transcriptional 
acrivatjon of muscle genes. Site-directed mutagenesis defines two clusters 
of basic amno acids within the conserved basic region and two amphipathic 
helices wittun the adjacent H-L-H domain that are essential for sequence 
specific DNA 1 inding and hetero-oligomenzation.. respectively. Transcrip- 
tional activatic n by Myf 5 requires two additional domains located in the 
amino- and carboxy-terminus of the protein. The two domains apparantly 
co-operate since deletion of either one results in inactivation. The biological 
activity of the Myf-5 protein is subject to negative regulation by serum 
componenrs and peptide growthfactors, suchas bFGFandTGFP. Pathways 
potentially involved in conveying these signals from the cell surface to the 
nucleus were probed by modulating the intncellular CAMP level in myo- 
blasts. Addition of dibutyry-CAMP and overexpression of CAMP-depen- 
dent protein kinase (PKA) repress myoblast differentlation and Myf-5 
directed activation of muscle-specific reporter genes. This repression is 
mediatedthrough the bH-L-HdomainandtheE-boxsequence towhichMyf- 
5 binds. Myf-5 constitutes a substrate for PKA-dependent phosphorylation 
in vitro suggesting that this modification may play an important role for 
regulation of this myogenic determination factor. In addition to the inacti- 
vation of Myf-5 and MyoDI by a posttranslational mechanism, we observed 
that the transcnptlon of the myogenin gene is also repressed by CAMP and 
PkA. The present data suggest that phosphorylation of Myf5, either directly 
of indirectly modifies the transactivating capacity of this protein and there- 
fore may play an important role for the regulation of the myogenic determi- 
nation factors. 

B 840 PHOSPHORYLATION OF THE E2F 
TRANSCRIPTION FACTOR 

Amy S. Yeel, Min Xu2.3, Helen Piwnica-Wons2,3 
Departments of Biochemistry1 and Physiology? Tufts 
University School of Medicine, Boston, MA 021 11 

The E2F transcription factor is a target of regulation 
by signals that control cell growth. During the cell cycle, E2F 
forms a complex with regulatory proteins that have been 
shown to be important for cell cycle progression. Several 
laboratories have demonstrated that E2F exists in a 
complex with p107, cyclin A and cdk-2. As a first step 
towards examining the functional relevance of this E2F 
complex, we investigated whether the E2F complex could 
be reconstituted and if E2F itself could be a substrate for 
cdk-2. E2F was overexpressed in bacteria and purified 
(generous gifl of Wen-Hwa Lee and Bill Kaelin). Cyclin A, 
cdk-2, and p107 were produced by overexpression with 
baculovirus. Using these cloned and overexpressed 
components, we find that E2F can be reconstituted with 
p107, cyclin A and cdk-2 in vitro. As a result, E2F becomes 
phosphorylated in vitro by cdk-2. Phosphoamino acid 
analysis indicates that both serine and threonine residues 
are phosphorylated. 

3Present Address: Dept. of Microbiology, Harvard Medical 
School, Boston, MA 021 15 

B839 CREB IS DIRECTLY INVOLVED IN BOTH BASAL 
EXPRESSION AND HORMONE-MEDIATED INDUCTION 

OF THE PEPCK GENE, L.P. Xing and P.G. Quinn, 
Department of Cellular and Molecular Physiology, 
The Pennsylvania State University College of 
Medicine, Hershey, PA 17033. 
Transcription of the PEPCK gene is induced by 
CAMP and glucocorticoids. To investigate 
possible interactions between CREB, glucocor- 
ticoid response unit (GRU) binding proteins, and 
other trans-acting factors, block mutations were 
introduced into well defined factor-binding sites 
and WT or mutant plasmids were transfected into 
HIIIEC rat hepatoma cells - /+  a PKA catalytic 
subunit expression vector. PKA or DEX induced 
PEPCK-CAT activity by 7- or 5-fold, respectively, 
and PKA+DEX mediated a 22-fold induction. The 
effects of PKA and DEX, separately or together, 
were significantly decreased ir. CREmut and ASRU 
(P<O.OOS), suggesting functional interaction 
between these pathways. Mutation of other factor- 
binding sites located between the CRE and the GRU 
also decreased induction by DEX. However, induc- 
tion by PKA+DEX was reduced only by mutation of 
the IRS within AF2 of the GRU. The DNA binding 
domain of GAL4 was substituted f o r  that of CREB 
(CRG) and the CRE was replaced with a GAL4 bind- 
ing site (GIPEPCK-CAT). In the absence of CRG, 
GIPEPCK-CAT behaved the same as CREmut. CRG ele- 
vated basal activity and restored responsiver.ess 
to PKA. Induction by DEX and DEX+PKA increased 
in proportion to basal activity. Therefore, CREB 
(CRG) clearly contributes to the level of trans- 
cription activation, but it does not appear t.o 
mediate the interaction produced by DEX+PKA. 
Concomitant treatment with CRG plus PKA and. PKA 
inhibitor peptide, or mutation of the PKA 
phosphorylation site were equivalent to CRG 
alone, indicating that CREB possesses a basal 
activation capacity that does not require 
phosphorylation for its expression. 
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Transcription Factors and Differentiation II 
B 900 THE HUMAN CARDIAC TROPONIN I GENE : 

Pankaj K. Bhavsar, Nigel J. Brand, Magdi H. Yacoub and Paul 
J.R. Barton. Department of Cardiothoracic Surgery, National 
HeaR and Lung Institute, London SW3 6LY, UK. 

In contrast to the situation in skeletal muscle, the mechanisms 
regulating gene expression in cardiac muscle are poorly understood. 
No cardiac-specific transcription factors and, notably, no cardiac 
equivalents of the MyoD class of basic-helix-loop-helix (bHLH) 
factors which regulate gene expression and myogenesis in skeletal 
muscle, have been identified to date. One approach to identifying 
cardiac transcription factors is to examine the regulation of a gene 
expressed exclusively in cardiac myocytes. Genes encoding 
components of the contractile apparatus in striated muscle have been 
extensively used to investigate muscle gene regulation, but few of 
these exhibit cardiac-specific expression during development. We 
have chosen to examine the regulation of the human cardiac Troponin 
I (TnIc) gene as evidence suggests that this gene is indeed expressed 
only in cardiac myocytes, both during development and in the adult. 

Analysis of TnIc protein and mRNA accumulation show that the 
human TnIc gene is expressed at a low level throughout cardiac 
development and that it is up-regulated at birth. We have isolated and 
sequenced the human TnIc gene including I .  1 kb of the promoter and 
are currently analysing the regulatory elements of promoter region by 
cell transfection techniques, using a variety of cell lines and primary 
cultures of cardiac myocytes, in an attempt to identify regions which 
are required for expression and which direct tissue-specific 
transcription. Sequence analysis has identified several putative 
regulatory elements in the proximal promoter including an atypical 
TATA-box centred within a consensus RSRF-binding site sequence 
and, intriguingly, an E-box @HLH binding)-like element. 

A MODEL FOR CARDIAC-SPECIFIC REGULATION. 

6902 PROTEINS INVOLVED IN THE CONTROL OF C- 
MYC TRANSCRIPTION DURING DIFFERENTIATION 

OF HEMATOPOIETIC CELL LINES, L i n d a  M. Boxer, 
Depar tment  of Medicine,  Stanford Univers i ty  School 
of Medic ine  and  Veterans  A d m i n i s t r a t i o n  Medical 
Center, Stanford,  CA 94305 
c - m y c  e x p r e s s i o n  d e c r e a s e s  d u r i n g  t h e  
d i f f e r e n t i a t i o n  of c e r t a i n  hematopoie t ic  ce l l  l i n e s  
s u c h  a s  HL-60 a n d  K 5 6 2 .  I n i t i a l l y  a block to 
t r a n s c r i p t i o n  e longat ion  i s  r e s p o n s i b l e  for  t h e  
decrease  i n  c-myc message. In vivo footpr in t ing  b y  
l iga t ion  media ted  p o l y m e r a s e  c h a i n  r e a c t i o n  has  
been performed to ident i fy  b i n d i n g  s i t e s  of pro te ins  
t h a t  may be  involved i n  t h e  r e g u l a t i o n  of c-myc 
t ranscr ip t ion  d u r i n g  d i f fe ren t ia t ion .  This  technique 
al lows one to examine  protein-DNA in terac t ions  in  
t h e  i n t a c t  c e l l .  A p r o t e i n  f o o t p r i n t  located n e a r  
DNase h y p e r s e n s i t i v e  s i t e  112 d i s a p p e a r s  d u r i n g  
d i f f e r e n t i a t i o n  of  HL-60 and  K562 c e l l s .  T h e r e  is 
a l s o  a change  i n  a p r o t e i n  f o o t p r i n t  n e a r  DNase 
h y p e r s e n s i t i v e  s i t e  1112 i n  t h e  reg ion  between t h e  
two promoters .  T h i s  reg ion  h a s  b e e n  shown to be  
r e q u i r e d  for the block t o  t r a n s c r i p t i o n  elongat ion.  
Other  regions i n  t h e  c-myc promoter  and  t h e  3' end 
of t h e  f i r s t  exon and t h e  5' reg ion  of t h e  f i r s t  in t ron  
where t h e  block to  t ranscr ip t ion  elongation i s  located 
a r e  a lso being examined for pro te in  footpr ints .  

901 FUNCTIONAL AND BIOCHEMICAL ANALYSIS OF A 
NEURAL-SPECIFIC PROMOTER. Landin Boring, 

Nerville Koeiman, Harald Haugen, Debbie Mineo, and 
Christopher Clegg, Department of Molecular Biology, 
Bristol-Myers Squibb Pharmaceutical Research Institute, 
Seattle, WA 98121. 
Cyclic AMP-dependent protein kinase (cAPK) is a signal 
transduction enzyme that regulates cellular responses to 
numerous hormones and neurotransmitters. Expression 
of the type Ip regulatory (R) subunit of cAPK is 
restricted to neurons of the CNS and pachytene-stage 
sperrnatocytes. To identify DNA sequences responsible 
for neural-specific expression, we are analyzing RIP 
promoterlLac2 fusion constructs in transgenic mice and 
the Neuro-2A neuroblastoma cell line. In transgenic 
mice, tissue-specific expression is retained with as 
little as 700 bp of 5 sequence. This 5' region is rich in 
consensus sequences for known DNA binding proteins, 
including basic helix-loop-helix (bHLH) transcription 
factors. Gel-retardation assays demonstrate protein 
binding by extracts from brain nuclei, but not by proteins 
from non-neuronal cell nuclei. Mutational analysis 
confirms that the sequence CANNTG (bHLH consensus) is 
responsible for the protein binding activity. Expression 
of the Rlp/LacZ fusion genes in N2-A cells suggest that 
transcription is regulated by both positive and negative 
elements within the 700 bp 5 region. Further studies 
should allow the precise identification of relevant 
neural-specifc enhancer elements within the RIP 
promoter. 

6903 INOSITOL TRISPHOSPHATE RECEPTOR GENE 
TRANSCRIPTION IN HORHONE AND CYTOKINE- 

TREATED HUMAN HYELOID LEUKMIC CELLS, Peter G. 
Bradford, Youyu Jin, and Pei Hui, Department of 
Pharmacology, SUNY at Buffalo, Buffalo, NY 14214 

The calcium-mobilizing inositol trisphosphate 
( InsP,) receptor is essential for chemoattractant 
and neurokinin-stimulated secretion from human 
neutrophils and monocytes. Precursor myeloid 
cells and undifferentiated leukemic cell lines 
(K562 and HL-60) express only minimal levels of 
signal transduction proteins including the InsP 
receptor and exhibit diminished functional 
capacities, facts contributing to the morbidity 
and mortality associated with myeloid leukemias. 
Retinoic acid (RA) and 1,25-dihydroxyvitamin D, 
(VitD,) drive the granulocytic and monocytic 
differentiation of HL-60 cells with concurrent 
acquisition of signal transduction functions and 
appropriate cellular responsiveness. InsP, 
receptor expression and Ca**-mobilizing activity 
are increased following either RA or VitD, 
treatment through a mechanism that involves the 
enhanced transcription of the InsP, receptor 
gene. The transcriptional enhancing effects of 
RA and VitD, at the InsP, receptor gene do not 
require protein synthesis suggesting that these 
effects are mediated directly by hormone- 
specific response elements within the InsP 
receptor gene. Transcript levels and functional 
expression of the InsP, receptor are also 
increased by IL-3 and GH-CSF in the more 
pluripotent K562 myeloblast cells, suggesting 
the existence of additional InsP, receptor gene 
transcription factors which are regulated by 
cell surface receptor-dependent phosphorylation 
dephosphorylation mechanisms. The mapping of 
these and other promoter/enhancer sequences in 
the InsP, receptor gene will be presented. 
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B 904 IDENTIFICATION OF ZINC FINGER AND SRY-LIKE 
TRANSCRIPTION FACTORS EXPRESSED IN HUMAN 

HEART. Nigel 1. Brand, Nina Dabhade, Pankaj K. Bhavsar, Magdi 
H. Yacoub and Paul J. R. Barton. Department of Cardiothoracic 
Surgery, National Heart and Lung Institute, London SW3 6LY. UK. 

Though many of the genes encoding contractile proteins of striated 
muscle have been cloned, little is  known about the regulatory 
mechanisms controlling their expression in cardiac muscle. In order 
to understand how cardiac gene regulation is achieved, we a re  
attempting to clone novel transcription factor cDNAs from cardiac 
muscle by (i) polymerase chain reaction (PCR) cloning using 
degenerate oligonucleotide primer sets specific for conserved 
domains of known transcription factor gene families and (ii) direct 
screening of cardiac cDNA libraries. Using PCR we have cloned six 
factors expressed in human heart which contain a region of homology 
with the recently described testis-determining factor sRy/u. These 
factors, named SOX for =-box (I) ,  are expressed in both adult 
atrial and ventricular muscle. We have also screened human cardiac 
cDNA libraries for C,H, zinc finger factors using radiolabelled 
oligonucleotide and cDNA probes, Several clones have been 
identified, including the human homologue of the murine gene mkr5. 
Also, we have cloned (in collaboration with Dr. Arthur Zelent, 
Leukaemia Research Fund Centre, Chester Beatty Institute, London) 
a novel CzH2 cDNA called PLZF (for Romyelocytic Leukaemia Zinc 
Finger), which is related in sequence to the Drosouhila factor 
kruppel. PLZF was identified as  a fusion gene in promyelocytic 
leukaemia caused by a I( 11: 17) chromosomal translocation which 
fuses, in frame, the 5' part of the PLZF gene to part of the retinoic 
acid receptor a (RAR-a) gene, resulting in the expression of a novel 
fusion transcript (2). We are currently characterising the expression 
of these genes in cardiac and other tissues. 

1. P Denny, S Swift ,  N Brand, N Dabhade,  P Barton and A 
Ashworth (1992) NAR a:2887. 
2. Z Chen, NJ Brand, A Chen, S-J Chen, J-H Tong, Z Wang, S 
Waxman and A Zelent (1992) Submitted for publication. 

B 906 KID-1 : A NOVEL POU GENE EXPRESSED IN THE 
HUMAN FETAL KIDNEY, Christopher R. Burrow, 

Michael G. Kauffman, Patricia D. Wilson, Department of 
Medicine, The Johns Hopkins University School of Medicine, 
Baltimore. MD 21205. 

The discovery of transcription factors which direct epithelial 
differentiation from mesodermal progenitor cells is a critical 
step in the identification of molecular control mechanisms 
regulating specification of the diverse, and segmentally 
organized, cell phenotypes of the renal tubular epithelium 
during kidney organogenesis. The potential importance of a 
tissue specific POU gene in renal development was 
suggested by the discovery of OCT-K, a novel octamer 
binding protein present in nuclear extracts prepared from 16 
week human fetal kidney. OCT-K has an electrophoretic 
mobility similar to OCT-2 but is not recognized by OCT-2 
specific antisera. Systematic cloning of all POU gene cDNA's 
expressed in the human fetal kidney at this developmental 
stage using a mixed degenerate primer PCR approach 
identified two genes, OCT-1 and a new member of the POU-Ill 
subclass, KID-1. A comparison of the predicted amino acid 
sequence of KID-1 with two closely-related human POU 
genes, BRN-1 and BRN-2, revealed muttiple substitutions in 
predicted helical regions I and II of the POU homeodomain 
establishing KID-1 as a newly identified human POU gene. In 
situ hybridization analysis localizes KID-1 expression 
exclusively to proliferative epithelial cells in the fetal kidney 
collecting ducts and suggest a role for this POU gene in the 
regulation of epithelial differentiation at this site. This segment 
of the embryonic nephron gives rise to two functionally 
distinct tubular epithelial cells, the principal cell and the 
intercalated cell, a developmental specification event which 
may be influenced by KID-1 expression. 

B905 INTERFERON--j INDUCIBLE AND CONSTITUTIVE 

CHAIN GENE: IN VIVO FOOTPRINT AND FUNCTIONAL ANALYSIS. 
Adrienne H. Brown, Kenneth L. Wright, Bernd Stein and 
Jenny P. -Y. Ting. Department of Microbiology and 
Immunology, University of North Carolina-Chapel Hill, 
Chapel Hill, N.C. 27599 

MHC class I1 molecules and class 11-associated 
invariant chain (Ii) are physically associated within the 
cell, functionally related, coordinately regulated at the 
level of transcription and yet Ii is encoded outside the 
MHC locus on a separate chromosome. Coordinate expression 
is detected at the level of cell type specificity and 
induction by IFN-1. The MHC class I1 promoter regions 
share well defined elements, W/S. X and Y which are all 
necessary for maximal levels of basal expression as well 
as IFN-7 induced expression. In addition many of the DNA- 
binding proteins that interact with the IMC class I1 
promoter have been identified and their genes cloned. 

Ii and the class I1 genes share some mechanisms of 
transcriptional regulation and not others. We have 
demonstrated that similar to other class I1 genes, the 
human Ii X and Y elements are necessary for constitutive 
expression in B lymphocytes and that Ii S .  X and Y are 
required for IFN-7 induced expression in the glioblastoma 
cell line U373-MG. These regulatory elements function in 
a parallel manner with those of the class I1 gene HIA-DRA. 
The in vivo genomic footprint of Ii correlates with these 
functional elements and displays a pattern strikingly 
similar to that of HLA-DRA. Ii footprint reveals protein 
interactions on the X and Y elements in B cell lines and 
in class 11-expressing T cell lines. In addirion IFN--j 
treatment clearly upregulates binding at the X box while 
all other contacts remain the same. 

The Ii i n  vivo footprint also delineates two NF-KB 
binding sites, a motif absent in the HLA-DRA promoter. 
Surprisingly, functional analysis of the proximal NF-KB 
element revealed it to exert a positive regulatory efEect 
in B cells and the T cell line, Jurkat, but to have 
negative regulatory function in the T cell line H9. The 
mechanism for this dual activity is under investigation. 

TRANSCRIPTION OF THE H Z R W  HHC CUSS I1 INVARIANT 

B 907 A NOVEL TRANSCRIPTIONAL ENHANCER IS INVOL- 

MATRIX-DEPENDENT REGULATION OF 8-CASEIN GFNP 
VED IN THE PROLACTIN- AND EXTRACELLULAR 

~~ -~ - 
EXPRESSION. G.F. Casperson+. C. Schmidhauser', C. A. 
Myers', K. T. Sanzo+, S. Bolten+, and M. 1. Bissell', *Cell and 
Molecular Biology Division, Lawrence Berkeley Laboratory, U. of 
California, Berkeley, California 94720; +Momanto Corporate 
Research, AA3C. Chesterfield Village Parkway, Chesterfield, MO 
63198 
Lactogenic hormones and extracellular matrix (ECM) act 
synergistically to regulate 8-casein expression in culture. We have 
developed a functional subpopulation of the mouse mammary 
epithelial cell strain COMMA-1D (designated CID 9j, which 
expresses high level of B-casein, forms alveolar structures when 
plated onto the EHS tumor-derived matrix, and apically secretes D- 
casein. We have further shown that ECM- and prolactin-dependent 
regulation of 8-casein occurs mainly at the transcriptional level and 
that 5' sequences play an important role in these regulations. To 
address the question of the nature of the DNA sequence requirements 
for such regulation, we analyzed the bovine 8-casein gene promoter in 
these cells. We now have located a 160-bp transcriptional enhancer 
(BCEI) within the 5' flanking region of the 8-casein gene. Using 
functional assays, we show that BCEl contains responsive elements 
for prolactin- and ECM-dependent regulation. BCEl placed u p s m m  
of a truncated and inactive B-casein promoter (the shortest extending 
from -89 to +42 bp with regard to the transcription start site) 
recMlJtitutes a promoter even more potent than the intact promoter, 
which contains B€E1 in its normal context more than 1.5 kb 
upstream. This small fusion promoter also reconstitutes the normal 
pattern of regularion, including a requirement for both prolactin and 
ECM and a synergistic action of prolactin and hydrocortisone. By 
placing the milk promoter with a heterologous viral promoter, we 
show that BCEl participates in the prolactin- and ECM-mediated 
regulation. 
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B 908 IDENTIFICATION AND CHARACTERIZATION OF HLH 
PROTEINS EXPRESSED DURING ORGANOGENESIS, 

Anne E. Chiaramello, Dan H. Shain, Tomaas Neuman and 
Mauricio X. Zuber, Department of Biochemistry and 
Department of Anatomy and Neurobiology, Colorado State 
University, Fort Collins, CO 80523 
Helix-loop-helix (HLH) transcriptional factors are known 
to regulate many developmental processes in Drosophila 
and vertebrates. We have cloned members of the class A 
HLH transcription factors family from the developing 
mouse nervous system. Sequence analyses of the cDNAs 
show the homology to E12E47 to reside exclusively in 
the helix-loop-helix region. Our data on gene analysis 
suggets that as  a result of alternative splicing, there are 
four different transcripts encoding HLH proteins with 
different physical and biochemical characteristics, one of 
these named M E l a  corresponding to the murine form of 
HTF4 or HEB (Nucl. Acids Res. (1991) 19, 4555; Mol. Cell. 
Biol. (1992) 12, 1031-1045). Northern blot and in situ 
hybridization analyses show different temporal and 
spatial pattern consistent with a role a s  developmental 
regulator. Various inducible expression plasmids were 
constructed that program Escherichia coli to produce 
recombinant ME1 HLH derivatives. Their binding 
activities were studied using electrophoretic mobility 
shift assay (EMSA). These studies were extended to 
compare binding abilities of homo and heterodimers to 
different E-box binding sites in vitro. The different forms 
of ME1 HLH proteins have been cloned in eukaryotic 
expression vectors to analyze their in vivo characteristics. 

9910 THE REGULATION OF GENE EXPRESSION IN 

CELLS, Michael Cross, Reinhard Henschler. Ian Hampson, Clare 
Heyworth. Erika dewinter and T. Michael Dexter, Department 
of Experimental Haematology, Paterson Institute for Cancer 
Research. Christie Hospital NHS Trust. Manchester M20 9BX, 
U.K. 

Our aim is to examine the mechanisms by which differentially 
expressed penes are regulated at the transcriptional level during 
haemopoiesis, and to investigate ways in which changes in the 
transcriptional environment are involved in the processes of 
lineage committment and maturation. 
In response to defined combinations of haemopoietic growth 
factors, the FDCPmix (Factor Dependent Cell Paterson mixed 
potential) cell lines can be made either to proliferate and 
maintain a multipotential phenotype, or to embark upon 
programmes of differentiation which lead over a period of about 
one week to mature, post-mitotic erythroid or 
granulocytelmacrophage cells. As such they present an attractive 
system in which to analyse the molecular processes governing 
self renewal and differentiation. 
Differential screening of FDCPmix cDNA libraries has led to the 
identification of a number of cDNA species which are down- 
regulated upon the induction of granulocytelmacrophage 
differentiation. We have optimised an electroporauon procedure 
for the introduction of DNA into the FDCPmix cells, and are 
using the technique to identify transcriptional regulatory 
sequences controlling the differentially expressed genes. An 
analysis of the regulation in these cells of the CCPI (granzyme 
B) gene will be presented. 

MULTIPOTENT HAEMOPOIETIC PROGENITOR 

B 909 THE IL3/GM-CSF LOCUS IS REGULATED BY AN 
INDUCIBLE CYCLOSPORIN A SENSITIVE ENHANCER 

Peter N. Cockerill, M. Frances Shannon, Andrew G. Bert, Gregory R. 
Ryan and Mathew A. Vadas, Division of Human Immunology, Institute 
of Medical and Veterinary Science, Frome Road, Adelaide 5000, 
Australia 
Interleukin-3 (IL3) and granulocyte-macrophage colony stimulating factor 
(GM-CSF) are pleiotropic haemopoietic growth factors whose genes are 
located just 10 kb apart on human chromosome 5 .  Both genes are induced 
in T lymphocytes upon activation of the T cell receptor, in a cyclospoM 
A (CsA)-sensitive fashion. We observed, however, that the proximal 
promoters of these genes responded poorly to signals normally delivered 
via the T cell receptor, and that they were not suppressed CsA. We 
therefore mapped DNase I hypersensitive (DH) sites across the locus to 
identify additional regulatory elements which might account for the 
observed regulation of each gene. We located an inducible DH site, 3 
kilobases upstream of the GM-CSF gene, which was suppressed by CsA, 
and appeared just before the onset of 1L3 and GM-CSF transcription. 
This DH site functioned as a strong CsA-sensitive enhancer of both the 
GM-CSF and 1L3 promoters. The enhancer is a likely target for protein 
kinase C and Ca*' mediated signals resulting from activation of the T 
cell receptor. Three sites in the enhancer associate with the CsA-sensitive 
T cell-specific transcription factor NFAT, but represent a new class of 
NFAT site since they also associate with the transcription factor AP-I in 
the absence of other CsA-sensitive components of NFAT. These NFAT 
sites may, therefore, also support the activation of the enhancer in cell 
types other than T cells, which express GM-CSF and Ap-I but not 
NFAT. We provide additional evidence that AP-I is an essential 
component of NFAT. We propose that the intergenic enhancer described 
here mediates the correctly regulated activation of both GM-CSF and IL3 
gene expression in T cells, and that it is responsible for the CsA- 
sensitivity of the GM-CSFlIL3 locus. Future studies will determine 
whether the enhancer functions as a locus control region, and whether it 
is also required for expression of the nearby 1L4 and IL5 genes. 

B911 ANALYSIS OF CIS-ACTING ELEMENTS AND DNA- 
BINDING PROTEINS REGULATING TRANSCRIPTION OF 

MOUSE AND CHICKEN aA-CRYSTALLIN GENE, Ales Cvekl, 
Marc Kantorow, John F. Klement, Christina M. Sax 
and Joram Piatigorsky, IMDB, NEI, NIH, Bethesda, 
MD 20892. 
all-crystallin is a highly abundant protein found 
in the ocular lens. The expression of this gene is 
developmentally and spatially regulated during 
formation of the lens. There are significant 
differences-in the expression pattern of the aA- 
crystallin in the mouse and chicken. Previous 
transfection and transgenic mouse experiments 
identified a lens-preffered promoter from -111 to 
+46 of the mouse aA-crystallin gene; the chicken 
gene needs at least 162 bp upstream from the 
transcription initiation site for its activity in 
transfected lens epithelial cells. Footprinting 
and linker scanning analysis of the mouse aA- 
crystallin promoter have identified four protein 
binding sites responsible for function of this 
promoter: DE1 (-111/-99), aA-CRYBP1 (-72/-55), PE1 
(-35/-12) and PE2 (+24/+43). The DE1 site 
(S'CTGCTGACGGTGC 3') is homologous to the binding 
site for the ATF/CREB family of factors. Gel-shift 
data and partial protein purification suggest 
interaction of this family of factors with the DE1 
site. Although a strong homology was noted between 
the mouse and chicken aA-crystallin promoter up to 
position -111, the linker scanning analysis of 
-160/+3 region of the chicken all-crystallin 
promoter revealed the importance of -144/-103 
sequence as well as of the TATA box (-33/-22). The 
chicken -144/-103 sequence is composed of at least 
three protein binding sites: DEZA (-144/-134), 

these sites is homologous to any known cis-element 
of the mouse gene. These data show that a highly 
conserved gene may have considerable species- 
dependent differences in its regulation. 

DE2B (-128/-119) and DElA (-114/-103). None Of 
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B912 REGULATION OF THE ACTIVITY OF THE 
TRANSCRIFTION FACTOR GATA- 1, Wei Dai and 

Martin J. Murphy, Jr., Hipple Cancer Research Center, 4100 S. 
Kettering Blvd., Dayton, OH 45439-2092 
Phorbol myristate acetate (PMA) induces the expression of 
megakaryocyte and/or platelet proteins during terminal 
differentiation of human erythroleukemia HEL cells. However, i t  
i s  not established whether the megakaryocytic differentiation i s  
accompanied by the down-regulation of the major erythroid 
transcription factor GATA-1. In addition, l itt le i s  known about the 
mechanism regulating the activity as well as the expression of 
GATA-1. Using gel mobility shift assays, we have obtained the 
following evidence concerning the effects of PMA and other 
chemical agents on the target affinity of GATA-1: (i) Upon PMA 
treatment, HEL cells dramatically decrease the expression of 
GATA-1 activity which i s  accompanied by a loss of the erythroid- 
specific protein glycophorin A expression. In contmt, the DNA 
binding activities of AP-1 and SP-1 transcription factors are up 
regulated by PMA treatment of HEL cells. The coordinated 
negative regulation of GATA-1 activity and glycophorin A mRNA 
after PMA treatment suggests that down-regulation of GATA-1 
activity i s  at least partly responsible for the loss of the erythroid 
phenotype during megakaryocytic differentiation; (ii) The DNA 
binding affinity of GATA-1 can be reduced in vitro by treatment of 
cell nuclear extracts with the nucleotide ATP and the non- 
hydrolyzable ATP analog A M P P O P  but not with AMP, 
suggesting that GATA-1 i s  at least partly regulated through allosteric 
mechanisms; (iii) Cytosolic fraction of cell lysates also contains 
significant amounts of GATA-1 activity and this activity i s  not due 
to nuclear contaminations during isolation as determined by other 
marker protein expression. The non-ionic detergent Chaps enhances 
both cytoplasmic and nuclear GATA-I activity in vitro, suggesting 
that a detergent sensitive inhibitor(s) may be involved in regulating 
its target affinity and thus erythroid gene expression during cell 
differentiation. 

B 914 IDENTIFICATION OF GENOMIC SEQUENCES 

BY NERVE GROWTH FACTOR (NGF) AND BASIC 
FIBROBLAST GROWTH FACTOR (bFGF), Sunita deSouza, 
Cindy M. Machida, Janis E. Lochner and Gary Ciment, 
Department of Cell Biology and Anatomy, Oregon Health 
Sciences University, Portland, OR 97201 

In this study, we examine NGF- and bFGF-responsive DNA 
regulatory sequences in the 5'-untranscribed region of the 
stromelysin (ST-1) (a.k.a. transin) gene in PC12 cells. We 
found that both NGF and bFGF induces ST-1 mRNA 
expression at least 1000-fold over initially undetectable levels 
in PC12 cells. We found, moreover, that this induction was due 
to de now transcription and was sensitive to cyclohexamide, 
indicating that ST-1 is a 'late' gene. Transient transfection 
assays using a plasmid containing a 750 base pair region of 
the 5'-untranscribed region of the ST-1 gene fused to CAT 
reporter gene indicated that this region contained NGF- and 
FGF-responsive cis-acting elements. We have performed 
transient transfection assays using various manipulations of 
the ST-1 promoter region. We find that mutations of an APl  
sequence within this promoter is necessary for both basal and 
growth factor-induced levels of CAT gene expression. Using 5' 
promoter deletion mutants, we also find other, as yet 
unidentified, DNA sequences necessary for growth factor- 
responsiveness of ST-1. Gel-shift analysis is currently being 
performed to determine wether transcriptional proteins bind to 
these regions in a growth factor-specific fashion. These 
studies suggest that the induction of the ST-1 gene in PC12 
cells may be a useful system for characterizing and comparing 
the NGF and bFGF intracellular signalling pathways. 

REQUIRED FOR THE INDUCTION OF STROMELYSIN 

B 913 SEVERAL TRANSCRIPTION FACTORS WITH A LEUCJNE 
ZIPPER STRUCTURE CAN PARTICIPATE IN THE 

MODULATION OF THE RAT a-FFXOPRoTEIN GENE EXPRESSION 
J.L. Danan*, B.Bois-Joyeux*, M. Denissenko*+, R.lkonomova*, 
G.Feldmann+, D. Bemuad and H. Thomassin*, *CNRS UPRI5lI. 
F92190 Meudon, France and+lNSEFW U327, Hop. Bichar I75018 Paris 

The a-fetoprotein (AFP) gene offers a very powerful model to gain 
insights into the molecular mechanisms which govern liver-specific gene 
expression in the course of developmnt and cancemgenesis. 

In the present work we have tested the effcct on the functioning of the 
rat AFP regulatory elements of several transcription factors which share in 
common a dmerization domain rich in Ieucines. For this, plasmids allowing 
expression of these transcription factors were comsfected together with 
vectors carrying the CAT gene under the control of rat AFP gene regulatory 
elements into human HepG2 hepatoma cells. 

We observed that expression of the liver-enriched factors W B P  a, 
LAP (WBPP) and DBP stimulated (5 to 7 fold) the CAT activity driven by 
the AFP promoter. By opposition, LIP. a truncated form of  LAP obtained 
by an alternative use of a translation initiation site had a negauve effect on 
the activity of the AFP promoter. These results suggest that a combination 
of these proteins, whose concentrations greatly vary in the course of liver 
development and which can specifically bind to two critical regions of the 
AFP promoter, might be used to modulate the transcription of the AFP gene 
in the course of development. 

We showed that Jun proteins are able to down regulate (5 to 8 fold) 
the CAT activity driven by the AFP promoter ; c-Jun was more efficient than 
Jun D .while Jun B and Fos alone had no effect. In agreement with these 
results, phorbol esters (TPA) also down regulated the AFP promoter .The 
specificity of these effects was assessed by using constructs in which the 
CAT gene i s  governed by the Tk promoter and a functional or a mutated 
TRE as controls. Jun/Fos complexes can thus be intermediates in cascades 
of different cellular events initiated by growth factors and hormonal stimuli 
specific of the differentiation and of the proliferation status of the liver cell 
and which result in the modulation of the AFP gene. expression. Whether the 
negative regulation of the AFP promoter acitivity by these pmto-oncogenes 
in the HepG2 cells involves direct binding of an AP1 complex to the AFP 
promoter or not is presently under investigation. 
Thanks are due lo Dn B. Binetmy. M. Karin. S.McKnigh1. U. Schibler and M. Yaniv lor 
their gifts of plasmids .This work was supponed by !he CNRS. and by grants from the 
ARC. the FRM and the INSERM 10 J.L.D. 

B 915 lTF-1, AN HOMEODOMAIN CONTAINING PROTEIN, AND 
PAX-8, A PAIRED DOMAIN CONTAINING PROTEIN, BIND 
TO OVERLAPPING SITES IN TWO THYROID SPECIFIC 
PROMOTERS AND ACTIVATE TRANSCRIPTION, Roberto Di 
Lauros. Mario De Felice% Helen Francis-Langn and Mariastella 
Zanninis. 8Stazione Zoologica A. Dohrn. Villa comunale. 80121, 
Naples, Italy, IICRF, Developmental Biology Unit, South Parks Rd, 
Oxford OX1 3PS, Great Britain. 
TTF-1 is a member of a new family of horneobox genes. The TTF- 
1 protein binds to the thyroglobulin and thyroperoxidase promoters, 
two genes exclusively expressed in thyroid cells. Expression of 
TTF-1 in some non thyroid cells in colture results in transcriptional 
activation of co-transfected thyroglobulin and thyroperoxidase 
promoters. Such activation depends on the structural integrity of 
two coarsely defined TTF-1 domains, located at the amino and the 
carboxy terminal side of the homeodomain. Using artificial 
promoters containing one or several binding sites for TTF-I. it can 
be shown that TTF-1 requires multiple binding sites in the target 
promoter to function as transcriptional activator. 
In rats, TTF-1 is expressed in thyroid, lung and restricted areas of 
the brain. In thyroid, TTF-1 expression begins at the onset of 
thyroid morphogenesis, five days before the expression of 
thyroglobulin and thyroperoxidase. These data suggest that 
additional mechanisms are required for transcriptional activation of 
thyroid specific promoters by TTF-1. 
Thyroid cells also contain the paired domain containing protein 
Pax-8. Binding sites for Pax4  are present in the promoters of 
thyroglobulin and thyroperoxidase In both promoters the binding 
site of Pax-8 overlaps with a TTF-1 binding site, the closest to 
transcription initiation. Pax-8 also can activate transcription from 
both promoters. The possible functional implications of this 
arrangement of binding sites are at present under investigation. 
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B 916 C H A R A C T E R I Z A T I O N  OF A NOVEL D N A / P R O T E I N  
TRANSCRIPTION COMPLEX ON THE PROMOTER OF THE 
RAT ALPHA-1-ACID GLYCOPROTEIN GENE. 

Di Lorenzo D ,  I n g r a s s i a  R ,  Savold i  GF, C a r a f f i n i  
A, T i r o n i  M, Wil l iams P*,  A l b e r t i n i  A.  
I n s t i t u t e  of  C h e m i s t r y ,  S c h o o l  of M e d i c i n e ,  
U n i v e r s i t y  of Brescia, I t a l y .  
The a l p h a - l - a c i d  g l y c o p r o t e i n  gene i n  r a t  l i v e r  i s  
t r a n s c r i p t i o n a l l y  a c t i v a t e d  by Ll lucocor t ico id  and 
i n t e r l e u k i n s  1 and 6. G l u c o c o r t i c o i d s  a c t  th rough 
a GRE ( G l u c o c o r t i c o i d  Responsive Element) which i s  
c e n t e r e d  a round -110.  35 n u c l e o t i d e s  ups t ream 
t h i s  s e q u e n c e  i s  p r e s e n t  a s t r o n g  e l e m e n t  
( U R E ,  Upstream Regula tory  Element, -143-155) which 

b i n d  n u c l e a r  p r o t e i n s  e s s e n t i a l  f o r  t h e  a c t i v i t y  
of t h e  g l u c o c o r t i c o i d  r e c e p t o r .  This  sequence show 
a p e r f e c t  dyad symmetry. D e l e t i o n  m u t a n t s  and  
p o i n t  muta t ion  a n a l y s i s  t h a t  b lock  t h e  b i n d i n g  of  
t r a n s c r i p t i o n  f a c t o r s  t o  t h i s  e lement  comple te ly  
i n h i b i t  g l u c o c o r t i c o i d  t r a n s c r i p t i o n  a c t i v a t i o n  of  
a - 2 1 5 t l  promoter  f ragment  l i n k e d  upstream t h e  CAT 
gene .  
F o o t p r i n t  e x p e r i m e n t s  a n d  EMSA ( E l e c t o p h o r e s i s  
M o b i l i t y  S h i f t  Assay) r e v e a l e d  t h e  b i n d i n g  of a t  
l e a s t  t h r e e  d i f f e r e n t  p r o t e i n s .  Column 
f r a c t i o n a t i o n  of  r a t  l i v e r  n u c l e a r  e x t r a c t  a l lowed 
t h e  d i s t i n c t i o n  between t h e  t r a n s c r i p t i o n  f a c t o r  
C/EBPO and a p r o t e i n  we naned ?..IF-4 (AGP Nuclear  
F a c t o r  4 ) .  The b i n d i n g  s i t e 5  of t h e s e  two p r o t e i n  
a r e  p a r t i a l l y  o v e r l a p p i n * j  a n d  s h a r e  t h e i r  
accomodat ion  on  t h e  URE w i t h  a t h i r d  p r o t e i n  
p r o b a b l y  r e l a t e d  t o  IL-6 REBP, a p r o t e i n  a c t i v e  
on t h e  alpha-2-macroglobul in  promoter  d u r i n g  t h e  
a c u t e  phase  r e a c t i o n .  
* P r e s e n t  a d d r e s s :  Department  o f  Medica l  and  
A n a l y t i c a l  C h e m i s t r y ,  G e n e n t e c h ,  S o u t h  S a n  
F r a n c i s c o ,  CA, USA. 

B 918 CHARACTERIZATION AND TARGETED DISRUPTION OF THE 
MURINE TEF GENE. D.W. Drolet. R.J. McEvilly. K.A. Kalla. K.J. 

Jenne, and M.G. Rosenfeld. HHMI. Dept. Medicine. University of California, 
San Diego, La M a ,  CA 92093-0648. 
The anterbr pituitary gland is composed of five phenotypically distinct cell 
types that are distinguished by the peptide hormone they express. These 
hormones regulate many dtferent physiological systems including milk 
production. gmwlh, and basal metabolic rate. The thyrotroph cells of the 
anterior pituitary are responsible for the productin of thyroid-stimulating 
hormone which controls the levels of T3 and T4 produced by the thyroid 
gland. lnveagation into the DNA-binding proteins expressed in pituitary cells 
from rats has led to the ident i ia t in  and characterization of thyrotroph 
embryonic facrtor, TEF. a basic-leucine zipper (bZIP) transcription factor 
(Genes Dev. 1991. 5:1739-1753). In addition to the bZlP domain, TEF 
contains a proline and acidic rich (PAR) domain that is amino-terminally 
adjacent to the bZlP domain. Highly consewed PAR regions are also found 
in the bZlP proteins DBP (rat) and HLF (human) as well as in the TEF 
homobgUe, VBP (chidten). The role of the PAR domain, however. has not 
been elucidated. In the rat, TEF gene expression is initially detected in the 
rostra1 tip of the anterior pituitary on embryonic days 14 to 16. This 
expression pallem corresponds both tenporally and spatially lo the onset of 
lhyroid-stimulating hormone gene expression. Later in development, 
however. TEF is expressed in many cell types thrOughoL4 the animal. 
Here we report the characterization of the murine TEF-gene including the 
promoter sequence and location of intron-exon boundaries. A single exon 
was found that contained only the PAR domain. In order to gain insiQht into 
the developmental and regulatory mle(s) of TEF. we have initiated the 
productin of TEFdeficient mice using targeted homologous recombination 
in embryonic stem cells. A replacementtype targeting vector containing 8.4 
Kbp of the rnurine TEF gene was constructed with the neomycin Iesistame 
gene inserted in place of sequences d i n g  for the PAR and bZlP domains of 
TEF. After positive-negative selection, 19 out of 145 individual clones were 
determined to be homologous recombinants based on DNA-blot analysis. 
Several of these cbnes have been injected into Mastocysts and chimeric 
mice have been generated. These mice are being bred in order to score for 
the presence of germ line chimeras. 

B 917 EXPRESSION OF Fork Head GENES DURING EARLY Xenopus 
DEVELOPMENT, Marie Luise Dirksen, Andra Miller, and 

Milan Jamrlch, Laboratory of Molecular Pharmacology, CBER. 
FDA. Bethesda. HD 20892 
Using PCR technology ve have isolated cDNA clones which 
belong to a new Xenopus gene family of transcriptional 
factors - those containing a fork head DNA binding domain. 
This gene family appears to have more than twenty members. 
They are expressed throughout the entire embryonic 
development. Some of the genes are expressed maternally, 
others in early development, and others in adult tissues. 
Their expression pattern suggests that they are involved 
In pattern formation and cellular differentiation. We are 
specifically concentrating on fork head genes which are 
activated at the beginning of zygotic transcription In 
Xenopus embryos. Our experiments Indicate that some of 
these genes are involved in regionalization of the 
neural plate during gastrula and early neurula stage of 
Xenopus development. 

B 91 9 DEVELOPhENTAL REGULATION OF XENOPUS LAEVE 
HBTONE H2A AND H2B GENE TRANSCRIPTION, 

Heithem M. El-Hodiri and W. Michael Perry, Department of 
Biochemistry and Molecular Biology, The University of Texas M.D. 
Anderson Cancer Center, 1515 Holcombe Blvd., Box 117, Houston, 
Texas 77030. 

Histone gene transcription is DNA replication-independent in Xenouus 
oocytes and early embryos, but becomes replication-dependent later in 
embryogenesis. One of the goals of our laboratory is to identify 
promoter elements involved in this switch. We are currently focusing 
of the histone H2A and H2B genes. In the xlh3 histone H2A and H2B 
are transcribed in opposite directions from initiation sites located 
approximately 250 base pairs apart. The promoter region is relatively 
simple, containing several known transcriptional control elements, 
including two TATA motifs, three CAAT motifs, an octamer-like 
motif, and an ATFlCREB binding site. To study the contributions of 
different promoter elements in the developmental control of H2A and 
H2B transcription, genes with mutated or deleted promoter regions are 
microinjected into oocytes and embryos. Analysis of mRNA isolated 
from injected oocytes and embryos will lead to the identification of 
acting elements involved in DNA replication-dependent and 
independent expression of these two genes, as well as the regulation 
of their separate or coordinate transcription. 
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B 920 LEUCINE ZIPPER-DEPENDENT INHlBlTlON OF CREB 
ACTIVITY IN cAHP UNRESPONSIVE CELLS. EVIDENCE 

FOR AN INHIBITOR OF CREB DNA BINDING. 
Matthew J. Ellis*. Catherine Lindon. Kate Flint. Nicholas 
C. Jones and Stephen Gmdbcturn. Imperial Cancer Research 
Fund, Lincoln's Inn Fields. London WC2A 3PX UK. 
*Current Address; Vincent 1. Lombardi Cancer Research 
Center. Reservoir Rd. Washington DC 20007 USA. 

Cell l ines vary considerably in their ab i l i t y  to  
activate transcription through promoters that contain a 
CAMP response element (CRE). For example, i n  
differentiated F9 cells and JEG cells a transfected 
somatostastin promoter responds to i n c r e a s e d  
intracellular CAMP. whereas i n  HeLa cells. COS cells and 
undifferentiated F9 cells i t does not  The basis for this 
difference i s  not variation i n  the levels of the cAHP 
response element binding protein CREB or protein kinase 
A. which are present i n  all  these ce l l  types at similar 
levels. Since overexprenion of these factors in normally 
unresponsive cells leads to  activation of the somatostatin 
promoter. it appears that CREB activity can be negatively 
r w l a t e d  by a titratable inhibitor (Inhibitor of CREB or 
I C R I 1 .  

Further evidence for this inhibitor was obtained by 
fusing CREB to the DNA binding domain of GM4. I n  cAMP 
unresponsive cells, a GAL4-CREB fusion only weakly 
activates a GAL reporter construct. However, fusions 
which contain mutations i n  the leucine zipper domain o f  
CREB show significantly enhanced activity. suggesting that 
the inhibitor interacts with this region. This inhibition 
i s  reflected at the level of DNA binding i n  extracts from 
unresponsive cells which have been transfected w i t h  
clones which encode these fusions Thus. the presence of 
the CREB leucine zipper interferes with DNA binding to  
both a CRE and a GAL US. indicating that ICR acts as a 
general inhibitor of DNA binding. 

1Massm. N.. (1992). Mol. Cell. Biol. 12: 1096-1 106. 

B 922 

LYM 

REGULATION OF THE TATA-LESS TERMINAL 
TRANSFERASE G E N E  IN DEVELOPING 

PHOCYTES, Patricia Ernst, Kiersten Lo, Ben Hahm, and 
Stephen Smale, Howard Hughes Medical Institute and Department 
of Microbiology and Immunology, U.C.L.A. School of Medicine, Los 
Angeles, California 90024 
A fundamental question in the study of gene expression is how 
upstream activators communicate with the general transcription 
machinery to regulate cell-type specific transcription. We are 
addressing this question for a class of promoters which lack TATA 
boxes using the terminal deoxynucleotidyltransferase (TdT) gene 
regulatory elements as a paradigm. Interestingly, many genes that 
are expressed transiently during B or T cell development, including 
TdT, h5. VpreB, and lck, do not contain TATA boxes in their 
promoters. This unusual promoter architecture may be essential for 
the appropriate regulation of these lymphocyte stage-specific genes. 
Therefore, the study of lymphocyte-specific elements as well as 
basal elements will allow us ultimately to understand how tight 
regulation of these genes is accomplished. 

Deletions and mutations in a region termed D' (located from 
-79 to -49 relative to the transcription start site) result in 
dramatically reduced transcript levels in lymphoid cells as compared 
to non-lymphocytes. A novel protein called LyF-1 binds to this 
functionally important site and has been purified from T cells. LyF-I 
is enriched in lymphocytes and binds to the promoters of a number of 
other TATA-less, lymphoid-specific genes. In addition, members of 
the ets family of DNA-binding proteins, including ets-1 and fli-1, bind 
tightly to a site directly overlapping that of LyF-1. Since fli-1, ets-1, 
and LyF-1 are all present at high levels in cells that express TdT, 
this suggests that TdT expression may require the simultaneous 
activity of LyF-1 and an ets family protein, and suggests also that 
there may be a physical interaction between LyF-1 and an ets- 
related protein. Using a series of 5 bp mutations which span the D' 
site, we have begun a detailed characterization of the binding of ets 
family proteins and LyF-1 to the TdT promoter, and have correlated 
binding of these putative transcription factors with TdT transcription 
in vivo. A model incorporating this functional data will be presented. 

B 921 TRANSCRlPTIONAL REGULATION OF INDUCIBLE 
IMMUNE GEMS IN DROSOPHILA. Ylva EngsuUm. Gunnel 

Bjbrklund, Erik Roos wd Latha Kudduyil, Department of Molecular 
Biology, Stockholm University. s-106 91 ~tackhoh, Sweden. 

The Drosophila Cccmpin (Ccc) gene family encodes a set of powerful 
anti-bacterial peptides, synthesized ps put  of an inducible immune 
rcspons. Thc main siru nf Crc-gene activity after indwtion an localized 
10 thc Cat body and to hcmocytts (1). Our aim is U, cbuactctim thc ck-  

and now-acung cnnml elementd nf Ccc g m  regulation. necessary for 
proper spatial and inducible expresrinn. Diffmt #en of pmmotcr-rcportu 
(Cec-luc 2) fusion genes wcm cowwcred and thc cxprwsion of B- 
galactosidase (0-gal) was analyzed. both in a Drosophlb bcmocytc ccll 
line by transient expression and in stably m f o r m e d  Dro~ophik larva12 
and flies. after Pdement mediated annsfomtdon. 

Several of the Ccc-hc 2 fusion gene construcw were indeed 
cffccdvcly activated after the induction of an immune response by (LPS) 
lipopolysacchuide. The ~ W I I L X  of a coarrrvwl 40 bp sequence was 
crucial for inducible rcponcr gcnc exprcssion in hemocytes and in frrl 

hody. IntcmWingly. this 40 bp clement conrains a r8-like motif. which is 
thc hiding sirc of the mammalian rransEription factor N F - a  (2). A virner 
of the rrD-lke motif. but nut of u muIaWl version, ccinlen: high levels of 
inducible reporter gene expression. An immunorcsponsiw factor. CIF. 
binding to such KB-like motifs was w m d y  isolated from Hyalophoru 
crcropio. and shown 10 share many characmisciw with mammalian N P  
KB (3). We have identified an inducihlc nuclear factor from Drosophila 
ccll c%uacu that specifically binds to the @-like motif and we have nmed 
this new fnctor Drosophilu immunoRJpnsive facmr. DIF. 

(1) Samakovlis, C.xt,al, (1990). EMBO J. 9,2969-2976. 
( 2 )  Lronardo. M.J. and Ballimore. D. (19R9). Cell 58,227-229. 
(3) Sun. S.-C. and Fayc. I. (1992). Eur. I. Binchcm. 204. 885-892. 

B923 TGFPl INDUCES c-ets-7 EXPRESSION IN 
ENDOTHELIAL CELLS. Fafeur, V.. Vercamer, C., 

Raes, M.B., Stehelin, D., and Vandenbunder, 8. CNRS URA 
1160. Laboratory of Molecular Oncology. Pasteur Institute of 
Lille. Lille. France 
The expression of the proto-oncogene c-ets-7 is detected in 
various physiological situations that involve extensive cell 
proliferation and migration, such as neural crest migration, new 
bone formation and new blood vessel formation (angiogenesis) 
(Vandenbunder et al., Development, 107: 265-274, 1989; 
Wernert et al.. Am. J. Pathol., 140:119-127, 1992). The role of c- 
ets-l during these processes is unknown. By investigating the 
regulation of c-ets- 7 expression by angiogenic factors in 
endothelial cells, we found that tumor necrosis factor-alpha 
(TNFa), basic fibroblast growth factor (bFGF) and transforming 
growth factor-beta type 1 (TGFp1) increase c-ets-1 mRNA 
expression, with TGFpl being the most potent of these factors. 
The fact that c-ets-1 expression is induced both under growth 
stimulatory (bFGF-induction) and growth inhibitory (TNFa- and 
TGFpl-induction) conditions suggests that c-ets- 1 is probably not 
involved in controlling cell proliferation. TGFpl is also the most 
potent Stimulator of extra-cellular matrix formation and this effect 
involves the stimulation of the expression of various genes, 
including fibronectin and plasminogen activator inhibitor-type 1. 
After 18 h of TGFpl stimulation, both an increase of expression 
of these genes and of c-ets-7 was observed, whereas the 
expression of urokinase-plasminogen activator was unaffected. 
These data and the fact that c-ets-7 encodes a nuclear protein 
which is a transcription factor, suggest that the role of c-ets-l 
during angiogenesis might be to control the expression ot genes 
involved in controlling extra-cellular matrix production. 
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B 924 Structural and Function of the Mouse Bone Morphogenetic 

Region in Fetal Rat Calvariae (FRC) Osteoblast Primary Cultures. 
Nandini Ghosh-Choudhury‘, B. Chrisq,  M. A. Harris’, G. R. Mundy’ 
and S. E. Harris’. ’University of Texas Health Science Center, 
Department of Medicine, Division of Endocrinology, San Antonio, TX, 
78284-7877; ’Institute of Biotechnology, San Antonio, TX 78245. 
Recombinant human BMP2 by itself can induce ectopic bone formation 
in vivo. We are studying expression of BMP2 in primary cultures of 
fetal rat calvarial (FRC) osteoblasts. BMP2 expression is found to be 
temporal in long term ‘bone’ forming FRC cultures, peaking at 6-10 
days. BMP 2 expression is coincident with the expression of the 
osteoblast dtferentiation markers, such as, alkaline phosphatase, 
osteopontin and osteocalcin. We are analyzing the mechanisms of 
regulation of 6MP2 expression in these differentiating bone cells. A 
10.8kb mouse BMP2 transcription unit and its 5’ flanking sequences 
have been cloned and sequenced. Near the transcription start site for 
the gene, as mapped by primer extension technique, contains 8 out of 
9 bp similar to DNA binding sequences for the transcription factor 
Zif268. By gel retardation assay we have shown that this sequence 
specifically binds to the Zi68 protein. We have constructed a number 
of CAT constructs with variable lengths of mBMP2 5 flanking 
sequences. Transient transfection studies using these constructs in 
primary FRC cultures, have led us to i d e n t i  regions upstream of 
mBMP2 transcription unit that are modulated by various factors, such 
as, BMP2, TGFp and 1,25 (OH),D,. One region positively responded 
to exogenously added BMP2 (autoregulation), and the BMP 2 
response region is negatively moduled by 1,25(0H),D,. We will 
discuss these results in terms of a model in which 1,25(0H),D, acts as 
an ’organizer‘ of well formed in vitro ‘bone”. We are presently in the 
process of fine mapping these response elements, and analyzing their 
interactions. 

Prolein 2 (BMP 2) Gene: Analysis of the Promoter/Enhancer 

B 926 CHARACTERIZATION OF TEE DISTAL a-FETOPROTEIN 
ENHANCER, A STRONG, LONG DISTANCE, LIVER- 

BPECIPIC ACTIVATOR, E l y s e  Groupp and J o s e p h  
L o c k e r ,  Department of P a t h o l o g y ,  Universi ty  of 
P i t t s b u r g h  School of Medicine, P i t t s b u r g h ,  PA 
15261 
The  stage-specific e x p r e s s i o n  of a-fetoprotein 
(AFP) i n  developing hepatocytes is regulated by 
6 kb u p s t r e a m  of the  c a p  s i te .  Of the 3 enhanc- 
ers w i t h i n  t h i s  region, t h e  most d i s t a l  (“Complex 
3 ” ,  a t  -6 kb) is t h e  s t r o n g e s t  i n  HepGz cells. 
Compute r  s tud ies  suggested m u l t i p l e  t r a n s c r i p t i o n  
factor b i n d i n g  sites, and f o o t p r i n t  analysis ,  
u s i n g  HepGz nuclear  e x t r a c t s ,  c o n f i r m e d  binding 
over t h e s e  sites. High r e so lu t ion  de le t ion  
demonstrated 4 regions i n  t h e  e n h a n c e r .  Enhan-  
cers w i t h  r e g i o n s  I o r  I1 deleted, though w e a k e r ,  
c o u l d  s t imulate  the  AFP p r o m o t e r  from long 
d i s t a n c e .  However ,  R e g i o n  I w a s  e s s e n t i a l  for  
s t imu la t ion  of t h e  t k  promoter. R e g i o n  I11 
increased enhancer s t rength  but  w a s  not  essen- 
t i a l ,  wh i l e  region I V  complemen ted  some dele- 
t i o n s ,  b u t  had no o the r  obvious effects. 1. 
Complex 3 c a n  s t i m u l a t e  t r a n s c r i p t i o n  no t  o n l y  
through the  AFP promoter, but  a l so  t h e  heterolog- 
ous albumin and t k  promoters: w i t h  these promot- 
ers, t h e  enhancer funct ions i n  hepat ic  cel l  l i n e s  
w h e r e  t h e  AFP gene is s i l e n t .  2. D e l e t i o n  
ana lys i s  mapped a core ac t iv i ty  t o  a 3 4 0  base 
pa i r  r e g i o n  between -5780 t o  -6122. Progressive 
d e l e t i o n  of either t h e  5’ o r  3’ end i d e n t i f i e d  8 4  
base pa i r s  w h i c h  a c c o u n t e d  f o r  9 0 %  of t h e  activi-  
t y  associated w i t h  the enhancer. G e l  s h i f t  and 
ol igonucleot ide competition suggest t h a t  region 
I has a s t rong  HNF3 b i n d i n g  site, w i t h  w e a k e r  
sites for HNF4, SRF a n d  an un iden t i f i ed  factor. 
R e g i o n  I1 binds C/EBP- and SP1-like factors. 
R e g i o n  I11 analys is  is i n  progress. Complex 3 is 
t h u s  a s t rong  unique liver-specific enhancer t h a t  
r e s e m b l e s  several liver-specific promoters. 
( S u p p o r t e d  by N I H  G r a n t  CA 4 3 9 0 9 ) .  

B 925 Id-REGULATED TRANSCRIPTION FACTORS 
ARE NOT INVOLVED IN MATURATION OF 

VASCULAR SMOOTH MUSCLE CELLS. David J. GrJinger, 
Paul R K M ~ ,  Pctu I. Wdssberg & Jamu C. Mctcalfe. Dcpamnent 
of Biochemistry, University of Cambridgc, England. 

W e  have idcntificd Yynat stable clonal t y p  of varular smmrh 
muscle cells (VSMCs) in  culam. These include typc C VSMG with 
cobblestone morphology which predominate in culturrs from neonatal 
rats, typc A VSMCs with spindle morphology which predominate in 
cvlnaes knu addtram aadtypeE alls which M mul&uclcarc do not 
proliferate and whose prapbidons incrcase with rhc age of thc nt 
These obmlt ions suggcslcd a VSMC lincage. In suppm of rhis, 
clones of typc C VSMCscan be can be convcItrd 10 rypA in eulaae by 
keament with TGFp and type A VSMCs c o w  to type E when plated 
at low cell densides. By cwaas~, rype C VSMQ BC unaffcctd by low 
cell density. A numba of features in addinon to umphology distinguish 
typc C from typc A VSMCs. For example. more than 50% of typc A 
VSMCs aaodected with the MyoD gene form myotubcs in the absence 
of serum while type C VSMCs similarly transfad show no changc. 

By analogy to skeletal muscle myogemsis, we hyporhcsizcd that 
the manuanon lincagc of type C convening to type A may be controlled 
by a s m o o ~  muscle equivalent of MyoD acting as a hetcrodimer with 
E2A. In skeletal muscle, E2A activity is suppressed by the acrion of the 
helix-loophelix pte in  Id ’Ihus mnstimrivc uprcsion of Id in type C 
VSMCs may pnvent conversion of rype C VSMG 10 rype A 

To test this hypothesis. VSMCs from a type C VSMC clone 
w e n  uansfected. by clecmporanon. with a deramethasonc-inducible 
antisense Id gene. W e  have shown that this construct will induce 
myogencsis in MyoDexprcssing type A cells in the presence of scrum. 
After addition of dw;amerhasone (1p.f) for 48h all.the cells retained the 
cobblcstone morphology typical of type C VSMCs. even when plated at 
low cell densities. F u r r h w m ,  ectopic expression of MyoD did not 
induce any myoNbc fonnarion. Thus no manuation of the typc C 
VSMCs had occumd. W e  conclude that Id-regulated mnscription 
factors are not involved in VSMC maturation. 

B 927 

BY 20 CONSERVED SEQUENCE PROBES, Deborah L. Gumucio, 

PHYLOGENETTC FOOTPRINTING OF THE HUMAN E 
GLOBIN GENE: 46 NUCLEAR PROTEINS ARE DETECI’ED 

David A. Shelton, Wendy L. Bailey, Kenji Hayasaka, Jeny Slightom and 
Moms Goodman, Department of Anatomy and Cell Biology, University 
of Michigan, Ann Arbor, MI 48109-0616. 
The human L gene is expressed at high levels in embryonic erythrocytes 
and completely repressed in fetal and adult erythoid cells. The same 
dramatic changes in aanscliptional activity are exhibited by the 
orthologous E genes of all mammalian species. Thus, the cis sequences 
which control this process are likely to be evolutionarily conserved. 
Using “phlyogenetic footprinting”, 20 consaved sequence elements 
upstream from the E gene have been identified and the nuclear proteins 
which bind to oligonucleotide probes spanning these. elements have been 
characterized. Among the 46 proteins detected are eight binding sites for 
the YY-1M-EUCSBP-1 repressor. In other systems, this protein acts as 
a “switch protein, m e d i g  a change from gene repression to activation 
and is involved in the developmental stage-specific repression of another 
tissue-specific gene (lgx). Seven sites for a novel protein (CSBP-2). and 
five binding sites for the putative stage selector protein, -50, were also 
detected. In addition to the detection of individual binding proteins, this 
analysis also revealed several interesting binding patterns. Six of the 7 
probes which bound to CSBP-2 also bound CSBP-1; 7 of 9 probes 
binding GATA-1 also bound Oct-1. Several additional examples of this 
codetection of Oct-1 and GATA-1 were detected in an earlier analysis of 
the ypromoter. Furthermore, examination of the sequences of the probes 
which bind GATA-1 revealed that relatively high affinity binding is 
observed with probes which do not contain good matches for the 
canonical GATA site. It seems highly likely that the regulatory 
mechanisms which control E expression are extremely complex and that 
multiple control elements will eventually be found. Characterization of the 
proteins which bind at or near evolutionarily conserved sites provides a 
means to begin to dissect this complexity in a way that cannot be 
approached by gross deletional mutagenesis. The highly conserved cis 
sequences identifed here represent potentially important elements which 
have been identified by binding characteristics rather than transcriptional 
function. It is possible, with the information we now have, to design 
direct functional tests to analyze the conmbution of individual binding 
proteins, to pmbe possible interactions among binding proteins or to 
determine the relevance of binding sites with sequmes which deviate 
from the consensus. 
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B 928 TRANSCRIPTIONAL ACTIVITY OF THE MOUSE 
ENGRAILED PROTEINS, Mark Hanks, Fredenck Jones* and 

Alexandra Joyner, Samuel Lunenfeld Research Institute, Mt. Sinai 
Hospital, 600 University Avenue, Toronto, Ontario, Canada. *Scripps 
Research Institute, North Tomy Pines Rd, La Jolla, CA 92037. 

The engrailed (en) genes have been cloned from a number of 
vertebrate and invertebrate species. Amino acid sequence comparisons 
between members of the en family reveals five highly conserved regions, 
which we have designated EHI-5. including the 60 amino acid 
homeodomain (EH4). Mutant analysis in Drosophila reveals that the en 
gene is involved in conferring posterior compartment identity and 
expression Studies suggest an additional role in neumgenesis. There is also 
considerable genetic and biochemical evidence to indicate that the en 
protein is a transcriptional repressor. In the mouse, mutant analysis has 
shown that the En-2 gene is required (at least) fur patterning in the 
cerebellum but the role of the En-1 gene is only now being addressed. 

We have shown by southwestern blotting that the mouse En-2 
homeodomain is capable of binding to the same sequence (NP6) 
recognized by the en protein of Drosophila. However, in contrast to the 
Drosophilo en protein (Jaynes and O'Farreil, 1991). in transient 
transfection assays we have found that En-1 and E n 2  are unable to act as 
active transcriptional repressors of reporter genes containing the NP6 
sequence. A caveat to the simple interpretation of these data is that the cells 
8 1 9  and COS) used for these hansfections may lack the protein co-factors 
necessary for En repressor function. However, such factors may have 
been present in Schneider cells which were used for the Drosophila en 
uansfections mentioned above and we are in the process of testing the 
mouse En proteins in the Schneider cell system. 

Direct evidence that the En-1 andEn-2 proteins are transcriptional 
regulators stems from our observations that both of the En proteins will 
activate transcription from Lac2 reporter genes driven by the chick 
cytotactin (tenascin) promoter in transient comnsfections into PI9 and 
NIH 3T3 cells. This promoter contains a number of potential 
homeodomain binding sequences within a 4 kb 5' flanking region. 
However, deletion analysis of this 5' flank indicates that the sequences 
sufficient for the activation are located within Ikb of the TATA box, a 
region which contains only one potential homedomain binding site. We 
intend to identify the En binding site($ in this Ikb region to determine if 
the activation is a direct result of En protein binding. This system can then 
be used to carry out a structure function analysis of the En proteins and to 
determine the functional significance of the conserved protein domains 
mentioned above. 

B930 SIGNAL TRANSDUCTION BY KINASE C THROUGH 
CLASSICAL CRES, Jonathan H. Hecht. Joachim Altschmied 

and Pamela L. Mellon, Department of Reproductive Medicine, University 
of California, San Diego. School of Medicine, La Jolla, CA 92093-0674 

Gonadotropin-releasing hormone (GnRH), which acts through a seven- 
transmembrane receptor coupled to the kinase C pathway, activates tran- 
scription of the genes for the gonadotropin hormones, follicle stimulating 
hormone and luteinizing hormone. which are heterodimers composed of a 
shared a chain and a unique p chain. The mechanism by which GnRH 
regulates the common a gene was studied in LpT202 cells, an immor- 
talized pituitary gonadotrope cell line made by targeted oncogenesis in 
transgenic mice. Our studies detected three DNA elements which conui- 
bute to pituitary expression of the a gene: a gonadotrope-specific element 
(GSE) centered at -220. a GATA element centered at -146, and two 
CAMP-response elements (CREs) located at -141 and -123. Transfecting 
a series of truncations revealed that the deletion from -152 to -118, 
eliminating the CRE's and the GATA site, reduced GnRH induction from 
6.9 fold to 1.2 fold. Point mutations which inactivated the CRE, GATA, 
or both elements, reduced induction from 5.2 fold to 1.7.2.5, and 1.0 fold, 
respectively. Isolated DNA elements cloned upstream of the thymidine 
kinase promoter were also tested for GnRH responsiveness. Two CRE's 
activated transcription 6.3 fold and two GATA sites activated transcription 
4.3 fold, indicating that both sites can confer GnRH responsiveness, a 
surprising result since GnRH activates protein kinase C. but not kinase A. 
Two PA-response elements (TREs) were induced 5.7 fold, indicating 
that GnRH activated AP-1 as expected. Gel retardation assays showed 
that L p R 0 2  nuclear extracts contained proteins that shifted the CRE, 
producing three complexes. After treating cells with GnRH, the major 
complex became significantly more abundant. The induced component of 
this complex was specifically competed by a TRE. Though CREB was 
also present, it was not changed in GnRH-treated extracts. To test whether 
the regulated component may be AP-I, the TRE was shifted with LpR02  
nuclear extracts. After one hour of GnRH treatment, TRE binding activity 
increased. An anti-fos antibody supershifted a portion of this TRE binding 
activity. Northern hybridization indicated that fos mRNA is present 
30 min after GnRH treatment and peaks after 1-2 hours of treatment. 
Since fos is a component of AP-I, our data indicate that the GnRH signal 
transduction pathway may activate transcription of the a gene through a 
member of the AP-1 family binding to CREs. 

B 929 MODULATION O F  COLONY STIMULATING FACTOR- 
1 EXPRESSION BY CTFNFI ,  Maureen k Hamngton, 

Bruce Konicek and Xiao-ling Xia, Department of Medicine, 
Biochemistry and Molecular Biology and the Walther Oncology 
Center, Indiana University School of Medicine, Indpls, IN. 
Monocyte/macrophage cell activity is regulated in part an  
interact ion between circulating a n d  tissue specific 
monocytes/macrophages and stromal elements which include 
fibroblasts, adipocytes, reticular and endothelial cells. One role of 
the stromal cell elements is to release cytokines like colony 
stimulating factor-1 (CSF-1) which functions to stimulate the 
proliferation, differentiation and activity of monocytes. The 
observation that fibroblasts produce and do  not respond to CSF-1 
whereas monocytes can both produce and respond in a proliferative 
manner to CSF-1 prompted us to examine whether there are tissue 
specific differences in the control of expression. With 
beterologous reporter constructs we determined that deletion of a 
region between nt -152 and -88 results in a 4-fold decrease in 
promoter activity in proliferating fibroblasts and monocytes. 
Competitive band shift assays were used to demonstrate specific 
DNA binding activity to  a fragment containing this region in nuclear 
extracts isolated from fibroblasts, that was not due to SPI o r  AP1 
which have putative binding sites in this region. Results of DNase 
I protection assays with nuclear extracts from proliferating 
fibroblasts or monocytes revealed distinct as  well as overlapping 
regions of protein binding in the region between nt -283 and + 17. 
Protein binding to  the region spanning nt -90 to -68 was detected 
in both fibroblasts and monocytes. Synthetic oligonucleotides 
containing this region used in competitive band shift and 
methylation interference assays strongly suggest CXF/NFl is the 
cognate trans-acting factor. Results of our studies suggest multiple 
trans-acting factors may regulate CSF-1 expression, some of which 
may be tissue specific while others such CTF/NFl are shared in 
common . 

B 931 A DNA ELEMENT THAT REGULATES EXPRESSION 
OF AN ENDOGENOUS RETROVIRUS DURING F9 

CELL DIFFERENTIATION IS ElA-DEPENDENT, Chin C. 
Howe, Bruce T. Lamb, Kapaenu Satyamoorthy, Davor Solter, 
Amitabha Basu, Roberto Weinmann and Mei Q. Xu, The Wistar 
Institute of Anatomy and Biology, 3601 Spruce Street, Philadelphia. 
PA 19104 
The retinoic acid-induced differentiation of F9 cells into parietal 
endoderm (PE)-lie cells activates mnscription of the endogenous 
mouse renovirus, the inaacistemal A-particle (IAP). To invesngate 
the elements that control IAP gene differentiation-specific 
expression, we used methylation interference and Southwestem and 
transient transfection assays, and identified the IAP proximal 
enhancer (IPE) element that directs differentiation-specific 
expression. We find that the IPE is inactive in undifferentiated F9 
cells and active in diffmntiated PE-like PYS-2 cells. Thne proteins 
of 40, 60, and 68 kDa in size bind to the sequence GAGTGAC 
located between nucleotides -53 and -47 within the IPE. The 40- 
and 68-kDa proteins from both the undifferentiated and 
differentiated cells exhibits similar DNA binding activities. 
However, the 60-kDa protein from differentiated cells has greater 
binding activity than that from undifferentiated cells, suggesting a 
role for this protein in F9 differentiation-specific expression of the 
IAP gene. The IAP gene is negatively regulated by the adenovuus 
EIA proteins, and the EIA sequence responsible for repression is 
located at the N-terminus between amino acids 2 to 67. The DNA 
sequence that is the target of E l A  repression also maps to the IPE 
element. Co-localization of the differentiation-specific and E IA- 
sensitive elements to the same protein binding site within the IPE 
suggests that the E1A-like activity functions in F9 cells to repress 
IAP gene expression. Activation of the IAP gene may result when 
the EIA-like activity is lost or inactivated during F9 cell 
differentiation, followed by binding of the 60 kDa-positwe 
regulatory protein to the enhancer element. 
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B 932 MULTIPLE ZINC FINGER FORMS RESULTING FROM 
DEVELOPMENTALLY REGULATED ALTERNATIVE 

SPLICING OF A TRANSCRIPTION FACTOR GENE, Tien Hsu, 
Joseph A. Gogos, Dennis L. King and Fotis C. Kafatos, 
Department of Cellular and Developmental Biology, Harvard 
University, Cambridge, MA 02138 
A Drosophila transcription factor CF2 has been shown to 
regulate the temporal transcription of a chorion (eggshell 
protein) gene. ln sifu antibody staining suggests that CF2 may 
also play roles in late embryonic development. Transcripts 
encoding CF2 are subject to three alternative modes of splicing. 
which are under strict developmental control and result in three 
isoforms that differ in the number of zinc fingers. One testis- 
specific isoform includes a frame-shifted segment of drastically 
different amino acid sequence. The other two isoforms bind in 
vifro to distinct target sequences and different promoters, as 
predicted by the modularity of DNA recognition by zinc finger 
motifs. The temporally and spatially specific expression of 
different CF2 isoforms underlies their multiple roles during 
development, especially in male and female gonads. Thus, 
because of alternative splicing, a single gene generates in vivo 
multiple distinct DNA-binding proteins, which could act as 
developmental switches, regulating different gene sets in 
different tissues and developmental periods. 

B 934 ROLE OF bHLH PROTEINS IN ANTERIOR PITUITARY 
DIFFERENTIATION, Stephen M. Jackson, Arthur Gutierrez- 

Hanmann and James P. Hoeffler, University of Colorado Health Science 
Center, Denver, CO 80262 

Members of the basic-helix-loop-helix (bHLH) class of 
transcription factors are involved in the expression of many cell- and 
tissue-specific genes. These factors appear to share the ability to bind to 
DNA containing the loose consensus sequence CANNTG and can form 
heterodimers with other HLH family members quite readily. This study 
takes advantage of these shared characteristics to begin to address whether 
or not bHLH proteins are involved in the establishment of the highly 
differentiated cells which populate the anterior pituitary gland. Gel shift 
analysis using an oligonucleotide containing a CANNTG sequence 
demonstrates that a number of factors present in aT3 gonadotrope, GH3 
somatolactotrope and aTSH thyrotrope pituitary cell nuclear exnacts bind 
specifically to this probe, suggesting that bHLH proteins are indeed 
present in these cells. To further examine whether bHLH proteins are 
involved in differentiation, RNA derived from adult rat pituitary tissue and 
the above cell lines was examined for the presence of Id, an inhibitor of 
bHLH activity. Id mRNA was found in each of the cell lines but was 
absent in the adult rat pituitary. Far-western analysis of pituitary cell 
nuclear extracts using radioicdinated Id as a probe demonstrates that Id 
interacts with at least 6 proteins in these cells, rangmg in size from 70kD to 
150kD. In addition, southwestern analysis using the CANNTG 
ollgonucleotide reveals at least 7 proteins which can bind to this probe. 
Comparison of far- and southwestern data reveals proteins of 70kD. 
120kD and 19OkD which can bind to both probes. To determine whether 
Id has an effect on the phenotype of pituitary cells, transient conansfection 
experiments were undertaken using a-subunit promoterfiuciferase fusions 
and an Id overexpression vector in pituitary cells. Overexpression of Id 
specifically reduces the expression of the a-subunit reporter gene in aT3 
and aTSH cells up to 4-fold. Similar experiments in GH3 cells using 
growth hormone- and prolactin-luciferase constructions showed Id had 
little specific effect on the expression of these genes. Taken together, these 
data suggest that bHLH proteins are present in pituitary cells and that their 
activity is regulated by Id. Since the a-subunit gene is the first known 
pituitary marker to appear in developing tissue, its expression may be 
activated by lineage-specific factors. Because Id inhibits expression of a- 
subunit in pituitary cells, it is possible that one of these lineage-specific 
factors could be a member of the bHLH family. 

933 DEVELOPMENTAL REGULATION OF A SILKMOTH GENE 

ALTERNATIVE SPLICING. K. latrou, J. Drevet and Y.A.W. Skeiky. 
Department of Medical Biochemistry, Faculty of Medicine, 
University of Calgary, Calgary, Alberta, T2N 4N1, Canada. 
Band shift and DNA footprinting assays have been used to identify 
proteins that bind specifically to conserved promoter elements of 
late silkmoth chorion genes. The binding site of a major chorion 
promoter DNA-binding factor, BCF1, contains a perfect match to 
the consensus binding site of the transcription factors known 
collectively as "GATA-1" factors. We have isolated a genomic DNA 
clone, ZF1, whose sequence, upon conceptual translation, shows 
extensive similarities to those of the GATA-1 factors. The GATA-1- 
like zinc finger motifs in ZF1 are separated by a single intron. 
Southern hybridizations have established that ZF1 is a single copy 
gene, while Northern analyses revealed the presence of a 3.5 kb 
transcript in follicular cells. RT-PCR amplification of follicular RNA 
using primers that border the zinc finger domain of ZF1 resulted 
in the isolation of two cDNA sequences, ZFlS and ZFlL, which 
differ from each other by the presence (absence) of a strech of 14 
amino acids in the spacer region separating the two zinc fingers. 
Considering that only one ZF1 gene exits in Bornbyw, we conclude 
that the expression of ZF1 is regulated by alternative splicing. ZF1 
hnRNA processing is developmentally regulated: while ZF1 L 
mRNA is constitutively present in follicular cells, ZFlS mRNA 
accumulates preferentially in choriogenic follicles which express 
late choiion genes. The zinc finger domains of ZF1 S and ZF1 L 
mRNA were also over-expressed and used in band shift assays. 
Both domains are able to bind specifically to the BCFl recognition 
sequences of the chorion gene promoters. A polyclonal antibody 
recognizing the short zinc finger domain of ZF1 was used to 
confirm that factor BCFl contains the ZF1 S domain and to show 
that ZF1 (presumably BCFl) present in follicular cells has a 
molecular weight of 60 kD. Nucleotide sequence analysis of ZFl 
cDNA clones is in progress. 

ENCODING "GATA-1 "TYPE TRANSCRIPTION FACTORS BY 

B 935 

CULTURE AND IN EMBRYOS, James B. Jaynes, Dept. of 
Microbiology and Immunology, Thomas Jefferson Univ., 
Philadelphia, PA 19107 

Drosophila embryos for specification of cell fates in 
posterior compartments and in the nervous system. 
Engrailed functions in cultured cells as an "active" or 
dominant repressor of transcription of target genes 
which contain Engrailed binding sites. 
not appear to require displacement of activators from 
the DNA, since the activity is observed over 
considerable distances, and since DNA binding is not 
sufficient for  the repression activity. 
functional assay, involving retargeting of Engrailed 
repression sequences via a homeodomain swap, 
provides evidence that such repression is one function 
of Engrailed in the embryo. 

REPRESSION OF TRANSCRIPTION BY THE 
ENGRAILEI2 HOMEOWMAIN PROTEIN IN CELL 

The Engrailed homeodomain protein is required in 

This action does 

An in vivo 
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B 936 CELL TYPE-DEPENDENT REGULATION OF GENE 
EXPRESSION OF A NONMUSCLE MYOSIN HEAVY 

CHAIN, Sachiyo Kawamoto, Rajesh K. Chopra and Gregory Kitagawa, 
Laboratory of hlolecular Cardiology, NHLBI, NIH, Bethesda, MD 
20892 
The myosins found i n  both muscle and nonmuscle cells comprise a 
family of proteins having similar native structure, subunit composition 
and functional properties, We previously identified two gene products 
for nonmuscle myosin heavy chains (MHCs) and demonstrated tissue 
and cell type-dependent expression for the two MHC mRNAs, as well 
as changes in niRNA expression associated with cell growth and 
differentiation. 
To understand the mechanisms responsible for regulating the expression 
of nonmuscle hlHC germ, we cloned the 5' portion of a human M I X  
gene. The promoter region lacks consensus sequences such as TATA 
and CAAT, but is rich in  GC sequence. Transcriptional activities have 
been monitored using luciferase as a reporter. Following transfection 
of various luciferase constructs into NIH 3T3 fibroblasts, a fragment 
of - 175 bp ( I  15 bp upstream and 60 bp downstream from the major 
transcriptional start site) was found to possess core promoter activity, 
which was equivalent to the known viral core promoter activity. The 
fragment containing the core 175 bp as well as an additional - 150 bp 
of downstream sequence shows a 10-fold increase in luciferase activity 
following transfection into NIH 3T3 cells. In contrast to its effect in 
NIH 3T3 cells, this downstream sequence does not activate luciferase 
expression in differentiated skeletal muscle cells (mouse C2C12 
myotubes). In these cells, the endogenous mRNA for this gene is also 
down-regulated. Gel shift assay using the 150 bp DNA fragment 
demonstrated a difierent type of complex with NIH 3T3 nuclear 
proteins compared to C2Ci2 nlyotuue nuclear proteins. 

B 938 Id GENE EXPRESSION AKTAGONISES MyoD- 
INDUCED WYOTUBE FORMATION IN 

VASCULAR SMOOTH MUSCLE CELLS, Paul R.Kemp, 
David J.Graiogcr, James C.Mcrcalfe and Peter L.Weissberg. Department 
of Biochemisny, Cambridge University, Cambridge. CB12QW 

We have previously shown that the Id gene is expressed in 
vascular smooth muscle cells (VSMCs) in culture in response to 
stimularion by serum but is very weakly expressed in quiescent cells in 
scrum-Eree medium. The product of the Id gene is thought to be a 
negative regulator of specific banscripdon factors for skeletal muscle and 
mununoglobulin genes through its abihq to form heterodimcrs with the 
products of h e  Un gem. The E2A gene products have bcen shown to 
dimerise with the mnmipdon factor MyoD and these hetcrodimen nans- 
activate skcletal muscle-specific promours in many cell types in which 
MyoD is endogenously or ectopically expressed. Id is therefore assumed 
to prcvent MyoD function by competing for E2A and forming inacrive 
hcterodimers. We examined whether Id is a negative regulator of Myon 
function in VSMCs using My&-dependent formation of myotubcs as an 
assay for MyoD activity. 

We infected adult rat aortic VSMCs with a remvirus carrying the 
MyoD gene (MDSN) and selected cells which had incorporated the virus 
w i ~  geneticin. A small percentngr of these cells formed myotubes 
(4M.6%) in medium conisining 10% foetd calf serum (FCS). This 
proponion was incrcascd to 51.2+5.6% by the removal of serum, when 
exprcssion of the Id gene is greatly reduced. To invesdgate funha the 
involvemcnt of the Id gcne in the regulation of MyoD activiry, the 
VSMCMDSNs were aansfccted by elccmporation with a sense or 
antisense Id gene undcr the conaol of a dexamethasone-inducible 
promoter. Approximately 10% of the cells which survive this 
e l cmpmion  process are uansfected with the conswcts. 

10% FCS serum free 
doramelbasone ~ + + 
unmsfectrd 4.0f0.6 1.139.6 51.2f5.6 35.8E3.7 
andsense Id 4.311.1 9.7?2 7' 51.5f6.9 54.5+4.0* 
sense Id 4.01fo.6 1.620.7 49.Sk10.1 36.953.7 

(Data are % nuclei in myotubes f SEM, *p,4.05 I test vs unmnsfected) 
These data suggest that Id exprcssion in VSMCs in the presence of 

suum may prcvcnt myotuk f m t i o n  in cells cxprcssing MyoD and that 
Id may therefore be a negative regulator of E2A function in these cells. 

B 937 CHARACTERRATION OF THE MOLECULAR MECHANIShlS 
INVOLVED IN THE INDUCTION OF HEMATOPOIETIC 

TRANSCRIPTION FACTORS Bair Kelley and Leonard Zon. Harvard 
Medical School, Division of Hematology, Children's Hospital. Boston. MA 
The zinc-fmger DNA binding proteins GATA-1 and -2, and the helix-loop- 
helix transcription factor SCL (tal-1). serve as useful markers for studying 
blood formation during development. The Xenopus embryo is ideally suited 
for the study of early embryonic inductive events. Blood is derived from 
the most ventral mesodenn and is histologically evident at 36 hours after 
fertilization. By in situ analysis, all three genes are expressed in ventral 
regions of the embryo several hours before globin gene expression. 
GATA-2 is expressed at high levels during early gastrulation. and IS an 
excellent early marker of ventral mesoderm. It is not detected LI einbiyos 
"dorsalized" by treatment with LiCI, and is expressed in a radially 
symmetric pattern in embryos "ventralized" by ultraviolet light SCL. 
which has been proposed to be activated by the GATA DN.4 hnding 
proteins. is expressed in a similar distribution to and sliehtly later than 
GATA-2. Animal pole cells from blastula stages are fated I O  be ccroderm, 
but can be induced to form mesoderm with peptide growth factors UsUlg a 
quantitative RT-PCR assay. GATA-I is detected at low levels in unmduced 
animal pole explants. However, the currently available mesodenn lnducmg 
factors are not capable of inducing physiologically relevant levels of GATA- 
I ,  or subsequent blood formation in animal pole explants. Ventral marginal 
zone (VMZ) and dorsal marginal zone (DMZ) regions were explantaj at the 
early gastrula stage and cultured until blood island formation In situ 
hybridlzation of GATA-I. SCL, and globin indicates that the expression of 
these genes is localized within a distinct region in VMZ expiants. Westem 
blot analysis demonstrates the protein products are expressed at high levels 
in VMZ. but not DMZ explants. Therefore, the VMZ region from tb.e early 
gastrula stage embryo contains an activity, which induces and maintains 
hematopoiesis. Further characterization and localization of this activity 
requires the ability to distinguish induction in the VMZ from induction in 
rnultipotential animal cap cells. For this purpose, a sensitive aswy was 
developed to examine the ability of VMZ regions to induce blood formation. 
X. laevis and X. borealis interspecies recombinants were generated hetween 
animal pole and VMZ explants, and tested for the induction of GAT& 1 and 
globin transcripts using species-specific PCR primers. Prelrminary 
experiments indicate that the inducer is spatially and temporall! regiilated 
within the ventral marginal zone. Our results demonsrare 31) active 
induction of mesoderm to form hematopoietic tissue, as opposed I,) a inodel 
implicating blood formation as the "default pathway" for niesoderm 
formation. 

B 939 EXPRESSION OF POU DOMAIN TRANSCRIPTION 
FACTORS IN A NEURONAL CELL LINE 

N. D. Lakin, K. A. Lillycrop, V. S .  Budhram, J. N. Wood* and D. S .  
Latchman, Medical Molecular Biology Unit, Department of 
Biochemistry, Division of Molecular Pathology, University College 
and Middlesex School of Medicine, The Windeyer Building. 
Cleveland S w t ,  London WIP  6DB and *Sandoz Institute for Medical 
Research, 5 Gower Place, London WClE 6BN, U. K. 

Certain members of the POU domain family of transcnption factors 
are believed to play an important role in the development of the 
nervous system. In this regard He er al. (Nature 340.35-42) used PCR, 
in conjunction with degenerate oligonucleotides corresponding to 
conserved regions of the POU domain, to isolate several novel POU 
domain transcription factors expressed in the rat brain. Using the same 
approach as He er al. we have isolated four distinct sets of POU 
domain cDNAs from an ND7 cell line. This cell line war obtained by 
fusing post mitotic sensory neurons, derived from rat dorsal root 
ganglia, with the mouse N18 neuroblastoma cell line. Three of these 
sets of clones correspond to the previously described Oct-1, Oc t -2  and 
Bm-3 (Bm-3A) POU domain transcription factors. In addition to this, 
however, a founh clone was isolated that encodes a novel POU domain 
protein (Bm-3B) that is identical to Bm-3A with the exceptlon of 
seven amino acid substitutions throughout the POU domain. 
To date eight differentially spliced mRNAs encoding different 
isofoms of Oct-2 have been identified in the mouse. Using PCR to 
detect the different isofoms of Oct-2 mRNA we demonstrare that 
neuronal cells, when compared to B-cells. contain elevated levels of 
the Oct-2.4 and Oct-2.5 isofom mRNA. In addition to thls. using PCR 
to specifically detect the two related forms of Brn-3 mRNA, we show 
that Bm-3A is present at high levels in mature sensory neurons, whilst 
Bm-3B is barely detectable in this tissue. Furthermore, whilst the level 
of Bm-3A mRNA increases from a basal level during the in virro 
differentiation of ND7 cells, the levels of Bm-3B mRNA decreases. 
The implications of this distinct, yet overlapping expression pattern of 
POU domain transcription factors in neuronal ceUs will be discussed. 
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B940 TWO ELEMENTS WHICH ARE INACTIVE ON THEIR 

PROMOTER, Thomas Lamonerie, Marc Themen, Christian Lanctbt 
and Jacques Drouin, Laboratoire de gknktique molkulaire, Institut de 
recherches cliniques de Montrkl, Montrkl (Qu6bec) CANADA 
H2W 1R7 
The pro-opiomelanocortin (POMC) gene is expressed in a subset of 
hormone producing cells of the pituitary gland. Previous studies from 
our laboratory have shown that a 543 bp fragment of the rat POMC 
gene is sufficient to confer cell-specific expression in transgenic mice 
and in transfection studies. Analysis of this promoter by footprinting, 
mutagenesis, and gel retardation experiments have revealed a complex 
organization in which at least 10 different regulatory elements binding 
as many different factors are required for transcription. However, 
when tested individually, most of these elements were found to be 
transcriptionally active in various cell lines, including the POMC 
expressing AtT-20 cells, the growth hormoneexpressing GH3 
pituitary cells and L cells. None of these elements tested individually 
as oligonucleotides fused to a minimal promoter exhibited cell-specific 
activity in AtT-20 cells. Interestingly, two elements located far apart 
in the promoter and which are almost transcriptionally inactive on 
their own showed a marked synergistic activity only in AtT-20 cells. 
One of these elements located in the distal region of the promoter 
appears to be composite and to contain three protein binding sites. 
The most active part of this element contains a CANNTG motif typical 
of binding sites for HLH transcription factors. Single nucleotide 
mutagenesis correlated the cell-specific activity of the element with 
integrity of this motif. Consistent with the hypothesis that HLH 
factors are involved, overexpression of the dominant negative HLH 
protein Id or of the ubiquitous Pan-2 HLH protein resulted in 
decreased and augmented POMC promoter activity, respectively. In 
virro protein DNA binding experiments have revealed the presence of 
nuclear proteins which appear unique to AtT-20 cells, which have 
properties expected of HLH factors and the binding of which 
correlates with the activity of mutants in the CANNTG motif. Thus, 
it appears that cell-specific HLH factors are present in POMC- 
expressing cells and that these factors are required for cell-specific 
transcription of POMC in the pituitary. 

OWN CONFER CELL SPECIFICITY TO THE POMC 

B 942 REGULATION OF TCR 8 GENE REARRANGEMENT 
IN TRANSGENIC MICE, Pilar Launuica and Michael S. 

Krangel, Department of Immunology, Duke University Medical 
Centex, Durham, NC 27710. 
T cell receptor (TCR) genes rearrange in a highly ordered pattern 
inhathymically. We are studying the role of the b enhancer in the 
control of the time- and lineagespecific rearrangement of the TCR 
b gene. 

A human TCR 6 locus was constructed by fusing DNA 
germline fragments containing the V81, V82, D83, Jbl,J63 and Cb 
gene segments. A stop codon was introduced in both V6 coding 
regions to abort the expression of any possible reananged 
transgene and therefore avoid possible interference in the normal 
development of the transgenic mice. Four transgenic founder mice 
were obtained containing very few copies of the transgene. TCR 
6 gene VDJ rearrangements are detected by PCR. VDJ 
rearrangements of the human transgene were detected in thymus 
and spleen but not in non lymphoid tissues. Reanangements are 
detected in 1 to 5% of the thymocytes. The V-D rearrangements 
detected are restricted to T-lymphocytes. Rearrangements were 
detected in splenocytes enriched for T lymphocytes but not in 
splenocytes enriched for B lymphocytes. A construction removing 
the b TCR enhancer was generated and transgenic mice were 
obtained. The study of rearrangements in these mice will 
determine the role of the 8 enhancer in the regulation of TCR b 
gene rearrangement. 

B941 CARDIAC AND SKELETAL MUSCLE M-CAT 
BINDING FACTOR IS ENCODED BY TEF-1 
HOMOLOGUES. 

Sarah B. Larkin, Alexandre F. R. Stewart, Iain K. G. Farrance, 
Deborah Hall, Janet H. Mar and Charles P. Ordahl. DeDartment of 
Anatomy and Cardiovascular Research Institute, Un'iversity of 
California, San Francisco, CA 94143. 

MyoD-independent activation of cardiac troponin T (cTNT) and 
other muscle-specific genes, including the B myosin heavy chain, 
the cardiac troponin C and skeletal a actin genes, is dependent 
upon the presence of one or more M-CAT cis-regulatory 
element(s). M-CAT binds a nuclear factor (MCBF) found to be 
related to the human transcription factor TEF-1. This factor is 
known to be involved in SV40 and papillomavirus-16 early gene 
activation, via the GTIIC element and other elements related to the 
MCAT site, but a cellular target for TEF-1 has yet to be identified. 
We describe here the cloning of avian TEF-I cDNAs and present 
evidence that they encode the activity identified as MCBF. TEF-I 
message is found in both cardiac and skeletal muscle at high levels 
relative to non-muscle tissues, which correlates with the relative 
levels previously shown for MCBF activity. In vitro 
transcribed/translated avian TEF-1 encodes proteins capable of 
binding an M-CAT element. Co-transfection of avian TEF-1 
squelches M-CAT-dependent expression of a cTNT-CAT reporter 
gene in a quail muscle cell line, as reported for overexpression of 
human TEF-I on transcription of GTIIC-driven chimeric reporters 
in HeLa cells. Avian TEF-1 cDNAs initiate translation at 
isoleucine, as does human TEF-1. Experiments are in progress to 
investigate the possible involvement of coactivators in TEF-1 
mediated transactivation. 

B943 STRUCTURAL AND FUNCTIONAL ANALYSIS OF 
GLUTAMINE-RICH PROTEINS, Chuan Li and Philip 

W. Tucker, Department of Microbiology, Genetics and  
Development Graduate Program, The University of Texas 
Southwestern Medical Center, Dallas, Texas 75235 
A number of known and suspected transcription factors 
contain glutamine-rich segments and poly-glutamine repeats. 
It has been shown that the glutamine-rich domains serve as  
transcriptional activation domains and the poly-glutamine 
repeat of hTFIID is potentially important for the transcriptional 
activation mediated by SP1 and GAL4VP16. By using a CAG 
repetitive sequence (CAG encodes for glutamhe) as a probe, we 
have cloned a dozen potential transcription factors from a B- 
cell line cDNA library. Four of them have been sequenced and 
characterized. We tentatively named these factors Plasma-Cell- 
Transcription-Factors (PCTFs). PCTF-1 is a fkh DNA-binding- 
domain-containing protein. Its message is preferentially 
expressed at  the plasma cell stage of 8-cell differentiation and 
highly expressed in skeletal muscle but not in other tissues 
examined. Like hTFIID, it contains 37 poly-glutamine residues 
in the N-terminus and five imperfect Pro-X-Thr repeats. This 
is probably the first transcription factor cloned sharing certain 
structural features with hTFIID. We propose a structural model 
for the fkh DNA binding domain which we demonstrate can 
bind specifically to immunoglobulin gene promoter probes. 
Preliminary data indicate that PTF-1 is a transcription activator. 
PCTF-2 is a plasma-cell-specific nuclear factor that contains a 
potential helix-turn-helix DNA binding domain. It is also 
expressed at far lower level in testis, brain, spleen, thymus, and 
liver. PCTF-3 is a B-cell specific factor which is expressed highly 
in mature splenic B-cells but undetectable in pre-B or plasma 
cells. PCI'F-4 localizes to the nucleolus of T-cells with a domain 
homologous to the Myb-family DNA binding domain. It also 
contains acidic amino acid stretches which are a characteristic 
of other nucleolus transcription factors. 
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B 944 TRANSCRIPTIONAL ACTIVATION OF THE 
CORTICOTROPIN RELEASING HORMONE GENE BY 

Peng Li. Xi He and Michael POU-DOMAIN PROTEIN BRN-2 
G.Rosenfeld, University of California, San Diego and the Howard 
Hughes Medical Institute, La Jolla. CA 92093-0648 

Bm-2, a member of the large POU-domain gene family has 
been cloned and localized to paraventricular hypothalamic neurons 
which produce corticotropin-releasing hormone (CRH). The co- 
expression of Bm-2 and CRH suggests the possible functional role 
of Brn-2 in the activation of CRH gene expression. We evaluate 
this possibility by examining the binding specificity of Bm-2 on the 
CRH promoter. We observed that Bm-2 binds to several sites on 
CRH promoter and activates it in heterologous cells. Further 
characterization of the DNA binding specificity of Brn-2 a member 
of the POU-Ill class, Pit-1 ( POU-I class) and Brn-3 (POU-IV class) 
led to the identification of conserved DNA sites for the bipartite 
binding of POU proteins. The POU domain of all classes binds to 
the consensus site CATNnTAAT, N representing the variable 
region which we call spacing. The spacing defines the specificity of 
different classes within the POU superfamily. The consensus and 
spacing may function as a code that accounts for the selective 
patterns of POU-protein transcriptional activation. 

B 946 ERP, A NEW MEMBER OF THE ETS GENE FAMILY, 
IS DIFFERENTIALLY EXPRESSED IN B CELLS. 

Towia A. Lihermann, Peter Oengen, Ulrich Dendorfer, and Monica 
Lopez, Department of Medicine, Beth Israel Hospital and Harvard 
Medical School, Boston, MA 02215. 

In our approach to understand the molecular mechanisms underlying 
B lymphocyte development we have recently focused on the role of 
specific transcription factors in the regulation of immunoglobulin heavy 
chain (IgH) gene expression. We have previously identified a novel IgH 
enhancer element, designated x, whose activation appears to be linked 
to B cell-specific expression of the IgH gene at early stages of B cell 
development prior to immunoglobulin K light chain gene expression. 
Since the I enhancer element shows saiking similarity to binding sites 
for nanscription factors of the Ets gene family, we have explored the 
possibility that yet unidentified members of the Ets gene family are 
expressed at the preB cell stage. 

We have used a PCR approach with degenerate oligonucleotides to 
isolate Ets related genes expressed in preB lymphocytes and have 
cloned the gene for a new transcription factor, ERP (Jlts Related 
- Protein) from a murine preB cell line. The ERF' protein contains a 
region of smking homology with the Ets DNA binding domain 
common to all members of the Ets transcription factorloncogene 
family. Two additional smaller regions show homology to the ELK-1 
and SAP-1 genes, ambclass of the Ets gene family. Multiple uanscripts 
of E W  appear to be expressed in a variety of tissues. However, in the B 
cell lineage, ERP is highly expressed only at early stages of B 
lymphocyte development, and expression declines drastically upon B 
cell maturation. 

Involvement of ERP in IgH gene regulation and B cell differentiation 
will be discussed. 

B 945 CHARACTERIZATION OF THE STEROID SULFATASE 
(SIS) PROMOTER: A GENE WHICH ESCAPES X 

INACTIVATION, X-M ti, E. Schultz, E. Salido, P. Yen', and L. 
Shapiro. Department of Pediatrics, UCSF School of Medicine, 
San Francisco, CA 94143. ':Division of Medical Genetics, 
Harbor-UCLA Medical Center, Torrance, CA 90502. 

STS 5' sequences contain no TATA-like elements nor CG rich 
regions. We have used primer extension and S1 nuclease 
protection experiments to identlfy at least four distinct 
transcription initiation sites for this gene scattered over a 90 
base-pair region. Deletion analysis with reporter constructs 
indicates that the STS promoter consists of 90bp of sequence 
immediately adjacent to the major site of STS transcription 
initiation. In addition, an approximately 3M)bp element located 
500bp 5' of the promoter functions as an enhancer of 
transcription. Although the STS gene is ubiquitously 
expressed, transcript levels are 30-fold more abundant in 
placental syncytial trophoblast cells than in fibroblast cells. 
Plasmids containing various portions of STS 5' flanking 
sequences linked to the chloramphenicol acetyl transferase 
(CAT) gene showed no expression in COS cells. However, 
promoter activity was detected in JEG choriocarcinoma cells. 
Gel shift assays using crude unclear extracts from JEG, COS 
and HELA cells suggest negative regulatory element@) in 
COS and HELA cells. is one of the growing number of 
genes which escape X inactivation and the first one to have 
its promoter analyzed. Further studies will reveal the 
relationship of the STS promoter machinery and the ability of 
this gene to escape X inactivation. 

B 947 DIFFERENTIAL EXPRESSION OF THE HOMEOBOX 
GENE, HOX2.3, CHANGES THE RESPONSE OF HL60 

CELLS TO CHEMICAL INDUCERS OF DIFFERENTIATION. M.,* 
S.,* R.Herzi ,* .M. ro ks,* D.Kohn,* and n. 
Division of Hema%log~Onc%o~y, Departments of MedJic%%d 
Biological Chemistry, UCLA School of Medicine, Los Angeles, CA; 
Division of Research Immunology, Children's Hospital, Los Angeles. 

Homeobox genes encode DNA-binding proteins that can 
regulate several aspects of morphogenesis. Many of the features of 
embryogenesis are recapitulated in the hematopoietic system of the 
adult animal, in which pluripotent self-renewing stem cells undergo a 
hierarchical process of proliferation and eventual terminal 
differentiation. During this process, cells become highly specialized 
and express many unique proteins. The role of horneobox genes in 
hematopoiesis remains unclear, despite their implication in the 
development of human diseases, such as lymphoma and acute 
leukemia, resulting from either abnormal expression of a homeobox 
gene or from expression of an abnormal horneobox-containing 
fusion gene. 

Previous work has correlated expression of Hox2.3 with 
macrophage cell lines. Anti-sense oligonucleotides were used to 
inhibit expression of the human homeobox gene, Hox 2 3, during 
induction of differentiation of HL-60 cells by chemical inducing 
agents. The response of HL-60 cells to differentiation-inducing 
agents was assessed using FACS scanning and standard 
cytochemical techniques. Inhibition of expression resulted in a 
failure of monocyte differentiation in response to vitamin D3. In the 
reciprocal experiment, we used a retrovirus vector to overexpress 
Hox2.3 in HL-60 cells. Overexpression of Hox 2.3 resulted in 
pronounced changes in expression of differentiation markers in 
response to DMSO. 

These results imply a role for Hox2.3 in the monocyte 
differentiation pathway of HL-60 cells and suggest that 
overexpression of Hox2.3 may subvert the normal response to 
granulocyte inducing agents. 
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B948 CAMP REGULATION OF THE MOUSE ANDROGEN 
RECEPTOR GENE: INTERACTIONS WITH ANDROGENS, 
Jonathan Lindzey, Michael Grossmann, Donald 
Tindall, Depts of Urology, Biochemistry and 
Molecular Biology, Mayo Clinic, Rochester, MN 
55905 
The androgen receptor (AR)  is one member of a 
large family of ligand dependent nuclear 
transcription factors. AR mediate the widespread 
effects of androgens on sexual differentiation and 
reproductive physiology in adult male vertebrates 
and, thus, factors regulating expression of this 
transcription factor are critical to normal male 
development and reproductive physiology. We 
recently cloned a 1.5kb portion of the 5'flanking 
region of the mouse AR gene that contains a GC 
rich promoter, putative CRE, AP3 and ARE. 
Transfection of the full-length 1.5kb-CAT 
construct into QT6 cells demonstrated that 
forskolin (FSK), 8-bromocAMP, and IBMX stimulated 
4-5, 2-3 and 5 fold increases in CAT activity, 
respectively. Truncations of the 5'  and 3' ends of 
the 1.5kb clone indicate that the putCRE may 
partially mediate the effects of CAMP pathways on 
this gene. Bandshift analysis indicates the putCRE 
forms specific, competable DNA-protein complexes 
with nuclear proteins. However, comparison with 
bandshifts using recombinant CREB indicates the 
nuclear protein(s) are not CREB. 

Further experiments demonstrate that 
cotransfection of varying amounts of a mouse AR 
expression vector and treatment with 
dihydrotestosterone (DHT) results in a dose- 
dependent suppression (range 0-60%) of both basal 
and FSK induced CAT activity of the 1.5kb-CAT 
construct. These data indicate an interplay or 
"cross-talk" between CAMP-pKa paths and androgens 
in regulating expression of the AR gene. 

B 950 REGULATION OF MAIZE 82 AND 18kD HEAT SHOCK 
GENE TRANSCRIPTION DURING HEAT SHOCK AND 

DEVELOPMENT, Kathleen A. Marrs, Sherry A. Capitant 
and Ralph M. Sinibaldi. Sandoz Agro. Palo Alto, CA 
94304. 

Maize has a family of heat-inducible genes encoding 
proteins in the -80 kD and 18 kD range. The promoter 
regions of these genes contain sequences corresponding 
to the consensus heat-shock element (HSE) consisting 
of multiple nGAAn repeats. The promoters of the 
hsp82, hsp8l and hspl8 genes were linked to a B- 
glucuronidase (GUS) reporter gene to study the heat 
shock response in transient expression assays. The 
hsp82 and hspl8 promoters directed strong heat- 
inducible GUS expression (10 to 80 fold), whereas GUS 
expression from the hsp81 promoter was only mildly 
heat-inducible. The promoters were analyzed for 
interactions with nuclear factors from maize cells by 
gel shift assays. The nuclear extracts contain factors 
which bind specifically either to HSE-containing 
regions of the promoters or to synthetic HSE oligos. The 
specificity of the complex formation between the 
promoter regions and the DNA-binding factors was 
determined by competition with synthetic HSE oligos. 
Unlabeled HSE oligos did compete for binding, but a 
mutated oligo did not. Footprinting experiments 
localized the binding to a region containing the HSEs. 
Gene specific probes were used to examine the 
regulation of the closely related hsp82 and hsp81 genes 
and the hspl8 gene during maize pollen development and 
embryogenesis. Distinct patterns of expression of all 
three genes were detected in developing embryos and 
during pollen development, suggesting distinct roles 
for these genes during development. 

B949 SEQUENCE-SPECIFIC DNA BINDING BY HEPATIC LEUKEHIA 
FACTOR, A. Thomas Look, Toshiya Inaba, Linda H. 

Shapiro, Tesunori Funabiki, and Bart Jones, Department of 
Experimental Oncology, St. Jude Children's Research Hospital, 
Memphis, TN 38105. and the University of Tennessee College 
of Medicine, Memphis, TN 38163 
Genes encoding transcription factors are the targets of 
specific chromosomal translocations in human leukemic cells, 
but the mechanisms by which they promote aberrant growth and 
differentiation are still largely undefined. Hepatic 
leukemia factor (HLF) is a newly identified sequence-specific 
DNA-bindingproteinofthebasic-region/leucine-zipper (bZip) 
superfamily. A t(17;19)(q22;p13) chromosomal translocation 
in childhood B-lineage acute lymphoblastic leukemia (ALL) 
results in an EZA-XLF fusion gene, which encodes a chimeric 
protein that retains the amino-terminal transcriptional 
activation domain of E2A, but not its basic helix-loop-helix 
domain, which is replaced by the bZip DNA-binding and 
dimerization domain of the HLF protein. Using a glutathione 
S-transferase HLF fusion protein produced in bacteria, we 
screened a random oligomer pool and used the polymerase chain 
reaction to amplify oligomers that bound to HLF in a 
sequence-specific manner. Alignment of the sequences 
identified by this technique revealed a 10 bp consensus 
sequence S'-GTTACGTAAT-3'. which contains a core dyad- 
symmetric motif, consistent with the "scissors-grip" model 
for DNA binding by bZip proteins. A probe containing this 
consensus sequence was shown to bind chimeric E2A-HLF 
proteins in nuclear lysates of a leukemic cell line (UOC-B1) 
containing the t(17;19), by electrophoretic mobility shift 
analysis demonstrating "supershifted" complexes in the 
presence of antibodies specific for amino-terminal epitopes 
of E2A or carboxyl-terminal epitopes of HLF. In addition, 
the chimeric E2A-HLF protein was shown to function as 
transcriptional trans-activator in transient transfection 
assays. These results indicate that the E2A-HLF protein 
expressed by leukemic cells is able to bind to DNA in a 
sequence-specific manner and transactivate the expression of 
an artificial target gene, suggesting that this hybrid 
protein may subvert transcriptional programs that normally 
control the growth and differentiation of hematopoietic 
cells. 

B951 THE THYROID TRANSCRIPTION FACTOR- 1 (TTF-1) GENE 
IS A CANDIDATE TARGET FOR HOX PROTEINS. S. Guazzi', R. 
Lon igd .  E. Bcncinellil, R. Di LauroP and F. Maviliol. 1. Depf. of Biology and 
Biofechnology, lsfitufo Scientific0 H. S. Raffaele, Milano. and 2. Sfazione 
Zoologica "A Dohrn: Napoli, ITALY. 

Vertebrate homoboxcontaining (HOX) genes are transcription factors 
which regulate antero-posterior axial identities in embryogenesis, presumably 
through activation andlor repression of downstream target genes. Although 
many cross- and auto-regulatory interactions exist among Hox genes, the 
number and identiiy of their downstream targets is still largely unknown. A few 
candidates have been recently proposed, all coding for molecules which migM 
be directly involved in determining regional identities by regulating cell-cell 
interaction. However, ro relationship has yet been demonstrated bebveen Hox 
genes and other transcriptional regulators, directly involved in determining 
andlor maintaining tissue specificity. The Thyroid Transcription Factor-1 (TTF-1) 
is a homeodomain-containing protein required in thyroid gland development 
and differentiated thyroid cell lines lor the expression 01 - at least - two different 
thyroid-specific genes, i. e.. thyroglobulin and thyroperoxidase. A 800-bp 5 
genomic fragment from the rat TTF-1 gene was able to direct cell type-specilic 
expression 01 a luciferase reporter gene when transfected into rat thyroid FRTL- 
5 cell line. A shorter. 250-bp fragment. encompassing the TTF-1 major 
transcription start site was cotranslected in NIH3T3 and HeLa cells with 
eukaryotic expression vectors for a number of human HOX genes. 
Cotransfection with the HOXPG expression vector caused a specilic. 4 to 6- fold 
increase in the TTF-1 promoter activity in these cells. HOXPG (=murine Hox 2.7) 
is expressed in the anterior neuroectoderm, brachial arches and their 
derivatives in early mammalian embryogenesis. including the thyroid primordia 
and thyroid gland, where TTF-1 is specifically expressed and exerts its 
regulatory functions. No effect on the TTF-1 promoter was instead ObSeNed 
with HOX gene expressed more posteriorly. e.g.. HOX4B (Dld-like), HOXJD 
(Scr-like), HOX4E (abd-A-like) and HOX4D (AMB-like). DNase I footprinting 
experiments on the 250-bp TTF-1 promoter with a bacterially-synthesized 
HOXPG homeodomain showed the presence of two strong HOXPG binding 
sites around positions -90 and +30 from the TTF-1 major transcription Start site. 
These sites contain core ATTA sequences, frequently found in many 
Drosophila and vertebrate Hox binding sites. These data suggest that HOXPG 
might be a positive transcriptional regulator of the TTF-1 promoter. HOXPG 
belongs to the same paralogous group (zen-pb-like) of HOX 1E (=Hox-1.5). 
which is also expressed in embryonc thyroid. In Hox-1.SIHox- 1 .S knock-out 
mutant mice, a consistently reduced thyroid gland was ObSeNed. We suggest 
that Hox genes belonging to Zen-pb paralogous group might be involved in 
regulation 01 TTF-1 gene expression in early embryos, thereby indirectly 
participating to thyroid gland development. 

201 



'Ranscription: Factors, Regulation and Differentiation 

B 952 FOSIJUN REPRESSION OF CARDIAC-SPECIFIC 

STIMULATED MYOCYTES IS TARGETED AT A TISSUE- 
TRANSCRIPTION IN QUIESCENT AND GROWTH - 

SPECIFIC CIS-ELEMENT. Kevin McBride. Lvnda Robitaille. _ _  _ _ _  ._ _._ ~~~ 

Stephane Tremblay, Stefania Argentin and Mona Nemer, Laboratoire 
de diveloppement et diffirenciauon cardiaques, Institut de recherches 
cliniques de Montr&d, Montr& (Quebec) CANADA H2W 1R7 
Unlike skeletai muscle cells where growth and differentiation appear 
mutually exclusive, growth stimulation of cardiac cells is characterized 
by transient expression of early response nuclear prcjtooncogenes as 
well as inducuon of several cardiac-specific markers. This observation 
led to the speculation that these protooncogenes, particularly c-fos and 
c-jun, might act as positive regulators of cardiac transcription. We 
have examined the role of cyun and c-fos in basal and growth 
stimulated cardiac transcription, using the cardiac-specific atrial 
natriuretic factor (AM) gene as a marker. The results indicate that c- 
jun and c-fos are negative regulators of ANF transcription. Inducers 
of jun and fos activity such as mitogens and growth factors inhibited 
endogenous ANF transcripts. In transient cotransfection assays, ~ u n  
and fos were able to rrum-repress the ANF promoter in both quiescent 
and q-adrenergic stimulated myocytes. This repression was specific 
to myocyte cultures and was not observed in non-muscle cells. 
Deletion analysis indicated that repression does not require typical AP- 
1 binding sites (TRE) or serum response elements but is targeted at a 
cardiac-specific element within the ANF promoter. Various fos 
related proteins including fru-1. fos B and v-fos were able to frum- 
repress ANF transcription. In addition, C-terminal c-fos mutants 
which no longer repress transcription of such early growth response 
genes as c-fos and EGR-1, retained the ability to repress ANF 
transcription. Repression by c-jun occurs via the N-terminal activation 
domain and does not require the DNA-binding domain suggesting that 
protooncogene repression involves interaction with one or more 
iimiting cardiac-specific coactivator(s). Thus, this study provides 
evidence that in non-dividing myocytes, jun and fos protooncogenes 
are negative regulators of a cardiac-specific marker gene. 
Furthermore, it suggests that, by using non-dividing cardiac myocytes, 
it may be possible to dissociate protooncogene effects on 
differentiation from their role in growth and proliferation. 

B 954 DEVEIDPMENI'AL SWITCH OF CREM FUNCTION 
DURlNG SPERMATOGENESIS: FROM ANTAGONIST 
TO TRANSCRIPTIONAL ACTIVATOR 

1 s  ' Nicholas S. Poulkes, VCronique helmas and Paolo 
tl&%o%ME du CNRS. FacultC de MtdCcine. 1 I ruc Humasn, 
670KS Suashourg. FRANCE. 

The first cDNA clones which were chamclcrisd from the CRJZM 
(CAMP rcsponsc elcment modulator) encode antagonists of c A K F  
induced vanscription (Foulkes ct al.. 1991) .  The CREM anlagonists arc 
able to bind to CRE (CAMP respoiise clcmcnr) sites as homodirncrs and 
also as hctcrodimcrs with the transcriptional activator CREB. It is 
postulated that either by blocking he CRE site for CREH binding or by 
forming inactive DNA-binding hcterodimers. CREM cxcrls down- 
rcgulation. Thc CKBM unulgonists share cxlensivc homology wilh 
CRER but they lack two glutnrninc-rich domains which in CREB have 
bccn shown to bc necessary for transcriptional activation. Now it is clear 
that the CREM gene also cncodcs an activator of mscription (Foulkes et 
111.. 1992). In the adult testis, an isofonn, CREMr. has bccn identified 
which rescnibics in structure one of the antagonist foniis (CREMP) hut 
includcs two exon5 that encode glummine-rich domains. This form has 
been demonstrated to uansactivatc uasscription from a CRE site. In adult  
testis. thc CREMr isoforni i s  cxpresscd alone and it  constituics an 
abundant mRNA in laic spcrmalocytes and spermatids however i n  other 
tissues i t  is coexpresyui wiih the other antagonist CREM forms. The 
CREM inRNA isofonnc are I graphic illusvation of how alternative 
splicing can modulate the iunction of a transcription factor in a tissue and 
devclopmntal-specific manner (Foulkes and Sassone-Corsi. 1992). 
Using the seasonal-dependent regulation of testis function in the golden 
hamster as a model system, we havc established that lhc switch in CREM 
cxpression is rcgulatcd by FSH (Foulkcs et el., Submitted). In addition 
wc denlonstraic that use of an alternativc polyadenylation site enhances 
CREMr uanxript stability. 
References. 
Foulkes. N.S.. Borrelli. E.. and Stlasolie-Corsi, Y. (I99l).Ccll 64, 732- 
749. 
Foulkes. N.S ... Melisuom. B., Renusiglio. E., end Sussone-Corsi. P. 
(1992).Nature 3SS. 80-84. 
Foulkcs. N.S. and Sassonc-Corsi. P. Cell 68,411-414. (1992) 
Foulkcs,N.S..Schlottcr,F..Pevet.P.and Sassonc-Corsi.P.(Submittcd). 

B953 ISOLATION AND CHARACTERIZATION O F  A 
NOVEL TRANSCRIPTION FACTOR EXPRESSED IN 

BRAIN AND MUSCLE, John C.McDermott, Yie-Teh Yu, M. 
Cristina Cardoso, Vicente Andr'es, Roger E. Breltbart, Hanh 
Nguyen, Dana Leifer, Dimitri Krainc, Stuart A. Lipton, Vijak 
Mahdavi & Bernard0 Nadal-Ginard. Howard Hughes Medical 
Institute and Dept. of Cardiology, Children's Hospital, Dept's of 
Cellular and Molecular Physiology, and Neurology, Harvard 
Medical School, Boston, MA 02115 

A DNA binding site in the promoter region 01' many 
muscle specific genes has been identified as  the myocyte 
enhancer-binding factor 2 (MEF2) activity. This binding activity 
is partially attributable to a recently cloned factor (Yu et al. Genes 
& Dev. In Press1992). Genomic southern blots revealed that 
several genes exist which contain homology to this factor. A 
skeletal muscle cDNA library was screened at low stringency 
with a DNA binding domain probe from the first MEFZ related 
gene, with the purpose of identifying additional member:; of the 
putative MEF2 family of transcription factors. Vie report the 
isolation and characterization of cDNA clones encoding a new 
MEF2 related factor, termed dMEF2, which is derived tram a 
separate gene. The mRNA species transcribed from this gene are 
expressed abundantly in skeletal muscle and brain, and, through 
tissue specific alternative splicing, generate several distinct 
proteins. One of the alternate exons in this gene is highly brain 
specific. The products of this gene, termed dMEF2, activate 
transcription when the MEF2 binding site consensus :s present 
and have a similar binding specificity to the previously isolated 
MEF2 related factors [CTA (A/T)4TAGl. Immunofluorescence 
studies indicate that dMEF2 is developmentally up-regulated in 
the myoblast to myotube transition and is also present in a 
subset of neuronal cell nuclei. The strict tissue specific 
transcriptional regulation of this gene, in comparison to the 
more ubiquitous expression of the other MEF2 related factors, 
suggests a potentially important role for dMEF2 in tissue speafic 
gene expression in skeletal muscle and brain. 

B 955 FUNCTIONAL ANALYSIS OF THE MOUSE FGF-3 GENE 
PROMOTER, Akira Murakami. Jane Thurlow. Daniel 

Grinberg, Gordon Peters and Clive Dickson, Imperial Cancer 
Research Fund, London WC2A 3PX. 
The mouse Fgf-3 gene is expressed at various stages of fetal 
development in a distinct spacio-temporal pattern. To 
understand the complex regulation of this embryonic signalling 
molecule we have used the embryonal carcinoma cel! lines, F9 
and PCC4, as an in vitro model. fgf-3 is transcriptionally 
activated in these cells following exposure to retinoic acid and 
dibutyryl CAMP, a treatment that causes cellular differentiation 
from primitive endoderm to predominantly parietal endoderm. A 
fragment of DNA encompassing the first 1.7kb of sequences 
upstream of the open reading frame was shown to confer this 
regulated response to the reporter gene CAT. DNase-l 
footprinting analysis of this region has revealed at least 15 
potential protein binding sites, designated as IPS1 to IPSt5. An 
analysis of deletion mutants lacking each binding site has 
disclosed five functionally important domains. Thus, IPS2 and 
IPS4 show a positive effect on transcription of the reporter gene 
in transient and stable transfection assays i?to F9 cells. The 
sites IPS2 and IPS4 contain Ets-1 and AP1 binding motifs 
respectively, and in a gel retardation assay, binding of a nuclear 
factor to these domains can be competed by the 
oligonucleotides containing the Ets-1 or APl motif respectively. 
Two other domains, IPS5 and IPS9 show a strong negative 
effect on transcription, since their deletion greatly enhances 
transcription of the reporter gene. The fifth region 1.4kb 
upstream of the major cap sites appears to control the retinoic 
acid/dibutyryl CAMP response. We are trying to identify the 
nuclear factors which bind to these domains and regulate the 
transcription of the Fgf-3 gene during animal development. 
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B 956 F"CTl0NAL AND BIOCHEMICAL CHARACTERlZATlON OF A 
LYMPHOCYTE SPECIFIC TRANSCRLPTION FACTOR, Markus 

h'abholz, Emic Espel, Anne-Laure Lattion, Patrick Reichenbach, 
Philipp Bucher and Cathrine Fmnenthal', ISREC, CH-I066 Epalinges, 
Switzerland and 'INSERM U184, F-67085 Suasbourg, France 

NP-TCII was discovered as a nuclear protein with specifictiy 
for the TC-I1 motif in the SV40 enhancer [Espel et a1.(1990) EMBO J. 
9:929-9371. Further characterization has shown that it is constitutively 
present in the nuclei of normal, unstimulated B- and T-lymphocytes 
and in lymphoid as well as in some non-lymphoid hematopoietic cell 
lines but not in non-hematopoietic cell types [Lattion et al.(1992) 
Mol.Cell.Biol., in press]. Renaturation experiments with material 
fractionated by SDS-PAGE have shown that NP-TCII consists of single 
polypeptide chains that are very heterogeneous in size (100 to 150 KD 
apparent M W ) .  Comparison of gel filtration and gradient sedimentation 
analysis indicates that NP-TCII is an assymetric protein with a 
fnctional ratio higher than 2. NP-TCn is not affected by IKB or by 
antibodies against NF-KBp50 or re/ proteins. Trypsin digestion yields 
two well defined DNA-binding fragments with apparent M W  of 44 and 
40 KD. The native protein and both trypsin fragments have the same 
fine specificity, which is different from that of NF-KB. We have 
compared the relative affinity of a number of oligonucleotides for NP- 
TCIl and used these data to define a binding sequence for NP-TCII 
with a novel computer algorithm, CONSCOR. Comparison of the 
binding and the enhanson activity of different point mutations in the 
SV40 TC-II motif indicates that NP-TCII is responsible for the 
constitutive enhanson activity of this motif in lymphoid cells. 
Comparison of the characterisitcs of NP-TCII with other lymphocyte 
specific transcription factor indicates that this protein has not been 
identified previously. We are now in the process of purifying it in 
amounts sufficient for obtaining sequence information. 

B958 MYOD TETHERED TO ITF-I ACTIVATES A MUSCLE- 
SPECIFIC ENHANCER IN UNDIFFERENTIATED MYOBLAST, Lisa 
A. Neuhold and Barbara Wold, Division of Biology, California Institute of 
Technology, 156-29. Pasadena, CA 91 125 
Regulatory molecules of the MyoD family play an important role in 
skeletal muscle development in diverse organisms. Their biological 
activities depend on their function as sequence-specific DNA-binding 
proteins, which, in turn, depend on their association, via protein:protein 
interactions, with other regulatory proteins of the same superfamily. 
These prospective partners share a related sequence motif essential for 
dirnerization with each other or with MyoD family molecules. Some 
pairings act positively by enabling DNA-binding of the multimeric form, 
while others act negatively by preventing DNA-binding. Several different 
partners have been shown capable of pairing with MyoD class proteins in 
in v i m  assays, and the properties of these heterodimers vary from one 
pairing to another. There are multiple potential partners present in 
myoblasts and in myocytes. To assess the functional significance of 
specific dirners we have generated covalently tethered basic helix-loop- 
helix polypeptides which are linked together via a flexible polylinker. 
This will increase the local concentration of a particular pair so that they 
are more likely to dimerize and not be influenced by the concentrations of 
other potential partners. To date, we have examined the role of MyoD 
linked to the immunoglobulin transcription factor, ITF-I (or "E47") both 
in myoblast and in myocytes. Briefly, MyoD-ITF-I is able to stimulate 
the muscle creatine kinase enhancer linked to the chloramphenicol 
acetyltransferase reporter gene in both undifferentiated and differentiated 
cells. This enables MyoD-ITF-1 to bypass normal amounts of repression 
such as that caused by Id. 

B 957 ADRENEKGIC KEGULATlON OF THE EXPRES- 
SION OF C - ~ O S  AND STRUCTURAL PROTEINS - AS 
WELL AS OF PROLIFERATION - IN BROWN 
ADIPOCYTE CULTURES. Jan Nedergaard, Stefan 
Rehnmark, H&in Thonberg. Anders Jacobsson, Gennady 
Bromikov and Barbara Cannon; The Wenner-Gren hs t i -  
tute, Stockholm University, S-106 91 Stockholm. Sweden. 

In ordcr to understand the differcntiarion and proli- 
feration proccsscs occurring in brown adiposc tissue dur- 
ing thc rccruitment process, thc ability of adrenergic 
st imulation to influence these processes in brown 
adipocytcs proliferating and diffcrcntiating in culture from 
isolated precursor cells was studied. It was found that the 
expression of a series of transcriptional factors and strut- 
tural proteins was under adrcncrgic control but showed 
individual rcccptor characteristics. c-fos expression was 
induced syncrgistically by a1- and D-adrencrgic stimula- 
tion. Both al- and Rs-adrenergic stimuli could affect the 
cxpression of the gene for the uncoupling protein 
thcnnogcnin (UCP). - Lipoprotein lipasc gene exprcssion 
was also influenced by adrcncrgic stimulation.- Cell 
proliferation was followed as thc ratc of DNA synthesis 
and it was found that it was possible to induce DNA 
synthesis in serum-starved cells; this induction was appar- 
rcntly mediated via R 1-adrcncrgic nceptors. It was con- 
cluded that adrenergic pathways are central for thc control 
of both proliferation and diffcrcntiation proccsscs in these 
cells but that thc intracellular pathways may differ. 

B 959 MULTIPLE CIS-REGULATORY ELEMEIWS IN THE 
SECRETIN GENE ENHANCER. Nishitani J, Wheeler M, 

P e w  M, and Leiter A. GI Division, New England Medical Center, 
Tufts University School of Medicine, Boston, MA 021 11 

cells and to B-cells of the developing pancreas. Previously we 
described a 122-bp enhancer in the secretin gene which confers cell- 
type specific transcriptional regulation. Here we characterize three 
potential transcription factor binding sites within this domain The 
sequence, CAGCTG, located 130 bp upsueam from the mRNA 
startsite. resembles the core CANNTG binding motif for the helix- 
loop-helix (HLH) family of proteins. HLH proteins have been 
implicated in the regulation of many tissue-specific genes including the 
expression of insulin and gastrin in islet cells. In addition, two GC- 
rich regions resembling SPl binding sites are present at -122 and -68. 

The potential role of the three consensus sequences in secretin gene 
expression was examined by site-directed mutagenesis. The 
transcriptional activity of mutation-bearing reporter gene consauctions 
was measured by transfection into secretin-producing HIT cells for 
transient expression assays. Mutations in any single element alone 
reduced activity to 15% of the control. Introduction of mutations into 
both the CAGCTG and the adjacent GC-rich sequence funher reduced 
activity to less than 5% of the control, suggesting that these two 
elements function independently. 

The nature of the proteins in HIT cell nuclear extram that interact 
with the three elements was examined by gel-mobility shift assays. 
Proteins specifically bound to each element but not to the 
transcriptionally inactive mutants. Competition studies indicated that 
the CAGCTG element interacted with a hamster homologue of the 
E2A gene products, PANlPAN2, like the insulin gene B-cell-specific 
enhancer and the GC-rich sequences interacted with multiple factors, 
including SP1. 

We conclude that the mechanisms which limit secretin gene 
transcription to the apppropriate cell type involve the interaction of 
multiple transcription factors with different elements in the secretin 
enhancer. In the present study, we identified two of the proteins as 
PANIPAN2 and SPI. Our data suggests that addjtional proteins 
form complexes with this enhancer and may contribute to cell-specific 
transcriptional regulation of the secretin gene. 

Expression of the gene encoding secretin is restricted to intestinal S 
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B 960 TRANSCRIPTION FACTORS THAT REGULATE 
THE INTERLEUKIN-2 GENE DURING THE 

RESTIMULATION OF AiiERGIC T CELLS, Steven D. Norton 
and Jim Miller, Department of Molecular Genetics and Cell 
Biology, University oi Chicago, Chicago, IL 60637 
T cell activation and IL-2 production requires two distinct 
signals. The first is provided by the interaction of the T cell 
receptor (TCR) with a complex of antigen and major 
histocompatibility complex encoded class 11 molecules found 
on the surface of an  antigen presenting cell (APC). The 
second co-stirnulatory signal can be delivered through CD28 
by its ligand, 87, present on the surface of APC. Stimulation 
of type 1 T helper cell clones through the TCR in the absence 
of a co-stimulatory signal does not lead to IL-2 secretion or 
proliferation, and results in the induction of long-lasting, 
antigen-specific, unresponsiveness, or anergy. Regulatory 
regions in the IL-2 promoter/enhancer have been described 
which bind T cell-specific transcription factork). Several 
nuclear factors critical in the regulation of the IL-2 gene, 
including KF-AT and h’Fh-B2, are not induced by T cells in 
the absence of co-stimulatory signals. However, all of the 
re 1 ev an t transcription fa c t o r s a re  expressed af ter  
restimulation of anergized T cells even though no IL-2 is 
produced These data suggest additional mechanisms 
regulating IL-2 gene expression Experiments are in progress 
to test whether a negative regulatory region may be involved 
in preventing IL-2 transcription in anergic T cells. In 
addition, although NF-AT is still present, we are testing 
whether the composition or activity of its components may 
have been modified in normal vs. anergic cells preventing 
transcriptional activity. 

B 962 TYROSINE PHOSPHORYLATION INHIBITORS (TYRPHOSTINS) 
INHIBIT FSH MEDIATED EXPRESSION OF STEROIDOGENIC 

ENZYMES IN CULTURED RAT OVARIAN CELLS Joseph Orly. Rei 
Ziv, Seri Gomberg-Malool. Yael Re’em, Israel Posner, Alexander 
Levitzki. Department of Biological Chemistry. The Alexander 
Silberman Institute of Life Sciences, The Hebrew University of 
Jerusalem, Jerusalem 91 904, Israel 
FSH induces expression of cholesterol side chain cleavage cytochrome 
P450 (P45Oscc) in rat ovarian granulosa cells. This enzyme 
catalyses the fiest and key regulatory reaction in the steroidogenic 
cascade leading to progesterone and estrogen pr2duction. By use of 
Western blot analysis and immunofluorescence assays, the present 
study reveals that the tyrphostin AG18, a member of novel protein 
tyrosine kinase inhibitors, can arrest the FSH induced synthesis of 
P45Oscc with an apparent IC,, of 30pM. Total inhibition of P450scc 
expression was achieved at 80pM AG18. Northern blot analysis 
showed that AG18 primarily inhibits the accumulation of P450scc 
mRNA. AG18 mediated inhibition of P450scc was also observed 
when the enzyme was induced by PGEZ, forskolin or 8-br-CAMP. 
The drug did not affect FSH induced CAMP accumulation suggesting 
that it may interfere with the flow of FSH signal transduction at a 
site distal to intraceiiular accumulation of CAMP. Control 
experiments demonstrated that the inhibitory action of AG18 was 
reversible. and did not hamper total protein synthesis in the cells. 
A cell-free assay of CAMP-dependent protein kinase showed that the 
tyrphostin AGt8 does not affect this enzyme activity up to 
concentrations above 200pM. When cells where firstly exposed to 
FSH for 48 hrs to accumulate high levels of P45Oscc mRNA, and 
then treated with AG18 and a-amanitin, a precipitous decline (half 
life 2 hrs) of P450scc mRNA level was observed, suggesting that 
the tyrphostin exerts its action at the level of transcription. These 
results suggest that a putative tyrosine kinase activity is involved 
in the gonadotropin signal transduction pathway leading to expression 
of functional genes in ovarian cells. 

* This study was supported by the United States-Israel Binational 
Science Foundation, Grant 86-00065 

6961 REQUIRCYENT OF THE Z AND Y HOMEODOWINS I h  
Z/Y REGULATION OF SCHIZOPHYLLUM DEVELOPMENT 

C.P. Novotny’, Y. Luo’. and R.C. Ullrich‘. Departmencs 
of Microbiology and Molecular Genet.ics’ and Botany2, 
University of V e K m O r l t ,  Burlington, Vr 05405 

The An mating locus is one of four loci that rtpuLitt? 
sexual development in the fungus SchizoDhVllum cc mun? 
The locus consists of two dissimilar multiallelic gene5 
y and z. There are nine alternative forms of Aa in 
nature. The 2 polypeptides encoded by different z l l e - 2 ~  
are 42% identical. The Y polypeptides exhibit 49->4% 
identity. The deduced Z and Y polypeptides have 
homeodomain motifs that may enable them to bind to :)Yh 
and thereby regulate the expression of deve1oymenc.s:. 
genes. Transform.=.tion experiments snow that t h e  i! 
deveioFmenta1 pathiiny is activated when Z from >ne . k r  
interacts with Y from a different ria 

Le  made deletions and point mutations in the homec,lom.i;ii 
regions of Z and Y and tested the muragenized g m e s  -11 
transformation for their a b i l i q  t3 activate the i! 
developmental pathway. The results show th,.t ‘:ie 
homeodomain of Y is essential for Y/2 activation (05 
development whereas the homeodomain of Z is not. 

6963 Hepa tocy te  Nuc lea r  Factor 3 (HNF-3) a n d  
Drosoph i l a  Fo rkhead  DNA Binding Doma ins  

Def ine a Nove l  Transcr ip t ion Factor  Gene Family. D.G. 
Overdier, D. Clevidence, L. Pani, and R.H. Costa. The University 
of Illinois College of Medicine, 1853 W. Polk St., Chicago. IL, 
60612. 
The characterization of hepatocyte-specific promoters suggests 
that several liver genes are coordinately regulated by the 
combinatorial action of transcription factors that demonstrate 
cell-type restriction. The transcription factor HNF-3 exists as 
three distinct proteins in rat liver (u, p. 7) These proteins share 
95% homology in their DNA binding domains anc p:ssess 
conservation i n  their activation domains. The HNF-3 DNA 
binding domain also shares homology with the Drosophila 
homeot ic  protein, forkhead,  a n d  wi th  severa l  o:her 
developmental regulatory factors. The isolation of an HUF-3 
homolog in mouse brain (BF- I )  suggests that a larger HYF-3 
family may play a role in the regulation of tissue-specific gene 
expression. Using degenerate oligonucleotides cor1,esporIding 
to conserved residues i n  the HNF-Slforkhead DNA b nding 
domain and cDNAs as  templates for the polymerase c:hain 
reaction, we have isolated seven additional family members 
from different tissues. We have chosen to name these new 
members as HNF-Blforkhead homologs (HFH). The HFH DNA 
binding domains are conserved at the amino terminus whereas 
the carboxyl terminus displays significant divergence This 
indicates that the HFH proteins may recognize different target 
sequences. Most of the HFH genes display a restricted 
expression pattern and are present in tissues other than the 
liver. The determination of the HFH DNA recognition sequence 
will allow identification of possible target promoters and allow 
the analysis of structure/function of HNF-3lforkhead DNA 
binding motif. 
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RATS AND HEPATOCYTE PRIMARY CULTURE, C.-l Pao. P.K Farmer, S. 
Begovic. S. Goldstein, B.C. Villaluerte, C.P. Thiessen. D.G. Robertson. G.J Wu 
and L S  Phillips. Departments of Medicine and Microbiology. Emory University 
Schod of Medicine, Atlanta, GA 30303 
Although circulating levels of insulin-like growh factor binding protein-I 
(iGFBP-1) appear responsive to insulin status in man and animals, and IGFBP-1 
secretion and mRNA levels fluctuate in response to added i n s u l i n b m ,  
underlying mechanisms are poorly understood. To examine regulation by 
insulin, we evaluated IGFBP-1 gene transcription in normal and diabetic rats, 
and in normal rat hepatwytes in primary culture. Transcription of the IGFBP-1 
gene was measured as incorporation of [C-’~P] UTP into pre-initiated message 
in isdated nuclei, quantitated by densitometrii scanning, and expressed 
relative to transcription of pactin. Streptozotocindiabetic animals had a 400% 
rise in levels of IGFBP-I rnRNA (p < 0.005); with insulin treatment, levels of 
IGFBP-1 mRNA fell below values in normal animals (p < 0.01). IGFBP-1 gene 
transcription rates rose up to 10-fold in animals given 144 mg/kg 
streptozotocin (p < 0.002). and fell 94% below control levels with insulin 
treatment (p < 0.001). In normal and diabetic animals. levels of IGFBP-1 
mRNA were strongly correlated with IGFBP-1 gene transcription rates (r = 0.91, 
p < 0.001). To examine regulation of gene transcription under more controlled 
conditions, effects of insulin were evaluated in hepatocyte primary culture. 
Provision of insulin at l o - *  M lowered IGFBP-1 gene transcription rates 60% 
below transcription rates with 10.” M insulin. Effects of regulatov factors on 
IGFBP-I gene transcription were rapid: dexamethasone lo-’ M raised IGFBP-1 
gene transcription 300% above contrd levels (lo-’’ M) wlthin 30 rnin. and 
addition of phorbd ester (PMA) decreased IGFBP-1 gene transcription 45% 
within 30 min. In separate experiments, an 80% decrease in IGFBP-1 gene 
transcription could be detected within 15 min after adding insulin 10.‘ M. and 
IGFBP-I gene transcription fell 90% after 30 rnin; suppression of IGFBP-I gene 
transcriptlon by insulin was unaffected by the presence of cycloheximide. 

CONCLUSION: In normal and diabetic animals, strong correlations 
between levels of iGFBP-I mRNA and IGFBP-1 gene transcription rates support 
the hypothesis of regulation at the level of gene transcription. In cultured 
hepatocytes, regulation of IGFBP-1 transcription is responsive to provision of 
physidogic levels of insulin, and appears to be independent of ongoing protein 
synthesis. 

REGULATION OF INSUUN-UKE GROWTH FACTOR BiNDlNG 
PROTEIN-I GENE TRANSCRIPTION BY iNSUUN IN DIABETIC 

B966 TISSUE SPECIFIC AND DEVELOPMENTAL 
REGULATION OF TRANSCRIITION OF QR1: A GENE 

NEURORETINA CELLS AND hXGATIVELY REGULATED BY 
THE V-SRC GENE PRODUCT. Alessandra Pierani, Celio 
Pouponnot and George Calotby, Institut Curie-Biologic, Centre 
Universitaire, 91405 ORSAY Cedex, France. 

The embryonic avian neuroretina (NR) i s  part of  the central nervous 
system and i s  composed of  various cell types: photoreceptors, neuronal 
and Miiller (glial) cells. Precursor cells derive from proliferating 
neuroectodermal precursors which differentiate after terminal mitosis 
and become organized in cell strata. 

To understand the mechanisms which regulate neural cell growth 
and differentiation we isolated several cDNA clones corresponding to 
genes specifically expressed in post-mitotic NR cells. Transcriptional 
levels of  these genes are strongly reduced in  NR cells induced to 
proliferate by RSV. In particular, transcription o f  one of  them, QR1, i s  
tightly cell type-specific (Miiller cells) and strongly downregulated by 
tne v-src gene product. Funhermore, expression of QRI takes place only 
during late phase o f  retinal development and i s  shut o f f  abruptly at 
hatching. Moreover, the QR1 gene encodes a protein with significant 
sequence similarity to that o f  extracellular matrix proteins, suggesting a 
possible role i n  the organization o f  the cell strata in the developing NR. 

To understand the transcriptional control o f  the QR1 gene during 
development and upon v-src expression we have isolated the cis-acting 
transcriptional elements. To functionally characterize these elements we 
have linked up to 8.5 kb and serial deletions of  the 5’ flanking sequences 
to a reporter gene (CAT). By transfection of  these constructs on normal 
QNR or QNR cel ls infected with a ts mutant o f  RSV, we have identified 
several regions - hich are involved i n  transcriptional control o f  QR1. 

Transcriptional repression by v-src involves at least two 
superimposing cis acting elements. The first binds a putative repressor 
which i s  specific to the wsrc regulation. The second binds a putative 
activator which is common target also for the regulation during 
development and i s  probably induced by quiescence. None o f  the factors 
Seem to be a known possible target o f  pp60v-src. 

Transcriptional control during development involves two elements. 
The positive factor described previously and a second box located 
around -loo0 which binds one (or more) neurospecific and stage-specific 
factor($ o f  the POU family. One factor would be responsible for 
repression of  transcription in proliferating precursor neuroretina cells; 
the second would be an activator in differentiated post mitotic cells. 

SPECIFICALLY EXPRESSED IN POST-MITOTIC QUAIL 

B965 ALTERNATE 5I-UNTRANSLATED EXON/PROMOTER 
USAGE RENDERS TISSUE-SPECIFIC 

TRANSCRIPTIONAL REGULATION OF THE HUMAN ACIDIC 
FIBROBLAST GROWTH FACTOR GENE (aFGF), Robert A. 
Payson, Maqsood A. Chotani, Rene L. Myers, Stephen 
E. Harrist, and Ing-Ming Chiu, Department of 
Internal Medicine, The Ohio State University, 
Columbus, OH, 43210 and tDepartment of Medicine, 
University of Texas, San Antonio, TX 78249 
There now appears to be at least four 5‘ non- 
coding exons for the human aFGF gene. These exons 
and their associated promoters confer tissue- 
specific and cell-specific expression. We have 
previously isolated two different aFGF cDNA clones 
from kidney and brain, designated aFGF l.A and 1.B 
respectively. During the characterization of aFGF 
mRNA in glioblastoma cells, we found that aFGF 
mRNA in U1242MG and D65MG glioblastoma cells 
contain 5‘-untranslated regions different from 
those of l.A and l.B. By reverse transcription 
and polymerase chain reaction (RT-PCR) we have 
isolated two novel cDNA clones-aFGF l.C and l.D 
from U1242MG cells and D65MG cells respectively. 
Promoter 1C has extensive sequence homology to the 
hamster aFGF gene promoter which was shown by 
chloranphenicol acetyltransferase reporter gene 
assays (CAT) to respond to androgen stimulation. 
RNase protection and primer extension analysis 
have been used to map the transcription start site 
of the l.C aFGF transcript. Its &-acting 
regulatory sequences, especially those which share 
>85% sequence homology to the hamster equivalent 
aFGF promoter, are currently being characterized. 
RT-PCR using l.D-specific primers showed that 
kidney, brain and prostate do not express l.D mRNA 
even though kidney and brain are the most abundant 
source for aFGF protein. RNase protection 
analysis further showed that l.D mRNA is the 
predominant aFGF RNA transcript in D65MG 
glioblastoma cells and in NFF-6 neonatal foreskin 
fibroblast cells. 

B967 TRANSCRIPTIONAL ACTIVATION OF ERYTHROID- 
’ SPECIFIC GENES IS IMPAIRED IN CAMP- 

DEPENDENT PROTEIN KINASE-DEFICIENT ERYTHROLEUKEMIA 
CELLS. Renate B. Pilz, Tom P. Nguyen, Arlene D. 
Garingo and Carol Kent. Dept. of Medicine, Univ. 
of Calif., San Diego, La Jolla, CA 92093-0652 

We have recently shown that chemically induced 
differentiation of murine erythroleukemia (MEL) 
cells is severely impaired when CAMP-dependent 
protein kinase (A-Kinase) activity is repressed by 
transfected genes (J.Biol.Chem.267: 16161-16167, 
1992). In MEL cells, chemical inducers like 
hexamethylene bisacetamide (HMBA) and dimethyl- 
sulfoxide transcriptionally activate globin genes 
and several genes encoding for heme synthetic 
enzymes. We have now demonstrated by nuclear run- 
off analysis that the transcriptional activation by 
HMBA of several of these erythroid-specific genes 
is impaired in the A-Kinase-deficient MEL cells 
while transcription rates of several housekeeping 
genes are normal. After treatment with HMBA, 
steady-state mRNA levels of A-globin, 6-amino- 
levulinic acid synthetase and porphobilinogen 
deaminase increased to a much lesser degree in 
A-Kinase-deficient cells as compared to parental 
cells. Consistent with these findings, the 
intracellular concentrations of both heme and 
globin chains were reduced in HMBA-treated A- 
Kinase-deficient cells; supplementing the culture 
media with 6-aminolevulinic acid partially restored 
the cells‘ ability to produce heme and globin 
chains. These data, in agreement with previous 
observations, indicate that 6-amino-levulinate 
synthetase may be rate-limiting for heme synthesis 
during erythroid differentiation and the synthesis 
of heme may be a prerequisite for globin chain 
synthesis. It will be important to define the role 
of A-Kinase in the regulation of erythroid-specific 
genes by examining transcription factors such a s  
GATA-1 and NFE-2 in A-Kinase-deficient cells. 
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B 972 PITUITARY CELL-SPECIFIC REGULATION OF THE POU-DOMAIN 
TRANSCRIPTION FACTOR PIT-1 GENE, Simon J. Rhodes. R. 

Chen. G DiMattia. K. Scully, S. Lin. V.  Yu, K. Kalla. M.G. Rosenleld. HHMI. 
Dept. Medicine, University 01 California. San Diego, La Jolla, CA 92093- 
0648. 
The mammalian anterior pituitary is a principal endocrine gland producing 
peptide h o m n e s  that regulate sexual development, thyroid activity, milk 
production, and growth. The mature gland wntains five distinct homne- 
producing cell types: gonadotmphs, corficotrophs, thyrotrophs, lactotrophs, 
and somatotrophs. Regulation 01 anterior pituitary function is critical to 
mammalian growth and homeostasis. The homeodomain transcription factor 
Pit-l/GHF-l is a key regulator of prolactin and growth h o m n e  gene activity 
within the lactotroph and somatotroph cell lineages. During pituitary 
development pit-7 gene expression is activated prior to the appearance of 
the lactotroph and somatotroph lineages. In addition. the pituitaries of dwarf 
mice harboring defective pit-7 genes lack thyrotroph, lactotroph and 
somatotroph cell types. indicating that functional Pit-1 protein expression is 
required lor the maintenance of these three cell lineages. Mutations within 
the DNA-binding (POU) domain of Pit-1 are associated with dwarfism and 
pituitary disease in humans. Pit-1 therefore is a tissue-specific regulator of 
anterior pituitary activity. 
We describe the organization and function of cisactive elements of the pit-7 
gene lows involved in the cell-specific expression and regulation of the gene. 
Autoregulatory and other complex interactions with constitutive and cell- 
restricted trans-acting factors will be discussed. 

B 974 GM-CSF AND IL-3 ACTIVATE HUMAN EARLY 
RESPONSE GENE (EGR-I) TRANSCRIPI 

THROUGH BOTH OVERLAP 
PSTREAM R E G U M  

I O N  
'PING AND DISTINCT 

rORY SEQUENCES, Kathleen 
M. Sakamoto, Julie H.J. Lee, Judith C. Gasson, Division of 
Hematology-Oncology, Departments of Pediatrics, Medicine and 
Biological Chemistry, UCLA School of Medicine, Los Angeles, CA 

GM-CSF and IL-3 exert overlapping and unique biological 
effects on the proliferation and maturation of myeloid progenitor 
cells. Both of these growth factor receptors share a common beta 
subunit which is responsible for signal transduction. GM-CSF or IL-3 
can induce the rapid and transient expression of the primary response 
gene. EGR-I,  in a human factor-dependent myeloid leukemia cell 
line, TF-I. Therefore, we sought to determine whether the molecular 
signals inducing transcriptional activation of the human EGR-I gene 
in response to GM-CSF and IL-3 were convergent or divergent. We 
isolated and mapped the human EGR-1 gene and sequenced 
approximately 700 nucleotides (nt) of the 5' upstream region, which 
contains several utative regulatoly elements, including an EGR-I 
binding site (EBSf serum response-like elements (SRE) and a CAMP- 
responsive element (CRE). We have prepared recombinant 
constructs containing different fragments of this promoter subcloned 
into a vector containing the chloramphenical acetyltransferase (CAT) 
reporter gene. These constructs were transiently transfected into 
TF- I  cells and stimulated with GM-CSF or IL-3. Our results 
demonstrate that the promoter region between nt -116 to -7 contains 
sequences which are responsive to both GM-CSF and IL-3, while the 
region between nt-600 to -480 includes sequences which are 
stimulated by GM-CSF but not IL-3. Oligonucleotides containing 
previously described transcription factor-binding sequences were 
subcloned into a vector containing the thymidine kinase romoter and 
CAT reporter gene. One or two copies of the EBS, SRI! or C R E  did 
not confer GM-CSF or IL-3 responsiveness in transient transfection 
assays, although they did respond appropriately to control stimuli. 
These results suggest that GM-CSF and IL-3 mediate their actions 
through recognition sites of novel transcription factors. Experiments 
utilizing further deletion and site-directed mutants of GM-CSF- 
responsive sequences are currently in progress. By characterizing 
early nuclear events following GM-CSF or IL-3 stimulation of factor- 
dependent cells, we can begin to define and compare signal 
transduction pathways which regulate myeloid cell proliferation. 

B 973 EVIDENCE FOR THE INVOLVEMENT OF TWO DISTINCT 
TRANSCRIPTION F A C T O R S  IN T H E  cAMP 

RESPONSIVENESS OF THE PHOSPHOENOLPYRUVATE 
CARBOXYKINASE GENE, William J. Roesler. Pamela J. McFie 
and Debra M. Puttick, Department of Biochemistry, University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada  S7N OWO. 
T h e  g e n e  encoding phosphoenolpyruvate carboxykinase (GTP) 
(PEPCK) is expressed to significant levels in both kidney and  
liver, but its responsiveness to cAMP is much more robust in liver. 
Previous work had  implicated a region of the  promoter which 
bound liver-enriched proteins as necessary for its cAMP 
responsiveness.  W e  show that the robust cAMP responsiveness 
of the PEPCK promoter is mediated by a 'CAMP response unit'. 
This response unit can b e  synthesized by simply linking the  
typical CRE component,  located at position -85, with a region of 
the promoter extending from -300 to -230 which contains multiple 
binding sites for liver-enriched nuclear proteins. All other regions 
of the promoter can be omitted without affecting the  strength of 
cAMP response unit. Additionally, the activity of the '!iver-specific 
region' (LSR) in this synthetic promoter can be substituted for by 
linking in tandem three copies  of just one protein binding site 
present in that region. This suggests  that t he  binding of three 
molecules of a single liver-enriched factor is what forms this 
component of the  cAMP response unit. The  other component of 
the cAMP response unit, the  CRE, h a s  been shown previously to 
be bound by t h e s e  same liver-enriched factors as well as by 
CREB, leading to some deba te  as to the identity of the  protein 
mediating the cAMP response through this element. By two 
different experimental approaches,  we show that CREB appea r s  
to b e  t h e  protein involved. T h u s ,  t h e  robust  cAMP 
responsiveness  demonstrated by the  PEPCK promoter in liver 
appea r s  to result from t h e  synergistic activity of two distinct 
transcription factors, a ubiquitous CREB-like factor and  a liver- 
enriched protein. 

B 975 TRANSCRIPTIONAL REGULATION OF XMYODB, 
Jon B. Scales, Eric N. Olson and W. Michael Perry, Dept. 

of Biochemistry and Molecular Biology, The University of Texas 
M.D. Anderson Cancer Center, Houston, TX 77030 

XMyodB is one of two genes present in Xenopus laevis which 
encode homoiogs of MyoD (Scales, J.B. et al, Mol. Cell. Biol., 
101516-24, 1990). The two proteins are 91% similar in primary 
structure. They are also very similar in their biological properties, 
i.e. myogenic conversion of non-muscle cells, DNA binding and 
transactivation (Scales, J.B. et al, Cell Growth & Diff.. 2619-29, 
1991). Despite their similarity of function, the two genes are 
differentially expressed during early development; XMyoDa is 
maternally expressed, while XMycdb is expressed in an 
exclusively zygotic pattern. The biological significance of this 
expression pattern is not known however, it poses an interesting 
question about how myogenic regulatory factors are themselves 
regulated. Initial experiments examined transcription levels from 
deletion constructs containing varying amounts of genomic 
sequence from 8000bp to 130bp upstream of the start site placed 
upstream of b-galactosidase. These constructs were injected into 
oocytes and embryos as well as transfected into primary cultures 
of chicken embryonic myoblasts. Several potential regulatory 
elements can be identified within a 200bp region of flanking 
sequence. In addition to deletional analysis, site specific mutants 
have been generated to assay the individual contibution of these 
potential regulatory elements. In conjunction with these functional 
assays, binding of factors present in the emhryonic myoblasts to 
these elements has also been investigated. 
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B 976 

DEVELOPMENT, Peggy Scherle, Kevin Holmes* and Louis Staudt, 
Metabolism Branch, National Cancer Institute, and National Institute of 
Allergy and Infectious Diseases,* Bethesda, MD 20892 
A number of transcription factors have been suggested to be important 
during B cell development based on their resbicted expression in lymphoid 
cell lines andor the identification of potential binding sites in promoters and 
enhancers of lymphoid-specific genes. The expression pattern and role of 
these transcription factors during normal B lymphopoiesis, however, has 
not been carefully studied. To address this issue, we studied a progenitor 
cell population which can be induced to differentiate to mature B and 
myeloid cells in vim.  The progenitor cell population, representing 1% of 
murine bone marrow, was isolated by FACS sorting for cells which are 
negative for B220 and MAC-1 but which express a novel surface marker, 
LIP-6. LIP-6 is expressed on immature and mature myeloid and B 
lymphoid cells in the bone mmow and spleen. When these cells were 
cultured on the clonal smmal cell line, S17, under Whitlock-Witte 
conditions, they gave rise to pre-B and B cells. Culture on S17 under 
Dexter condiaons gave rise to immature and mature myeloid cells. The LP- 
6+ progenitor cells had not undergone rearrangement of immunoglobulin 
heavy and light chain genes. Using a quantitative RT-PCR assay, we 
demonstrated that Rag- 1, Rag-2, TdT and sterile p transcripts were 
expressed at low or undetectable levels in the progenitors but were 
dramatically upregulated when the cells were cultured under lymphoid but 
not myeloid condition. We further examined the expression panem of 
aanscription factors thought to be important for immunoglobulin 
transcription in the various cell populations. Two transcription factors, oct- 
2 and LEF-I, were expressed at only low levels in the progenitors but were 
dramatically upregulated in lymphoid but not myeloid cultures. This implies 
a potential involvement of these factors in commitment to the lymphoid 
lineage. Other factors such as Pu.1 and ets-1 were expressed in the 
progenitors and did not show a significant increase in the differentiated 
cells. Interestingly, expression of the HLH protein, E47, was low in the 
progenitors and high in both myeloid and lymphoid cultures. Previous 
studies of transformed cell lines had suggested that E47 had a widespread 
expression pattern. Our results suggest that upregulation of E47 may be 
required to allow differentiation of progenitor cells to the lymphoid or 
myeloid lineages. 

STAGE-SPECIFIC CHANGES IN TRANSCRIPTION 
FACTOR EXPRESSION DURING NORMAL B CELL 

B978 EXPRSSSION OF CIEBP-RSLATED TRANSCRIPTION FACTORS 
CORRELATES WITH THE LINEAGE SWITCH OF TRANSFORXED B 

CELLS, Richard C. Schwartzl, James D. Bretz', Simon 
WilliamsZ and Peter P. JohnsonZ, 'Department of 
nicrobiol Michigan State University, East Lansing, I1 
48824 andqNCI, ABL-Basic Research Program, P.O. Box 8, 
?rederick, XD 21701 
Transfonmd B cells can undergo a lineage conversion to a 
monocytelmacrophage phenotype. Cells that undergo this 
conversion become adherent, gain an extensive vacuolated 
cytoplam, express high levels of nac-1 and a-naphthyl 
acetate esterase, and acquire the capacity to phagocytose, 
process and present antigen. This process is accompanied by 
the down regulation of c-myc and c-myb, two proto-oncogenes 
that act as transcription factors. Here we report the up 
regulation of the C R P Z  and CRP3 transcription factors in 
'lineage switch' cells. C R P Z  (also reported as NF-ILS, LAP, 
IL-SDBP and AGPfEBP) and CRPP belong to a CIEBP-like protein 
family, and exhibit DNA-binding and leucine zipper 
dimeriration specificities that are nearly identical to 
those of CfEBP. Previous studies suggested that CRPZ is a 
regulatory canponent of the acute phase response in 
hepatocytes. In accordance with this role, treatment of 
cells with interleukin 1 or 6 was seen to elicit an increase 
in C R P Z  binding activity. Although Northern blot analysis 
revealed that C R P Z  and CRP3 RNAs are expressed in a wide 
variety of tissues, we show that its expression within the 
hematopoietic lineages is restricted to monocytes, 
macrophages, and neutrophils. CRPZ protein experssion has 
also been detected in 'lineage switch' macrophagee, as well 
as CRPZ and/or CRP3 gel shift species upon incubation of 
nuclear extracts with CIBBP binding motifs. The strict 
correlation between CRPZ and CRP3 mRNA expression and the 
monocytefmacrophage phenotype, observed in several 
independent cell lines, suggests that these transcription 
factors may also have a function in determining macrophage 
differentiation. Bxperiments are underway that examine the 
consequences of ectopic expression of CRPZ and CRP3 in B 
lymphoid cells. 

B 977 Function of jun0 and c-jun in the Differentiation 
of Neurons and PC-12 Tumor Cells 

Karl-Hermann Schlingensiepen, Wilhelm Gerdes, Wilfried Seifert 
and Wolfgang Brysch 

Dept. of Neurobiology, Max-Planck-Institute of biophysical 
Chemistry, Am FaBberg, 3400 Gottingen, Germany 

Two homologues of the proto-oncogene c-jun have been 
identified in mammals. We have recently shown that in contrast to 
c-jun, junB negatively regulates cell proliferationl. This and the 
different expression patterns of c-jun andjunB* raise the 
possibility that junB may play a role in cell differentiation. We 
have used antisense phosphorothioate oligode~xynucleotides~~~ 
(S-ODN) to specifically inhibit expression of c-jun and junB in 
neuronally differentiating PC-12 tumor cells and in primary 
neuronal cell cultures from rat hippocampus. Western blot 
analysis revealed specific reductions in the respective jun protein 
levels by more than 90% after application of 2bM S-ODN. 
In neuronal cell cultures, neurite outgrowth was strongly inhibited 
after inhibition of junB expression, but was enhanced after 
application of anti c-jun-S-ODN. Even more drastic changes were 
observed in neuronally differentiating PC-12 tumor cells. NGF- 
induced differentiation was completely inhibited in PC-12 cells 
after application of anti junB-S-ODN, but again enhanced after 
the use of anti c-jun-S-ODN. These findings suggest that junB 
plays a crucial role in cell differentiation, while c-jun appears to 
inhibit differentiation. Thus differential activity of different lun 
genes may be a key element involved in changing cell programs 
e.g. from proliferation to differentiation. 
1. Brysch W 8 Schlingensiepen KH: C-jun and junB have opposite effects on 
cell proliferation. Suppl. 15D: 36.1991. 
2. Wilkinson D. Bhati S. Ryseck R 8 Bravo R: Tissue specific expression of c-jun 
and junB during organogenesis in mouse. DeveloDment 106:465-471, 1989. 
3. Gerdes W, Brysch W, Schlingensiepen KH 8 Seifert W: Antisense bFGF S- 
ODNs inhibit DNA synthesis of rat astrocytes. NeuroRep. 3: 4346,1992. 
4. Schlingensiepen KH 8 Brysch W: Phosphorothoate Oligomers: lnhbdnors of 
oncogene expression in tumor cells and tools for gene function analysis. In: 
1 Eds: Ertckson. R. 8 
Izant. J. 317-328; Raven, New York. 1992. 

B 979 MOLECULAR STRATEGIES IN T CELL 
DEVELOPMENT Jyoti Sen, Steven J Burakoff and 

Ranjan Sen, Dana Farber Cancer Institute, Department of 
Pathology, Harvard Medical School, Boston, MA 021 15 and 
Rosensteil Center, Brandeis University, Waltham, MA 02254 

Thymocytes develop into functionally mature T cells in 
response to cues from the thymic micmnvironment. As the 
thymocytes mature they display varying combinations of CD4, 
CD8 and the T cell Receptor (TCR) on the cell surface. Several 
lines of evidence suggest that signals transduced via these 
receptors provide critical signals for T cell maturation. To study 
the effects of signalling via the TCR and coreceptors, we have 
analyzed the induction of nuclear factors in thymocytes. 
Specifically, we have investigated NFKB, NFAT, AP-1 and 
CREB induction in various thymocpe populations in response 
to signalling through individual or combinations of receptor 
molecules. These studies will be complemented by a 
corresponding analysis of inducible DNA binding proteins in 
fetal thymocytes at different developmental stages. 
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B980 Dlfferentlal Expmscrlon and Structure Of the 

P.D. Smith'. M. J. Crumpton' and S. E. MOSS'. 'Department of 
Physiology. Unlverslty College London. Gower St. London WClE 
6BT. UK. 'Imperial Cancer Research Fund Laboratories. P.O. 
Box 123. Lincoln's Inn  Fields. London WC2A 3PX. UK. 

The annexlns constitute a large famlly of Ca2'/phosphollpid 
blndlng proteins. Annexlns are deflned by an Internally 
repetlwe conserved sequence of around 70 amino-acids whlch 
appears 8 Umes in annexln VI but four t h e s  In all other 
memben of the famlly. Here we report lmmunohlstochemlcal 
analysls oi the expression of human annexin \l and the 
structure of the human annexin VI gene. Most Ussues 
lnvesugated expressed annexin VI but the protein was usually 
restricted to hlghly specifrc cell types wlthin each Ussue. There 
was  good correlation between expression and hormone secretlng 
cells in the pancreas. testes and adrenal cortex. DtIferenUal 
expression was observed In the ductal eplthella of the mammary 
gland, expresslon being restricted to non-lactaUng Ussue. 
Annexin VI expression Is dwelopmentaly regulated In B- and T- 
lymphocyte dllrerentlation. with negative stalnIng in the 
prollferaUng B cells of the germinal centre of the lymph nodes. 
but strong stalning in the mature small lymphocytes of the 
cortex. mantle wne and paracortex. We also report the 
structure of the human annexinvl gene. it is around 60 kb long 
and conslsts of 25 translated exons and at least one 
untranslated exon. Exon 18 I s  alternatively spllced In a manner 
which seems to be dependent upon the pmllferative status of 
the cell. 

HUlXlM h l U d I l  WnC. 

B 982 TGF-0 INHIBITION OF 3T3 T PROADIPOCYTE DIFFEREN- 
TIATION: EFFECTS ON C/EBP AND DIFFERENTIATION- 

DEPENDENT GENE EXPRESSION, Rodney L. Sparks, V. A. Manga, 
and B. J. Allen, Department of Anatomy, Molecular and Cellular Biology 
Graduate Program, Tulane Medical School, New Orleans, LA 701 12 

The objectives of OUT studies are to further define the regulatory 
mechanisms, both positive and negative, that control the differentiation of 
normal and transformed stem cells. CCAAT Enhancer Binding Protein a 
(CEBPa) is a basic leucine zipper transcription factor whose expression: 
1) increases during adipocyte differentiation; 2) mnsactivates several 
differentiation-specific genes: and 3) causes growth arrest. Recently 
discovered members of the C/EBP family (p and 6) increase shortly after 
the differentiation stimulus and decrease prior to increases in "fat" gene or 
C/EBPa expression, suggesting an early regulatory role. We are 
attempting to elucidate their role in our model system--differentiation of 
BALB/c 3T3 T proadipocytes. Transforming growth factor p (TGF-p) is 
known to inhibit differentiation of 3T3 T cells as well as various other 
proadipocyte models. We have found by northern analyses that TGF-p 
inhibits the differentiation-specific increase in CEBPa expression, a 
similar effect to that which we have seen with "fat" genes, such as 
Lipoprotein lipase and Glycerol-3-phosphate dehydrogenase. The 
mechanism(s) of action is not known. TGF-p only inhibits the expression 
of ClEBPa and the differentiation-specific genes if added prior to their 
induction. This suggests that TGF-p may not inhibit 3T3 T differentiation 
by directly blocking expression of C/EBPa or the differentiation-specific 
genes, but rather by blocking a regulatory gene(s) [analogous to myoD1. 
The C/EBP family of genes might be involved in a similar regulatory 
cascade in adipocytes. More specifically, we show here that while TGF-p 
inhibits C/EBPa expression when added early in the differentiation 
regimen-its effects on C/EBP p and 6 are more complicated. Contrary to 
C/EBPa, there is a decrease in expression of both C/EBPp and C/EBP6 in 
fat cells. In fact, their expression appears to be regulated shortly after the 
differentiation stimulus yet prior to any increase in induction of 
differentiation-specific gene expression. We are also studying the 
expression of these genes in transformed proadipocytes with various 
growth and differentiation defects. We have found aberrant expression 
patterns for C/EBPa, p, and 6 in growing clones of uansformed 3T3 T 
cells as well in transformed cells exposed to the differentiation stimulus. 
(Funded by NCI- CA46683 and Fmtemal Order of Eagles to RLS). 

B 981 IDENTIFICATION OF CIS-ACTING ELEMENTS 
OF THE MOUSE En-2 GENE, Dong-li Song, 

C. Logan, G. Cado, W. Khoo, and A. L. Joyner; Samuel 
Lunenfeld Research Institute of Mount Sinai Hospital, 600 
University Avenue, Toronto Ontario, M5G 1 x 5  Canada. 

The expression of the mouse engrailed-like gene, En-2  , is 
temporally and spatially regulated during embryogenesis. 
To identify the cis-act ing regulatory elements  that 
specify the expression pattern of this homeobox- 
containing gene we have analyzed the En-2 p r o m o t e r  
region using Escherichia coli lac2 reporter constructs in 
transgenic mice. Five transgenic lines were established 
that express ZacZ in an E n - 2  manner using a construct 
containing 9.5 kb of En-2 genomic DNA. The transgene is 
first expressed in five somite embryos in a band of cells 
in the anterior neuroepithelium and is maintained in this 
region, which later marks the mid/hindbrain junction, at 
least up to 15.5 d of gestation. The lacZ expression is also 
detected in the mandibular arch from 9.5 d to 15.5 d. 
Deletion analysis has identified two enhancer elements 
which can specify the expression to e i ther  the 
mid/hindbrain or mandibular region, respectively. A 1 kb 
fragment 5 kb 5' of the start of transcription is sufficient 
to direct lacZ expression to the embryonic mid/hindbrain 
from either the E n - 2  or mouse heat shock promoter. This 
mid/hindbrain enhancer  a s  well a s  0.5 k b  i t s  
corresponding region from the human EN2 gene were 
sequenced. Sequence comparison revealed a high degree 
of sequence similarity (73% in 0.4kb) between the two 
sequences. The functional significance of the conserved 
region is currently being studied in transgenic mice and 
using band shift analysis with embryonic brain extracts. 

B 983 DNA BINDING PROPERTIES OF BF-1, A 
TELENCEPHALON RESTRICTED MEMBER OF THE 

HNF-3/FORK HEAD GENE FAMILY, Wufan Tao, Gabriela 
Balas and Eseng Lai, Division of Endocrinology and 
Program of Cell and Genetics, Memorial Sloan-Kettering 
Cancer Center, New York, NY 10021 
BFl  (brain factor-1), a new member of HNF-3/Fork Head 
gene family, was isolated from a rat brain cDNA library. 
Expression of BF-1 is highly restricted in the developing 
neural tube to its rostra1 end which gives rise to the 
telencephalon. Its expression is  easily detected as  early 
as was examined, E l 0  in the rat, reaches peak at E l 7  and 
then declines gradually. BF-I is  most highly homologous 
to another recently reported member of HNF-3/Fork  
Head gene family from Drosophila, sloppy paired 2, which 
functions in segmentation. These results suggest that BF- 
1 may play an important role in the establishment of the 
regional subdivision of the developing brain and in the 
development of the telencephalon. 
BF-1 has distinct DNA binding properties from those of 
HNF-3 proteins. BF-1 only shows weak binding activity to 
one of HNF-3 binding sites (B2). In order to study the 
function of BF-1 and the interaction between BF-1 
protein and its DNA binding sites, a consensus sequence 
to which BF-1 shows a high binding activity was 
identified from random oligonucleotides by a s i te  
selection protocol. Our results suggest that BF-1 has a 
greater sequence recognition specificity than HNF-3 
proteins. A detailed investigation of interaction between 
BF-1 protein and different binding sites is in progress. 
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B 984 CHARACTERIZATION OF THE CIS-REGULATORY 
ELEMENT MEDIATING TGF f l  STIMULATION OF 

COLLAGEN TRANSCRIPTION IN NORMAL FIBROBLASTS AND 
SPONTANEOUS UPREGULATION O F  COLLAGEN 
TRANSCRIPTION IN SCLERODERMA FIBROBLASTS, Maria 
Trojanowska. Christoph Hart], Takeshi Tamaki and E. Canvile LeRoy, 
Division of Rheumatology and In~munology, Medical University of 
South Carolina, Charleston, SC 29425 

Sclerodernia is a disease characterized by excessive deposition 
of connective tissue in the dermis and internal organs. Increased levels 
of collagen mRNAs have been demonstrated in scleroderma skm by in 
situ hybridization studies and in cultured fibroblasts derived from 
scleroderma lesions. 

Recently, we have found that TGFR stimulates collagen 4 1 )  
(COLI A?) transcription in  normal skin fibroblasts. while in scleroderma 
fibroblasts basal COLlA2 transcription level is elevated and resistant to 
further stimulation by TGFD. We used deletions and specific nucleotide 
substitutions to define a cis-regulatory element (termed a2-TAE) located 
at -318 to -294 in human COLIA? promoter responsible for mediating 
the TGFI$ stimulation in normal fibroblasts. In gel retardation assays, 
we showed that normal fibroblast nuclear extract contains a binding 
activity to a2-TAE and that this activity is enhanced after TGFB 
stimulation. Interestingly, although a2-TAE resembles NF-1 binding 
site. consensus NF-1 sequence does not compete for binding with 
human a2-TAE, suggesting that a2-TAE binding protein is not the same 
as NF-I proteins characterized in HeLa cells. Scleroderma fibroblasts, 
when compared to closely matched normal controls, show higher 
specific binding activity for a2-TAE, which is not significantly 
stimulated by TGFD. These results suggest that activation of the a2- 
TAE binding protein may be involved in TGFR stimulation of COLlA2 
transcription in normal fibroblasts and constitutive upregulation of 
COLlA2 transcription in scleroderma fibroblasts. 

B 986 CHARACTERIZATION OF CIS-ELEMENTS AND TRANS- 
ACTING FACTORS INVOLVED IN THE REGULATION OF 

THE RAT OXYTOCIN PROMOTER, Hexmien van Schaick. Roger 
A.H. Adan, Sofia Lopes da Silva and J. Peter H. Burbach, Rudolf 
Magnus Institute, U m h t  University, Vondellaan 6,  3521 GD U m h t ,  
The Netherlands 
The oxytocin (OT) gene is expressed in the hypothalamo- 
neurohypophyseal system ( H N S )  and is regulated during development, 
hyperosmolality, pregnancy, lactation and the estrous cycle. To 
understand the molecular mechanisms underlying the regulation of the 
OT gene, studies in search for regulatory elements in the 5’ flanking 
region of the gene and the transcription factors using these elements 
have been initiated. Two classes of transcription factors have been 
considered: members of the steroidkhyroid hormone receptor family 
and POU domain proteins. In transient heterologous expression systems 
the rat OT promoter was stimulated by the estrogen receptor (ER), 
retinoic acid receptor (RAR) and thyroid hormone receptor CT3R). 
Analysis of 5’-deletion mutants in transient expression systems and of 
protein-DNA interactions revealed that these receptors act through a 
common element located between nucleotides -172 and -148. This 
element integrates a direct and an inverted repeat of the motif TGACC. 
Mutagenesis indicated that the inverted repeat is the ERE, while the 
direct repeat that is of the DRO type mediates responses to T3 and RA. 
The orphan receptor COUP-TFI also bound to this element and 
repressed induction of the OT promoter by E, T3 and RA. The class Ill 
POU domain proteins Bm-1, Bm-2 and Bm-4 are expressed in the HNS 
(ref. He et al., Nature 340:35 (1989); Le Moine and Young, PNAS 
89:3285 (1992)). Bm-1 did not influence the activity of the rat OT 
promoter (nucleotides -363 to +16) in the heterologous expression 
systems. This and other class III POU domain proteins are now being 
investigated for interaction and transactivation of the OT promoter 
using longer regions of the gene and neuronal expression systems. 

B 985 THE EXPRESSION OF TRANSCRIPTION FACTOR 
DURING MURINE EMBRYOGENESIS SUGGESTS A ROLE 

IN HAEMATOPOIESIS, ORGANOGENESIS AND BRANCHING 
MORPHOGENESIS. M. Tymms, A. Seth, S. Brookes, T. Green. S. 
Chu, R. Thomas, T.S. Papas and I. Kola, Institute of Reproduction and 
Development, Monash University. 

The ETS family represent a novel class of transcription factors. 
These transcription factors bind a purine-rich core found in the 
promoters of various cellular and viral genes. However, the biological 
roles of the various family members are largely unknown. In this 
study we investigate the expression of Etsl and Ets2 in murine 
embryos. 

Our data demonstrates that Etsl is expressed at high le%els in 
the yolk sacs of day 8-10 mouse conceptuses. This pattern of 
expression correlates with the presence of haematopoietic stem cells in 
the yolk sac. Furthermore we also show, using gel shifts, that the Etsl 
protein binds sequences derived from the promoters of a number of and 
growth factor genes involved in haematopoiesis. These data suggest 
that Etsl may play an important role in haematopoiesis by regulating 
the expression of several genes involved in the process. 

We also find that the expression of Etsl is widespread during 
the formation of organs in murine embryonic development. The 
expression of the gene is not detected in organs derived from later fetal 
stages, except in organs that are undergoing branching morphogenesis 
and in lymphoid organs. In neonatal and adult mice the expression of 
Etsl is restricted mainly to lymphoid organs. Etsl transactivates 
metalloproteinase genes such as stromelysin, collagenase and urokinase 
plasminogen activator which are important in extracellular matrix 
degradation. Thus, Etsl may have an important role in regulating the 
expression of genes involved in organ formation and modelling. 

Our data demonstrates that the expression of the Etsl 
transcription factor is regulated in a temporal and tissue specific 
manner during murine embryogenesis. Etsl is expressed during 
haematopoiesis, organogenesis and branching morphogenesis, and binds 
sequences derived from the promoters/enhancers of other genes 
involved in these processes. 

B 987 RESTRICTED EXPRESSION OF ISLET CELL ZINC FINGER 
PROTEINS. Henrik Vising,  Anette A. Pedersen, Birgitte 

Michelsen, *Esper Boel and Lizzi Aagaard. Hagedom Research Institute, 
2820 Gentofte, Denmark and * Pharmaceutical Research, Novo Nordisk, 
Bagsvaerd, Denmark. 
The Islet of Langerhans have an important role in the control of 
metabolism. They produce several hormones which include insulin, 
glucagon, pancreatic polypeptide and somatostatin. Each islet contains 
some 3000 hormone producing cells, 70 percent of which are insulin 
producing P-cells, the remaining being a-, 6 and PP cells. Destruction 
of the p-cells results in insulin deficiency, ultimately leading to type I 
diabetes. We are working towards identifying specific factors that are 
involved in determining the phenotypic properties of the cells in the Islet 
of Langerhans 
Zinc finger proteins of the CysZ-Hisz type have been isolated from both 
human and rat tissue. Approximately 100 clones were isolated from a 
human insulinoma cDNA library and 30 clones from a growth hormone 
stimulated rat islet cell cDNA library. A randomly selected subset from 
the two groups of the clones was further analysed. The DNA sequence 
has been determined by automated fluorescent sequencing and out of 34 
ZFPs analysed so far only one match was found in GenBaWMBL.  All 
ZFPs exhibit tandem multi-fingered structures and a few have additional 
scattered fingers. In addition to the zinc finger domain, additional 
conserved motifs are present, such as KRAB domain structures. Nonhem 
blot analysis revealed a high variation in the expression profile of the 
different ZFPs. Some are ubiquitously expressed and others are 
differentially expressed to a varying degree e.g. islet/testis, 
isletlbrainflung. The expression profile is further being investigated by in 
situ hybridisation. 
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B 988 IN VlVO IDENTIFICATION OF A HOX 1.3 TARGET, 
Peter Vos. Shang-Ding Zhang, and Ward F. Odenwald, 

Neurogenetics Unit, LNC, NINDS, NIH, Bethesda, MD 20892 
Homeodomain proteins have been implicated as regulatory 

factors that control and coordinate the expression of target 
genes. However, our inability to selectively control the 
expression of individual homeobox genes i n  v i m  has made it 
difficult to identify candidate targets for homeotic gene products 
in vertebrate systems. Hox 1.3, a murine homologue of the 
Drosophila A n f e n n a p e d i n  class homeotic gene, sex combs  
reduced,  is a phosphoprotein which binds DNA in a sequence 
specific manner. To test the i n  v i m  function of Hox 1.3, we 
generated transgenic mice in which the transgene consisted of 
Hox 1.3 cDNA linked to an interferon (IFN) inducible promoter, 
Mx l .  In the absence of deliberate induction, these mice 
appeared normal. Baseline transgene expression was 
undetectable by Northern analysis. However, exogenous IFN 
administration lead to a rapid induction of Hox 1.3 RNA and 
protein expression in many organs (e.g., CNS, lung, and liver). 

Many of the currently known targets for Drosophi ln  
homeodomain proteins are transcription factors. Gel-mobility 
shift assays and Northern analysis were used to determine if 
ectopic Hox 1.3 expression modulated the steady state levels of 
other known transcription factors. One of the transcription factor 
families examined was hepatocyte nuclear factor-3 (HNF-3). 
Liver extracts from both transgenic and wild-type mice were 
compared for their levels of HNF-3-like DNA binding activity 
eighteen hours after IFN administration. This DNA binding 
activity was decreased in liver extracts from the transgenic mice, 
but no1 in extracts from the wild-type mice. Liver RNA from both 
transgenic and wild-type mice were then compared for levels of 
HNF-3 expression six hours after IFN administration. HNF-3 
RNA expression was decreased in the transgenic mice, but not 
in the wild-type mice. We conclude Hox 1.3 can negatively 
regulate HNF-3 expression in these transgenic mice. 

B 990 IDENTIFICATION OF NUCLEAR PROTEINS FROM 
DIFFERENTIATING CHONDROCYTES WHICH BIND 

TO THE ENHANCER OF COLLAGEN II GENE AND 
REGULATE ITS TRANSCRIPTION, Liqun Wang, Richard 
Balakir. Patricia Precht and Walter E. Horton. Jr., Gerontology 
Research Center, NINNIH, 4940 Eastern Ave., Baltimore, MD 
21224 
The first intron of the rat collagen II gene contains a region 
that has the characteristics of a transcriptional enhancer. W,e 
have recently identified a cis-acting sequence (5 - 
CACAATGCAT-3') located within this region that is required 
for the enhancer activity. We have shown that binding of 
nuclear extracts prepared from differentiating chondrocytes to 
the enhancer correlated well with the differentiation process. 
In order to purify the binding proteins and study their function 
in the cell type-specific transcription, a DNA-affinity column 
was prepared by using Sepharose CL-26 resin and the cis- 
acting DNA sequence. Nuclear extracts prepared from 2 
expressing cell types (chick sternal chondrocytes and rat 
chondrosarcoma-chondrocytes) were fractionated according 
to their binding property. Three distinct proteins of similar 
size (- MW = 32.kD) were isolated from the chick sternal 
chondrocytes, while two proteins (- MW = 32 kD & 18 kD) 
were isolated from the chondrossrcoma chondrocytes. The 
column-purified proteins retained binding activity as 
evidenced by both mobility-shift assay and Southwestern 
analysis. Currently, we are attempting to further purify these 
proteins by HPLC and to obtain partial amino acid sequence 
for the cloning of their genes. In addition, the partially purified 
protein fraction has been used to reconstitute the 
transcription activity in vitro. 

B 989 PURIFICATION OF A MAMMARY GLAND SPECIFIC 
NUCLEAR DNA BINDING FACTOR (MGF) FROM LACTATING 
SHEEP. 

WAKAO, H., GOUILLEUX. F. and GRONER, B. 

Friedrich Miescher Institut 
P. 0. Box 2543, CH-4002, Basel, Switzerland 

The expression of milk proteins is regulated both at the 
transcriptional and the post-transcriptional level. It has been shown that 
insulin, glucocorticoids. and prolactin are necessary for the synthesis 
and the accumulation of the casein mRNA in rat and mouse mammary 
gland cells. We have chosen the &casein gene as a model for the study 
of the multihormonal control of gene expression. The analysis of the 5' 
flanking region of the casein gene family revealed a highly conserved 
sequence in their promoters. To this sequence, Y-lTCTTRGAAT- 
AA-3' binds a trans-acting factor. The activity of this factor increases 
during pregnancy and reaches maximum at b i d  judged from gel 
retardation assay. During lactation, its level is kept constant, however, 
once pups are withdrawn, no factor is detected. This indicates that the 
suckling is also very important for the DNA binding activity. Our 
previous studies revealed that this factor is indispensable for the 
responsiveness of the B-casein gene promoter to the lactogenic 
hormones, glucocorticoid and prolactin. This factor is mammary gland 
specific. We observed its homologue in bovine and in sheep mammary 
gland. In order to elucidate the molecular mechanisms by which these 
hormones regulate the expression of the &casein gene. we purified this 
mammary gland specific factor (MGF). We initially purified MGF 
from lactating rats. I h e  amount of proteins we acquired was, however, 
too small to get the internal amino acid sequence. We have changed the 
source for the purification and simplified the method to purify MGF. A 
combination ofRed A Sepharose and sequence specific DNA affinity 
column chromatography was sufficient to yield highly purified proteins. 
MGF was purified more than 2400 fold compared to the whole nuclear 
extract with a 60 5% of recovery. Analysis of the purified fraction on 
SDS polyacrylamide gel electrophoresis revealed that it has been 
purified to near homogeneity, with an apparent molecular weight of 92 
kD and 90 kD. These two peptides were consistently present after the 
combination of a mutated and a wild type DNA affinity column 
chromatography. Purified fraction was sensitive to phosphatase 
veatments. 

B 991 THE CHICKEN E12/E47 PROTEINS ARE 
NUCLEAR PHOSPHOPROTEINS WHICH 

ARE UPREGULATED DURING MYOGENESIS AND 
ARE ASSOCIATED WITH CMDI IN VIVO. Qin Wei 
and Bruce M. Paterson, Laboratory of Biochemistry, 
National Cancer Institute. National Institutes of 
Health, Bethesda, MD 20892 
We have isolated two different cDNA clones 
corresponding to transcripts from the chicken E2A 
gene homolog by virtue of their weak hybridization to 
the human E l  2 cDNA clone. Nucleotide sequence 
analysis and amino acid comparison define these 
clones as the avian counterparts to E l 2  and E47 with 
identies greater than 80%. The E2A gene transcripts 
are expressed in a variety of tissues at different levels 
but, suprisingly. expression levels are highest in 
chicken embryonic muscle as compared to brain and 
liver. During myogenesis in primary muscle cultures 
the level of the E2A gene products increase 
measurably and accumulate in the nuclei of newly 
formed muscle fibers. lmmunoprecipitation studies 
indicate chicken E12/E47 proteins are 
phosphorylated and associated with CMDI, the 
avian MyoD homolog. Cotransfections in primary 
muscle cultures with the chicken E12/E47 expression 
vectors and either an [E2-E5] CAT or CKTK-CAT 
reporter indicate these E2A proteins can enhance 
the activation effects of CMDI on the CK enhancer. 
The role of the E2A gene products in the 
differentiation of muscle is under investigation. 
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B 992 

DIFFERENTIATION , Patricia D. Wilson and Christopher R. 
Burrow, Division of Nephrology, Johns Hopkins School of 
Medicine, Baltimore, MD 21205. 
The molecular regulation of commitment of mesodermal blast 
cells to an epithelial fate has been little studied. A model 
system has been developed to study this phenomenon during 
human renal development, in which mesenchymal cells of the 
metanephric blastema are induced to proliferate and 
differentiate into several characteristic tubular and glomerular 
epithelial cell types that populate a mature nephron. Nephro- 
blast-rich areas of 14-16wk human fetal kidneys are micro- 
dissected from the outer cortical rim, plated on gelatin in 
defined medium, passaged and grown in continually 
proliferating suspension culture in the presence of serum-free 
conditioned medium from a Wilms’ tumor cell line (WT-CM). A 
secreted soluble peptide factor(s) (NB-GF) is essential to 
sustain proliferation of these undifferentiated nephroblasts in 
vitro. Replacement of WT-CM with 10% serum-containing 
medium and addition of collagen IV matrix, resulted in 
differentiation of the small round nephroblasts into attached 
foci of larger, flattened polygonal cells, characterized as 
epithelia by their increased cytoplasmic volume and organelle 
complexity, polarized distribution of membrane proteins, 
intercellular desmosomes and specific marker analysis of 
cytoskeletal and adhesion proteins, matrix receptors and 
enzymes. lmmunostaining showed that conversion from blast 
to epithelial morphology was accompanied by loss of vimentin 
and syndecan but acquisition of E-cadherin, alkaline 
phosphatase and networks of cytokeratin, characteristics that 
mirror the changes observed in vivo during nephrogenesis. 
This characterized system will allow for the identification of 
transcription factors important in the molecular control of 
proliferation and differentiation of renal progenitors. 

A NEW IN VlTRO MODEL SYSTEM FOR ANALYSIS 
OF METANEPHRIC MESENCHYME TO EPITHELIAL 

B 994 MOLECULAR CLONING AND CHARACTERIZATION 
OF FACTORS THAT REGULATE THE ACTIVITY OF 

Mee-wa Wong and Michael Perry, Department of Biochemistry 
and Molecular Biology, U.T. MD. Anderson Cancer Center, 1515 
Holcombe Blvd., Box 117, Houston, TX 77030. 
A conserved DNA sequence, CTA(A/T)4TAG, is a transcriptional 
regulatory element in promoters and enhancers of a variety of 
muscle-specific genes, such as  the MyoD and myogenin 
promoters and the muscle creatine kinase’(MCK) and myosin 
light chain 1/3 enhancers. A muscle-specific factor, termed MEF- 
2 interacts speafically with this regulatory motif. To examine the 
potential role of MEF-2 in the regulation of MyoD transcription 
during early development, we have analyzed the appearance of 
MEF-2 binding activity in developing frog embryos using the 
electrophoretic mobility shift assay with a probe containing the 
MEF-2 site in the XMyoDa promoter. Two genes were isolated 
from a X. Zaevis stage 24 cDNA library that encode factors that 
bind the XMyoDa MEF-2 site. Both genes are highly homologous 
to each other and belong to the MADS (MCMl-&g 80-agamous- 
- deficiens-SRF) protein family. The proteins encoded by both 
genes contain a conserved N-terminal MADS box required for 
binding to DNA. The temporal and tissue-specific expression of 
these two genes is being investigated by ribonuclease protection. 
We plan to test the functional roles of these proteins during early 
development by analyzing the effects of ectopic expression of 
these genes in frog oocytes and embryos. 

THE MEF-2 SITE IN THE XENOPUS MYODPROMOTER. 

B 993 THE CREM GENE IS RAPIDLY AND TRANSIENTLY 
INDUCED BY CAMP, Paul I. Woloshin, Robert P. Rehfuss, 

Richard H. Goodman and Roger D. Cone, Vollum Institute, Ikpartment of 
Cell Biology and Anatomy, Oregon Health Sciences University, Portland, 
OR 97201. 
CREM, a member of the CRE binding protein (CREB) family of 
transcription factors, produces several mRNA isoforms through differential 
splicing and multiple start sites. Dependins on the isoform, CREM can be a 
transcriptional stimulator or repressor. At present, all identified CREB 
family members have been shown to be constitutively transcribed and 
regulated post-transcriptionally via phosphorylation. In contrast, we show 
that the CREM gene is transcriptionally regulated via the CAMP mediated 
pathway in several cell types. Treatment of rat thyroid FRTLS cells with 
thyroid stimulating hormone (TSH), which elevates CAMP and is required 
for normal growth and differentiation, produced a rapid expression of 
CREM mRNA. CREM first appeared in 2 hours, peaked at 4 hours and 
then decreased. Treatment with 5 pM forskolin mimicked both the time 
course and degree of TSH induced expression. Four separate mRNA 
species were expressed, ranging from approximately I.0kb to 2.0 kb in 
sue. Treatment with TPA, EGF or A23187 produced little induction of 
CREM. CREM was also found to be induced by CAMP in Y1 
adrenocortical, Cloudman S91 melanoma, SYSY neuroblastma, and BaWc 
3T3 fibroblast cells, as well as in primary foreskin fibroblasts. The time 
course of expression was similar, but different mRNA species were induced 
by CAMP in the BalWc 3T3 cells. While forskolii treatment induced CREM 
in BalWc 3T3 cells, serum stimulation did not. CREM has been previously 
shown to be an inhibitor of CAMP mediated c-fos gene expression in cells 
transfectcd with a c-fos CRE reporter plasmid. The time course of CAMP 
induced c-fos expression in FRTLS cells showed that c-fas peaked at 60 
minutes post-TSH treatment and dropped to zero by 2 hours. This is 
precisely the point at which CREM expression comes on, providing id vivo 
evidence to support the hypothesis that in some cell types CREM may be 
acting as a suppressor of c-fos expression. 

B 995 NGF-REGULABLE OCT-2 ISOFORMS IN RAT DRG 
NEURONS DEFINED BY SPECIFIC ANTISERA. 

John N. Wood, Paul R C o o n  N d i  N. Ninkina and David S. 
Lauhmn* Th s.odoz Imhtute f a  Mcd~d Reaeucb. 5 Gowu PI=. London 
WClE 6BN and The M c d ~ d  M o k c u h  Biology Unu. W d y u  Buddmg. 
Umverarty College. London WIP 6DB 

A vrnety of mRNA amrcnprs fOrP0Udomau1 poccrm ah& play .II mponun 

adult ocrvm rystem. In adult rupnphenl rprnyocmarr,mRNAmmscnprs 
encoQng an o~lpmex b&mg protan, Oct-2 onpa l ly  idennhl m B cells. have 
ban && by PCR aod m SIN hybnmspnw In ddthOa DNA m W l y  ShIfi 
ways uslng octamu mohfa have i d e m  bamcnphoo factors m nuclear 
errmcB of s e m o ~ ~  ocmops which co-mrgratc mtb B a l l  Oct-2 Both tk levels of 
mRNA mwdmg On-2 aodfoDcllonrl pmtnn u m d  m b.ad shtn -ya ue 
Upr@atd by IleahUeut of adult scmory llemon9 mth Nerve GroMh Factor 
Thse d t a  me putlcolndy mtcmsnng mtb respect to the observatloa Unt On-2 
1s cnpable of blochng uumechnte cuty HSV hpmcnphw and may thus play a role 
m the cslablrshmem of latent scrmry nemw lofcnrons A total of 8 relatat fomu 
of e r e m a l l y  splrcd On-2 mRNAs have beco idcntlfied m tk mouse In order 
to i&ntlfY the On-2 lsofolma exprrssd aod regulated by NOF m xmary annoas, 
we have gencnted upualic rpwlt polyclonrrl anacerd to a umque dodcuppack 
sequence CSAAPMLPSWK that IS pmcm 3’ of the POU homeobox m all lmowo 
lsofolma of On-2 * acn W M  aflimty-pdied on unmobtlued pptlrk colurme 
d d  to pmbe wutem blots of adult rat sensoly neumm adhued m the 
prrscoa or .hrmcc of NOF A mgle broad b a d  of ~ u l l o l c . c f l v e  muend 
mr- at 60 L D ~  wan tizteaedm aem~ll l l  cxm~tl aodqusrmutsd nth 12% 
um-fabtat amsera. NOF caused a 2 3  fold m u c  m unmuaorcacanty HI- 
rrsoluhoo geh Ckveloped mnm * ~ m a p y l e d  auhseta showed 

bmis rmgnnrrg .hove (64kDp) a d  below (59kDa) thw hod, all of whch wcle 
h o e d b y  NOF Thek moledar=igIm ue grmlnr to those fomdm p d i e d  
Oct-2 fnatoos hm human B ceUs , and may Eollgpood to mmue On 21.22 
aod 23 mfm.  Mow- anacen to Oa-2 should thw prow& i useful 
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B 996 ~21"s function is important for T cell antigen receptor 

of activated T cells) M. Woodrow, S. Rayter', J. Downward', 
and D. Cantrell. Lymphocyte Activation Laboratory and 
'Signal Transduction Laboratory, Imperial Cancer Research 
Fund, 44 Lincoln's Inn Fields, London, WC2A 3PX 

NFAT(nuc1ear factor of activated T cells) is a transactivating 
factor critical to the regulation of the interleukin4 gene. The 
intracellular signalling mechanisms that control the 
expression of NFAT have been examined, and it is evident 
from a number of studies that protein kinase C(PKC) and 
increases in intracellular calcium concentration synergize to 
induce NFAT. It is now understood that the NFAT complex is 
at least partly composed of fos- and jun-related proteins, 
which are responsive to PKC initiated signals. Recent work 
has demonstrated that the T cell antigen receptor (TCR) and 
PKC regulate the activity of the guanine nucleotide binding 
proteins, p2lras, suggesting that p21ras may mediate PKC and 
TCR functions in T cells. We have explored the role of 
p2lras in the regulation of NFAT using a transient 
transfection assay. Cotransfection was performed using i) a 
plasmid bearing multimers of the NFAT site linked to a 
reporter gene, and ii) a construct constitutively expressing 
either active or dominant inhibitory ras mutants. Data 
show that expression of activated ras proteins can synergize 
with calcium and PKC signals to regulate NFAT. The 
introduction of dominant inhibitory ras blocks both TCR and 
PKC regulation of NFAT. This suggests a role for ras as a 
mediator of TCR and PKC in T cells. 

and protein kinase C regulation of NFAT (nuclear factor 

England 

B998 TARGET SPECIFICITY AND PROTEIN-PROTEIN 
INTERACTIONS IN THE REGULATION OF TRANSCRIPTION BY 
HOX GENE PRODUCTS. V. Zappavigna and F. Mavilio, Department of 
Biology and 6iotechnology. lstifufo Scientifico H. S. Raffaele, Milano, lTA1 Y. 

Considerable evidence has been gained tor a causal relationship 
between vertebrate HOX gene expression and morphogenetic events during 
embryogenesis. Nevertheless, vertebrate Hox genes are still poorly 
characterized with respect to their specificity and mode 01 action as 
transcriptional regulators. We have recently shown that murine and human Hox 
gene products are able to modulate transcription 01 HOX promoters through 
binding to specific target sequences in transient cotranslection assays in 
cultured cells. By analyzing Hox genes belonging to dalerent paralogy groups, 
we were able to show both positive and negative regulatory interactions. The 
products 01 the human HOX4C and HOX4D (both Abd-6-like) genes enhance 
transcriptional activity through dillerent target sequences in HOX4C (HCR 
sequence) and HOXJD promoters. In contrast, the product of the murine Hox- 
4.3 (abd-A-like) gene is a positive transcriptional regulator only 01 the HOX3D 
promoter, whereas it is inactive on the HCR sequence in the HOX4C promoter. 
Moreover, the HOX-4.3 gene product specifically antagonizes the activating 
functions of the HOX4C and HOX4D gene products on the HCR sequence. The 
dual capacity of the HOX-4.3 gene product. namely to activate transcription on 
one target and to negatively modulate the activity 01 other HOX gene products 
on a dillerent target. was lurther analyzed. In particular, we explored the 
possibility that the HOX-4.3 negative modulatory effect might be mediated 
through direct protein-protein interactions between the HOX gene products, as 
described lor POU-homeobox proteins. For this purpose, a series of deletions 
were generated in the HOX-4.3 protein. involving the homeodornain and 
surrounding regions. together with constructs in which the homeodomains 
were swapped between the HOX4C and HOX-4.3 genes. We could show that 
substitution 01 the entire Hox-4.3 homeodomain with that 01 HOX4C is sufficient 
to conler to the Hox-4.3 protein the ability to activate transcription through the 
HCR sequence. Furthermore, we could show that constructs involving a 
deletion of the recognition helix of the HOW-4.3 homeodomain were still able to 
antagonize HOX4C transcriptional activity, while constructs bearing a complete 
deletion of the homeodomain or the HOX4C homeodomain were not. These 
data show that the antagonizing function of the HOX-4.3 protein is not 
dependent on its DNA-binding function, and suggest a role for regions in the 
homeodomain outside the recognition helix in mediating protein-protein 
interactions between Hox gene products. 

B997 REGUIATION AND FUNCTION OF CREB IN B LYMPHOCYTES, 
Huijuan Xie, Thomas C. Chiles and Thomas L. 

Rothstein. Departments of Microbiology and Medicine, 
Boston University Medical Center, Boston, MA 02118. 
The cyclic AMP response element (CRE) binding protein 
CREB was previously characterized as a constitutively 
expressed nuclear factor whose transcriptional activity 
is regulated by phosphorylation. In the present study, 
the regulation and function of CREB was examined in B 
lymphocytes in order to begin to elucidate the role of 
CAMP derived signals in B cell activation. CRE-binding 
activity detected by the electrophoretic mobility shift 
assay (EMSA) was found to be constitutively expressed in 
nuclear extracts of primary murine splenic B cells 
stimulated in a variety of ways. This activity was shown 
to be specific by competition analysis and to represent 
CREB or a closely related molecule on the basis of a 
"supershift" in the mobility of the EMSA-detected 
nucleoprotein complex induced by anti-CREB antiserum 
(kindly provided by Dr. Mark Montminy, Salk Institute, La 
Jolla, CA). The function of B cell CREB was assessed by 
transient transfection of the sIg-responsive murine B 
lymphoma cell line, BAL17, with a CRE-dependent CAT 
construct that contains a portion of the somatostatin 
promoter. Forskolin, which markedly induced CAT 
expression in PC12 cells transfected with this construct, 
failed to stimulate CAT activity in transfected BAL17 B 
cells. However, cross-linking of the sIg receptors of 
transfected BAL17 B cells produced a 3-fold induction of 
CAT activity. Interestingly, anti-Ig was found to act in 
synergy with forskolin and other CAMP raising agents to 
produce greatly enhanced CAT activity. A phosphoprotein 
of appropriate molecular size was innnunoprecipitated from 
anti-Ig plus forskolin treated BAL17 B cells by anti- 
CREB. These results suggest that CREB is present in 
primary B cells and that CREB mediated gene expression is 
regulated by sIg either alone or in synergy with CAMP; 
the latter implies cross-talk between intracellular 
signaling pathways acting at the level of CREB. 

B 999 THE ROLE OF COSTIMULATTON IN IL2 GENE 
REGULATION. Linda A. Zuckerman and Jim 

Miller, Committee on Immunology, University of 
Chicago, Chicago, IL 60637. Most T cell proliferate to IL-2, 
a growth factor secreted by the Thl subset of CD4+ and 
some CD8+ T cells. IL-2 gene expression is under strict 
control of a complex array of transcription factors that may 
be dependent upon the type of stimulation the T cell 
receives. For example, we have shown that: 1) chemically 
fixed spleen cells fail to induce proliferation of CD4+ T 
cell clones and 2 )  stimulation by fixed spleen cells results 
in a lack of NF-AT and NF-KB binding factors to the IL-2 
enhancer. These results suggest that chemically fixed 
spleen cells may be lacking a costimulatory signal and that 
this signal may directly regulate the presence/binding of 
specific, transcription factors necessary for IL-2 gene 
expression. In addition, lack of a costimulatory signal may 
also result in anergy, or a long-lived nonreposnsiveness 
of T cells. 

We have developed a model system to study the role of 
costimulation in T cell activation using live APCs and 
antigen dependent T cell clones. Several accessory 
molecules including 87, HSA, ICAM, and CD2 have been 
suggested to provide a costimulatory signal. Therefore we 
have developed a panel of MHC class Il postive cell lines 
that differ in their expression of 87, ICAM, and HSA. 
Using these cell lines we can determine whether the 
presence of specific costimulatory molecules on APCs 
correlate with T cell proliferation and the presence of 
specific transcription factors for IL-2 gene transcription. 
Using both live APCs that differ in their expression of 
accessory molecules and mAbs with costimulatory 
capabilities we hope to better define the factors that 
regulate IL-2 gene transcription during T cell activation. 
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Signal Transducrion and Disease 
B1000 FLT-4 RECEPTOR TYROSINE KINASE IN 

t(2;5), t(3;S) AND t(5;6) TRANSLOCATIONS AND 
EXPRESSION IN LEUKEMIA CELLS Elina Armstrong, 
Kumar Kastury*, Olga Aprelikova, Anne Polvi, Florencia 
Bullrich*, Christian Nezelofb, John  J .  Wasmuth**, Kan 
Alitalo, Steven Morris*** and Kay Huebner*, Cancer Biology 
Laboratory, Departments  of Virology a n d  Pathology, 
University of Helsinki, 00290 Helsinki, FINLAND, Jefferson 
Cancer Institute*, Philadelphia, Department of Biological 
Chemistry**, UC Irvine, St. J u d e  Hospital***, Memphis, 
Pediatric Pathologyo, Necker Hospital, Pans ,  FRANCE 

Receptor tyrosine kinases (RTKs) a re  a n  important group of 
proto-oncogenes which can be activated by chromosomal 
rearrangements. We have recently reported a novel member 
of class I11 RTK, F L T - 4 ,  charac te r ized  by seven  
immunoglobulin loop-like domains i n  i t s  extracel lular  
domain. FLT-4 is  expressed in human placenta, lung, hear t  
and kidney. We have mapped FLT4 to chromosome 5q33-qter 
i n  somatic cell hybrids and  radiation-reduced hybrids. 
Interestingly, at least three class I11 RTKs map to the  5q 
chromosomal arm. In addition, the 5q a r m  contains a cluster 
of other growth factor and  receptor genes. We have now 
refined the  localization of the FLT4 gene to band 5q35 and 
explored its relationship to the t(2;5) and t(5;6) translocations 
of Ki-1 lymphomas, as well as t(3;5), occasionally found i n  
ANLL. FLT4 expression occurs primarily in  erythroid and  
megakaryoblastoid cell lines among the  leukemia cell lines 
studied. In  contrast to related FLTl and KDWFLK-I genes, 
FLT4 is  not expressed in  endothelial cell lines. FLT4 clones 
were also found in analysis of a bone marrow cDNA library. 
These results suggest that FLT4 has a role in hematopoiesis. 
Cancer Re%. 52: 746,1992; Genomics ,1992, in press; 
Cytogenet. Cell Genet.. 46: 147,1987. 

CHROMOSOME6q35: INVOLVEMENT IN THE 

B 1002 PML-RAR, A Fusion Protein in Acute Promyelocytic Leukemia. 

*Dept. of Pharmacology, Faculty of Medicine, Kyoto University. Japan 
#Gene Expression Lab, The Salk Institute, La Jolla, CA. 92037. U.S.A. 

Karyotypic changes, including chromosomal translocation. are 
consistently found in certain types of cancer. The balanced 
1(15;17)(q22: q12-21) translocalion is highly correlated with acute 
promyelocytic leukemia (APL), and is often the only visible karyotypic 
aberration present. This translocalion is detected in as many as  90% of 
APL patients and has become the definitive marker for the disease. The 
chromosome 17 breakpoint in APL was recently mapped lo the retinoic 
acid receptor (RARj a gene, and Northern blotting analyses of RNAs 
from APL patients revealed aberrant RARa mRNAs when probed with 
RARa cDNA. These results suggest that the 1(15;17) translocation 
produces RARa-fusion gene products and that the fusion products 
contribute to the disease as the pathogenic agents. 
The aberrant RARa cDNAs from a 1(15;17) positive APL patient were 
isolated and characterized. The translocation fuses the R A R a  gene with a 
novel gene from chromosome 15, referred to as P M L .  The resulting 
fusion product is a cDNA encoding the DNA binding and ligand binding 
domain of RARa with an additional 394 amino acids in its amino- 
terminus from PML. The PML portion contains a striking cysteine-rich 
molif which is also conserved in several putative DNA-binding proteins, 
including the product of the recombination activating gene 1 (RAG-1). 
PML may represent a novel transcription factor. The structural 
leatures of PML-RAR suggest that the aberrant PML-RAR fusion protein 
interferes with either the PML or RAR transcription pathways. Coupled 
with the observation lhat patients with APL can be induced into 
remission with high dose all-trans retinoic acid (RA) therapy, we 
propose that the non-liganded PML-RAR is a new class of oncogene 
producl. Supporting the model, P M L - R A R  displays altered 
transcriptional response to retinoic acid in cell-type and promoter- 
specific manner in transient transfection assays. Accordingly, we 
propose that the transforming activity of PML-RAR may be reversed by 
all-trans RA treatment. resulting in myeloid differentiation to a non- 
leukemic state. 

*Akira Kakizuka, &#Ronald M. Evans 

B 1OOlGENE FUSION WITH AN ETS DOMAIN CAUSED BY 
CHROMOSOME TRANSLOCATION IN HUMAN TUMORS 

Delattre O . l ,  Zucman J.1, Plougastel B.1, Desmaze C.1, 
Melot T.', Peter M.1, Dejong P.2 , Aurias A.l and Thomas 
G.11 I. Curie, FRANCE: 2 LLNL, LIVERMORE, U S A. 

Ewing sarcoma (ES) and related subtypes of 
primitive neuroectodermal tumors share a recurrent, 
specific and cytogenetically identical t(ll;22)(q24;q12) 
chromosome translocation. The cloning of the 
breakpoints and the identification of phylogenetically 
conserved sequences in their viccinity have allowed 
identification of transcribed sequences and have shown 
that a hybrid transcript was generated by the 
translocation. Cloning of normal and fusion cDNAs has 
been achieved. On chromosome 22, the normal gene, 
termed E W S ,  encode a 656 aminoacids protein with 
homologies with RNA binding proteins. On chromosome 
11, the normal gene encodes a 452 aminoacids protein 
with homologies with the different members of the ETS 
family of transcription factors. More precisely, this 
gene represents the human homologue of the murine 
Fli-7 gene. In ES, a fusion transcript can be detected by 
Reverse transcriptase-PCR. Sequences of amplification 
products show that, in each case, the fusion is in-frame 
and alters the open reading frame of E W S  by 
substituting the sequence encoding the putative RNA- 
binding domain for that encoding the DNA binding domain 
of the FLI-7 gene. Depending on the positions of the 
breakpoints with respect to the location of exons on 
each chromosomes, different types of fusion transcript 
can be generated. 

B 1003 THE E2A-PBXl, t(1;19) TRANSLOCATION PROTEIN 
INDUCES A BLOCKED-DIFFERENTIATION PHENO- 

TYPE IN NORMAL MARROW MYELOID PROGENITORS. 
Mark P. Kamps and Dwaine Wright. University of California 
School of Medicine, Department of Pathology, San Diego, CA 
92093. 
The t( 1;19) translocation of pediamc pre-B cell leukemia forms the 
E2A-Pbxl chimeric transcription factor gene and induces the 
constitutive expression of the sequence-specific factor, E2A-Pbxl . 
Expression of E2A-Pbxl in NIH3T3 fibroblasts induces 
transformation. When E2A-Pbxl is inhuduced into normal mouse 
marrow progenitors, its constitutive expression results in myeloid 
leukemias, many of which are factor-dependent. Based on this 
observation, we investigated whether expression of E2A-Pbxl can 
block differentiation without affecting factor-dependence in the 
myeloid lineage. To assess such an activity, we infection of 
myeloid progenitors with an E2A-Pbxl retrovirus and grew them in 
the presence of GM-CSF, predicting that a myeloblastic outgrowth 
might result. In the presence of GM-CSF, control marrow 
progenitors proliferated and differentiated into neutrophils and 
macrophages, and ceased to grow within 4 weeks. However, when 
marrow progenitors were infected with the E2A-Pbxl retrovirus and 
grown in the presence of GM-CSF, myeloblastic populations of 
GM-CSF-dependent progenitors overgrew the cultures within 3 
weeks. These cells have now been cultivated in virro for 1 year. 
The myeloblastic outgrowths did not occur if marrow was infected 
with E2A-Pbxl v h s  and grown in the absence of GM-CSF or if 
marrow was infected with helper virus and grown in the presence of 
GM-CSF. All cell lines arising from E2A-Pbxl virus-infected 
marrow are clonal, express E2A-Pbxl protein, and are stnctly GM- 
CSF-dependent. IL3 does not substitute for their factor- 
dependence. 30 of 35 cell lines contain 2-20% neutrophil 
differentiation as assessed by nuclear morphology and 6 of 35 
clones exhibit both myeloid and T-cell surface antigens. Based on 
this data, we suggest that the role of EM-Pbxl in pre-B leukemia is 
to block or retard B-cell differentiation. 
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B 1004MOLECULAR CHARACTERIZATION OF DNA-BINDING 

CELLS OF PATIENTS WITH ATAXIA-TELANGIECTASIA, 
PROTEIN ABNORMALLY DISTRIBUTED WITHIN THE 

Kum Kum Khanna. Duygu Findik, Lu Hong and Martin Lavin, 
Molecular Oncology Unit, Queensland Institute of Medical 
Research, Bancroft Centre, 300 Herston Road, Brisbane, 
Australia 4029 
Ataxia-telangiectasia (A-T) is characterized by immunodeficiency, 
neurodegenerative changes, hypersensitivity to ionizing radiation 
and predisposition to cancer. We have recently described the 
appearance of a specific DNA binding protein in nuclei from 
human cells exposed to ionizing radiation (1). The DNA-binding 
protein was present in the cytoplasm of untreated cells, 
apparently being translocated to the nucleus in response to 
radiation exposure. This protein was originally identified by its 
ability to bind the 72bp distal respect of the SV40 enhancer and 
the protected motif was shown to be 5' ACCCTAACTGACA 3'. A 
similar activity is constitutively present in unirradiated nuclei of 
cells from patients with the human genetic disorder Ataxia- 
telangiectasia. Activity was shown to be present in unirradiated 
nuclear extracts from 3 A-T cell lines, but was not detected in 3 
controls. Purification of the binding activity from A-T nuclei and 
control cytoplasm by affinity chromatography gave rise to a set of 
4 similar sized bands on SDS-PAGE. Southwestem and UV 
crosslinking experiments revealed that a 70 kDa polypeptide had 
the highest affinity binding for both cell types. We obtained N- 
terminal and internal sequence for the 70 kDa protein. 
Oligonucleotides were synthesized based on amino acid 
sequence and cDNAs were generated using PCR employing 
gene specific primers and an oligo-dT adaptor primer. The 
sequence of the full length cDNA clones will be presented. It 
seems evident that this protein plays an important role in cellular 
response to radiation damage. 
Reference: Singh, S.P. and Lavin, M.F. (1990) Mol. Cell. Biol. 
10, 5279-5285. 

81006 CHARACTERIZATION OF A DNA RECOGNITION 
SEQUENCE FOR THE ONCOGENIC HOMEODOMAIN 

PROTEIN, E2A-PBXl. Qiang Lu and Mark P. Kamps. University 
of California San Diego, School of Medicine, Department of 
Pathology, LA Jolla, CA 92093. 

E2A-Pbxl has been identified as the chimeric gene product 
formed by the t(1;19)(q23;p13.3) chromosomal translocation, which 
occurs in 20% of pediatric pre-B cell acute lymphoblastic leukemias. 
EZA-Pbxl contains the transactivation domain of E2A and the 
homeodomain of an uncharacterized DNA-binding protein, 
designated Pbxl. EZA-Pbxl transforms NIH3T3 fibroblasts and 
produces myeloid leukemia in mice, presumably by altering 
transcription of genes normally regulated by Pbxl or other members 
of the PBX gene family. 

In preparation for determining the biochemical role of E2A- 
Pbxl as  a probable transcription factor, the sequence-specific binding 
of Pbxl was examined. Recombinant Pbxl protein strongly selected 
DNA sequences containing ATCAATCAA from populations of 
degenerate oligonucleotides. Both gel mobility shift analysis and 
DNA footprint analysis demonstrate that Pbxl binds this recognition 
sequence specifically. 

Current results using a CAT reporter gene driven by Pbxl- 
recognition sequences to assess the biochemical functions of Pbxl 
and EZA-Pbxl will be presented. 

B 1005 IDENTIFICATION OF A M L  1-MTGB FUSION 
TRANSCRIPTS GENERATED BY THE CHROMO- 

SOMAL TRANSLOCATION t(8;21) IN HUMAN ACUTE 
MYELOID LEUKEMIA, Tomoko Kozu, Hiroyuki Miyoshi. 
Kimiko Shimizu,'Nobuo Maseki, tYasuhiko Kaneko and Misao 
Ohki, Department of Immunology and Virology, Saitama Cancer 
Center Research Institute, 'Hematology Clinic, and tDepartment 
of Laboratory Medicine, Saitama Cancer Center Hospital, ha, 
Saitama 362, Japan. 
The chromosomal translocation t(8;21) is found frequently in 
acute myeloid leukemia(AML) with maturation (FAB-M2). We 
have previously mapped the translocation breakpoint of t(8;21) 
within a gene named AML 1 on chromosome 21. AML 7 encodes 
a human homologue of "runt", a pair-rule gene of Drosophila that 
encodes a transcription factor. From several circumstantial 
evidence, the 5' part of AMLl seems to play a crucial role in 
leukemogenesis. In this study, we cloned cDNAs synthesized 
from fusion transcripts of AMLl with a novel gene named MTGB 
on chromosome 8. The MTGB probes detected 7.8 kb and 6.2 kb 
transcripts in 4 patients carrying t(8;21), but failed to detect any 
transcript in peripheral blood, bone marrow cells and leukemic 
cells without t(8;21). These results suggest that 7.8 kb and 6.2 kb 
RNA correspond to AMLl -MTGB fusion transcripts and are 
associated with t(8;21). The junction of AML7-MTGB fusion on the 
mRNA level revealed by PCR were identical in 7 patients of 
t(8;21) AML, indicating that their fusion points on the DNA level 
are localized at a unique region. Since the PCR detection of the 
AML 7-MTGB mRNA fusion is highly sensitive, it can be used to 
develop a sensitive system for diagnosis and detection of minimal 
residual disease in t(8;21) leukemia. 

B 1007 

Kazuhiro Morishita., Tetsunori Funahiki, Evan Parganas, and lames 
N. Ihle. *Biol. Div.. Natl.,Cancer Center Re?. lnst. JAPAN, 
Department of Biochemisuy, St. lode Children's Research Hospital, 
MemphisTN USA 

The Evi-I(Ecotropic yiral integration site 1) geee is a poleahl 
proto-oncogene in murine myeloid leukemias activated ty rmviral  
insertions in Evi-l locus(l), and in human myeloid leukemias 
activated hy chromosomal rearrangements(2). The Evi-1 protein 
contains seven zinc finger repeats at N-terminal, three repeats and 
an acidic domain at C-terminal end. To determine the hinding 
consensus sequence to the Evi-1 protein, we used randem 
oligonucleotides hascd on the CASTing method(Qclic Amplification 
and Selection of Targets). which used GST-fusion pmtein m detect 
hinding sequares We fmnd a 15 and a 9 hase consensus sequences, 
respectively. The first DNA hinding domain hound 10 
GACAAGATAAGATAA, hut the second DNA hiisequ- wae 
GAAGATGAG. The GST-fusion protein to the DNA binding domain 1 did 
not hind to the second DNA consensus sequence, hut GST-fusion 
pmtein to second DNA bindiig domain hound to first DNA hindiig 
sequence with low affinity. Furthennore, DNA hiding affinity of 
these two hinding consensus sequences to full length-Evi-1 protein 
represented that the fust DNA hinding sequence is little higher in 
affinity with full Evi-1 protein than that of second hinding 
sequences. 

sequences are involved in transcriptional regulation, we inserted 
these consensus sequences in various combinations hefore the CAT TK 
promoter construct or others, 
uanscriptional regulation of Ed-1 protein hy using these 
constructs to transfecr fihlohlasts or hematopoietic cell lines. 

(1)Morishita et al., Cell 54833-840, 1988 
(2)Morishita et al., Roc. Natl. Acad. Sci. 89:3937-3941. 1992 

Evi-1 zinc finger protein in murine and human myeloid 
leukemias: DNA hindig and transcriptional regulation. 

In order to determine whether these hw DNA hindii  consensus 

and are currently investigating the 
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81008 THE REGULATION OF EXPRESSION OF THE 
RETINOBLASTOMA SUSCEPTIBILITY GENE. Nicole 

Osifchin', Toshiyuki Sakaiz, Douglas Schuererl, Seong-Jin Kim3 and Paul 
D. Robbinsl, ]Department of Molecular Genetics and Biochemistry, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261, 
2Department of Preventative Medicine. Kyoto Prefectural University, 
Kyoto, 602, Japan and 3Laboratory of Chemoprevention, National Cancer 
Institute, Bethesda, MD 20892. 
Inactivation of the retinoblastoma tumor suppressor gene (Rb) has been 
implicated in the pathogenesis of a variety of human tumors. Although 
most mutations in Rh associated with tumorigenesis involve the smctural 
gene, a small subset of familial retinoblastomas contain mutations in the 
promoter region alone, demonsmting the importance of the Rb promoter in 
maintaining normal cell growth. Two Rb promoter point mutants derived 
from familial retinoblastoma patients have been described which are 
associated with reduced transcription and which lie in potential Spl  and 
ATF consensus sites. In gel shift assays we have observed binding of Spl 
and a yet uncharacterized factor, RBF-1, to the first wild-type sequence and 
binding of members of the ATF family to the second wild-type sequence. 
We are currently examining the effects of the ATFs on transcription from 
the Rb promoter. Our results suggest that at least one member of the ATF 
family, ATF-2, can functionally regulate Rb promoter activity. We have 
previously demonsmted that Rb protein can positively regulate transcription 
mediated by Spl  and ATF-2. Consistent with both this previous 
observation and the fact that Spl  and ATF-2 can bind to the Rb promoter, 
we have demonstrated that Rb can positively autoregulate its own 
expression in CCL64 cells. Analysis of the cis-acting element(s) and tram- 
acting factor(s) responsible for conferring positive regulation by Rb to the 
Rb promoter will be presented. 

The p53 tumor suppressor protein is a transcriptional activator. 
Since potential targets for activation by p53 are genes that encode growth 
inhibitory factors such as Rb, we have examined the effect of p53 on Rb 
promoter activity. In transient uansfection assays in CCL-64 cells we have 
observed that p53 can activate Rb promoter activity at low input doses of a 
human p53 expression plasmid. In contrast, p53 is able to repress Rb 
promoter activity at high input doses of the p53 expression plasmid. We 
have mapped the p53 positive regulatory element to a region 3' to the Spl  
and ATF-2 binding sites that contains a potential p53 consensus binding 
site. The region conferring negative regulation by p53 appears to lie within 
the basal transcriptional region of the promoter and studies are currently 
underway to identify specifically the cb-acting sequences responsible. 

B 1010 EXPRESSION OF THE a W I L M S '  TUMOR 

Ulrich Rode&, Anna Bossler, Ullrich Graeven, Hans 
Menssen, & Csaba Kari, The Wistar Institute of Amtomy 
and Biology, 3601 Spruce Street, Philadelphia, Pennsylvania, 
USA [ U.R., A.B., C.K., U.G.]; Freie Unioersitiit Berlin, 
Berlin, Federal Republic of Germany fHM.1 
W e  detected expression of the Wilms' tumor wtl gene in 
cultured human melanoma cells at the mRNA and 
protein levels. Using RNA polymerase chain reaction 
analysis, -transcripts were detected in 7 of 9 
melanoma cell lines; by contrast, none of 5 normal 
melanocyte strains expressed wtl at  detectable levels. In 
Northern blot analysis, steady state wtl &A levels 
were found in 2 of 4 melanoma lines investigated bu t  not  
in normal melanocytes. WTl protein was expressed by  5 
of 5 melanoma cells, but  was undetectable in normal 
melanocytes. In transient co-transfection assays of 
various melanoma cell lines, the  wild-type WTl protein 
invariably acted as a transcriptional repressor on the 
PDGF-A chain promoter which contains a WTl binding 
site. RNA PCR analysis of the entire coding region of 
- w t l  expressed by melanoma cell line WM 902-8 revealed 
no gross alterations in the wtl structure. This cell line 
expressed a splice variant described earlier in fetal 
kidney and Wilms' tumors (Splice I; Haber e t  al., PNAS 
(USA) 88:961&9622,1991). Sequence analysis of PCR 
products is under  way. Our results indicate that 
gene expression is not restricted to  malignant urogenital 
cells and may be associated with tumor progression in  
melanoma. 

GENE BY HUMAN MELANOMA CELLS, 

B1009 THYMIC T-CELL LYMPHOMA IN act-2 
TRANSGENIC MICE, Xiaofeng Qin, 

HeikYung Suh, Jay Wayne, Ziva Misulovin, 
Thomas Gerster*, Robert G. Roeder+and Michel C. 
Nussenzweig, Howard Hughes Medical Institute, The 
Rockefeller University, New York, NY 10021, 
*Biozentrum der Universitat Basel, CH-4058 Basel, 
Switzerland, +The Rockefeller University, New York, NY 
10021 
POU-homeo proteins have been implicated in the early 
developmental processes of lymphoid and neuronal cell 
lineages. Here, we report on the oncogenic potency of a 
POU-homeo domain transcription factor. Transgenic 
mice that express a POU domain polypeptide derived 
from the human oct-2 developed thymic lymphoma. 50% 
of the animals that carry the transgene developed 
lymphoma by four months of age. The lymphomas are 
composed of immature thymocytes that represent a 
number of developmental intermediates and can be 
maintained as stable cell lines. In addition to  
tumorgenesis, the transgene caused severe 
premalignant perturbation of T lymphocyte development 
in the thymus. There was progressive loss of the 
CD,CD8 double positive population and accumulation of 
early undifferentiated precursor cells. Although the 
transgene expressed at a similar level in mature 
peripheral T cells, the structure and function of the 
peripheral compartment appeared to be unaltered. 
These findings should help further our understanding of 
the role of POU-homeo proteins in regulating 
lymphocyte development. 

B 1011 T H E  HIV-1 T A T  PROTEIN TRANSACTIVATES THE 
INTERLEUKIN-6 GENE, Giuseppe Scala, Maria R. 

Ruocco, Massimo Mallardo, Battista Squitieri. Francesca 
Baldassarre. Vincenzo Giordano. Salvatore Venuta*, and Ileana 
Quinto. Departement of Biochemistry and Medical Biothecnology. 
University of Naples "Federico 11" Naples; Departernent of 
Clinical and Experimental Medicine, University of Reggio 
Calabria, Catanzaro. Italy. 
The human immunodeficiency virus l(HIVl)-tnfection is 
associated with various clinical features, including severe 
psoriasis, B-cell lymphoma and Kaposi's sarcoma. For these 
diseases, a pathogenetic role for a deregulated production of 
interleukin-6 (IL6) has been proposed. The molecular 
mechanisms underlaying the abnormal IL6 secretion of HIVI- 
infected cells and patients are obscure and may require a 
transactivating function of HIVI gene product on IL6 gene. This 
hypothesis was tested by utilising the pIL6Pr-CAT plasmid. a IL4 
promoter-CAT construct, as a target for the transactivating 
function of the HlVl TAT protein. This plasmid was obtained by 
inserting the BamH1-Xhol 5' upstream sequences of IL4 gene, 
excised from pGEM B672A plasmid, into compatible sites of 
pEMBL-CAT plasmid. By cotransfecting pIL6Pr-CAT and pSVT8 
plasmid, a tat-expressing eukaryotic vector, i n  MC3 B- 
lymphoblastoid or in epithelial HeLa cells, we show that TAT 
transactivates the human IL6 promoter. The results were 
confirmed when pIL6Pr-CAT was transiently expressed in MC3 or 
HeLa cells costitutively expressing the tat gene in sense or 
antisense orientation. The biological relevance of the tat- 
induced IL6 expression was tested by generating bulk cultures of 
7TD1 cells, an 116-dependent mouse cell line, stably expressing 
the tat gene. These Tat-positive cells expressed the endogenous 
IL6 gene, secreted consistent amounts of murine 1L6 and grew 
efficiently in absence of exogenous IL6. Moreover, these tat- 
positive 7TDl cells were able to sustain the growth of parental 
7TDl cells and showed a dramatic increase in their tumorigenic 
potency. These results suggest that TAT proteins may play a role 
in the pathogenesis of some HIVI-associated diseases by 
regulating the expression of host cellular genes. This work was 
supported by grants from AIDS project, AIRC and CNR. 
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61012 INTERACTION OF HTLV-1 Tax1 WITH SRF CAUSES 
THE ABERRANT INDUCTION OF CELLULAR IMMEDIATE EARLY 
GENES THROUGH CArG BOXES, Motoharu Seiki, Haruo 
Tsuchiya, Tatsuya Chuhjo and Masahiro Fujii, 
Department of Molecular Virology and Oncology, 
Cancer Research Institute, Kanazawa University, 
13-1, Takara-machi, Kanazawa, JAPAN 
Taxl of human T-cell leukemia virus type 1 (HTLV- 
1) is a transcriptional activator for viral gene 
expression and is also a transforming protein 
through inducing the expression of several 
cellular genes under the control of mitogenic 
signals. We identified the CArG boxes as a Taxl- 
responsive cis-element for the cellular immediate 
early genes, c-fos, egr-1, and egr-2. Using a 
chimeric protein consisting of the CArG-binding 
factor, p67SRF, and the heterologous DNA-binding 
domain of a yeast transcription factor GAL4, we 
demonstrated that Tax1 activates the 
transcriptional activity of p67SRF through the 
GAL4 binding site. The C-terminal half of p67SRF, 
which lacks domains for DNA-binding, dimerization, 
and ternary complex formation with p62TCF, was 
sufficient for the activation by Taxl. Taxl 
produced in E,  coli bound p67SRF in vitro. The 
complex formation in vivo was also indicated by 
the evidence that the acidic activation domain of 
VP16,  by fusing to p67SRF, can complement the 
transcriptional activation function of a mutant 
Taxl in trans.  Thus, Taxl activates the CArG- 
mediated transcription without mitogenic signals 
through interaction with a CArG-binding factor 
~ 6 7 ~ ~ ~ .  This must be one of the primary steps by 
which Taxl causes aberration in growth control of 
the infected cells. 

Genes & Development, in press. 

Late Abstracts 
CHARACERISATION OF A CELLULAR 'IRANSCRtPTION 
FACTOR WHICH CO-ORDINATES CELL C Y C L E  EVENTS 
TRANSCRIf'TION. Lkuntha R. Bandarn and Nicholas B. IA 

Thmgue. MRC N.rionpl IO!JtlNEC for Mcdlul  K e m h .  Mill Hill. 
London, NWI IAA 

The sequence-specific transcription factor. DRTFl. is 

parietal endoderm cells. DRTFI. which binds to the E2F motif. 
associates with a number of othu non-DNA binding proleins mch .s 
the minoblastom (umut suppressor gene pmducr and the ~ laod  plol 
protein. This complex is dissociated by the Wansfowning pmlcins of 
several DNA Nmow viruses, far cxampk, the ndcnovixus Elr and 
SV40 large f antigen, mkming the free form of this trpnscripcion frmr. 
which pdominates in stem cells. Morcover. mutant Rb alleles which 

to DRTFl . 

dm-r rp Iu l .4  Tp crrrhyullal c ~ ~ n U 0 ~  S l l l l l  Cells diffacnbtC u) 

have lost the cspcity to Rgulao glDvnh C d  praeiIS thal fad 10 bind 

II is L t i u r r r  Iliac syclln A rrplrtes at least frvo kin= N ~ C S ,  

p33CdL2 which M widely bclisral w k nccc- tor 
progression bough mitosis and S phase rcspectively. C y c h  A llro 

p34&*. to DRTFl . The ability of cyclin A to pctivatc and wt r 4 
cyck kinpce to thin uanscription factor will probably play UI impomnt 
mle in regulating cell cycle progression and dcfmes a m e c h ~ s m  of 
r d o n  for coupling cell cyck events to cnnrription. 

p W k 2  

fomr a rrtblc eompl*x with DR'ITI m i  b &Is ran111 p.t-ra,  mt 

B 1013 c-ABL BINDS TO THE C-MYC PROMOTER, Kurt 
C. Sizer and Linda M. Boxer. Department of 

Medicine, Stanford University School of Medicine and 
Veterans Administration Medical Center, Stanford. 
CA 94305 
c-abl has recently been reported to bind to a specific 
DNA sequence: the mutant abl protein, p2 10 bcr-abl, 
found in chronic myelogenous leukemia does not 
bind to DNA. By in  vivo footprinting we have 
determined that a protein binds to  a sequence in the 
c-myc promoter which resembles  the  c-abl 
consensus sequence. This binding s i te  shares 
homology with the c-abl binding s i te  in the hepatitis 
B virus enhancer. Gel shift analysis with the c-myc 
promoter binding s i te  and Molt-4 T cell nuclear 
extract revealed a pattern similar to that seen on gel 
shift with c-abl and the c-abl binding s i te  f rom the 
hepatits B virus enhancer. Further. these sequences 
were found to cross compete for protein binding. 
UV-crosslinking demonstrated that  the  protein 
which binds to the c-myc region has a molecular 
mass of 140 kd. which is the same as that of c-abl. 
An anti-abl antibody recognized the gel shif t  
complex formed with the c-myc promoter fragment. 
Transient transfection experiments  a r e  being 
performed to assess the functional significance of the 
c-abl binding s i te  and to determine what role c-abl 
plays in the transcriptional control of c-myc. 

EPITAXIAI, GROWTH OF RNA POLYMERASE II 
CRYSTALS: A P0TE"IUU.Y GENERAL APPROACH TO 
sTRucr[TRAI. PROBLEMS. Edwards, AM*, Darst, Sk#, 
Hussey, D., Li. Y. and Kornberg, RD. *Department of 
Biochemistry, MCMaster University. Hamilton, Ontario, 
#Rockefeller University, New York, NY and Department of 
Cd Biology, S t a d m i  University, stanford, CA 

Two-dimensional (ZD) crystab of a wide variety of proteins 
can be formed on a lipid monolayer. These crystals are 
suitable for analysis by electron microscopy and image 
processing. Using these tcebPiques, we have lolved the 
structure of RNA polymerase II @ol II) to a resolution of 16k 
In the course of our studies on RNA polymerase, we 
discovered that, under certain conditions, polymerase 
cryst++ in a multilayered form ofthat presumably grew in 
an epltanal fashon from the 21) aystals. W e  explored the 
possibility that lipid layer 2D crystals in general might 
nucleate the growth of 3D crystals for X-ray -action 
experiments and obselved that 2D crystals of both 
strepbvidin and pol 11, the only cases tested so far, effectively 
nucleated the growth of large 3D crystals. The details of 
these experiments will be described. The relative ease with 
which 2D crystals can be grown on lipid layers, the propensity 
of the crystals to grow epitaxially and our success with two 
unrelated proteins suggests a general and practical way to 
grow protein ayatals for X-ray diffraction experiments. 
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ISOLATION OF cDNA CLONES ENCODING 
PROTEINS THAT SPECIFICALLY INTERACT WITH 

THYROID HORMONE RECEPTOR Jae Woon Lee and David D. 
Moore, Department of Molecular R 
Hospital, Boston, MA 021 14 
We have obtained cDNA clones encoding proteins that 
specifically interact with the thyroid hormone receptor by using a 
yeast genetic system developed in the laboratory of Dr. Roger 
Brent. This system, similar to an approach described by Fields 
and Song (Nature 340, 245-246, 1989), allows direct genetic 
selection for proteins capable of interacting with a desired protein. 
In short, a transcriptionally inactive IexAlTR chimera consisting of 
the intact lexA fused to the ligand binding domain of TR was 
expressed in yeast strain in which expression of the LEU2 gene is 
dependent on binding of an activator to upstream lexA operators. 
When an additional chimeric protein consisting of a potent 
transcriptional activation domain fused to a protein capable of 
interacting specifically with the IexAlTR chimera is introduced into 
cells, LEU2 gene expression is activated and leucine is not 
required for growth. A plasmid cDNA library in which the inserted 
sequences are fused to a transcriptional activation domain (B42) 
was introduced into these yeast cells with or without thyroid 
hormone T3. A number of leucine independent colonies that 
contained candidate TR-interacting cDNAs were obtained in both 
conditions. Characterization of these initial clones has identified at 
least 14 distinct cDNAs. Five have strong homology to proteins 
that function in the nucleus. The others have no apparent 
homology to known proteins in current databank. Remarkably, 
nearly all the cDNAs showed very strong dependence on 
hormone for interaction. The basic characterization of these new 
cDNA clones is under progress. 

jy,MaSSaChUSettS General 

DUALFUNCIIONAL~OFUPSTREAMREGULATOR 
OF HEPATITIS B VIRAL CORE GENE, Ling-PaiTing 

and Chiou-Hwa Yuh. Graduate Institute of Microbiology and 
Immunology, National Yang-Ming Medical college. Shih-Pai, Taipei, 
Taiwan, ROC 
Regulation of gene expression is determined by factors that bind to 
specific DNA sequences in the promoter and/or enhancer regions to 
stimulate or repress the basal transcription. We now reported that a 
106-base pair (bp) regulatory element upstream of the basal core 
promoter (BCP) of hepatitis B virus (HBV) has a dual function: it 
stimulates the transcriptional activity of endogeous BCP in a position- 
and orientation-dependent manner, while activates the heterologous 
simian virus 40 early promoter (SVp) in a position- and orientatim- 
independent manner. We bclieve. this is the fmt example that one 
gene's upsmam activator is another gene's enhancer. Funher analysis 
shows b o x a  which.is a indispensable pan of a bipartite stNctUre of 
the enhancer, could also serve as an upstream activator. Mutational 
analysis reveals the identical sequence requirement for both functions. 
The fact that not all basal transcription machinery is identical for all 
promoters may explain why BCP and SVp respond to the sequence, 
i.e. boxa, differently. 

HIP-114 A MEMBER OF THE SNFUSWIP 
FAMILY OF DNA HELICASES THAT BINDS TO 

THE SV40 ENHANCER. P.L. Sheridan, M. Schorpp, W.L. 
Brown, and K. Jones, The Salk Institute, La Jolla, CA 92037. 

The SNF2/SWI2 protein functions as a global activator 
of RNA pol I1 transcription in yeast and is a member of a 
newly-emerging family of a putative DNA helicases. We 
have isolated a cDNA clone encoding a human DNA-binding 
protein (HIP116) that is homologous to SNF2/SWI2 in a 
region that spans seven co-linearly distributed domains 
commonly found in DNA helicases and includes a variant 
type of D-E-A-D box, D-E-G-H. In addition, HIP116 contains a 
putative zinc finger or zinc cluster structure similar to that 
found in a distinct family of nuclear regulatory proteins, as 
well as a separate N-terminal DNA-binding domain. 
Recombinant HIP116, expressed and purified from bacteria, 
was found to bind specifically to the initiator region of the 
HIV-1 promoter and to an extensive region of the SV40 
enhancer in DNase I footprint experiments. This HIP116 
binding site on the SV40 enhancer overlaps the binding sites 
for the Oct-1 and TEF-1 transcription factors. Interestingly, 
polyclonal antiserum raised against HIP116 specifically and 
quantitatively shifted a protein-SV40 DNA complex in HeLa 
nuclear extracts that is identical in its DNA-binding specificity 
to that reported previously for the TEF-1 enhancer factor. By 
contrast, the anti-HIP antiserum did not affect complexes 
formed between the Oct-1 protein and the Sph motif, nor the 
binding of TEF-1 to its distinct site on the SV40 GT-IIC motif. 
These findings indicate that HIP116 binds directly to this 
domain of the SV40 enhancer, potentially in a complex with 
the TEF-1 transcription factor. We propose that the activity or 
local structure of the SV40 enhancer might be affected by a 
member of the SNFZ/SWIL subfamily of proposed DNA 
helicases that is capable of binding directly to the enhancex. 
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