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Phospholipase C and PI Signalling 
F 001 PHOSPHATIDYLINOSITOL PATHWAYS IN GROWTH AND TRANSFORMATION. 

Christopher Carpenter, Brian Drucker', , Neil Rudeman* Morris White, Brian 
Schaffhausens, and Thomas Roberts' . Department of Physiology, Tufts University School 
of Medicine, Boston, MA 02111; 'Dept. of Pathology, Harvard University School of 
Medicine, Boston, MA 02215; 6Joslin Diabetes Center, Harvard Medical School, Boston, MA 
02215; *Diabetes and Metabolism Division, Boston University School of Medicine, Boston 
MA 02118; Dept. of Biochemistry, Tufts University School of Medicine, Boston, MA 02111. 
Two different enzymes which act on polyphosphoinositides htlve been found to directly 
associate with and be phosphorylated on tyrosine by the PDGF receptor; PI specific 
phospholipase C-gamma and Phosphatidylinositol-3 kinase (PI-3 kinase). 
discovered because of its co-immunoprecipation with the polyoma middle t/pp60C-"C 
complex (Whitman & d., 1985 Nature 315, 239). The same enzyme was later found to 
associate with the platelet derived growth factor (PDGF) receptor (Kaplan & d.. 1987, 
__ CELL -. 50, 1021). 
myo-inositol moiety of phosphatidylinositol w a s  unexpected and indicated the existence of s 
new phosphatidylinositol (PI) sioal transduction pathway not involving 
inositol-1,4,5-trisphosphate (Whitman & .1., 1988 Nature 332, 644). The purified PI-3 
kinase phosphorylates PI, phosphatidylinositol-4--phosphate and 
phosphatidylinositol-4,5-bisphosphate. In all three reactions the phosphate appears t o  be 
added at the D-3 position of the inositol ring. Phosphatidylinositol-3-phosphate is 
present in unstimulated cells at about 3% the level of phosphatidylinositol-4-phosphate and 
only small changes in its level are obmerved upon stimulation with PDOF. However, 
phosphatidylinositol-3,4-bisphosphate and phosphatidylinositol-trisphosphate ere completely 
absent in unstimulated cells and appear within a minut.e of stimulation by PDGF (Auger & a,, 1989 CELL 57, 167). Polyoma middle t transformed fibroblasts have elevated levels of 
PI-3,4-P2 and PIP3 even under conditions of serum starvation and high density. 
Recently we have shown that in addition to the PDGF receptor, two other growth factor 
receptors in the protein--tyrosine kinase family, the insulin receptor and the colony 
stimulating factor-1 receptor, physically associate with and activate the PI-3 kinase. The 
possibility that PI-3 kinase produces second messengers for growth regulation will be 
discussed. 

Lewis Cantley, Leslie Serunian, Kurt Auger, Lj-uba Vsrticovski, Rosanna Kapeller, 

PI-3 kinase was 

The finding that this enzyme phosphorylates the D--3 position of the 

F 002 EPIDERMAL GROWTH FACTOR DEPENDENT PHOSPHORYLATION OF PHOSPHOLIPASE C-y, Graham 
Carpenter, Matthew Wahl, Shunzo Nishibe and William Grizzle, Department of Biochemistry, 
Vanderbilt University School of Medicine, Nashville, TN 37232-0146. Epidermal growth factor 
(EGF) treatment of A-431 cells produces a rapid increase in inositol trisphosphate (IP,) 
levels which is independent, initially, of extracellular calcium and subject to modulation 
by protein kinase C activity (1). Coincident with this metabolic response is the enhanced 
phosphorylation of a particular phospholipase C isozyme (PLC-y) (2). Growth factor treatment 
leads to increased phosphorylation of PLC-.I at multiple tyrosine residues plus a serine 
residue(s). Specific tyrosine phosphorylation of PLC-y by the EGF receptor can be 
demonstrated in vitrp, as isoforms PLC-6 and PLC-fl do not serve as phosphorylation substrates 
( 3 ) .  Interestingly, PLC-7 is unique among the isoforrns o f  PLC in that it contains sequences 
recognized in other proteins involved in growth regulation as homology regions. Given 
this background, more recent data will be presented to deal with various aspects o f  this 
potential signaling system for certain growth factors, such as EGF and PDGF. 

1. Wahl, M. and Carpenter, G. (1988) J. m. m. 263: 7581-7590. 
2. Wahl et al. (1989) Proc. Natl. &&. m. 86: 1568-1572; Meisenhelder et al. (1989) Cell 
57: 1109-1122; Margolis et al. (1989) 57: 1101-1107; Wahl et al. (1989) Molec Cell. 
- Biol. 9: 2934-2943. 
3. Nishibe et al. (1989) J. m. &el!. 264: 10335-10338. 
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F 003 REGULATION O F  I’HOSI’HO1,IPASE C ISOZY MES BY PROTEIN KINASES, Sue (;OO 
Rhee, Lh-Iljun Kim, Jae Won Kim, and llee Sook Kim, SIH,  NIILBI, Bethesda, M D  208’92 

Molecular cloning data available up until now suggest that PI-specific phospholipase C (PIAC) 
comprises a large number of super families which can be dibided into four subtypes, PLC-a,  fi, 
y, and 6. a, 60-68 kDa; R, 
110-150 kDa; y, 145.118 kDa; and 6, 85-88 kDa. Their primary structures a re  so different that 
they a re  immunologically distinct from each other. The four types of isoqrnes a re  expressed 
differently between tissues, between indi\ idual cells, and during debelopment. Thus, different 
modes of regulation may exist for the isoLjnies. 

The four types of e n q m e s  a r e  quite dissimilar in molecular size: 

It is well established that a t  least one of the y type enfjnies  is directly phosphorylated at  
multiple sites by growth factor receptor tyrosine kinases. These tyrosine phosphorylations 
appear to be necessary for the growth factor-dependent stimulation of InsP, formation. 

The formation of InsP, is significantly inhibited in a variety of tissues and cells pretreated 
with phorbol ester. In C,Hul and PC-I2 cells, both of which contain at  least three types of 
PLC ( 8 ,  y, and 6) ,  onl) PLC-II was phosphorylated at serine in response to phorbol ester. This 
may represent a mechanism by which diacylgljcerol, a product of PLC, feedback regulates P I X  
actit ity. 

There a r e  nunierous reports suggesting the exibtence of cross-talks between cAtMP and PI- 
signaling pathways. Specific phosphorylation of PIX-y  both in vivo and in vitro by CAMP- 
dependent kinase (PKA) suggests that the sites of CAMP action includes the phosphorylation of 
PLC-y. 

Nebertheless, PLC enzjmes phosphorjlated b y  either EGF-receptor, PKA, o r  PKC in vilro 
exhibited no changes in the catalytic actibity. This might be due to the fact that the phos- 
phorylations alter PLC activity in a manner dependent on other modulatory protein factors that 
were not present in the in vifro assay system. 

Tyrosine Kinase Signalling Mechanisms 
F 004 FUNCTIONAL DOMAINS OF THE EPIDERIAL GROWTH FACTOR RECEPTOR, Gordon N. Gill, 

Department of Medicine, University of California, San Diego, School of Medicine, 
La Jolla. California 92093 
Many growth factors stimulate mitogenesis by binding to members of a family of cell surface 
receptors that possess protein tyrosine kinase activity. The mechanism of signal 
transduction and specifically the role of ligand-induced receptor internalization in signal 
transduction have remained undefined. We have located the distal boundary of the tyrosine 
kinase domain of the EGF receptor and have shown that this corresponds to an intron-exon 
boundary in the gene. The C‘ terminal domain distal to this boundary contains four 
identified sites of tyrosine self-phosphorylation. The C ’  terminus is proposed t o  be a 
regulatory domain with self-phosphorylativn at these sites removing an alternate substrate/ 
inhibitory constraint. C ’  terminal truncated ECF receptors lacking the region of self- 
phosphorylation demonstrate EGF-dependent tyrosine phosphorylation of cell substrates, 
supporting the hypothesis that self-phasphorylation is limited to the regulatory C‘ terminus 
and that non-self-phosphorylated EGF receptors are active in vivo. The distal part of the 
C‘ terminus is the primary inhibitory domain. A distinct sequence proximal to this is 
required for EGF-dependent receptor internalization leading to down-regulation and 
degradation. Within this receptor domain an 18 amino acid highly negatively charged region 
of predicted helical structure bounded by turns is required for both endocytosis via a high 
affinity saturable pathway and for lieand-stimulated increases in cytosolic calcium. Because 
of its r o l e  in increasing cell calcium and in receptor internalization, this domain is 
referred to as the CaIn domain. Identification of this domain allowed generation of kinase 
active internalizatioil defective receptors hlien transfected into null recipient B82 and 
!:I16 cells, these effectively signaled eene transcription and growth. The dose-response 
curves for growth were shifted to chc left approximately one order o f  magnitude as would be 
predicted for a nonattenuating receptor. The receptors lacking the CaIn domain demonstrated 
ligand-dependent formation of transformed foci in monolayer culture and o f  colonies in soft 
agar. Studies with these C ’  terminal truncated receptors support the hypothesis that the 
mitogenic responses to EGF are mediated via activation of the intrinsic protein tyrosine 
kinase activity of the membrane bound receptor with ligand-induced internalization serving 
to attenuate signalin& In the absence of attenuation, enhanced growth responses and 
transformation result. 
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F 005 PROTEIN-TYROSINE KINASES AND THEIR TARGETS, Tony Hunter, Kathy Gould, 
Rick Lindberg, Dave Middlemas, Jill Meisenhelder, and Peter van der Geer, Molecular Biology and 
Virology Laboratory, The Salk Institute, P.O. Box 85800, San Diego, CA 92138 

Protein phos horyiation is a major mechanism whereby signals are transduced from external stimuli into cellular 
responses. h&nz growth factor receptors are ligand-activated protein-tyrosine kinases (PTK), while other PTKs, 
such as pp6OC-’ , located on the inside of the plasma membrane may also be involved in signal transduction. We 
have identified novel PTKs by screening cDNA libraries with oligonucleotide probes to consensus sequences. In 
this wa we have isolated are 2 novcl receptor-like PTKs. One of these, eck, was isolated from a HcLa cell library. 
eck R d A  is predominantly expressed in tissues containing proliferatin epithelial cells (skin, lung and intestine), 
and in epithelially-derived cell lines. Thc predicted eck protein, has 97f residues, and is closely related to the e h 
and elk receptor-like PTKs. Antibodies raised against a TrpE-eck fusion protein immunoprecipitate a 125 k 6 a  
projein,from epithelial cell lines. This rotein is phosphorylated on tyrosine in an  immune complex kinase assay, 
indicating that the eck protein is a P A .  Immunostainin methods are being used to localize the eck protein in 
tissue sections. In collaboration with Dennis Slamon ( J C L A  we have found that the eck gene is amplified in 
about 20% of human breast carcinomas. A second putative P d  Irk-B, was isolated from a rat cerebellar library. 
The predicted frk-B protein has 810 amino acids, and it is closely related to but distinct from the rrk receptor-like 
PTK. rrk-B is exclusively expressed in brain, as a series of RNAs ranging from 13 to 0.8 kb. The smaller RNAs are 
clearly too short to encode the intact protein. Analysis of additional rrk-B cDNAs indicates that there are mRNAs 
which encode a protein truncated just downstream of the transmembrane domain, with a short novel C terminus. 
We are currently investigating the distribution of the two types of mRNA in the brain, and trying to identify their 
protein products, and determine whether the full length protein has PTK activit We have also be un to analyse 

hosphorylation sites in the CSF-1 receptor, a well-characterized PTK receptor. &‘e have identifiedgryr 706 in the 
Einase insert, as a major site of CSF-I-induced autophosphorylation. There is no evidence that Tyr 969 near the C 
terminus is phosphorylated. We are assessing the effects of mutation of Tyr 706 on CSF-1 receptor function. 

To learn more about signal transduction mechanisms we are attemptins to identif substrates for PTKs. 
Several substrates associated with the submembraneous cytoskeleton have been Identified. l h n  ( 81), a substrate 
for both the E G F  receptor and p60v-src PTKs, resides in the core of surface microvilli. With f o n y  Bretscher 
(Cornell), we have isolated a full Tength human ezrin cDNA clone. The predicted se uence of ezrin p81 shows that 
I t  IS likely to have globular regions at its N and C terminus connected by an a-heqical region. The N-terminal 
domain has 37% identity to the N-terminal domain of the red cell cytoskeletal protein, band 4.1, which binds to 
glycophorin via this region. We are carrying out site-directed muta enesis to determine whether this region of 
ezrin has a similar function. In collaboration with Sue Goo Rhee (NI& we have recently identified phospholipase 
C-7 (PLC-7) as a substrate for the PDGF and E G F  rece tors in vivo and in vitro. PLC-7 is rapidly and extensively 
phos ho lated on Tyr and Ser when quiescent NIH 3’& cells are treated with PDGF, and this may account for 
the P%G?-induced PI turnover. A fraction of PLC-7 is found associated with the activated PDGF receptor. We 
are currently analysing a series of additional proteins that are found in a complex with PLC-7. 

F 006 TRANSFORMING POTENTIAL OF GROWTH FACTOR RECEPTORS, Axel Ullrichl, Robert 
Hudziak2, Sharon Massoglia2, James Lee2, Dennis Slamon3, and Joseph Schlessingefi, ‘Max- 

Planck-Institut fur Biochemie, 8033 Martinsried, West Germany; %enentech, Inc., South San Francisco, CA 
94080; 3Division of Hematology-Oncology, UCLA School of Medicine, Los Angeies, CA 90024; 4Rorer 
Biotechnology, King of Prussia, PA 19406 

Using cloned growth factor receptor cDNAs and structural information of both normal receptors and their 
oncogenic derivatives, we have investigated alternative scenarios that result in receptor-mediated cellular 
transformation. We find that certain structural alterations, including truncations, deletions and point mutations, 
in the EGF receptor can contribute to the induction of a transformed phenotype on transfected NIH 3T3 cells. 
Furthermore, increased expression levels in conjunction with activation by the ligand results in efficient 
transformation by epidermal growth factor receptor and HERUneu. Growth factor receptor gene amplification 
and overexpression appears to be a frequent characteristic of primary mammary carcinomas and correlates 
statistically with patient survival and tumor recurrence. 

Various approaches designed to analyze basic mechanisms underlying normal growth factor receptor-mediated 
signalling and their subversion in the wnsfomed cell and in malignant cancer will be discussed. 
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Signalling in the Immune System 
FOOT CD4 AND CD8 SIGNAL TRANSDUCTION IN HUMAN T LYMPHOCYTES 

Peter A. Thompsonl,3, Ivan D. Horakl.2, Anne L. Burkhardtl2, Eva M. Horakl, 
and Joseph B. Bolenl, Laboratory of Tumor Virus Biologyl , Medicine Branchz, and 
NCI-Navy Medical Oncology Branchs, National Cancer Institute. Bethesda, 
Maryland 20892. 

Mature T lymphocytes can be  divided inlo two mutually exclusive subsels based upon the expression of 
the CD4 and CDB surface glycoproteins. While CD4+ T-cells generally possess a helper phenotype and 
CD8+ T-cells generally possess a cytotoxic phenotype, CD4 and CD8 expression physiologically 
correlates with the capacity of a given T-cell to interact with non-polymorphic determinants of class 
(CD8) and class II (CD4) molecules on the surface of antigen presenting cells - an event thought to 
normally be critical for T-cell activation. Several lines of evidence suggest that CD4 and CDB are 
capable of generating signals in T-cells that are important for T-cell receptor dependent activation 
events. The most compelling support for this view is the observation that both CD4 and CDB are 
associated with the lymphocyte-specific tyrosine protein kinase, p561ck. These non-covalent complexes 
have been demonstrated to be  capable of signal generation as evidenced by increased p56lck protein 
kinase activity and rapid tyrosine phosphorylation of several T-cell proteins following CD4 engagement 
on the cell surface.  O n e  of the putative target proteins for p561ck has been shown to be the 5 subunit of 
the T-cell receptor thereby providing an example of how CD4 might transmit a signal to other 
membrane proteins through the function of its associated kinase molecule. However, the variety of 
responses by T-cells to CD4 and CDB surface engagement thought to be  independent of T-cell receptor 
mediation indicate that defining additional substrates for the CD4-p561ck and CD8-p561Ck complexes is 
important for our understanding of the full range of CD4- and CD8-dependent signals. The 
identification and  characterization of several of these putative substrates will be discussed as will 
other factors that appear to independently regulate the activity of p561ck in T-cells. 

F 008 T-CELL ACTIVATION: MULTIPLE KINASES CONTROLLED BY A COMPLEX SIGNALLING 
APPARATUS, Richard D. Klausner, Stuart Frank, Jonathan Ashwell, Jeffrey Siege1 and 

Lawrence E. Samelson, Cell Biology and Metabolism, NICHD, National Institutes of Health, Bethesda, 
Maryland. 

The physiologic activation of T lymphocytes is an extremely complicated process involving the 
interaction of an antigen presenting cell with surface molecules present on the T cell. Many of these 
interactions are mediated via the T cell antigen receptor complex (TCR). This receptor is a complex 
of at least seven transmembrane chains composed of three distinct genetic groups of subunits. One 
group is responsible for ligand recognition, the other two groups, CD3 and zeta/eta are presumably 
involved in activation of the receptor and coupling to signal transduction pathways. We have been 
recently performing reconstitution and mutagenesis studies of the receptor complex in order to model 
information flow through the complex. This has allowed to us to propose a unique role for the zeta 
homodimer in tranducing the signal produced by receptor occupancy to the CD3 coupling complex. In 
addition the presence of two distinct subsets of receptors determined by the presence or absence of a 
zeta/eta heterodimer has been correlated with coupling to at least two distinct receptor pathways. 
Receptors containing eta are required for coupling to phosphatidylinositide hydrolysis while eta is not 
required for the activation of a receptor associated tyrosine kinase. The phosphatidylinositide pathway 
activates protein kinase C and this is responsible for the phosphorylation and activation of the C-raf 
proto-oncogene. In addition a non-PKC, serine kinase pathway that does not involve the TCR results 
i n  activation of C-raf as a consequence of presenting cell/ T cell interaction. We have recently 
identified the c-fyn proto-oncogene as the tyrosine kinase most likely to be directly activated by the 
receptor. This is demonstrated by a physical association between the receptor and c-fyn and the 
ability of receptor/c-fyn complexes to tyrosine phosphorylate the receptor in vitro. Multiple cellular 
substrates are phosphorylated on tyrosine residues in response to T cell activation and differences in 
both the kinetics and pharmacology of phosphorylation of substrates suggest a complex series of 
tyrosine kinase activation pathways. Finally T cell activation results in unusual iiitraccllular 
redistribution of the CD45 tyrosine phosphatase and the implications of this for signal transduction 
will be discussed. 
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F 009 THE ROLE OF CD45 ( T200, L-CA ) IN LYMPHOCYTE FUNCTION, Ian ?,.Trowbridge, Hanne 
L. Ostergaard, Deborah A. Shackelford, Tamara R. Hurley, Pauline Johnson, Robert Hyman and 

Bartholomew M. Sefton, Department of Cancer Biology and Molecular Biology and Virology Laboratory, The 
Salk Institute, La Jolla, CA 92037 
CD45 is a family of major leukocyte-specific cell surface glycoproteins expressed exclusively on hematopoietic 
cells. Isoforms of CD4S are generated by the alternative splicing of three exons, each encoding = 50 amino acids 
that are inserted near the amino terminus of the molecule. Different isofoms of CD45 are selectively expressed 
on specific subpopulations of hematopoietic cells, and changes in the pattern of expression of CD45 isofoms in T 
cells also occur upon antigenic stimulation. CD45 is also distinguished by a large, highly conserved, cytoplasmic 
domain of 705 amino acids that can be subdivided into two related subdomains of = 300 amino acids. Recently, 
each of these subdomains was shown to have 30.40% identity with a soluble human placentd protein-tyrosine 
phosphatase (PTPase) and CD4S isolated from human spleen was found to have intrinsic PTPase activityl.2. We 
have analyzed the PTPase activity of individual isoforms of murine CD45 and truncated forms of the molecule3. 
Each of the known isoforms of murine CD4S has an equivalent basal level of PTPase activity and the cytoplasmic 
domain of CD45 produced as a secreted protein in a baculovirus system has intrinsic enzymatic activity. Further, 
the availability of three independent sets of parental CD45+, mutant CD45-, and revertant CD45+ lymphoma cells 
has allowed us to search for in vivo substrates of the CD45 PTPase activity by comparing the phosphotyrosine- 
containing proteins in CD45+ and CD45- cells. The results of this analysis indicate that loss of CD45 in the 
mutant lymphoma cells correlates with increased phosphorylation of the src-related leukocyte-specific tyrosine 
protein kinase p56ick at Tyr 505, a putative negative regulatory site. Previous studies using monoclonal antibodies 
have implicated CD45 in a variety of lymphocyte functions including proliferative responses and signal 
transduction. Our data suggest that one possible mechanism by which CD45 might play a role in lymphocyte 
growth regulation is by directly, or indirectly, modifying the kinase activity of pS6'ck. The level of expression of 
CD4S does not change dramatically during hematopoietic development implying that its PTPase activity is subject 
to regulation. The structure of CD45 is analogous in many respects to that of the growth factor protein tyrosine 
kinase receptors suggesting that it plays a similar role in signal transduction through regulation of its PTPase 
activity by an external ligand. It is probable that CD45 is member of a family of related receptor PTPases some of 
which may be found widely distributed in a variety of tissues and organisms. 

1. Charbonneau, H., Tonks, N. K., Walsh, K. A,, and Fischer, E. H. (1988) Proc. Nutl. Acud. Sci. USA 
85, 7182-7186. 

2. Tonks, N. K., Charbonneau, H., Diltz, C. D., Fischer, E. H. and Walsh. K. A. (1988) Biochemistry 
27, 8696-8701. 

3. Ostergaard, H.L., Shackelford, D. A., Hurley, T. R., Johnson, P. Hyman, R., Sefton, B. M. , and 
Trowbridge I .  S. (1989) Proc Narl. Acad. Sci. USA 86, in press. 

Serine Threonine Protein K inases  
F 010 THE REGULATION OF pp9@ A HIGHLY CONSERVED MITOGEN-RESPONSIVE SERINE- 

SPECIFIC PROTEIN KINASE, Raymond L. Enkson, David Alcorta, Laurel J. Sweet, Timothy J. 
Martins and Terry Vik, Department of Cellular and Developniental Biology, Harvard University, Cambridge, MA 
02138. Reversible protein phosphorylation is believed to play a major role in the response of cells to mitogens. 
Although in many cases the initial event involves the activation of tyrosine-specific protein kinases this signal 
rapidly results in the activation of serine/threonine-specific protein kinases. Indeed in viva tyrosine 
phosphorylation of proteins is rarely seen in the absence of additional modification by serinehhreonine 
phosphorylation. We are interested in the molecular connection between the two major classes of protein kinases 
and have obtained cDNA clones for a major serine-specific enzyme originally identified as a fibosomal protein S6 
- kinase ~) (1,2,3). The product of this gene, pp9(@, and a Mr=65,000-70,000 enzyme appear to be major 
contributors to S6 phosphorylation in cultured cells. Recombinant baculoviruses have been used to express I& 
products in insect cells with or without gene products that may activate the enzyme. We find that v - s  has the 
capacity to achieve at least a 5,000 fold activation of pp90'sk. Under these conditions, pp9"'Sk is phosphorylated 
on tyrosine but we have no evidence this has physiological relevance. In this regard a kinase activity has been 
identified in mitogen-stimulated chicken cells that phosphorylates pp9@ on threonine residues in a manner 
similar to MAP kinase (4). The mechanisms of & activation and its potential to phosphorylate other substrates 
will be discussed. 

1. Erikson, E. and Maller, J.L., Roc. Natl. Acad. Sci. USA 82:742-746, 1985. 
2. Jones S.W., Erikson, E., Blenis, J., Maller, J.L. and Erikson, R.L., Proc. Natl. Acad. Sci. USA 

89. 
8, 1988 
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Signalling in Single Cell Organisms 
F o l 1  POSTTRANSLATIONAL MODIFICATIONS AT THE C-TERMINUS OF SIGNALLING PROTEINS 

Steven Clarke, Department of Chemistry and Biochemistry and the Molecular Biology 
Institute, UCLA, Lo5 Angeles, CA 90024 

In collaboration with D r s .  Robert Deschenes (Univ. Iowa) and Jeffry Stock (Princeton 
Univ.), we have studied the structure and function of covalent modifications of ras 
oncogene products that occur at the carboxyl-terminus. We originally hypothesized that the 
lipidation, methyl esterification, and proteolytic cleavage reactions involved in the 
maturation of fungal peptidyl sex factors would a l s o  occur in proteins that had similar 
Cys-Xaa-Xaa-Xaa C-terminal sequences (11, We demonstrated that the mammalian Ha-ras and 
the yeast RASZ products are methylated in reactions consistent with the esterification of 
C-terminal cysteine residues (1,2). Work in other laboratories has supported this 
hypothesis ( 3 , 4 )  and has shown that the lipidation reactions may involve both fatty acyl 
and isoprenoid groups ( 4 1 .  We are presently determining the complete covalent structure of 
the C-terminus of the yeast PAS2 protein as a step in the elucidation of the physiological 
role of these modifications in the signalling function of the ras proteins. 
The cGMP phosphodiesterase of retinal rods also contains a initial Cys-Xaa-Xaa-Xaa C- 

terminal sequence. In collaboration with Dr. Bernard Fung (UCLA), we have now established 
that this enzyme is also methyl esterified at a C-terminal cysteine residue and that this 
region is involved in its binding to the membrane ( 5 1 .  We proposed that the methylation 
and the possible lipidation of this protein may p l a y  a crucial role in positioning it in 
the rod outer segment disks for interacting with transducin in the phototransduction 
process. Finally, evidence has been obtained f o r  a similar type of methylation reaction in 
a small molecular weight G-protein from brain (6) and in a potentially similar protein from 
retinal rods 1 7 1 .  

1. 

2. 

3. 

4. 
5 .  

6. 
7 .  

Clarke, S . ,  Vogel. J.P. Deschenes, R . J . ,  and Stock, J. (1988) Proc. Natl. Acad. Sci .  

Deschenes, R.J., Stimmel, J.B., Clarke, S., Stock, J., and Broach, J.R. (1989) J. 

Anderegg, R.J., Betz, R., Carr, S.A., Crabb, J.W., and Duntze, W. (1988) J. B i o l .  

Hancock, J.F.. Magee, A.I., Childs, J.E., and Marshall, C.J. (19891 C e l l  57 ,  1167-1177. 
Ong, 0. C., Ota, I. M., Clarke, S., and Fung, 8. K.-K. 11989) PIOC. Natl. Acad. Sci. 

Yamane, H. K. and Fung. 8. K.-K. (1989) J. Biol. Chem. 2 6 4 ,  in press. 
Ota, 1. M. and Clarke, S .  (19891 J. B i o l .  Chem. 2 6 4 ,  12879-12884. 

U. S ,  A. 85.  4643-4647. 

B i o l .  Chem. 2 6 4 ,  11865-11873. 

Chem. 263 ,  18236-18240. 

U. S .  A .  8 6 ,  in press. 

F 012 --ACTING FACTORS REQUIRED FOR PEPTIDE HORMONE-INDUCED 
GENE EXPRESSION IN YEAST, Frederick S .  Gimble, Jennifer L. Davis, Miriam S .  Hasson, 
Elisabeth T. Barfod and Jeremy Thorner, Division of Biochemistry and Molecular Biology, 
University of California, Berkeley CA 94720. Mating between haploid cells of the yeast 
Sacchuromyces cerevisiae requires induction by peptide mating pheromones of the expression of a 
number of genes whose products are essential for the mating process. We have shown previously 
that a tandem repeat of an 8-bp sequence is both necess;uy and sufficient to serve as a pheromone- 
dependent upsweam activation sequence. We have termed this 8-bp site the "pheromone response 
element" (or PRE). We have identified an activity in yeast extracts that binds to the PRE in a 
sequence-specific manner and have purified this factor, which we have called the PRE-binding 
factor (or PBF), to near-homogeneity by ammonium sulfate fractionation and subsequent 
chromatography on heparin-agarose, Cibacron blue-agarose, and an oligonucleotide affinity resin. 
Punfied PBF is a 50,000 MW protein whose specific binding to PREs can be detected by gel 
mobility shift, by covalent cross-linking to a 5 BrdU-containing PRE, and by probing of protein 
blots with labelled PRE sequences. PBF binds directly to PRE sites, as demonstrated by DNAse I 
protection assays. PBF binding activity is found at essentially equivalent levels in both haploid 
cell types and in diploids. At least one other transcription factor required for expression of cell 
type-specific genes, the MCMl gene product, is also found in all three cell types. PBF level does 
not appear to change in response to pheromone stimulation; covalent modification of PBF has not 
yet been examined. PBF can be punfied from mutant cells that lack either functional STEI2 or 
STES gene products, which are candidate DNA-binding proteins and required for basal expression 
and pheromone induction of cell type-specific genes. One of these gene products, STEl2 ,  has 
been shown to encode a protein that is capable of binding to PRE sequences (Dolan et al., 1989; 
Errede & Ammerer, 1989). PBF may act as a repressor to prevent occupancy of PRE sites by 
STEI2 product; alternatively, hetero-oligomers of PBF and STE12 may exhibit a higher affinity 
for PRE sites and/or greater transcriptional activation capacity. Overproduction of either STES 
product (or =El2 product; S .  Fields, personal communication) leads to elevated expression of 
pheromone-inducible genes, even in the absence of hormone, suggesting that these factors are 
primary mediators of the distal end of the pheromone response pathway. Supported by Damon 
Runyon Postdoctoral Fellowship DRG909 to F.S.G., by American Cancer Society Postdoctoral 
Fellowship PF3308 to J.L.D., by N M  Predoctoral Traineeship GM08295 to M.S.H., by NIH 
Postdoctoral Traineeship GM09041 to E.T.B., and by NM Research Grant GM21841 to J.T. 
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Mitogenesis 
F 013 G-PROTEIN COUPLED RECEPTORS AND GROWTH CONTROL - A REEVALUATION OF 

THE ROLE OF POLYPHOSPHOINOSITIDE BREAKDOWN. Jacques POUYSSEGUR, 
Cather ine KAHAN and Klaus SEUWEN, Centre de Biochimie du CNRS, Fuculte des 
Sciences, Parc Vulrose a6034 Nice - France. 
Receptor-tyrosine kinases, G-protein coupled receptors and ligand-activated ionic channels 
represent three major classes of transmembrane signalling molecules. The first two are involved in 
signalling cell growth. Although there is no doubt that receptor and non-receptor tyrosine kinases 
play a key role in initiating cell cycle entry and sustaining cell proliferation, the nature of the G- 
protein controlled effector-systems that stimulate DNA synthesis in response to thrombin, serotonin, 
bombesin, angiotensin, histamine, etc., in various cell types, is not fully understood. These growth 
promoting agents share in common the capacity to activate polyphosphoinositide specific 
phospholipase C (PIP2-PLC), an effector system generally accepted as determinant in growth 
stimulation. However, because a given hormone often “co-activates” several effector systems, 
probablyvia distinct receptor subtypes, we consider that the real contribution of activated PIP2-PLC 
in growth control has not yet been resolved with certainty. To examine this question, we decided to 
reconstitute, step by step, signalling pathways which trigger DNA replication by transfection of 
single G-protein coupled receptor genes: an-adrenergic-R coupled negatively to adenylyl cyclase 
(AC) via Gi, and muscarinic HMI-R and serotoninergic 5-HTlc-R both coupled to PIP2-PLC via Gp. 
These receptors were stably expressed in the Chinese hamster lung cell line, CCL39, that does not 
respond to adrenergic or muscarinic agonists and that can be growth-arrested in GO efficiently. 
First, we show that the Gi-activated pathway (measured by inhibition of AC) is essential for the 
mitogenic action of serotonin, thrombin or epinephrine in 1x2-R-expressing cells. However, alone, 
this pathway has no effect on cell cycle entry. 
Second, we show that in HM1-R- and 5-HTlc-R-expressing cells, carbachol or serotonin, like 
thrombin, can induce a strong PIP2-PLC activation and subsequent Ca++ transient, pHi rise and 
early immediate gene transcription (fos, c-jun). However, in contrast to thrombin, carbachol- or 
serotonin-stimulated cells are not able to enter the cell cycle. Furthermore, persistent PIP2-PLC 
activation does not prevent cycling cells from returning to the growth-arrested state GO upon serum 
deprivation. 
Therefore we conclude that alone, or in combination, the Gi- and Gp-activated pathways cannot 
drive cells into the cell cycle. Activation of a tyrosine kinase (EGF-R, FGF-R) is required to reveal 
the mitogenic potential of these effector systems. Consequently, besides Gi- (i AC) and Gp-(T PLC) 
activated pathways, thrombin must activate an additional effector system which permits GO- 
arrested cells to progress into the S-phase. We favor the idea that this effector is a tyrosine kinase. 

F 014 SIGNAL TRANSDUCTION BY NORMAL AND ONCOGENIC ALLELES ( c - h )  ENCODING THE HUMAN COLONY- 
STIMULATING FACTOR 1 RECEPTOR (CSF-1R). Charles J. Sherr,’,’ Gary Borzillo,’ Jun-ya 

Kate,',' James R. Downing,’,3 and Martine F. Roussel,* Howard Hughes Medical Institute’ and 
Depts. of Tumor Cell Biology‘ and Pathology,3 St. Jude Children’s Research Hospital, Memphis, 
Tennessee 38105 
In adult animals, the receptor for CSF-1 is restricted in its expression to monocytes, macro- 
phages, and their committed bone marrow progenitors. Transduction of the human c-fms proto- 
oncogene into PDGF-dependent murine fibroblasts, interleukin-3 dependent myeloid cells, and 
stromally-dependent immature B cells in long term culture enables them to proliferate in 
response to human recombinant CSF-1. Therefore, the lineage specificity of the normal CSF-l 
response is primarily regulated through receptor synthesis and not by other interacting compo- 
nents of the mitogenic machinery which are more ubiquitously expressed. A consequence is that 
the v-fms oncoprotein, a mutated form of CSF-1R that exhibits ligand-independent tyrosine 
kinase activity, can transform many different cell types, ultimately inducing the formation 
of factor-independent, tumorigenic variants by a nonautocrine mechanism. A serine to lrucine 
substitution at codon 301 in the extracellular domain of human CSF-lR is sufficient to acti- 
vate its ligand-independent transforming activity. Glutamic acid, threonine, o r  proline 
substitutions at position 301 each induced ligand-independent transformation, whereas merhio~ 
nine, cysteine, phenylalanine, o r  lysine replacements did not. Studies with art independent 
sarcomavirus isolate suggest that mutations at alternative sites can substitute for codon 301 
mutations in inducing oncogenic transformation. A kinase-defective receptor containing a 
methionine for lysine substitution at its ATP binding site [CSF-lR(met616)] was nonrnitogenic 
and did not undergo downmodulation in response to CSF-1. In contrast, CSF-lR(met6lh) w a s  
phosphorylated on tyrosine in trans and rapidly downmodulated when coexpressed in vivo with 
enzymatically-competent CSF-lR, implying that CSF-1 induces receptor aggregation, cross- 
phosphorylation of CSF-1R monomers, and internalization of stably associated complexes. 
Activation of the CSF-1R kinase leads to the phosphorylation of a series of cellular s u h -  
strates on tyrosine, at least some of which are important for mitogenesis. Unlike the PDGF 
and EGF receptors, CSF-1R does not phosphorylate phospholipase C--yl, or mobilize soluble 
inositides and calcium. In contrast, agents that induce protein kinase C activate a proteasc 
that cleaves CSF-1R near its transmembrane segment, releasing the intact ligand-binding domain 
from the cell and generating a fragment representing the kinase domain which is rapidly 
degraded. We suggest that transmodulation of CSF-1R during macrophage activation precludes 
their mitogenic response to CSF-1 and limits their survival at sites of inflammation. 
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Signalling by Cell-Cell Contact 
F 015 REGULATION OF EARLY XENOPUS DEVELOPMENT BY GROWTH FACTORS: 

SENSE AND ANTI-SENSE 
David Kimelman, Department of Biochemistry SJ-70, 
University of Washington, Seattle, WA 98195 

Pre-ectodermal blastomeres from a Xenopus embryo can be converted 
to mesoderm by the addition of basic fibroblast growth factor (bFGF) and 
transforming growth factor-p (TGF-P). Among the members of the TGF-P 
family, TGF-P2 is able to induce mesoderm whereas TGF-PI can not induce 
mesoderm but can function synergistically with bFGF to enhance the 
formation of mesodermal cell types. bFGF and its receptor are present in the 
early embryo, strongly suggesting that bFGF is a natural mesodermal 
inducer. However the presence of the bFGF protein in the embryo prior to 
cellularization, and the lack of a secretory signal sequence in the amino acid 
sequence of bFGF, raise many questions as to its mechanism of action during 
em bryogenesis. 

Three transcripts are produced from the bFGF gene in the oocyte. The 
predominant transcript is transcribed in the opposite direction to that 
encoding bFGF. This “anti-sense” RNA causes the covalent modification of 
the transcript encoding bFGF during the maturation of the oocyte converting 
approximately half of the adenosine residues to inosine in the region where 
the two transcripts overlap. The function of this modification is still not 
understood, but may be related to the degradation of the bFGF transcript 
during this stage of development. In addition, the anti-sense transcript 
encodes a putative 25 kd protein that appears to be highly conserved in 
mammals. This protein has no homolog in the sequence database. 
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Signalling Mechanisms with G Proteins, G Protein-Coupled Receptors and 
Phospholipase C and PI Mechanisms 

Floe SELECTIVE INHIBITION OF BOTH THE PDGF RECEPTOR TYROSINE KINASE AND 
PDCF-DEPENDENT PHOSPHOLIPASE C ACTIVATION BY STAUROSPORINE IN SWISS 3T3 CELLS. 

J. Paul Secrist. Inder Sehgal, Richard Olsen. Garth Povis, and Robert T. Abraham. 
Departments of Immunology and Pharmacology, Mayo Clinic/Foundation, Rochester, MN 5 5 9 0 5 .  
The binding of PDGF to specific receptors (PDGF-R) expressed on quiescent fibroblasts 
initiates the generation of transmembrane signals that culminate in cellular proliferation. 
Proximal events linked to mitogenic signal transmission from ligand-bound PDGF-R are 
stimulation of the receptor tyrosine kinase activity and phosphoinositide hydrolysis due to 
activation of phospholipase C (PLC). Recent data indicate that PLC-y is a substrate for the 
PDCF-R tyrosine kinase; however, the relationship between tyrosine phosphorylation on PLC-y 
and PLC activation by PDGF remains unclear. In this study, we demonstrate that the protein 
kinase inhibitor, staurosporine, is a potent inhibitor of the PDGF-R tyrosine kinase 
activity in Swiss mouse 3T3 fibroblasts. Staurosporine (0.1-1 pM) pretreatment inhibits 
PDGF-dependent tyrosine phosphorylation of both the PDGF-R and PLC-7. 
staurosporine concomitantly blocks PDGF-dependent PLC accivation and the subsequent increase 
in intracellular free Ca" concentration ([Ca2'],). 
[Ca2'], increase induced by bradykinin, which do not involve tyrosine kinase activation, are 
staurosporine-insensitive. Thus, staurosporine is a selective inhibitor of both the 
phosphorylation of PLC on tyrosine residues and the stimulation of phosphoinositide 
hydrolysis induced by ligand-bound PDGF-R . These data strongly suggest a causal 
relationship between PLC-y phosphorylation and PLC activation in PDGF-stimulated 
fibroblasts. Supported by CA42286 (GP) and DCB-8616001 (RTA). 

Furthermore, 

In contrast, the PLC activation and 

~ 1 0 1  1ns(1,3,4,5)~4 INDUCES THE REUPTAKE OF Caz+ RELEASED BY I~s(z,~,s)P~ IN THE SEA 
URCHIN TRYPTNEUSTES GRATILLA, Alton L.  Boynton and Timothy D. Hill, Cancer 

Research Center of Hawaii, University of Hawaii, Honolulu, HI 96813. 
Ins(1,3,4,5)Pq is derived from phosphorylation of the second messenger Ins(1,4,5)P3 by a 
Ca2+/calmodulin dependent kinase. 
both mammalian and most non-mammalian cells. However, the physiological role of 
Ins(1,3,4,5)Pq is still not fully understood although we have recently demonstrated that 
it induces the sequestration of CaZt into an Ins(1,4,5)P3 sensitive pool using 
electropermeable cells. Our results demonstrate that in sea urchin eggs microinjected 
with fura 2 that Ins(1,4,5)P3 induces the release and sequestration of CaZt while 
Ins(2,4,5)P3 induces only the release o f  Ca2+ presumably due to its inability to be 
metabolized. However, the microinjection of both Ins(2,4,5)P3 and Ins(l,3,4,5)Pq induces 
the release and sequestration o f  Cazt in a time frame similar to the response elicited by 
Ins(1,4,5)P 
internal Caji pools and thus a high intracellular Ca2+ concentration i s  returned to 
resting levels. 
storage pools sensitive to Ins(1,4,5)P3 as shown in mammalian cells. 

Ins(1,4,5)P3 releases Cazt from intracellular stores in 

Thus, Ins(1,3,4,5)Pq stimulates t h e  removal of intracellular CaEt into 

The Ca*+ removed from the cytosolic compartment might be used t o  refill 

F 102 ELEVATED LEVELS OF INSCLIN-SENSITIVE G L Y C O S Y L P H ~ S P H A T I D Y L - I ~ ~ O S I T O L  
I N  RAS_TRANSFOKMEC RAT-1  CELLS, B .M.T.  B u r g e r i n g  , 5.  Alemany , J.M. 

blato2, J .  L. BOS,  P e p a r t m e n t  fo r  ,\ lolecular Carcinogenesis,  b y l v i u s  Labora tory ,  Leiden, 
The Nether lands ,  Departemento de  Metabolismo, Nu t r i c i 6n  and  Hormonas, Fundac ibn  
Jimenez Diaz,  Madr id ,  Spain.  

Ce l ls  t rans fo rmed  b y  onco(ienes o f ten  d i sp lay  a l te ra t ions  in  ce l lu la r  concent ra t io r i  of 
phospho l ip ids ,  t hough t  to  be  i nvo l ved  in sigr ia l  t ransd i t c t i on  mechanisms. These changes 
ir,ay i nd ica te  the  i n v o l v e r w n t  o f  these oncogenes in  pa r t i cu la r  g r o w t h  fac to r - induced s igna l  
t ransduc ing  pa thways .  We have  a l ready  shown a poss ib le  invo lvement  o f  normal H - r a s  in 
the  i nsu l i n  s igna l l i ng  pa thway  and  t o  ex tend  t h i s  observa t ion  we inves t i ga ted  the  meta- 
hol ism o f  the  insu l in -sens i t i ve  g l ycosy l  phosphat idy l inos i to l  (P I -GIy )  in ras- t rans formed 
ra t -1  cel ls.  Ana lys is  o f  d i f f e ren t i a l l y  t rans fo rmed  ra t -1  cel ls revea led  t h a t 1 1  t h e  basal  
leve l  o f  P I -g l y  i s  e leva ted  in ras- t rans formed cel ls,  and  ( 2 )  t he  e leva t ion  cor re la tes  w i t h  
the  degree o f  t rans format ion .  T h e s e  and  o t h e r  resu l t s  p resen ted  p r o v i d e  an  example o f  
t he  biochemical  leve l  a t  wh ich  =-function a n d  i n s u l i n  s igna l  t ra r rsduc t ion  m igh t  b e  
connected. 
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F 103 EXAMINATION OF BRADYKININ-INDUCED [ca2+li CHANGES IN INDIVIDUAL 
HUMAN FIBROBLASTS BY IMAGE ANALYSIS, Kenneth L. Byron and Mitchel 

L. Villereal, Dept. of Pharmacological and Physiological Sciences, University 
of Chicago, Chicago, IL 60637. Image analysis of fura-2-loaded human foreskin 
fibroblasts was utilized to examine temporal changes in intracellular free 
Ca2+ concentration ( [Ca2+] i) in individual cells stimulated with lys-bradyki- 
nin (BK). Two components of BK-induced [Ca2+]i elevation, release of intra- 
cellular Ca2+ stores and entry of extracellular Ca2+, can be distinguished: 
the Ca2+ entry component is blocked by removal of external Ca2+ or by the 
addition of Ni2+, while release of intracellular Ca2+ occurs in the presence 
of Ni2+ or absence of extracellular Ca2+. BK-sensitive Ca2+ stores are emp- 
tied b exposure of the cells to BK in Ca2+-free medium: a second dose of BK 
in Ca2Y-free medium produces no elevation of [Ca2+]i. However, refilling of 
the Ca2+ stores can be accomplished by exposure of these cells to a pulse of 
extracellular Ca2+. This produces an elevation of [Ca2+] i which is sustained 
for the duration of the pulse. Followin this treatment, a BK-induced Ca2+- 
release can again be demonstrated in ca2'-free medium. Although extracellular 
Ca2+ is required for refilling of the BK-sensitive Ca2+ stores, an elevation 
of [Ca2+]i is apparently not required. Ni2+ completely blocks the elevation 
of [Ca2+]i during the refilling period without inhibiting refilling of the 
BK-sensitive pool: when cells are refilled with Ca2+ in the presence of Ni2+, 
subsequent exposure to BK in Ca2+-free medium induces an elevation o t  
[Ca2+]i. Supported by NIH grant G M - 2 8 3 5 9  and Training Grant 5T32 GM-07151. 

F 104 PURIFICATION OF PHOSPHOINOSITIDE-3 KINASE, Christopher 1. 
Carpenter,  Kurt  A.  Auger and Lewis C. Cantley, Department o f  

Physiology,  Tuf ts  Uniuersi ty School o f  Medic ine ,  Boston,  MA 0 2 1  1 1 .  
Phosphoinosit ide-3 k inase  ( P I - 3  k inase)  i s  a crucial  e n z y m e  in  signal 
transduction in cells transformed by u-src or  polyoma middle T antigen and in 
the  cellular response to PDGF or  insulin stimulation. Previous work  has 
implicated an  85kd phosphoprotein as PI-3 kinase. Using a six step procedure 
w e  haue purified PI-3 kinase from r a t  liver. The preparation i s  purified seueral 
thousand fold and phosphorylates phosphatidylinositol, phosphatidyl in~sitol -4-  
phosphate and phosphatidylinositol-4,5-bisphosphate. W e  have  renatured 
these actiuities from an SDS-PAGE gel. 

F 105 

Medical Institute, University of Washington, Seattle, WA 98195; 
Pasadena, CA 981125. Because Cazf mobilization and increases in phospholipase C (PLC) activity are 
associated with stimulation of the T lymphocyte antigen receptor/CD3 (TCR/CD3), i t  has frequently been 
suggested that all or part of the signals from this receptor are transmitted via a Gi protein. Pertussis Toxin 
(PT) destroys Gi signaling pathways because the S 1  subunit of the toxin is an ADP-ribosyltransferase that 
modifies, and inactivates, the  alpha subunit of Gi proteins. PT treatment has therefore been used to identify 
Gi-dependent pathways in many cell types, but its use in examining T cell signaling is complicated by the 
mitogenic properties of the toxin's B (non-catalytic) oligomer. To clarify the role of Gi proteins In 
TCRICD3 signaling and to investigate other possible functions of GI in  T cells, we have expressed the S 1 
subunit of PT in the thymocytes of transgenic mice using the lymphocyte-specific Irk promoter. S1 activity 
was easily demonstrated in thymocyte cell lysates of three transgenic lines. The thymuses of these mice were 
smaller than normal, and contained an elevated roportion of mature T cells. These mature thymic T cells 
responded to CD3 stimulation with normal Caz' mobilization and 1L2 secretion, strongly suggesting that Gi 
proteins are not involved in  signal transduction through CD3 or CD3-associated activation of PLC. The 
peripheral lymphoid organs contained very few T cells however, and this finding, together with the altered 
thymic phenotype, suggests that Gi proteins participate in some aspect of T cell differentiation unrclated to 
CD3 signalling. 

PERTUSSIS TOXIN EXPRESSIOp IN T CELLS OF+TRANSGENIC MICE Karen E. Chaffin, 
Chan R. Beals, Thomas M. Wilkie , Melvin I. Simon a2d Roger M. Perlmutter, Howard Hughes 

California Institute of Technology, 
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F 106 ALTERED SIGNAL TRANSDUCTION IN PDGF STIMULATED RAS TRANSFORMED 
FIBROBLASTS. Steve R. Coats and W. J. Pledger, Department of Cell Biology, Vanderbilt 

University School of Medicine, Nashville, TN 37232. We have transfected Ba lbb3T3  fibroblasts with 
either a EJ-ras construct or a plasmid containing the insert for c-ras. Other investigators have shown that EJ- 
ras transformed fibroblasts while expressing PDGF receptors, exhibit a marked decrease in inositol 
phosphate (IP) turnover when stimulated with PDGF. To further investigate this phenomena we examined 
different components of this second messenger system in our ras transformed fibroblasts. As compared to 
normal Balb/c-3T3 fibroblasts we observed an 80% and 35% reduction in PDGF binding to its receptor in 
the EJ-ras and c-ras transformed cells, respectively. The EJ-ras transformed cells exhibited a total loss of IP 
turnover upon PDGF stimulation while the c-ras cells had a normal increase in IP turnover when stimulated 
with PDGF. Both the EJ-ras and the c-ras transformed fibroblast had normal down regulation of the PDGF 
receptor when stimulated with PDGF at 37 degrees. The EJ-ras transformed cells showed decreased levels 
of PDGF-dependent autophosphorylation of the PDGF receptor, while the c-ras transformed fibroblasts 
have a constituitively phosphorylated receptor independent of PDGF stimulation. In vivo analysis of 
Phospholipase C gamma (PLC-8) phosphorylation showed that in  the EJ-ras transformed cells the 
phosphorylation of PLC-5 was PDGF dependent, while in the c-ras transformed cells PLC-X was 
constituitively phosphorylated. It appears that phosphorylation of the PDGF receptor and P L C 4  is not 
sufficient in the c-ras transformed cells to stimulate IP metabolism, as the c-ras transformed cells required 
the presence of PDGF for IP turnover. Anti-phosphotyrosine antibodies are being used to determine if the 
phosphorylations observed on PLC-Band the PDGF receptor are tyrosine specific. 

F 107 MULTIPLE SECOND MESSENGER PATHWAYS OF a-ADRENERGIC RECEPTOR SUBTYPES 
EXPRESSED IN EUKARYOTIC CELLS, S .  Cotecchia, D.A. Schwinn, J.W. Regan, M.G. Caron, 
R.J. Lefkowitz, HHMI, Duke Univ. Medical Center, Durham, NC 

The a-adrenergic receptors (AR) mediate the effects of catecholamines on 
cellular signalling systems via guanine nucleotide binding regulatory proteins 
(G-proteins). Recent molecular cloning studies have revealed that the a-AR are a 
family of at least four gene products, two alpha1 (alp. and a1B) and two alpha2 (a2 
C 4  and a2 ClO) AR subtypes. These receptors are structurally and pharmacologically 
different. Expression studies in eukaryotic cells of each a-AR subtype have indica- 
ted that both a2-ClO and a2-C4 couple primarily to the inhibition of adenylyl 
cyclase and to a lesser extent to the stimulation of polyphosphoinositide 
hydrolysis. Measurement of adenylyl cyclase activity in isolated cell membranes 
revealed that ap-Cl0 inhibits adenylyl cyclase more efficiently than a2-C4. The 
effects of the a 2 - m  on adenylyl cyclase inhibition and on polyphosphoinositide 
hydrolysis are both mediated by pertussis toxin sensitive G-proteins. The major 
coupling system of the al-adrenergic receptor is to the activation of phopholipase C 
via a pertussis toxin insensitive G-protein. al-Adrenergic receptor stimulation can 
also increase intracellular CAMP by a mechanism that does not involve direct activa- 
tion of adenylyl cyclase. These results indicate that, even though different 
receptor subtypes are functionally specialized in their interaction with distinct 
G-proteins, they can also activate multiple second messenger systems. 

F 108 ANGIOTENSIN I1 CAUSES PHOSPHATIDYLINOSITOL TURNOVER, CA2+ 
SIGNALLING AND 1,2-DIACYLGLYCEROLACCUT3ULATION BUT IS NOT MITOGENIC 

IN RAT LIVER T51B CELLS, Nicholas M. Dean and Alton L. Boynton, Basic Science 
Program, Cancer Center of Hawaii, 1236 Lauhala St., Honolulu, HI 96813. 
The "mas" oncogene has recently been identified as being a functional 
angiotensin receptor, raising the possibility that in addition to a role in 
electrolyte balence and cardiac function angiotensin might also function as 
a regulator of cell proliferation. Consequently we have determined whether 
angiotensin I1 is a mitogen in rat liver T51B cells and we have 
examined which phospholipid-derived second messengers are generated by this 
hormone. Both 20% serum and SOng/ml EGF are potent mitogens in T51B cells, 
however angiotensin I1 at no concentrations tested up to lOuM was able to 
increase DNA-synthesis. T51B cells contain functioning angiotensin receptors 
as we have found that addition of the hormone will raise intracellular Ca2+, 
cause an increase in phosphatidylinositol turnover and generate a sustained 
elevation in 1,2-diacylglycerol concentration. We were however, unable to 
find any changes in phosphatidylinositol(3)phosphate or an increase in the 
release of any choline metabolites. Our results demonstrate that the coupling 
of a receptor to phospholipase-C and the generation of the consequent signals 
is not by itself sufficient to promote DNA-synthesis. 



Receptor-Mediated Second Messenger Pathways 

F l o g  PURIFICATION AND CHARACTERIZATION OF AN 1-0-ALKYL-2-ARACHIDONYL- 

(PLAz) FROM HUMAN MONOCYTIC LEUKEMIC U-937 CELLS. Emilio Diez and Seymour 
PHOSPHATIDYLCHOLINE (1-0-ALKYL-2-FA-PC) HYDROLYTIC PHOSPHOLIPASE A2 

Mong. Department of Immunology, SK&F Laboratories, King of Prussia, 
Pennsylvania, 19406-0939 
The existence of an intracellular PLA2 for the synthesis of 1-0-alkyl- 
l y s o - p h o s p h a t i d y l c h o l i n e  (lyso-PAF) and free arachidonic acid (AA)  has been 
postulated. Several investigators have tried to address this issue by 
purifying such an enzyme, yet, it is still unclear that any of the several 
purified PLAz's are the candidate enzyme in the hydrolysis of 1-0-alkyl- 
2-AA-PC. Using radiolabeled 1-0-alkyl-2-AA-PC as a substrate, we have used a 
series of conventional and high-pressure liquid column chromatographic 
techniques and purified a PLAz from human monocytic U-937 cell cytosol to 
homogeneity. The purified PLAz has a molecular weight of 60 KD under 
reducing conditions by SDS-PAGE analysis. The pH optimum for enzymatic 
activity occurred at 8 . 5 ,  and the activity is calcium dependent. A minimum 
of 100 nM calcium is required, and the enzyme activity increased almost 10 
fold at 1 mM calcium. Under these conditions, this enzyme can hydrolyze 
1-0-alkyl-2-AA-PC and 1-stearoyl-2-FA-PC; however, the activity decreased 
dramatically when the sn-2 position of the substrate was replaced by fatty 
acids other than AA. These experimental observations suggest that the 
1-0-alkyl-PLA2 could be the postulated intracellular PLA2 responsible for 
the concomitant production of AA and lyso-PAF in human monocytes. 

F 110 ACTIVATED p 2 1 - 3  PROTEINS INHIBIT PDGF MITOGENIC SIGNAL 
TRANSDUCTION AND PDGF RECEPTOR AUTOPHOSPHORYLATION, 

Douglas V. Faller, James B. Rake, Laura Mundschau, and Michael Quinones, 
Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 02115 
The ras gene product has been suggested as a component of a growth factor 
signal transduction pathway. We have shown that the activated form of the 
ras p21 protein abrogates growth factor requirements for a variety of 
protein growth factors in their cognate cells. Furthermore, the presence 
of the = protein inhibits growth factor signal transduction at an early 
point in the pathway. Stimulation of fibroblasts containing v-= with 
PDGF-BB does not result in normally-asssociated inositol phosphate 
hydrolysis or the induction of growth-related gene transcription or mRNA 
stabilization (for c - w ,  c-fos, c - h ,  JE). PKC, phospholipase C and poly 
I:C remain able to Induce these genes in the presence of v - s .  The 
beta-type PDGF receptor is present on these v-- containing cells and is 
capable of binding PDGF-BB with normal affinity, but tyrosine phosphoryla- 
tion of this receptor subunit is blocked. The blocking of PDGF receptor 
autophosphorylation by p21 ras is transdominant and reversible, and a 
membrane-associated factor is responsible. Phenotypic revertants of the 
v-=-expressing cells (induced by either gene transfer or chemical treat- 
ment) demonstrate restoration of an intact PDGF signal transduction path- 
way. 

F 11 1 PURINERGIC RECEPTOR AGONISTS STIMULATE CA2+ MOBILIZATION IN 
HUMAN PROSTATE CARCINOMA CELL LINES, W.-G. Fang, C.E. Myers, and 
J.B Trepel, Medicine Branch, NCI, NIH, Bethesda. MD 20892 

Hormone-stimulated C a +  transients have not been described in prostate cells of benign or neoplastic origin. In 
studying the hormone responsiveness of two androgen-independent human prostatic carcinoma cell lines we 
found a rapid m s i e n t  increase in cytoplasmic free Caz+ ([Cntli) in response to purinergic receptor activation. 
The order of purinergic agonist potency was consistent with purinoceptors of the P2y subtype. Treatment with a 
maximal (100 N) concentration of ATP desensitized the receptor to subsequent purinergic activation. 
Chelation of extracellular Ca2+ decreased the peak magnitude of the Caz+ transient approximately 50%. 
Equivalent data were obtained with dihydmpyridine Ca2+ channel blockers and with Diltiazem. Verapamil was 
less active and the C a +  channel toxin wconotoxin was inactive. HPLC separation of inositol phosphates 
isolated from cells treated for 8 sec with lOOpM ATP showed an ATE'-stimulated inclease in IP3. The ATP- 
stimulated C a t  response was unchanged in isotonic medium containing 50 mM K+ and in medium in which 
Na+ was replaced by choline, suggesting that the C a t  response to ATP is not dependent on a resting 
membrane potential. The ATP response was inhibited by pretreatment with cholera toxin and to a lesser extent 
pertussis toxin. Flow cytomemc analysis of the Caz+ response at the single cell level demonstrated marked 
heterogeneity of purinergic responsiveness within these clonal cell lines. These data demonstrate that androgen 
independent prostate carcinoma cells express purinergic receptors coupled to phospholipase C, potentially 
through a cholera toxin sensitive G protein. The data suggest that activation of this receptor opens second 
messenger-activated dihydropyridine-sensitive Ca2+ channels, prolonging the purinergic Caz+ response. 
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F112 CHARACTERIZATION OF THE MURINE PANCREATIC KECEPTOR FOR GASTRIN RELEASING PEPTIDE. 
Bradford 0. Fanger and Arlene C. Wade, Merrell Dow Research Institute, 
Cincinnati, OH 45215-6300. 

The murine pancreatic receptor for bombesin and gastrin releasing peptide (GRP) has been 
characterized. Analysis of the binding of lZ51-GRP to membranes indicates a single 
class of sites (- 100 fmol/mg protein) with an affinity of 43 pM. L251-GRP was 
cross-linked to a 70 kDa membrane protein with bis(sulfosuccinimidy1)suberate; this 
labeling was completely blocked by GKP, GKP(14-17), AcCRP(20-27), neuromedin C, bombesin, 
and ranatensin, partially blocked by [ L e u ’ 3 ~ ( C H 2 N I ~ ) L e u ’ 4 ] b o m b e s i n ,  but was unaffected by 
GRP(21-27) and GRP(1-16). This pattern of competition was identical to that observed in 
binding studies with intact membranes, strongly indicating that the 70 kDa protein is the 
GRP receptor. In addition, the GRP receptor appears to be associated with a G-protein, 
since divalent cations are required for high affinity binding and nonhydrolyzable GTP 
analogs decrease the affinity of the receptor with little change in receptor number. I n  
minced pancreas, GRP increased inositol phosphates by 750% in a dose-dependent manner, 
implicating phospholipase C in signal transduction. The findings o f  this study indicate 
that the murine pancreatic receptor for hombesin/GRP is a 70 kDa membrane protein 
associated with a G-protein that stimulates pt~osphatidylinositol turnover. 

F113 SOLUBILILATION AND PURIFICAlION OF T H E  G R P  R E C E P T O R  I N  AN A C T I V E  FORM, 
R i c h a r d  I .  Feldman, James M. Wu. E l a i n a  Mann and James C .  Jenson, 
T r i t o n  B i o s c i e n c e s  I n c . ,  1501 Harbo r  Bay Pkw., Alameda C A  94501. 

The G R P  r e c e p t o r  was p u r i f i e d  t o  homogene i t y  f r o m  Swiss 3 T 3  f i b r o b l a s t  membranes. 
r e c e p t o r  was s o l u b i l i r e d  by  t h e  r w i t t e r i o n l c  d e t e r g e n t  CHAPS i n  a f o r m  t h a t  m a i n t a i n e d  i t s  
a b i l i t y  t o  b i n d  GRP. 
abou t  t h e  same as t h a t  measured f o r  t h e  r e c e p t o r  i n  i n t a c t  membranes ( K o , =  0.03 nM). 
a d d i t i o n ,  1 2 5 I - G R P  b i n d i n g  t o  t h e  s o l u b l e  r e c e p t o r  was competed by  a s e r i e s  o f  GRP- re la ted  
p e p t i d e s  w i t h  p o t e n c i e s  s i m i l a r  t o  t h o s e  obse rved  w i t h  t h e  membrane bound f o r m  o f  t h e  
r e c e p t o r .  
G T P ,  GDP,  GMPPNP, b u t  n o t  adeny l  n u c l e o t i d e s .  Guanyl n u c l e o t i d e s  were found  t o  i n c r e a s e  
t h e  r a t e  o f  1 2 6 I - G R P  d i s s o c i a t i o n  f r o m  t h e  r e c e p t o r  abou t  I D - f o l d .  I n  c o n t r a s t ,  t h e  
l i g a n d  a f f i n i t y  o f  t h e  r e c e p t o r  i n  s o l u b i l i z e d  e x t r a c t s  was u n a f f e c t e d  by  guany l  
n u c l e o t i d e s  i n d i c a t i n g  t h a t  i t  has  l o s t  t h e  a b i l i t y  t o  c o u p l e  t o  G p r o t e i n s .  
r e c e p t o r  was p u r i f i e d  t o  homogene i t y  by a c o m b i n a t i o n  o f  wheat germ a g g l u t i n i n  a f f i n i t y  
ch romatog raphy  and l i g a n d  a f f i n i t y  ch romatog raphy ,  The p u r i f i e d  p r o t e i n  a l s o  e x h i b i t e d  
s i m i l a r  b i n d i n g  a f f i n i t i e s  t o  GRP and r e l a t e d  p e p t i d e s  as t h e  r e c e p t o r  i n  i s o l a t e d  
membranes. SDS PAGE a n a l y s i s  o f  t h e  p u r i f i e d  p r o t e i n  showed t h e  p resence  o f  a s i n g l e  
d i f f u s e  band, c h a r a c t e r i s t i c  o f  a g l y c o p r o t e i n ,  w i t h  an a p p a r e n t  m o l e c u l a r  w e i g h t  o f  abou t  
75-100 KDa. The m i g r a t i o n  o f  t h e  r e c e p t o r  on SDS P A G E  i s  in agreement w i t h  t h e  v a l u e  
o b t a i n e d  by l a b e l i n g  t h e  r e c e p t o r  i n  who le  Swiss 313 c e l l s ,  i s o l a t e d  membranes, o r  
s o l u b i l i z e d  e x t r a c t s  by  c r o s s l i n k i n g  t o  125I-GRP. 

The 

The a f f i n i t y  o f  t h e  s o l u b l e  r e c e p t o r  f o r  G R P  (K, = 0.01 nM) was 
I n  

The l i g a n d  a f f i n i t y  o f  GRP r e c e p t o r  i n  membranes i s  reduced  i n  t h e  p resence  o f  

The GRP 

F 11 4 REGULATION AND k’UEiCTION OF GLYCOSYL-PHOSPHATIDYLINOSITOL HOI.ECULES IN HORMONE 
SIGKALING. Glen N. Gaulton and John Pawlowski. Department of Pathology and Lab 
Medicine, University of Pennsylvania, Philadelphia, PA 19104. 

C l y c o s y l a K e d - p h o a p h a t i d y l i n o s l c o l  molecul~s (gly-PI) serve important dual functions in 
eukaryotlc cells a6 membrane anchors of covalently attached proteins: and as precursors 
to hormone-sensitive inosltol-phosphoglycans that have been p r o p o s e d  88 second messengers 
of hormone actfon. In T lymphocytes the syncheais of gly-PI ifi coupled to the induction o f  
insulin receptors during early activation. Insulin also stimulates the rapid hydrolysis 
of  56% of cellular gly-PI. The resultant IP-gly is  a potent regulator of several enzymes 
including CAMP-dcpendent klnase and CAMP-phosphodiesterase. To further Investigate t h e  
structure and function of these molecules monoclonal antibodies were cnqstructed in m l c e  
and were screened by both RIA and HPT1.C overlay for specific reactivity to the g1.ycan 
moiety of gly-PI. These techniques: were successful in the detection o f  four gly-PI 
Eubtypes in T cellti. Each of these subtypes i s  seneitive t o  both phospholipase C and 
deamination by nitrous acid. However, only two of these subtypes were hydrolyzed foll.owing 
insulin binding. The heterogeneity in ineulin responsivpnerr and structure of gly-PI 
may relate to unique functions of ply-PI as protein anchors and signal transduction 
elements. Antibodies t o  gly-PI have a180 been used to label intact and permeabilized 
lymphocytes as  a means to identify the subcellular localization of  theac molecules. 
Prominent staining was detected on the cell surface, golgi and nuclear envelope. 
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Health Sciences Center, Departments of Biophysics and Medicine, University of Rochester Medical Center, 
Rochester, NY 14642 
A balb/c 3T3 cell-line infected with the temperature-sensitive Rous sarcoma virus LA 90 has been used to 
investigate early changes in gene expression (protein synthesis) after activation of p6OV-SrC. By using rabbit 
polyclonal antiserum against sheep seminal vesicle cyclooxygenase, which cross-reacts with mouse 
cyclooxygenase, it was found that the synthesis of cyclooxygenase [prostaglandin (PG) synthase or PG 
endoperoxide synthase] was markedly stimulated by the activation of the temperature-sensitive p6OV-Sx. The 
induction of cyclooxygenase by p60v-src was rapid and persistent. In contrast, platelet-derived growth factor 
(PDGF) induced only a transient increased synthesis of cyclooxygenase, which returned to the baseline levels 
within 8-12 hours of stimulation. The kinetics of changes in cellular cyclooxygenase activity stimulated by 
p6OV-SrC or PDGF was paralleled closely by changes in the abundance of a 74-78 kilodalton protein doublet 
labeled with [35S]methionine that could be immunoprecipated by the anti-cyclooxygenase antiserum. Down 
regulation of protein kinase C by chronic administration of phorbol ester did not block the induction of 
cyclooxygenase in p6OV-SrC transformed LA 90 cells. The antiinflammatory glucocomcosteroids dexamethasone 
(DEX) inhibited the induction of cyclooxygenase by p6OV-S":. This report indicates that oncogenic protein 
p v -  WC persistently enhanced the synthesis and cellular enzymatic activity of cyclooxygenase in 3T3 fibroblasts 
with different kinetics of induction than the growth factor, PDGF. 

PERSISTENT INDUCTION OF CYCLOOXYGENASE IN p6OV-'": TRANSFORMED 3T3 
FIBROBLASTS, Jia-wen Han, Henry Sadowski, Donald A. Young and Ian G. Macara, Environmental 

F 11 6 

I n s t i t u t e  o f  G e r o n t o l o g y  and  *Tokyo M e t r o p o l i t a n  I n s t i t u t e  of M e d i c a l  S c i e n c e ,  J a p a n  

PLC-yII  h a s  b e e n  c l o n e d  f o r  c D N A  by s c r e e n i n g  a r a t  m u s c l e  c D N A  l i b r a r y  w i t h  cDNA 
p r o b e s  o f  p r e v i o u s l y  i d e n t i f i e d  PLC s p e c i e s .  PLC-yII, i n  common w i t h  PLC-y (-yI), h a s  
t w o  h o m o l o g o u s  d o m a i n s  ( X  a n d  Y), a n d  a s e q u e n c e  h o m o l o g o u s  t o  t h e  N - t e r m i n a l  
r e g u l a t o r y  domains  o f  n o n r e c e p t o r  t y r o s i n e  k i n a s e s  o f  t h e  = - fami ly  o f  o n c o g e n e s  ( Z  
d o m a i n ) .  U s i n g  a n  E. c o l i  e x p r e s s i o n  system, PLC a c t i v i t y  h a s  b e e n  r e c o v e r e d  i n  t h e  
c r u d e  e x t r a c t .  V a r i o u s  t r u n c a t i o n  e x p e r i m e n t s  of PLC-yII cDNA r e v e a l s  t h a t  t h e  E- 
r e l a t e d  Z domain i s  n o t  n e c e s s a r y  fo r  c a t a l y t i c  a c t i v i t y  w h i l e  b o t h  X and  Y domains  are  
e s s e n t i a l .  PLC-yII m R N A  i s  e x p r e s s e d  i n  v a r i o u s  r a t  t i s s u e s  and  a b u n d a n t  i n  s p l e e n ,  
l u n g  a n d  t h y m u s .  To c h a r a c t e r i z e  t h i s  e n z y m e ,  PLC-yII  p r o t e i n  h a s  b e e n  p u r i f i e d  t o  
a p p a r e n t  homogene i ty  f r o m  a c r u d e  e x t r a c t  o f  b o v i n e  s p l e e n .  The p u r i f i e d  enzyme h a s  a 
m o l e c u l a r  mass of 145 kDa o n  SDS p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a n d  a s p e c i f i c  
a c t i v i t y  o f  25.3 umol/min/mg p r o t e i n .  I t  h y d r o l y z e s  t h r e e  i n o s i t o l - p h o s p h o l i p i d s  i n  a 
Ca2+- and  pH-dependent  manner. 

PLC-yIIr cDNA CLONIfG, W R K S S I 2 N .  PUPIPICATION AIID CHbPdCWIZATION.  
Homma, Y.,  E m o r i ,  Y. , S u z u k i ,  K.  , a n d  T a k e n a w a ,  T. T o k y o  M e t r o p o l i t a n  

F 11 7 MICROINJECTED ANTIBODIES TO PHOSPHATIDYLINOSITOL 4.5-BISPHOSPHATE (PIE) 

Harlan E. Ives, Kiyoko Fukami, Tadaomi Takenawa and Chou-Long Huang. Cardiovascular Research Inst. 
U.C. San Francisco, S.F., CA; Tokyo Metropolitan Inst. of Gerontology, Japan. 

Activation of phospholipase C by PDGF causes breakdown of PIP2 with release of inositol 1,4,5-tris- 
phosphate (IP3), the second messenger that mobilizes internal Caz+ stores. PDGF mobilizes Ca2+ much more 
slowly (1-2 min.) than other agonists which release IP3 (e.g., thrombin mobilizes Ca2+ over 15s). We there- 
fore sought to determine whether mobilization of Ca2+ by PDGF is entirely via PIP2 metabolites. Intracellular 
free Ca2+ (iCaz+) was measured in single vascular smooth muscle cells using fura2 microspectrofluorometry. 
PDGF (recombinant BB, 10 ng/ml) raised iCa2+ from 112 _+ 20 nM to 650 _+ 70 nM after an average 129 sec 
delay. In medium containing 2mM Ca2+, iCa2+ remained elevated for > 10 min. after PDGF. In nominally 
Ca2+ -free medium, iCa2+ fell to baseline after c 5min exposure to PDGF; readdition of 2 mM Ca2+ to the 
medium after 5 min. caused a second increase in iCa2+ similar in magnitude to the first. Thus PDGF appears 
to mobilize Ca2+ from both internal and external stores. Microinjection of monoclonal PIP2 Ab (ktlO, 2 
mg/ml) totally abolished both phases of PDGF-induced iCa2+ increase in 6 out of 9 cells examined. Neither 
unimmunized mouse nor bovine IgG affected the CaZ+ response to PDGF (0 out  of 10 cells), nor did mono- 
clonal Ab against protein kinase C 0 out of 5 cells). We conclude that elevation of iCa2+ by PDGF occurs 
both by mobilization of internal C J +  stores and by extracellular uptake and that both phases depend upon 
second messengers generated from PIP2. 

BLOCK Ca2+ RESPONSE TO PDGF IN SINGLE VASCULAR SMOOTH CELLS. 
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F 118 BRADYKININ STIMULATED RELEASE OF EICOSANOIDS FROM US-TRANSFORMED FIBROBLASTS. 
Gordon A. Jamieson, Jr., Kimberly A. Flem, Hussein A. Elkousy, Scott A. 
Holliday and George D. Leikauf, Division of Pulmonary Cell Biology, Department 
of Environmental Health, Univ. Cincinnati Med Center, Cinti, OH 45267. 

Previously we determined serum to rapidly stimulate arachidonic acid release (AAR) from H- 
ras or K-ras transformed cells, but not from parental NIH/3T3 cells. Ras-transformation 
has been demonstrated by others to increase the expression of bradykinin receptors. Conse- 
quently we hypothesized the increase in AAR we observed upon ras-transformation might be 
due to altered expression of a bradykinin-coupled phospholipase A2 (PLA2) activity. Hence 
we tested the ability of bradykinin and the Ca ionophore A23187 to stimulate AAR in normal 
and ras-transformed cells and analyzed for the formation of specific eicosanoids by HPLC. 
The predominant eicosanoid (>95% [3H]-material) formed upon bradykinin stimulation of K- 
ras transformants was determined to be PGE2, an eicosanoid with growth regulatory proper- 
ties. ELISA confirmed the identification of the released product to be PGE2. A23187 
stimulated greater release of [3H]-material in ras-transformed cells (4-6 fold) than in 
the parental NIH/3T3 cells, suggesting increased expression of PLA2 upon H-ras or K-ras 
transformation. 
K-ras transformants but not from the H-ras transformants, implying that the bradykinin 
receptor may be coupled to PLAP only in the K-ras transformed NIH/3T3 cells. These re- 
sults are consistent with the concept that ras-transformation can alter P U P  levels, bra- 
dykinin receptor-PUP coupling and subsequent generation of growth regulatory eicosanoids. 
Supported by University Research Council, NIH SO7-RRO54OB and NIEHS ES 00159. 

In contrast, bradykinin stimulated the release of arachidonate from the 

F 119 MUSCARlNlC RECEPTORS MEDIATE RELEASE OF ARACHIDONIC ACID IN 
SPINAL CORD NEURONS INDEPENDENT OF INOSITOLPHOSPHOLIPID HYDROLYSIS. 

Robert Y. Kanterman', Christian C. Felder,and Julius Axelrod, Laboratory of Cell 
Biology, National Institute of Mental Health, Bethesda, MD, 2081 4; *Howard Hughes 
Medical Institute-NIH Research Scholars Program. 
Receptor-mediated release of arachidonic acid in the CNS has recently been 
demonstrated in primary cultures of striatum, cerebellum, hippocampus and 
cortical astrocytes. We have [ieviously demonstrated that al-adrenergic receptors 
mediate the release of arac idonic acid in spinal cord neurons independent of 
inositolphospholipid hydrolysis (in press, J. Neurochern.). In mixed neural-glial 
cultures of spinal cord cells, the acetylcholine agonist carbachol stimulated both 
release of arachidonic acid and turnover of inositoiphospholipids via muscarink 
receptors. Carbachol failed to cause the release of arachidonic acid from spinal cord 
glia, indicating that the carbachol-induced release of arachidonic acid was neuronal 
in origin. Phorbo) ester (PMA). inh,ibited the production of inositolphosphates but not 
release of arachidonic acid consistent with other examples of receptor-mediated 
activation of phosphoiipase A2. Additionally, carbachol stimulated the release of 
arachidonic acid in hippocampal neurons and cerebral cortical neurons (but not 
cerebellar granule cells) in primary culture. Preliminary results suggest that 
muscarink receptors mediate the release of arachidonic, acid via the phospholipase 
A2 transmembrane signalling pathway in several tissues in the CNS. 

F120 PRIMING OF EOSINOPHIIS INDUCES THE FORMATION OF ETHERLINKED 
DIGLYCERIDES UPON ACTIVATION WITH OPSONIZED PARTICLES. 
Leo Koenderman, Anton Tool, Taco Kuijpers, Dirk Roos and Arthur 

Verhoeven. Central Lab. Neth. Red Cross Blood Trans. Service and Lab. Exp. 
Clin. Immunology, University of Amsterdam, Amsterdam, The Netherlands. 
Addition of STZ (yeast particles opsonized with IgG and the complement 
factor iC3b) to human eosinophils results in a rather low cell activation as 
measured by respiratory burst activation and homotypic aggregation. These 
eosinophil responses are markedly enhanced after pretreatment with platelet 
activating factor (PAF). We investigated whether this "priming" with PAF 
causes a change in accumulation of second messengers. Addition of STZ to 
control cells leads to a late and moderate accumulation of diradylglycerols 
with no increase of [Ca2+]i, which illustrates the minor importance of 
hydrolysis of PIP2 under these circumstances. The diradylglycerol species 
that accumulates is mainly of the diacylglycerol type (DAG). After priming 
with PAF, the mass of diradylglycerols that accumulates in response to 
opsonized particles is markedly enhanced, and this enhancement is due to the 
accumulation of both 1'2-diacylglycerol and ether-linked diglycerides (EAG). 
Moreover, addition of opsonized particles to these PAF-treated cells is 
accompanied by a rise in [Ca2+]i, which is in part of extracellular origin. 
These findings indicate that PAF priming of eosinophils profoundly changes 
the coupling of the opsonin receptors to intracellular phospholipases. 
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F 121 FORMATION OF 3-PHOSPHORYLATED PHOSPHOINOSITIDES IN STIMULATED HUMAN PLATELtLS, 
Gregory L. Kucera and Susan E. Rittenhouse, Department of Biochemistry, University 

of Vermont, Burlington, VT 05405. Human platelets stimulated with a-thrombin or the 
thromboxane A, analogue U-46619 form the novel phosphatidylinositol polyphosphate species 
phosphatidylinositol-3,4-bisphosphate (PtdIns3,4P2) and phosphatidylinositol-3,4,5- 
trisphosphate (PtdIns3,4,5P3) in a time and dose-dependent manner. In [32P] labeled 
platelets, PtdIns3,4P, increases in 120 seconds to 508% of the basal level with 1 U/ml a- 
thrombin, while 5 pM U-46619 stimulates the production of this isomer of PtdInsP, by 339%. 
PtdIns3,4,5P3 is also increased with a-thrombin and U-46619 stimulation by 210 and 163%, 
respectively. PtdIns3P quantities remain nearly equal to those under resting conditions. 
The basal or increased levels of PtdIns3,4P2 do not appear t o  be adequate to account for the 
rapid elevation of Ins1,3,4P3 observed in thrombin-stimulated platelets. 

A 2 3 1 8 7  and/or phorbol dibutyrate are relatively unsuccessful at stimulating changes in 
PtdIns3,4P2 and PtdIns3,4,5P3 compared with U-46619 or a-thrombin. This indicates that CaZ+ 
and protein kinase C, following phospholipase C activation, are not sufficient to promote 
?hc formation of these unusual phosphatidylinositol polyphosphates. GTPrS (100 pM), however, 
iiicreases the level of PtdIns3,4P2 by 2274% and that of PtdIns3,4,5P3 by 184% in saponin- 
permeabilized platelets incubated with 0 5 mM [32P]~ATP, implying a role for a GTP-binding 
protein in promoting phosphatidylinositide 3-kinase activity (ies). 

This is the first report of stimulated generation of 3-phosphorylated phosphoinositides 
in anucleate cells. A role for these novel phospholipid species in signal transduction. 
however, awaits elucidation. 

F 122 PDGF INDUCES TYROSINE-PHOSPHORYLION OF THE REGULATORY (SHZSH3) DOMAIN 
OF PLC-y1,AND INCREASED PLC-yl ACTIVITY,Lih-Ling Linl ,Lisa Sultzmanl ,Christine 
Ellis2,Tony Pawson2,and John Knopfl. 'Genetics 1nstittute.Cambridge MA.,and Mount Sinai 
Hospital Research Institute,Toronto.Ontario. 
PDGF treatment of fibroblasts results in a number of rapid responses. One of these responses is 
an increased breakdown of phosphatidylinositol (PI) which is mediated by phospholipase C(PLC) 
PLC-yl has recently been shown to be rapidly phosphorylated on tyrosine in response to PDGF. 
We have overexpressed PLC-yl in fibroblasts and demonstrated an increased PI breakdown in 
response to PDGF, but not to AIF4-,a universal activator of G protein coupled PLC's. This 
demonstrates that the increased PI breakdown noted in fibroblasts is due to the activation of 
PLC-y,. Additionally we have shown that PLC-yz, a close relative of PLC-yl, can also be 
phosphorylated on tyrosine in response to PDGF treatment. We have mapped the tyrosine 
phosphorylation sites of PLC-ylto the regulatory (SHz/SH3) domain which is shared by PLC-yj 
and PLC-72. Additional regulators of PLC will be presented as well as furlher mutational 
analysis. 

F 123 THE ASSOUATION OF TYPE I PHXPHONOSITIDE KINAS€ AtXWTlY WITH PoLyOMA 

Thornas M. Robens. TDana-Farber Cancer Institute. Physiology. 'Tufts University School of 
Medicine. Boston. MA. 
The type I phosphatidylinositol kinasc activity associates with polyoma middle T/pp60c-src 
mansforming protein complex in polyoma infected cells and with PDGF receptor in PDGF 
activated smooth muscle cells. 
ring of phosphatidylinositol (PI). Transformation dcfcctivc mutants of polyoma middle T, NG59. 
py1387T. dl23 and py1178T either lack or have diminished amounts of associated type I PI kinase 
activity whereas transformation competent wild type or mutant middle complex 
always contains high amounts of type I activity. Howcver, there arc several middle T mutations, 
d11015 and py248m which abolish mansformation. but still allow binding of the type I PI kinasc. 
In lieu of the recent findings that: 
1)both middle T/pp60e-src complex and activated PDGF receptor bind a 3-D position lipid kinasc 

which phosphorylatcs PI(4)P and PI(4.5)- [Senmian. L. A,. Auger, K. R.. Robens. T. M. and 
Cantley. L. C., manuscript submitted]. 

transformed by polyoma middle T and in cells stimulated with PDGF 
L. k. Soltoff. S. P.. Libby, P. and Caatley. L.C.. Cell 57, 167 (1989)J. 

MIDDLJ2T/ppfXPs~ COMPLEX, tLaona E. Ling, *Leslie Senmian, *Lewis Cantley and 

This lipid kinasc phosphorylates the 3-D position of the inositol 

2) that the products of these reactions PI(3,4)@ and PI(3,4.5)@ an elevated both in cells 
[Auger, K. R.. Semian ,  

the ability of the lipid kinasc activities associated with these polyoma middle T mutants to 
producc PI(3.4)P2 and P1(3.4,5)P3 were tested in virro and in vivo. 
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F 124 HUMAN GRANULOCYTE-MACROPHAGE COLONY-STIMULATING FACTOR DIRECTLY STIMULATES 
PLATELET ACTIVATING FACTOR SYNTHESIS IN HUMAN NEUTROPHILS, A.F. LOPEZ, M.O. 

OeNichilo, J.G. Gamble, M.A. Vadas, A.G. Stewart. Div. of Human Immunology, Inst. of 
Medical and Veterinary Science, Adelaide, Sth.Aust. 5000 Australia, Oept. of Physiology, 
Uni. of Melbourne, Victoria 3000 Australia. 
Human granulocyte-macrophage colony-stimulating factor (GM-CSF) directly stimulates several 
neutrophil functions in vitro. In addition, GM-CSF 'primes' neutrophils for enhanced 
biologic response to a number of secondary stimuli. The underlying mechanism by which this 
cytokine mediates its effect is still poorly understood. We found GM-CSF to directly 
stimulate the synthesis of platelet-activating factor (PAFI in purified human neutrophils, 
as measured by bioassay. In a time- and dose-dependent manner, with GM-CSF stimulating 
levels of PAF comparable with that of two other neutrophil agonists, FMLP and TNF-a. In 
addition, PAF synthesis was dependent on a pertussis toxin sensitive GTP-binding protein. 
The synthesized PAF was retained wholly within the cell, raising the possibility that PAF 
acts as a second messenger in the GM-CSF signal transduction pathway. To investigate the 
relationship between PAF production and the stimulation of neutrophil function, we employed 
two inhibitors of PAF synthesis, TPCK and Rromophenacyl Bromide. O u r  studies showed that 
inhibition of PAF synthesis closely paralleled inhibition of GM-CSF stimulated neutrophil 
adherence to human umbilical vein endothelial cells. Moreover, inhibition of stimulated 
adherence could also be achieved by pre-incubating neutrophils with specific PAF receptor 
antagonists. These results identify PAF as an intracellular product of GM-CSF stimulation, 
and suggest a second messenger role for PAF in GM-CSF stimulated neutrophil function. 

F 125 THE ASSOCIATION O F  PLC-7 WITH OTHER CELLULAR PHOSPHOPROTEINS. 
Jill Meisenhelder and Tony Hunter, MBVL, Salk Institute, La Jolla, CA 92037 

We have recently shown that PDGF and EGF treatment of cells leads to rapid and extensive fhosphoryla!ion of 
PLC- tyrosine (as well as serine) residues. This increased phosphorylation occurs only in ce 1 lines in which these 
growtl factors also stimulate PLC activity. Tryptic phosphopeptide mapping of PLC-7 from growth factor-treated 
cells reveals that it is phosphorylated at t rosines identical to those seen when purified PLC-7 is incubated in vitro 
with purified growth factor receptors. d, as well as several other groups, have demonstrated a ph sical association 
between ligand-activated EGF and PDGF receptors and PLC- by coprecipitating the two molecuLs using a 
mixture of monoclonal antibodies (MAb) directed against PL2-7. We continue to be interested in the re ulation 
of PLC-7 activity, and have been studying three other phosphoproteins (of approximately 100,84 and 47 k%a) that 
are coprecipitated with PLC-7. Peptide mapping and immunoblotting indicate that all three proteins are largely 
unrelated to PLC-7. Gradient analysis and comparison of immunoprecipitates made from fully denatured versus 
detergent cell extracts show that 100 and p84 are clearly associated with PLC-7, but the reason why p47 
coprecipitates remains unclear. finlike the PDGF receptor, the association of these roteins does not change with 
ligand stimulation. Analysis using individual MAbs shows that only a small subpopuration of PLC-7 is associated 
with these three proteins. Details of the phosphorylation state of this complexed PLC-7, and further experiments 
on the nature of the interactions between these proteins and the identities of ~ 1 0 0 ,  p84 and p47 will be presented. 

F 126 MULTIPLE SIGNALING PATHWAYS OF HISTAMINE H 1  RECEPTORS, Masato Mitsuhashi 
and Donald G. Payan, Howard Hughes Medical Institute Laboratories and Department 

of Medicine, University of California Medical Center, San Francisco, CA 94143 
In order to analyze the complex activities of histamine H2 receptor (HzR) 
activation 'on neutrophils, human HL-60 promyelocytic leukemia cells were differentiated 
into neutrophils by incubation with dimethylsufoxide, loaded with the Ca2' 
sensitive indicator dyes ,  indo-1 or fura-2, and the levels of intracellular Ca2' 
([Ca2']i) measured in a flow cytometry and fluorimeter, respectively. Histamine 
(HA) increased [Ca2']i in a dose dependent manner with a half maximal concentration 
of approximately 1 pM, which exhibited H,R specificity. Prostaglandin E2 
and isoproterenol also mobilized [Ca2']i in HL-60 cells, whereas the cell permeable 
form of CAMP and forskolin failed to increase [CaZ'Ii. Since H2R-mediated 
[Ca2']i mobilization was not inhibited by reducing the concentration of extra- 
cellular Ca2' nor by the addition of Ca2' channel antagonists, Lac13 
and nifedipine, Ca2' might be released from intracellular stores. Furthermore, 
both 100 pM HA and 1 pM f-Met-Leu-Phe (fMLP) increased the levels of inositol 
trisphosphate (1,4,5-1P3). However, HA-induced mobilization of [Ca2']i was 
inhibited by cholera toxin (CT), but not by pertussis toxin (PT), whereas the action of 
fMLP was inhibited by PT, but not by CT. These data suggest that H z R  on HL-60 
cells are coupled to two different CT sensitive G-proteins, and activate adenylate 
cyclase and phosphol ipase C simultaneously. 
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F 127 PDGF INDUCES RAPID TYROSINE PHOSPHORYLATION OF THE RAS p2 1 GTPase 
ACTIVATING PROTEIN (GAP) IN QUIESCENT NIH3T3 FIBROBLASTS, 

Christopher J. Molloyl, Donald P. Bottarol. Timothy P. Flemingl, Mark S .  Marshallz. 
Jackson B. Gibbsz, and Stuart A. Aaronsonl. ILCMB, National Cancer Institute, Building 
37, Room 1E24. Bethesda, MD 20892 , and 2Department of Molecular Biology, Merck 
Sharp and Dohme Research Laboratories, West Point, PA. The cascade of biochemical 
events triggered by growth factors and their receptors h a s  become central to 
understanding normal cell growth regulation and its subversion in cancer. Ras proteins 
(ras p21) have been implicated in signal transduction pathways utilized by several 
growth factors including PDGF. These guanine-nucleotide binding proteins specifically 
interact with a cellular GTPase activating protein (GAP), which stimulates the GTPase 
activity of normal but not oncogenic forms of ras p21. We show that in intact, quiescent 
fibroblasts, both PDGF-AA and BB homodimers rapidly induced tyrosine phosphorylation 
of GAP under conditions in which insulin and basic fibroblast growth factor (bFGF) were 
ineffective. This occurred within 1 minute of growth factor addition, was maximal a t  10 
minutes and persisted for up to 8 hours. Although GAP was predominately localized in 
the cytosol, the majority of tyrosine phosphorylated GAP was associated with cell 
membranes, the known site of ras p21 biologic activity. These results indicate a direct 
biochemical link between activated growth factor receptor tyrosine kinases and the ras 
p2 1 /GAP mitogenic signaling system. 

F 128 

Nancy E. Olashaw and W . J .  Pledger, Vanderbilt University, Nashville, TN 

Phospholipase C (PLC), a family of isozymes, mediates the hydrolysis of 
phosphatidylinositol 4,5-bisphosphate and the consequent formation of two 
potential second messengers, inositol 4,5-trisphosphate and diacylglycerol. 
Using monoclonal antibodies specific to PLCr, we found that the cyclic AMP 
agonists cholera toxin and isobutylmethylxanthine (IBMX) induced the 
phosphorylation of PLCr on serine and/or threonine residues in density- 
arrested BALB/c-3T3 cells, Increased phosphorylation of PLCT was evident 
within 15 min of addition of cholera and IBMX to cells, was maximal at 30 min, 
remained elevated for at least 60 min and was unaffected by cycloheximide. 
The increase in PLCr phosphorylation produced by cholera toxin and IBMX was 
accompanied by changes in the pattern of phosphoproteins that co-precipitated 
with PLCr. When added to cells at the same time as or 15 or 70 min before 
aluminum fluoride, cholera toxin and IBMX decreased aluminum fluoride- 
stimulated inositol phosphate formation approximately 5 0 % .  Thus, 
phosphorylation of PLCr by cyclic AMP agonists correlates with inhibition of 
aluminum fluoride-induced inositol phosphate formation. 

Cyclic AMP agonists increase the phosphorylation of phospholipase C7 
and decrease formation of inositol phosphates in BALB/c-3T3 cells 

F 129 CALCIUM CHANNEL AGDNISTS POTENTIATE TRH-STIMULATED INOSITOL PHOSPHATE PRODUCTION 

Depar tmen t  o f  Pharmacology, Y a l e  U n i v e r s i t y  School  o f  M e d i c i n e ,  New Haven, CT 06510 
T h y r o t r o p i n - r e l e a s i n g  hormone (TRH) has been p r e v i o u s l y  shown t o  s t i m u l a t e  p r o l a c t i n  
s e c r e t i o n  by  e l e v a t i n g  i n o s i t o l  p o l y p h o s p h a t e  and  c y t o s o l i c  c a l c i u m  l e v e l s .  When added t o  
p e r i f u s e d  p r i m a r y  c u l t u r e s  o f  a n t e r i o r  p i t u i t a r y  c e l l s ,  t h e  d i h y d r o p y r i d i n e  (DHP) c a l c i u m  
channe l  a g o n i s t  BAY K 8644 (1  pM) s t i m u l a t e d  b a s a l  p r o l a c t i n  s e c r e t i o n  and p o t e n t i a t e d  
s t i m u l a t i o n  o f  p r o l a c t i n  s e c r e t i o n  b y  TRH ( I  pM)  5 - f o l d .  
m im icked  by  o t h e r  DHP a g o n i s t s ,  CGP 28392 (10  J A M )  and ( + ) S D Z  202-791 (10 pM), and by  ( - ) -  
B A Y  K 8644, w h i l e  (+)BAY K 8644 had no e f f e c t  o n  b a s a l  o r  TRH-s t imu la ted  p r o l a c t i n  r e l e a s e .  
The DHP c a l c i u m  channe l  a n t a g o n i s t  n i m o d i p i n e ,  a t  10 pM, a c o n c e n t r a t i o n  s u f f i c i e n t  t o  b l o c k  
BAY K 8 6 4 4 - s t i m u l a t e d  4 5 c a l c i u m  u p t a k e ,  b l o c k e d  t h e  enhancement o f  b a s a l  and TRH-s t imu la ted  
p r o l a c t i n  r e l e a s e  by  BAY K 8644. 
i nduced  hormone r e l e a s e  t h r o u g h  i n t e r a c t i o n  w i t h  t h e  known s t e r e o s p e c i f i c  DHP r e c e p t o r  s i t e s  
on L - t y p e  c a l c i u m  channe ls .  A l t h o u g h  BAY K 8644 a l o n e  had no e f f e c t  on i n o s i t o l  po l yphos -  
p h a t e  a c c u m u l a t i o n ,  t h e  c a l c i u m  channe l  a g o n i s t  enhanced TRH-s t imu la ted  a c c u m u l a t i o n  o f  
i n o s i t o l  1 , 3 , 4 - t r i s p h o s p h a t e  and i n o s i t o l  1 , 3 , 4 , 5 - t e t r a k i s p h o s p h a t e  a t  r e l a t i v e l y  l a t e  t i m e s  
(20  m i n u t e s )  I b u t  d i d  n o t  enhance a c c u m u l a t i o n  o f  i n o s i t o l  1 , 4 , 5 - t r i s p h o s p h a t e ,  t h e  a c t i v e  
i somer  i n  i n t r a c e l l u l a r  c a l c i u m  m o b i l i z a t i o n .  These d a t a  sugges t  t h a t  a l t h o u g h  B A Y  K 8644- 
i nduced  c a l c i u m  e n t r y  may s t i m u l a t e  i n o s i t o l  t r i s p h o s p h a t e - 3 - k i n a s e  a c t i v i t y ,  t h e  
p o t e n t i a t i o n  o f  T R H - s t i m u l a t e d  hormone s e c r e t i o n  by  BAY K 8644 p r o b a b l y  does n o t  r e s u l t  f r o m  
c a l c i u m - i n d u c e d  enhancement o f  i n o s i t o l  p o l y p h o s p h a t e  f o r m a t i o n .  

AND PROLACTIN SECRETION, Jona than  A. P a c h t e r ,  Greg J .  Law and P r i s c i l l a  S. Dannies,  

These e f f e c t s  o f  BAY K 8644 were  

These r e s u l t s  s u g g e s t  t h a t  DHP a g o n i s t s  p o t e n t i a t e  TRH- 
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F130 CHOLERA TOXIN INDUCES GENE EXPRESSION BY TWO DISTINGUISHABLE 

Sajjad A. Qureshi, Konstantina Alexandropoulos, Rudolph Spangler, 
and David A. Foster. The Institute for Biomolecular Structure and 
Function and The Department of Biological Sciences, The Hunter 
College of The City University of New York, 695 Park Avenue, New 
York, New York 10021. 

SIGNAL-TRANSDUCTION PATHWAYS IN BALB,'c 3T3 CELLS: 

Cholera Toxin (CT) catalyzes ADP-ribosylation of a subset of 
G-proteins. ADP-ribosylation of the adenylyl cyclase stimulatory 
G-protein, G,, leads to increases in intracellular cAMP levels. 
CT induces the expression of two murine immediate-early response 
genes (TIS10 and J E )  in quiescent BALB/c-3T3 cells. Increases in 
cAMP levels activates TISlO gene expression but has no effect o n  
J E  gene expression. In addition we find that 3-isobutyl-l- 
methylxanthine (IBMX), which stabilizes intracellular CAMP, 
potentiates CT-induced TISlO gene expression but has n o  effect o n  
CT-induce JE qene expression. CT-induced expression of TISlO and 
JE is differentially sensitive t o  protein kinase inhibitors and 
nordihydroguaiaretic acid (NDGA), an inhibitor of lipoxygenase 
activity suggesting separate mechanisms for induction of TISlO 
and JE by CT. Taken together, these data demostrate that CT 
activates two distinguishable signal-transduction pathways in 
BALB,'c 3T3 cells: one that is dependent upon cAMP production and 
another that is independent of cAMP production. 

F 131 SELECTIVE INHIBITION OF BOTH THE PDGF RECEPTOR TYROSINE KINASE AND 
PDGF-DEPENDENT PHOSPHOLIPASE C ACTIVATION BY STAUROSPORINE IN SWISS 3T3 CELLS. 

J. Paul Secrist, Inder Sehgal, Richard Olsen. Garth Povis. and Robert T. Abraham. 
Departments of Immunology and Pharmacology, Mayo Clinic/Foundation, Rochester, MN 5 5 9 0 5 .  
The binding of PDGF to specific receptors (PDGF-R) expressed on quiescent fibroblasts 
initiates the generation of transmembrane signals that culminate in cellular proliferation. 
Proximal events linked to mitogenic signal transmission from ligand-bound PDGF-R are 
stimulation of the receptor tyrosine kinase activity and phosphoinositide hydrolysis due to 
activation o f  phospholipase C (PLC). Recent data indicate that PLC-7 is a substrate for the 
PDGF-R tyrosine kinase; however, the relationship between tyrosine phosphorylation on PLC-7 
and PLC activation by PDGF remains unclear. In this study, we demonstrate that the protein 
kinase inhibitor, staurosporine. is a potent inhibitor of the PDGF-R tyrosine kinase 
activity in Swiss mouse 3T3 fibroblasts. Staurosporine (0.1-1 pM) pretreatment inhibits 
PDGF-dependent tyrosine phosphorylation of both the PDGF-R and PLC-7. Furthermore, 
staurosporine concomitantly blocks PDGF-dependent PLC activation and the subsequent increase 
in intracellular free Ca2' concentration ([Ca''],). In contrast, the PLC activation and 
[Ca"], increase induced by bradykinin, which do not involve tyrosine kinase activation, are 
s t a u r o s p o r i n e - i n s e n s i t i v e .  Thus, staurosporine is a selective inhibitor of both the 
phosphorylation of PLC on tyrosine residues and the stimulation of phosphoinositide 
hydrolysis induced by ligand-bound PDGF-R . These data strongly suggest a causal 
relationship between PLC-7 phosphorylation and PLC activation in PDGF-stimulated 
fibroblasts. Supported by CA42286 (GP) and DCB-8616001 (RTA). 

F 132 RELATION OF CYTOPLASMIC FREE CALCIUM CONCENTRATION (cai), DIACYLGLYCEROL (DAG), 
AND INOSITOL PHOSPHATE SIGNALS TO HUMAN NEUTROPHIL SUPEROXIDE (Oz- )  PRODUCTION. 

GB Segel, S Liang, TJ Woodlock, J Whitin, and MA Lichtman, University of Rochester School 
of Medicine, Rochester, NY. The time course and magnitude of change in three intracellular 
messengers were determined in relation to FMLP (1  uM) induced 02- production. The temporal 
sequence involved a peak rise in Cai, followed by 02- generation, followed by an increment 
in DAG mass. In the presence of  1 mM EGTA, the FMLP-induced increment in Cai was reduced 
by 75%. 02- production was reduced by 50% ( P (  0 . 0 5 ) ,  and there was no change in the FMLP- 
induced increment in DAG mass. Preincubation with 1 uglml pertussis toxin (PT) for 1 hr 
decreased FMLP-induced 02- production by 5 2 % ,  suggesting a role for G-proteins in the FMLP 
response. The FMLP-induced increments in Cai and DAG mass were not altered by such PT 
treatment although higher PT concentrations or longer exposure times did decrease the DAG 
increment. Moreover, 1 ug/ml PT caused an 81% decrease in FMLP-induced inositol phosphate 
generation, suggesting that PT inhibits the phospholipase responsible for hydrolysis of 
p h o s p h a t i d y l i n o s i t o l - b i s - p h o s p h a t e  (PIP2) and that DAG generation from PIP2 is decreased. 
Upon neutrophil stimulation with 0.5 uM ionomycin, there was no 02- production although 
ionomycin caused a marked increase in Cai and in DAG mass. Taken together, these data 
suggest that: 1) an increment in Cai is necessary but not sufficient to initiate 02- 
production in response to FMLP, 2) an increment in DAC mass does not precede the initiation 
of 02- production by FMLP, and 3 )  PT inhibits FMLP-induced 0 2 -  production by blocking the 
formation of inosital phosphates and DAG generated from P I P 2 .  
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F 133 GLYCOSYL-PHOSPHATIDYLINOSITOL-SPECIFIC PHOSPHOLIPASE D (GPI-PLD) : A POSSIBLE 
CONTRIBUTOR TO SERUM-INDUCED MITOGENESIS IN NIH 3T3 FIBROBLASTS. Ann Sesko & 

Martin G .  Low. Dept. of Physiology & Cellular Biophysics, College of Physicians & Surgeons 
of Columbia University, New York 10032.  GPI-PLD is a serum-derived enzyme which displays 
activity toward GPI-anchored proteins on the surfaces of cells. Assessed in vitro by the 
hydrolysis of [3H]myristate-labeled substrate (i.e. variant surface glycoprotein of 
Trvpanosoma w, V S G ) ,  to produce butanol-soluble phosphatidic acid and water-soluble 
protein, the activity of GPI-PLD in vivo has not been demonstrated directly Work of others 
has shown that phosphatidic acid or bacterial phospholipase D, like fresh serum, are 
mitogenic when added to the culture medium of serum-deprived 3T3 cells. In order to 
determine whether mammalian GPI-PLD contributes to this mitogenesis, quiescent NIH 3T3 
cells were stimulated with a variety of agents including: i) serum, ii) serum depleted of 
GPI-PLD by immunoaffinity chromatography, iii) depleted medium supplemented with purified 
GPI-PLD, iv) depleted medium supplemented with PLE from S.chromofuscus, or v) phosphatidic 
acids of various fatty acyl compositions, and the growth fraction of cultures was assessed. 
Multiple dosages of each agent were employed and the activity of GPI-PLD in depleted and 
undepleted medium was determined by hydrolysis of [3H]VSG. Mitogenesis was quantified 
either by incorporation of [3H] thymidine into acid-precipitable material or by counting of 
cells. Preliminary data indicates that media containing approximately 20% of control levels 
of GPI-PLD are no less mitogenic as than those containing whole serum. Results of these 
and studies with further reductions in GPI-PLD levels will be presented. Supported by NIH 
grants #HL07114-15 and GM40083-01A1. 

F 134 CHARATERIZATION AND ISOLATION OF THE MSE-RECEPTOR OF B16 MELANOMA, 
Flavio F.A. Solca, Walter Siegrist, Roma Drozdz, Jurg Girard and 

Alex N. Eberle, Department of research (ZLF), University hospital, CH-4031 
Basel, Switzerland. The melanotropin receptor of mouse B16-Fl melanoma cells 
was characterized by photoaffinity crosslinking, using a potent a-MSH 
photolabel, [norleucine4, o-phenylalanine’, 1’-(2-nitro-4-azido phenyl- 
sulfenyl) -tryptophan91 -a-MSH (Naps-MSH) , Its monoiodinated form, 125I-Naps- 
MSH, displayed a -6.5-fold higher biological activicy than a-MSH. Scatchard 
analysis of the saturation curves with 125I-Naps-MSH revealed -20,000 
receptors/B16-F1 cell and an apparent K c  of -0.3 nM. Analysis of the 
crosslinked MSH receptor by SDS-polyacrylamide gel electrophoresis showed that 
a photolabeled band of approximately 45 kDa occurs in B16-F1, B16-Fl0 and 
Cloudman S91 mouse melanoma as well as in human D10 and 205 melanoma but not 
in non-melanoma cells. The labeled 45 kDa protein had an isoelectric point of 
4.5-4.9 as determined by two-dimensional gel electrophoresis. Treatmenc of the 
labeled 45 kDa protein of B16-Fl cell membranes by neuraminidase shifted the 
band to approximately 42 kDa. A similar band of about 42 kDa was also observed 
after receptor labeling of Bl6-W4 cells, a cell line w:th a decreased number 
of terminal N-linked neurarninyl residues. These resultls indicate thatl the 
labeled 45 kDa glycoprotein contains cerrninal sialic acid residues, explaining 
the low PI of this protein, and that it is characteristic for melanoma cells 
and hence part of the MSH receptor. 

F 135 A ONXXE2E SUPPRESSOR EUNTIONS BY REC;ULATING SIQUL TRANflxlcTION THRooQ1 
MULTIPLE GROWI’H FACTOR RECEPTORS. Michael A. Tainsky, Paul Chiao, and Sun 0. Yim, 

DEPT. OF TUMOR BIOLOGY, UNIV. OF TEXAS, M.D. ANDERSON HOSPITAL CANCER CENTER HOUSTON, TEXAS 
A human cell culture system has been developed to identify how oncogenes’ action is 

regulated during the of transitions in multistage carcinqenesis. PA-l human 
teratocarcinma cells show progression as they are passaged in culture. At passage 36 
they have reverted and are nontumorigenic i n  nude mice. Certain preneoplastic clonal cell 
lines i n  this PA-1 series are susceptible to trans€ormation by single ( E )  oncogenes while 
others require both - and  ras oncogenes to induce tumorigenesis. Based on experiments with 
somatic cell hybrids, t h e a s i s  of t h i s  susceptibility to single oncqene induced 
transEormatim appears to be due to loss of a suppressor gene. V ’ - l  must therefore by-pass 
the regulatory e€fects oE the suppressor gene. We have found that the mechanism by which 
cells acquire the susceptibility to ‘as is related to responsiveness to epidermal growth 
factor, basic-fibroblast growth factor and transforming growth €actor-alpha possibly by 
affecting an autocrine mechanism. The suppressor may function to regulate signal 
transduction through multiple receptors. This represents a new role of suppressor gene 
inactivation during a preneoplastic stage progressing tcward tumorigenicity. Differences 
i n  expression oF growth €actor responsive genes among these cells will be discussed. 
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F 136 SIGNAL TRANSDUCTION OF INTERFERONS, Y.H. Tan, Yap Wai KO, Andrew Lim, Sim Tse'fong 

Singapore, Singapcre 0511. Transient increases in the concentration of cellular diacylgly- 
cerol are observed ina variety of mammalian cell types in response to interferon treatment. 
These increases vary from 0.1 to 2.5 fold and are extremely rapid, lasting for about 30 se- 
conds. Small increases in the activity of protein kinase C are also observed in interferon- 
treated cells, occurring after the rapid increases in diacylglycerol and lasting for about 
5 min. These increases are variable with several experimental parameters. Diacylglycerol 
extracted from interferon-treated cells stimulates patterns of cytosolic protein phosphory- 
lation akin to those seen in extracts of cells treated with activators of protein kinase C .  
Signal transduction of interferon appears to involve the breakdown of lipids to produce se- 
cond messenger molecules like diacylglycerol which in turn activate protein kinase(s1. Inhi- 
bitors of protein kinase C ,  such as R7, inhibit the antiviral action of interferon in buman 
fibroblasts. Phospholipase C as well as calcium ionophore can produce an antiviral-like 
state in human fibroblasts. The data apparently suggest that these second messenger mole- 
cules are involved in the signal transduction of interferon. Rowever, protein kinaseC acti- 
vators such as phorbol ester and l-oleoyl-2-acetyl-~1ycerol, by themselves cannot produce 
an antiviral state in cells although in one report, down-regulation of protein kinase C by 
phorbol ester also doun-regulated the interferon response. The current data suggest that 
diacylglycerol and protein kinase C comprise one aspect of the interferon signal transduc- 
tion mechanism. More data are required to show if these rapid signalling respnses of cells 
to interferon are responsible for its action. 

and S . D .  Menon. Institute of Molecular and Cell Biology, National University of 

F 137 Interleukin 2 (11.2) Induces Phosphorvlation and Activation of p68-74  Raf Kinase in 

U .  of P., Phila., PA 19104 and N C I * ,  Frederick, MD 21701. 11.2 is a critical regulator of 
lymphocyte proliferation. The molecular mechanisms by which IL2 transmits its signal from 
the membrane to the interior of the cell are poorly understood. Like most other growth 
factors, 1LZ causes rapid phosphorylation of proteins within its target cells, however, the 
known subunits of the I L 2  receptor lack kinase activity and no kinases have been unequivo- 
cally identified whose activities are regulated by IL2. A proto-oncogene that has been 
implicated in growth factor-induced signal transduction and that is expressed in T cells is 
c-raf, the cellular homolog of the MSV 3611 retroviral transforming gene. C-raf encodes a 
68-74 kd cytoplasmic serinelthreonine-specific kinase. 
cell line, CTLL-2, we found that ILZ stimulated increased phosphorylation of the raf 
protein. Furthermore, phosphorylation of c-raf - protein was accompanied by  5-10 fold 
elevations in raf kinase activity, as measured in raf-containing immunoprecipitates. The 
112-induced elevations in & kinase activity occurred in a Concentration-dependent manner 
and correlated with increased cellular proliferation. This LL-induced activation of the 
raf kinase was specific, since TL4 produced no detectable increase in raf kinase 
phosphorylation and activity, yet did stimulate proliferation of CTLL-2 cells. Though the 
phorbol ester TPA was capable of inducing low levels n f  p68-74 rat phosphorylation and 
kinase activation, Protein Kinase C (PKC) depletion indicated that PKC is not necessary for 
ILZ-induced activation of raf kinase. Taken together, these findings provide a direct 
link between IL2 and a kinase of known importance for regulating cellular growth. 

T lymphocytes, R . C .  Tnrner, G .  Hiedecker*, L'. Rapp* and J . C .  Reed, Path. nept., 

Using an  LLZ-dependentmurine T 

- 

F 138 HORMONAL REGULATION OF 1-2 DIACYLGLYCEROL CONTENT OF 
BOVINE ADRENAL FASCICULATA-RETICULARIS CELLS. 

LVILGRAIN, E.LIAUDET, 1.GAILLARD a n d  E.M.CHAMBAZ. INSERM 244, 
B.R.C.E.1 L.BIO./ D.R.F./ C.E.N.G. 85 X. 38041 GRENOBLE Cedex . FRANCE 
Angiotensin I1 (AII) but not Adrenocorticotropin hormon (ACTH) induces a break down 
of phosphatidylinositol 4-5, bisphosphate in adrenal fasciculata reticularis cells and 
activates two different messengers systems: Ca++ via inositol phosphates and protein 
kinase C via 1,2-Diacylglycerol (DAG). In the present study, the A I1 induced change in 
cellular DAG levels were analysed using a DAG kinase assay. In cultured bovine 
adrenocortical cells, A11 caused a biphasic elevation of DAG content with a detectable 
increase in DAG levels after 30 sec. and a decrease by 2 min. The initial DAG response 
was followed by a second increase reaching a maximum by 40 min The maximally 
effective concentration of A11 was 50  nM and half maximal stimulation was achieved at 
0.1 nM for the initial DAG response and 0.5 nM for the second increase in DAG level. 
Using (14 C) Arachidonic Acid labelling of total cellular phospholipids, we show that the 
first peak of DAG is labelled with (14 C) arachidonic acid in a major extent as compare to 
the second one.The dose-response effect of AII-stimulated DAG production is correlated 
with the cellular cortisol production. 
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F 139 NOVEL G-PROTEIN ALPHA SUBUNITS AND RECEPTORS CLONED FROM MOUSE 
GERM CELLS. Thomas M. Wilkie, Michael P. S t ra thmann and Melvin I. Simon 

Biology Divis ion ,  C a l t e c h ,  Pasadena CA 91 125. 
Mammalian sperm e x h i b i t  f u n c t i o n s ,  such as t h e  acrosome r e a c t i o n  during fer t i l i za t ion ,  
which require signal t r a n s d u c t i o n  v i a  G - p r o t e i n s .  In order t o  i n v e s t i g a t e  i n f o r m a t i o n  
processing in  d i f f e r e n t i a t e d  germ cells we developed approaches t o  search for specific 
gene p r o d u c t s  t h a t  might m i d i a t e  signalling. We e x p e c t e d  tha t  t h e  spermatid precursors 
of m a t u r e  sperm might express gene p r o d u c t s  tha t  would specify novel G - p r o t e i n s .  To 
ident i fy  c a n d i d a t e s ,  clones were o b t a i n e d  from mouse spermat id  cDNA by PCR 
ampl i f ica t ion .  
new G - p r o t e i n s  which appear t o  be members of t h r e e  new sub-families. Some of t h e s e  
clones were a b u n d a n t l y  expressed in all s t a g e s  of male germ cell d e v e l o p m e n t  b u t  none 
w e r e  expressed exclusively i n  spermat ids .  Any  one of these  G - p r o t e i n s  might m e d i a t e  
the  acrosome r e a c t i o n  or be i n v o l v e d  in o t h e r  signalling processes cr i t ica l  t o  germ cell 
d e v e o p m e n t .  N e x t  we a t t e m p t e d  t o  i d e n t i f y  G - p r o t e i n  r e c e p t o r s  expressed i n  mouse 
s p e r m a t i d s .  We have ident i f ied  nine novel r e c e p t o r  sequences, t w o  of which are 
expressed m o s t  a b u n d a n t l y  in  s p e r m a t i d s .  These clones are c a n d i d a t e s  for t h e  r e c e p t o r  
w h i c h  r e g u l a t e s  t h e  acrosome r e a c t i o n .  

The PCR products  of 15 d i f f e r e n t  G-pro te ins  were found, including five 

Tyrosine Kinase Signalling and Immune System Mechanisms 
F 200 EXPRESSION O F  AN ACTIVATED lck GENE IN TRANSGENIC MICE: ALTERED LYMPYOCYTE 

SIGNALLING AND ONCOGENESIS, Kristin M. Abraham, Steven D. Levin, Jamey D. Marth , 
Katherine A. Forbush and Roger M. Perlmutter. Howard Hughes Medical Institute and the Departments of 
Immunology, Medicine, and Biochemistry, University of Washington School of Medicine, Seattle, WA 98195, 
and the Biomedical Research Centre, University of British Columbia, Vancouver, B.C., Canada. Accumulating 
evidence has implicated the lymphocyte-specific protein tyrosine kinase Ick as a signal transduction molecule 
in T-lymphocyte responses, including its modulation during lymphocyte activation and its physical association 
with the cell surface molecules CD4 and CD8. In order to assess the functional role of / ck  during T cell 
development and activation, we sought to overexpress both the wild type lck gene and an activated version 
containing a single codon substitution (Y-F) at position 505 in transgenic animals under the control of the 
proximal lck promoter. These transgenes (pLGY and pLGF) are expressed preferentially in the thymus, with 
undetectable levels of transcripts in peripheral lymphocytes. Lymphocytes from pLGY transgenic mice retain 
normal staining characteristics and exhibit an extremely subtle defect in Con A stimulability in the thymus 
only. In contrast, the transgenic pLGF animals exhibit profound immunologic abnormalities. These can be 
broadly grouped into two categories based on levels of expression of the transgene: low expressing lines exhibit 
alterations in the signalling properties of thy ocytes and in peripheral T-lymphocytes. Animals expressing 
higher transgene levels accumulate CD CDJoW cells in the thymus, and develop thymic tumors prior to 7 
weeks of age. Thymocytes from pLGFif but not pLGY bearing animals have dramatically increased 
phosphotyrosine levels, and the resulting transformed thymocyte can be maintained as in vitro cell lines. 
Placed in the context of the known physical properties of ~ 5 6 ' ~ ' .  these observations support the view that the 
/ck gene product assists in mediating signal transduction from the T cell antigen receptor. 

F201 PATHWAYS REGULATING PROTEIN KINASE C ACTIVATION IN 

ASSAY, Denis R. Alexander,  J o n a t h a n  D. Graves ,  Doreen A. Cantrell  a n d  Michael 
J . C r u m p t o n ,  Imperial  C a n c e r  R e s e a r c h  F u n d ,  P . 0 . B o x  123,  Lincoln's  Inn Fields,  
London, WCZA 3PX. 
We have previously utilised a pseudosubstrate peptide inhibitor in order to investigate protein 
kinase C (PKC) mediated events in slretolysin-0 permeabilised human T-cells (Alexander, D.R.et 
a/. Biochem J. 260, 893-901, 1989). In an analogous method, we have now introduced selective 
peptide substrates for PKC into permeabilised T-cells, and have shown that these can be used to 
monitor PKC activation in response to receptor ligands. The pseudosubstrate inhibitor was used to 
block peptide phosphorylation induced by phorbol 12 , l  3-dibutyrate, phytohemagglutinin, GTPfi 
or mAbs against the CD3 antigen, so establishing that in each c a s e  phosphorylation was due to the 
action of PKC. An analysis of inositol phosphate (IP) production revealed a marked disparity 
between the concentration dependence of GTPyS induced IP production and PKC activation. For 
example, at 10pM GTPyS IP production was 90% of maximum, wheras the equivalenl level of PKC 
activation was only 47%. Our data are consistent with the concept that PKC activation in T-cells is 
regulated by several distinct pathways. The PKC assay  that we have described enables direct 
quantitative estimales of PKC activity in permeabilised cells in response to signal transduction via 
cell surface molecules. It is expected that this method will help to clarify the way in which PKC is 
regulated during T-cell aclivation. 

PERMEABILISED HUMAN T-LYMPHOCYTES: ANALYSIS USING A NOVEL 
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F202 EXPRESSION OF EGF RECEPTOR IN K562 CELL LINE BY TRANSFECTION: HIGH BASAL 
ACTIVITY OF RECEPTOR KINASE, Hamish Allen, Justin J. Hsuanl, Stella Clark1,2, 

Michael D. Waterfieldl and John Haley1y3, National Institute for Medical Research, 
London NW7 lAA, U.K., 
ZThe Walter and Eliza Hall Institute, Victoria 3050, Aus., 
The human erythroleukemic cell line K562 normally lacks both epidermal growth factor (EGF) 
receptors and class I histocompatibility antigens, HLA-A,B, but synthesis of HLA-A,B is 
inducible with interferon-gamma. We expressed the ECF receptor in K562 cells by 
transfection of the receptor cDNA to iniestigate receptor function in erythroid cells and 
to determine any effect of HLA-A,B expression on receptor function. The tyrosine kinase 
activity of the EGF receptor in the K564 transfectants was compared to that in A431 cells. 
The K562 receptor kinase has high basal activity in the absence of EGF. This activity may 
not be due to an autocrine mechanism, since we have shown that the K562 transfectants do 
not synthesize TGF4. The K562 receptor has one major, constitutive phosphorylation site 
in vivo, a threonine residue(s) that is not the site phosphorylated by protein kinase C at 
Thr 654. Possible mechanisms of activation of  the K562 receptor kinase are being 
investigated, one of which may involve this threonine phosphorylation. 

lLudwig Institute for Cancer Research, London W1P 8BT, U.K., 
30ncogene Science, NY 11030. 

F 203 cAllP MtlIIAILD RFGULATIUN (11 c-iiI)c IN tIUMAN B-1.YMt'tlOID [:f L L S ,  
Kristin B. Andersson, Lrlend  8. Srnelarid, Steiriar rtlrlderuri and I k i d i  K. Blomhoff, 
Lab. for Immunoloyy, lristitiit? for Cancer Researrh, The Norwegian Radium Hospital, 

Montebello, N-0310 USLO 3, Norway. 

We have studied CAMP mediated c-myc regulation i n  norm:il human B lymphocytes and LII the 
B-precursor cell line REH. 

Activation o f  adeny1at.e cyclase by the diterpene forskolin rewlts in qrowth inhibition 
(block i r i  late G and delay in G,) in both cell systems, concurrently with reduced c-myc 
mRNA and proteinllevels. In  the & I 1  line KtH this c-myc downregulatiori 1s transient and 
i t  is not yet established whether this clowilrequlat ion is rrecessary f o r ,  1 1 ~  IS a r:onserjuence 
of the observed grnwth arrest. 

We will psesent results that rlarify ;it which lebel rinyc duwrirryu1:it ion occur:;. 

- 

F 204 DIFFERENTIAL EFFECTS OF INTERLEUKIN-2 AND INTERLEUKIN-4 ON PROTEIN TYROSINE 

Schlager and Robert T. Abraham, Department of Immunology, Mayo Clinic, Rochester, MN 5 5 9 0 5 .  
The mechanism by which interleukin-2 (ILZ), a requisite factor for growth of IL2-dependent T 
cells, transmits a mitogenic signal to the cell interior remains unclear. In this study, 
anti-phosphotyrosine (p-tyr) antibodies were used to irnmunoprccipitate p-tyr containing 
proteins from three ILE-dependent T cell clones hearing either a T-cytotoxic or T-helper 
phenotype. IL2 stimulated rapid increases in the phosphorylation of at least 6 cellular 
proteins in these cell lines. Phosphorylation of 97 kOa and 57 kD;i proteins was a common 
event in all 3 clones. Subcellular localization studies revealed that most of these 
phosphoproteins were cytosolic in nature, In contrast, the alternative T cell growth factor, 
interleukin 4 ,  induced no detectable protein tyrosine phosphorylation in these cells, 
indicating that tyr kinase activation was not a requisite event for mitogenic signal 
transmission in growth factor-stimulated T cells. We have also demonstraced that anti-p-tyr 
immunoprecipitates of ILE-stimulated cytotoxic T cells contained enzymatic activity similar, 
if not identical, to phosphatidylinositol (PI)-3'-kinase. These results suggest that 
phosphorylation of PI may represent a novel mechanism of second messenger generation by IL2. 

PHOSPHORYLATION IN FACTOR-DEPENDENT MURINE T CELLS, James A .  Augustine, Janis W. 
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F205 STIHUI.ATION OF EPlDBRMAL GROWTH FACTOR (EGY) RECEPTOR TYROSINE KlNASE ACTlVlTY BY 

Physiol. Chem., Univ. of Wis., Kadison, WI 53706 Because of the importance of receptor- 
substrate interaction in EGF signal transduction, it is critical to understand the factors 
involved in regulating receptor activation and substrate specificity. Thus, we have 
examined the effects of inorganic salts, poly amino acids and basic proteins on EGF 
receptor activation and tyrosine kinase activity using membranes and highly purified 
receptor isolated from human A431 epidermoid cells. Using the phosphorylation of an 
exogenous substrate, angiotensin 11, ammonium sulfate (250 mH) enhanced EGF activation by 
-10-fold in membranes and stimulated purified receptor, which is already EGP-saturated, 
by -6-fold. The activation seen with purified receptor involves an increase in Vmax with 
no change in the apparent Km for angiotensin 11. This effect appears to be substrate 
specific, since anunonium sulfate greatly inhibits the phosphorylation of another exogenous 
substrate. sc-peptide, without affecting self~phosphorylation. Receptor activation ranging 
from 2-5  fold was also seen with ammonium chloride (100 mH). potassium and sodium chlorides 
(100 mH)/sulfates (50 d). protamine (2-750 pg/ml). poly- arginine (40 kDa, 1-500 & m l )  
and poly-lysine (17.3 kDa, 1.500 pglml), whereas poly-glutamic acid (10.6 kDa, 50-500 pg/ml) 
had no effect. However, not all effectors showed the substrate specificity seen with 
ammonium sulfate, suggesting differential modes of action. In this regard. the EGF 
receptor carboxy-terminus may be involved in the mediation of some of these effects since a 
1 6 4  amino acid C-terminally truncated receptor is insensitive to poly arginine and 
protamine, but still responds t o  poly-lysine and anunonium sulfate. (Supported by NIH.) 

BASIC PROTElNS AND INORGANIC IONS, Paul J. Bertics and Laura Hubler, Dept. Of 

F 206 FEATURES OF THE T CELL SPECIFIC CD27 ANTIGEN, Jannie Borst], Rolien de Jon$, Cees 
Melief], Rent! van Lie$ and Wil Loenen'. ]Divisions o f  Immunology, The Netherlands Cancer 

Institute & Zlmmunobiology, Central Laboratory o f  the Blood Transfusion Service, Amsterdam, 1066 
CX, The Netherlands. 

The function of the CD27 molecule is unknown, but various features suggest that it plays a 
significant role in the events following T cell activation. First, CD27 is a T cell specific antigen. 
Second, it is an activation antigen. Resting peripheral T cells contain a CD27- and a CD27' subset, 
of which only the latter is able to give help to B cells in IgM production, suggesting a difference in 
maturation or activation between the subsets. Upon triggering of the CD3/TCR complex, known to 
activate signal transduction routes involving PKC and a tyrosine kinase, CD27 expression is 
induced on negative cells and strongly increases on CD27' cells, as a result of transcriptional acti- 
vation. In contrast, upon activation of T cells by phorbol esters, that exclusively trigger the PKC 
route, CD27 expression decreases. This may imply that transcriptional regulation of CD27 gene 
expression is an interesting model system to study the tyrosine kinase activation route. We have 
cloned the genomic DNA encoding the CD27 protein. DNA sequence information will give insight in 
the protein structure as well as in gene regulation, while subsequent expression studies should 
help to elucidate the biological role of CD27 and provide insight into distinct signalling pathways 
and temporal events in T cell activation. 

F 207 BETgROCENEITY OF PEOSPBOLJPASE C R&GULATION IN T LYIIPROCYTBS, Stave C. Ward and 
Doreen A. Cantrcll, Lymphocyte Activation Laboratory, Imperial Cancer Research Fund, 

London, V C U  3PX. 
In u n y  cells, protein kinass C (PKC) activation inhibits cellular phospholipase C thereby 
praventing receptor-mediated phosphatidylinositol (PI) metabohm. In T lymphocytes, the T 
cell antigen receptor (TI)/CDS complex regulates PI hydrolyrls and vc have examined the 
consequences o f  PKC activation on Ti/CD3-mediated PI metabolism in human peripheral blood 
derived T lymphocytes (T lymphoblarts) and the 1euk.emlc T cell line Jurkat. In Jurbt 
cells, PI metabolism folloving TilCD3 stiBulation, ia inhibited by PKC activation. PKC 
activation also  inhibits calcium-induced PI metabolism in permeabilised Jurkat cells. In 
urked contrast, PI metabolism following Ti/CD3 stimulation in T lymphoblasts, is not 
inhibited by PKC activation. The differant effect of PKC stimulation on PI metabolism in 
Jurkat cells md T lymphoblasts reveals heterogeneity of PLC regulation in T lymphocytes. 
Jurlut calls and T lymphoblasts express different PKC isotypes vhich could explain 
differences in PKC regulation of Pf metabolism. 
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F 208 FLUORESCENCE RESONANCE ENERGY TRANSFER AS A MEASURE OF EGF RECEPTOR AGGREGAllCN IN 
A431 CARCINOMA CELL MEMBRANES, Kermit L. Carraway. John G. Koland and Richard A. Cerione, 

Department of Biochemistry, Cell and Molecular Biology, Cornell University, Ithaca. NY 14853. Fluorescence 
resonance energy transfer between fluorescent-labeled epidermal growth factor molecules was used as a 
monitor for EGF receptor-receptor interactions in isolated plasma membranes and on the surface of intact 
A431 human epidermoid carcinoma cells. EGF labeled at its amino terminus with fluorescein-isothiocyanate 
served as the fluorescence donor in these studies, while EGF similarly labeled with eosin-isothiocyanate 
served as the acceptor. Both of these derivatives are active in the stimulation of the endogenous receptor 
tyrosine kinase activity in membranes, and in the stimulation of second messenger responses in intact cells. 
Using isolated plasma membranes from A431 cells, we found that the labeled growth factors alone show 
relatively little energy transfer (-510% donor quenching under the conditions employed), indicative of 
little receptor aggregation. However, the presence of divalent cation activators of the receptor tyrosine kinase 
activity significantly increases the degree of energy transfer in isolated plasma membranes (as much as 40% 
donor quenching). The ability of these divalent cations to induce receptor-receptor interactions correlates 
well with their ability to stimulate the EGF receptor tyrosine kinase activity. Studies with intact A431 cells 
indicated that no energy transfer occurs under conditions which maintain the integrity of the cell. However, 
metal-stimulated energy transfer may be regained when cells are extracted at high pH. These results suggest 
that intact cells impart some constraint on the ability of their EGF receptors to aggregate. Moreover, since the 
labeled growth factors are acting to elicit second messenger responses, it may be concluded that large scale EGF 
receptor aggregation is not necessary for signal transduction across the plasma membrane in these cells. 

F 209 

Canada, M5S 1A8. 
enzymes, many of which mediate biological responses of target cells to extracellular 
signals. We have identified a novel tyrosine kinase named eek (eph and elk-related 
kinase) using low stringency screening of a rat brain cDNA library with the kinase 

indicated by the detection of 

IDENTIFICATION OF A NOVEL TYROSINE KINASE eek, Joanne Chan and 
Valerie M. Watt, Department of Physiology, University of Toronto, Toronto, 

Protein tyrosine kinases form a superfamily of structurally related 

receptor tyrosine kinases, eph and elk (60%-70% identity), and less similar to other 
tyrosine kinases such as src (46%). This suggests that eph, elk and eek form a new 
family of putative receptor tyrosine kinases possibly including other as yet unidentified 
members. 

F 210 COMPARATIVE CHARACTERIZATION OF THE SITES OF PHOSPHORYLATION IN 
CLATHRIN LIGHT CHAINS PHOSPHORYLATED BY NEURONAL PP60C-SRC AND A 

SPLEEN TYROSINE KINASE, H.C. Cheng", M.R. Carpenter, M.J. Mooibroek*, L.B. 
Smillie, and J.H. Wang', Department of Medical Biochemistry, University of 
Calgary*, and Department of Biochemistry, University of Alberta 
, Edmonton, AB, Canada. 
Purified bovine brain clathrin light chains a and b (LCa and LCb) can be 
phosphorylated by both a bovine spleen tyrosine kinase and neuronal pp6Oc- 
src in vitro. Phosphopeptide maps generated by clathrin light chains 
phosphorylated by both kinases were identical. This suggests that both the 
spleen tyrosine kinase and neuronal pp60c-src phosphorylated clathrin light 
chains at the same sites. The spleen tyrosine kinase could phosphorylate both 
light chains a and b to a stoichiometry of 0.2-0.5 .mol. phosphate/mol. 
protein with Km at 30-1OO)IM. Phosphorylation occurred chiefly on one single 
tyrosine in both LCa and LCb. The major site of phosphorylation in LCa was 
identified to be tyrosine 89  with flanking amino acid sequence 
YYQESNGPTDSYAAISQ. The major phosphorylation site in LCb was found to be 
tyrosine 87 with amino acid sequence surrounding it as VFQEANGPTDGYAAIAO. Even though an acidic residue is located in close vicinity t o  the - t a rge t  
tyrosine residue in each sequence, both phosphorylation site sequences show 
no significant homology to those sequences surrounding phosphotyrosine in 
pp60c-src and other retroviral transforming proteins. 
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F211 CSF-1 STIMULATES ASSOCIATION OF ITS RECEPTOR WITH A PHOSPHATIDYL INOSITOL KINASE, G. 
G. Choudhury. L.-K. Wang, L .  Martinez, and A. Y. Sakaguchi. Department of Cellular 

6 Structural Biology, University of Texas Health Science Center, San Antonio 78284-7762 
Colony stimulating factor 1 is a lineage specific hemopoietin required f o r  the growth, 
differentiation, and survival of macrophages and their precursors. The receptor f o r  CSF-1 is 
a transmembrane glycoptotein whose intrinsic tyrosine kinase is activated by ligand binding. 
Three deletions were introduced into the "kinase insert" region of human CSFlR cDNA and the 
genes expressed in NIH3T3 cells. (Deletion mutants and inclusive amino acids are: Gly684, 
glycine 684-leucine 750; Cly684B, glycine 684-serine 713; Lys700, lysine 700-arginine 727). 
Each mutant retained tyrosine kinase activity in vitro. Immune complexes o f  CSFlR contained 
a phosphatidyl inositol kinase (PIK) activity whose reaction product was suggestive o f  PI 3'P 
(Identical mobility in TLC to the product obtained with polyoma virus middle T immunocomplexes). 
In contrast to wild type receptor, Gly684B, and Lys700, immune complexes of Gly684 did not 
contain PIK activity. PIK activity was stimulated by treatment of receptor-bearing cells with 
human recombinant CSF-1 (kindly provided by P. Ralph, Cetus). Anti-phosphotyrosine 
imnunoprecipitates from CSFlR bearing cells contained PIK activity as well as an 8 5  Kd protein 
whose phosphorylation on tyrosine appeared to be stimulated by CSF-1. Additional mutants are 
being analyzed to understand the role of the kinase insert region in PI kinase association and 
signal transduction by CSFlR. 

F 212 BIOSYNTHESIS OF THE PROTEIN ENCODED BY THE c-me# PROTO-ONCOGENE, Paolo 
Comoglio, Silvia Giordano, Colin S. Cooper and Maria Flavia Di Renzo, Department of Biomedical 

Sciences & Oncology, University of Torino, C.so Massimo D'Azeglio 52, 10126 Torino, Italy 
The  protooncogene c-mer encodes a transmembrane protein with structural features of  a growth factor receptor. 
We have previously shown that the c-met protein (c-Met) is a heterodimer of two disulphide linked chains of 
50 kd (a) and 145 k d  (p) (Nature 339, 155-156. 1989). In this work we have studied the biosynthesis of the 
c-mcr product in a gasmc carcinoma cell line (GTL-16) where the c-mer gene is amplified and overexpressed. 
Following metabolic labelling of the cells in the presence of tunicamycin, anti-met antibodies 
immunoprecipitate a protein of 150 kd. In pulse-chase experiments carried out in the absence of tunicamycin, 
a 170 kd product appears first. Within the next few minutes, this precursor modifies its SDS migration, 
probably as a consequence of modification(s) of its inaa-chain disulphide bonds. After 45 min of chase, this 
single polypeptide precursor is  cleaved to form a 50 kd a subunit and a 145 kd p subunit that are joined by 
disulphide bonds in an  up complex with an apparent molecular weight of 190 kd. The presence of N-linked 
oligosaccharides in both the precursor and the mature protein was shown by enzymatic de-glycosylation of the 
immunoprecipitated proteins. The half-life of the mature protein was calculated to be approximately 5 hrs. 
The c-met protein has similar structure and biosynthesis in other human cell lines. 

F 213 ALTERNATIVE SPLICING PRODUCES A NOVEL FORM OF THE FYN-ENCODED 

PROTEIN TYROSINE KINASE IN HEMATOPOIETIC CELLS, Michael P. Cooke, Katherine A. 

Forbush. Roger M. Perlmutter, Departments of Biochemistry, Immunology, and Medical Genetics, Howard 
Hughes Medical Institute, University of Washington, Seattle, WA 98 185. 

The fyn proto-oncogene encodes a 59 kDa membrane-associated protein tyrosine kinase that is implicated in 
the control of cell growth. Here we report that there exist two distinct /yti-encoded transcripts which exhibit 
mutually exclusive expression patterns; one form is found in thymocytes, splenocytes, and some 
hematolymphoid cell lines, while a second form accumulates principally in brain. The thymocyte and brain 
forms of ~ 5 9 ~ ~ ~  differ in their kinase domains, and are generated b y  mutually exclusive alternative splicing of 

exon 7.  Immunoprecipitation followed by in vilro autophosphorylation demonstrates that both forms of p59fY" 
are enzymatically active. Retroviral vectors have been used to assess the effects of brain and thymus ~ 5 9 ~ ~ ~  
on T-cell hybridomas. These results define a novel form of the ~ 5 9 ~ ~ ' "  protein tyrosine kinase, with an altered 
catalytic domain, that apparently participates in a specialized signal transduction pathway in hematopoietic 
cells. 
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F 214 MULTI-SITE PHOSPHORYLATION OF THE EPIDERMAL GROWTH FACTOR 
RECEPTOR, Janice L. Countaway & Roger J. Davis, Dept. of Biochemistry, 
Uniuersity of Massachusetts Medical Center. Worcester, MA 01655 

The hypothesis that phosphorylation of the EGF receptor is mechanistically related 
to the modulation of EGF receptor function was tested by replacing the ma or sites of 

residues by site-directed mutagenesis of the human EGF receptor cDNA. EGF receptors 
containing single point mutations or multiple mutations were expressed in Chinese 
hamster ovary (CHO) cells. Phorbol ester caused an inhibition of the tyrosine 
phos horylation of wild- type EGF receptors and receptors lacking Thr669, Ser1O46, or 

phorbol ester was not observed for any of the mutated EGF receptors that lacked Thr6 4. 
These results support the hypothesis that Thr654 plays a central role in the control of the 
EGF receptor tyrosine protein kinase activity. Analysis of the role of serine and 
threonine phosphorylation in receptor transmodulation revealed that treatment with 
phorbol ester caused a n  inhibition of the high affinity binding of 1Z5I-EGF to cells 
expressing wild- type EGF receptors and each of the mutated EGF receptors examined. 
These data indicate that the regulation of the apparent affinity of the EGF receptor in 
CHO cells is independent of the major sites of phosphorylation of the EGF receptor 
(Thra54. Thr669, Se1-10~6, and Ser1047). 

serine and threonine phosphorylation (Thr654, "369 .  Se1-10~6, and Serlo4 c ) with alanine 

Serl B 47. In contrast, the inhibition of EGF receptor tyrosine phosphorylation caused b Y 

F215 gp185erbB-* is a constitutively active kinase which does not 
require dimerization to exert its transforming action. P.P. Di 

Fiore, 0. Segatto, I.M. Borrello, J.H. Pierce, F. Lonardo and S.A. Aaronson. 
LCMB, NCI, Bethesda, MD 
The erbB-2 gene product, gp185erbB-2, displays a potent transforming effect 
and constitutive tyrosine kinase activity when overexpressed in NIH/3T3 
cells. This effect is unlikely to depend on the autocrine secretion of an 
erbB-2 ligand, since a chimeric molecule engineered between the erbB-2 
extracellular domain and the intracellular domain of the EGFR was found to be 
biologically and catalytically inactive. Substitution of the carboxy- 
terminal domain of the EGFR with the analogous region of gp185erbB-2 induced 
EGF independent transforming activity as well as constitutive in vitro and in 
vivo autophosphorylation. Conversely, the reciprocal chimera showed reduced 
biologic and catalytic activity when compared to the w.t. erbB-2 product. 
Thus ,  the upregulation of gp185erbB-2 enzymatic activity exerted by its COOH 
domain can explain, at least in part, its constitutive kinase activity. At 
variance with other receptors, gp185erbB-2 signalling does not depend on the 
formation of dimeric molecules. In fact, the normal erbB-2 product as well 
as two erbB-2 mutants possessing increased kinase activity are present in a 
monomeric state in intact cells, even when expressed 100 fold over normal 
levels, 

F 216 LIGAND-INDUCED PHOSPHORYLATION OF THE COLONY-STIMULATING FACTOR 1 RECEPTOR OCCURS 
THROUGH AN INTERMOLECULAR REACTION THAT TRIGGERS RECEPTOR DOWNMODULATION, James R. 

Downing,'$* Masahiro Ohtsuka,l Martine F. Roussel,' and Charles J .  Sherr,lr3 Departments 
of Tumor Cell Biology1 and Pathology2 and Howard Hughes Medical Institute,3 St. Jude 
Children's Research Hospital, Memphis, TN 38105 
Ligand-induced tyrosine phosphorylation of the human colony-stimulating factor 1 receptor 
(CSF-1R) could involve either an intra- o r  intermolecular mechanism. To distinguish 
between these possibilities, we examined the ability of a CSF-1R carboxylterminal 
truncation mutant to phosphorylate a kinase-defective receptor, CSF-lR[met 6 1 6 1 ,  that 
contains a methionine-for-lysine substitution at its ATP binding site. Using an 
antipeptide serum that specifically reacts with epitopes deleted from the enzymatically 
competent truncation mutant, cross-phosphorylation of CSF-1Rjmet 6161 on tyrosine was 
demonstrated, both in immune complex kinase reactions and in intact cells stimulated with 
C S F - 1 .  Both in vitro and in vivo, CSF-lR[met 6161 was phosphorylated at sites identical 
to those in wild-type CSF-lR, suggesting that receptor phosphorylation on tyrosine 
normally proceeds via an intermolecular interaction between receptor monomers. When 
expressed alone, CSF-lRjmet6161 did not undergo ligand-induced domodulation, but its 
phosphorylation in cells coexpressing the kinase-active truncation mutant accelerated its 
degradation. These results suggest that binding of C S F - 1  induces receptor aggregation, 
leading to the activation of the receptor kinase, intermolecular phosphorylation of 
receptor subunits, and downmodulation. 
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F 217 A NOVEL CYTOPLASMIC TYROSINE KINASE GENE, blk. IS SPECIFICALLY 

Stephen V. DesideriOtJ', +Department of Molecular Biology and Genetics, Woward Hughes Medical 
Institute Laboratory of Genetics and *Departments of Surgery and Oncology, The Johns Hopkins 
University School of Medicine, Baltimore, Maryland 21205. 
Seveml pathways of transmembrane signaling in lymphocytes a~ known to involve protein-tyrosine 
phosphorylation. With rhe exception of p 5 W .  a T-lymphoid tyrosine kinase of the SIC family that 
associates with the T-cell transmembrane pteins CD4 and CD8, the kinases that function in these 
pathways arc unknown. By smening a mixed B- and T-cell cDNA library with degenerate 
oligonucleotides derived from nuclmtide sequences conserved among four cytoplasmic tyrosine kinase 
genes a, v - d ,  c-m and v-y& we isolated a murine lymphocyte cDNA that represents a novel B- 
lymphoid-s@ic member of the = family . This cDNA, which we call (for B-lymphoid kinase), 
specifies a 55,000 MW protein-tyrosine k inas  that is related to but distinct from previously identified 
products of retroviral or cellular genes. Overall, the protein encoded by & (p55bk) exhibits 61% and 
63% amino acid sequence identity to the products of l& and m, respectively. In the mouse and among 
immortalized cell lines, & is specifically expressed in the B-cell lineage. The B-lymphoid specificity of 
fi expression distinguishes it from other members of the 
lymphoid-specific signal transduction element analogous to the T-cell tyrosine kinase p56kk. 

EXPRESSED IN B-LYMPHOID CELLS, Susan M. Dymecki+.#, John E. Niederhuber*.+ and 

family. We propose that p55bk is a B- 

F218 EVIDENCE FOR THE INVOLVEMENT OF A CHOLERA-TOXIN-SENSITIVE 

D a v i d  A. F o s t e r ,  K o n s t a n t i n a  A l e x a n d r o p o u l o s ,  S a j j a d  A. Q u r e s h i ,  
a n d  Rudolph  S p a n g l e r .  The I n s t i t u t e  fo r  B i o m o l e c u l a r  S t r u c t u r e  
a n d  F u n c t i o n  a n d  T h e  D e p a r t m e n t  of B i o l o g i c a l  S c i e n c e s ,  The H u n t e r  
C o l l e g e  of t h e  C i t y  U n i v e r s i t y  o f  N e w  York ,  6 9 5  P a r k  Avenue,  N e w  
York. N e w  York 10021.  

V - S r c  a n d  v-Fps i n d u c e  e x p r e s s i o n  o f  t h e  t r a n s f o r m a t i o n - r e l a t e d  
9E3 g e n e  i n  c h i c k e n  embryo f i b r o b l a s t s  w i t h  a s e n s i t i v i t y  t o  
p r o t e i n  k i n a s e  i n h i b i t o r s  c o n s i s t e n t  w i t h  a p r o t e i n  k i n a s e  C (PKC) 
mediated p a t h w a y .  GTPYS a n d  c h o l e r a  t o x i n  a l s o  i n d u c e  9E3 g e n e  
e x p r e s s i o n .  Gs i s  known t o  be a c t i v a t e d  by cholera t o x i n  a n d  
t r a n s d u c e s  s i g n a l s  b y  a c t i v a t i n g  a d e n y l y l  cyclase - l e a d i n g  t o  t h e  
p r o d u c t i o n  o f  CAMP a n d  t h e  a c t i v a t i o n  o f  p r o t e i n  k i n a s e  A (PKA). 
However, i n d u c t i o n  of 9E3 b y  c h o l e r a  t o x i n  a p p e a r s  t o  be 
i n d e p e n d e n t  o f  CAMP a n d  PKA. To t es t  i f  a G - p r o t e i n  w e r e  p a r t  of 
a v - S r c  a n d / o r  v-Fps i n d u c e d  s i g n a l  t r a n s d u c t i o n  p a t h w a y ,  we 
tested t h e  s e n s i t i v i t y  t o  t h e  G - p r o t e i n  i n h i b i t o r  GDPBS. GDPBS 
i n h i b i t e d  b o t h  v-Src-  a n d  v - F p s - i n d u c e d  9E3 g e n e  e x p r e s s i o n .  I n  
c o n t r a s t ,  GDPBS d id  n o t  i n h i b i t  TPA i n d u c e d  9E3 g e n e  e x p r e s s i o n .  
T h e s e  d a t a  s u g g e s t  t h a t  a p u t a t i v e  G - p r o t e i n  i s  f u n c t i o n i n g  e i t h e r  
u p s t r e a m  f r o m  or  i n d e p e n d e n t  o f  PKC i n  v - S r c  a n d  v-Fps  m e d i a t e d  
i n d u c t i o n  o f  9E3 g e n e  e x p r e s s i o n .  

G-PROTEIN I N  V-SRC- AND V-FPS-INITIATED SIGNAL TRANSDUCTION: 

F 219 A 18OOOO DALTON GLYCOPROTEIN IS AN INSULIN RECEPTOR TYROSINE KINASE SUBSTRATE, H. Joseph 
Goren. Donna Boland. Department of Medical Biochemistry, University of Calgary. Calgary, AB T2N 4N1,  Canada. 

Several laboratories have demonstrated that proteins in the 150-195 kiloDalton (kDa) range are substrates far the insulin 
receptor (IR) tyrosine kinase. We have studied protein phosphorylation in wheat germ agglutinin (WGA) purified plasma 
membranes from several IR-containing tissues and with the exception of rat adipocytes have found a 180 kDa 
phosphorylated protein (pp180). Human placenta, and rat liver, muscle, heart, brain and adipocyte membrane proteins were 
phosphorylated 10 min. 20 C in the presence of 50 uM ATP. 5 mM MnCI, and in the presence or absence of 10 nM insulin. 
The reaction w a s  terminated with 0.2 mM vanadate and 5 mM EDTA. Rabbit antiphosphotyrosine antisera- 
immunoprecipitated proteins were seperated by dodecyl sulphate gel electrophoresis and detected autoradiographically. 
In addition to phospho-IR o-subunit, pp180 was detected. In the absence of reducing agents, pp180 migrated as a 150 
kDa protein. The addition of neuraminidase to ppl80 decreased its size to 170 kDa. Reverse-phase high pressure liquid 
chromatography of trypsin-digested placenta and rat liver pp180 yielded identical chromatograms of 10 phosphopeptides. 
Phosphotyrosine along with phosphoserine in some and phosphothreonine in other tryptic-peptides were found. Insulin 
increased phosphate incorporation into all peptides but mostly into 5 tryptic-peptides. 9 of 10 tryptic peptides were 
susceptible to staphylococcal aureus V8 protease. Preimrnunoprecipitation of placenta IR with an anti-IR monoclonal 
antibody prevented completely protein phosphorylation. Maximal and 50% insulin-stimulated phosphorylation of o-subunit 
and pp180 occurred at - 10 and "3 nM, respectively. Glycerol gradient centrifugation of tissue homogenates, 
demonstrated IR and pp180 in endosomal and plasma membrane fractions. These results suggest that many insulin 
receptor containing tissues contain a 180 kDa glycoprotein: (i) thal is a single polypeptide with intramolecuiar disulfide 
bonds, (ii) that is associated with endosomal and plasma membranes, (iii) that has several tyrosine kinase sensitive sites, 
and (iv) that is a substrate for the insulin receptor tyrosine kinase. Some evidence suggests that pp180 may be similar 
to hepatoma cytoplasmic pp185. an IR substrate which functions in insulin signal transduction (Cell 54: 641, 1988). 
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F 220 T CELL ANTIGEN RECEPTOR COUPLING TO INOSITOL PHOSPHOLIPID HYDROLYSIS 
AND REGULATION OF PROTEIN KINASE C IN PERMEABILIZED HUMAN T LYMPHOCYTES. 

J.D.Graves and D.A.Cantrell. Lymphocyte Activation Laboratory, Imperial Cancer Research Fund, P.O. Box 123, Lincoln's 
Inn Fields, London, WC2A 3PX. U.K. 
Triggering of the T cell antigen receptor complex (TED31 activates a phospholipase C inducing the breakdown 
of inositol phospholipids. In streptolysin 0 permeabilized T lymphocytes, inositol phosphate production can be 
stimulated in response lo the guanine nucleotide analogue GTPyS and the anti-receptor antibody UCHTl, 
allowing investigation of the role of G proteins in coupling TiCD3 to PLC. GDPPS, a guanine nucleotide analogue 
which antagonises G protein mediated events, inhibited both UCHTl and GTPyS-induced inositol phospholipid 
hydrolysis, implicating a G protein in TilCD3 coupling. The effects of GTPyS and UCHTl on inositol 
phospholipid metabolism were neither additive nor synergistic, suggesting that stimulation of the TiCD3 
complex does not induce exchange of exogenous guanine nucleolides. In permeabilized cells, PKC mediated 
phosphorylation can be induced by receptor Stimulation with PHA, the phorbol ester PDBu and GTPyS. PHA 
induced inositol phospholipid hydrolysis correlated closely with PHA induced phosphorylation, suggesting that 
PHA regulates PKC activation via diacylglycerol produced as a consequence of inositol phospholipid hydrolysis. 
In contrast, there was a discrepancy between GTPyS effects on phosphatidylinositol turnover and PKC 
activation. The half maximal GTPfi concentration for inositol phosphate production and PKC activation was 
0.75pM and 751M respectively. The data are consistent with the idea lhat other G protein-regulated signal 
transduction pathways, in addition to those involving inositol phosphate production, exist for the regulation of 
PKC in T lymphocytes. 

F221 INHXBITION OF FEGF-INKXEED CELL SICNUB AND m m m i w ~ s  EN THE TYI~DSJM~ KUWE 

Cancer F+ZSXE& center of Hawai i ,  &sic science, University of Hawai i ,  Honolulu, HI, 96813. 
and 

in the prcqxssion of a cell thnxgh its grwth-division cycle, w e  treated cultured C ~ H -  
1oT1/2 mxfse fibroblasts w i t h  the selective tyrosine kinase blccker genistein and then 
imnitored changes in calcium levels, protein phosphorylation and DNA synthesis stimulated 
with PDCF (c-sis). Addition of 5 w/ml of PDCF to fura-2 loaded cells stimulated a 6-fold 
rise in the calcium wncentration, w h i c h  was blocked by genistein (IC50 = 30 uM). 
Similarly, the rapid p h m o r y l a t i o n  of an 80 kIn protein substrate induced by PCGF was 
inhibited by qenistein. W e  exploited the reversible ~ t u r e  of genistein inhibition i n  tNA 
synthesis eqeriments. Control and genistein-treated (100 uM) cells s t w a t e d  w i t h  10 
ng/ml PCGF w e r e  transferred to fresh medium a t  various time pints and allowed to pnxzed 
in the presence of [ 3 H ] t h y m i d h  for  the rminder of the 24 hour perid. Once washed free 
of genistein the cells prcqresd  thrcqh their gnmth-division cycle, althoqh no change 
in  the calcium levels or protein phosphorylation w a s  oksexved a f t e r  remrrval of genistein. 
These tNA synthesis studies also revealed two pericds dur ing the G 1  phase of the cell cycle 
that require tyrosine kinase. 'me f i r s t  perid (early G1) occurs during the 4 hours 
inmdiately follmirq stimulation by WF, ard the  -rd perid ( l a t e  GI) occurs 2 to 3 
h- prior to WA synthesis. These results q e s t  that althou+ early cell sims are 
generated by a 'sm cmpled to growth f a d o r  receptor tyrosine kinase, prcqession 
thnxqh the cell cycle only requires activation of tyrcsine kinase. 

DENIf?IEIN. Timothy D. Hill, Lawrence J. MOrUan and Alton L. Boynton. 

determine what role tyrosine kinase plays in growth f a d o r  mediated d l  signaling 

F 222 ALTERATIONS OF THE LYMPHOCYTE-SPECIFIC PROTEIN 
TYROSINE KINASE, p56'ck, IN RESPONSE TO IL-2, I.D. 

Horakl.2, P.J. Lucasa, E.M. Horakl, R.E. Gresss, and J.B. Bolenl. Laboratory of 
Tumor Virus Biologyl, Medicine Branchz, and Experimental Immunology 
Branchs, National Cancer Institute, Bethesda, Maryland 20892. 

T lymphocyte proliferation can be stimulated during T-cell aclivation as well as following the 
interaction of IL-2 with IL-2 receptor. The interaction of IL-2 with its receptors on the 
surface of T-cells results in the rapid phosphorylation of several cellular proteins on tyrosine 
residues while other proteins are phosphorylated on serine and/or threonine residues Whereas 
the IL-2 receptor complex on the surface of T-cells mediate these divergent phosphorylation 
reactions, no protein kinase has been found to be associated with either the a or p subunits of  
the IL-2 surface receptor. We have observed upon exposure of normal human T lymphocytes to 
IL-2 that the specific activity of p561Ck, a membrane associated tyrosine protein kinase, is 
increased in a dose- and time-dependent manner. Addition of IL-2 was also found lo diminish the 
electrophoretic mobility of p561Ck on SDS polyacrylamide gels as the result of mutliple 
phosphorylation alterations of the protein. These results indicate that IL-2 is capable of 
inducing changes in the activity and phosphorylation pattern of an abundant lymphocyte tyrosine 
protein kinase that has previously been shown to be involved in T~cell activation signal 
transduction pathways. 
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F 223 THE trkB TYROSINE PROTEIN KINASE LOCUS CODES FOR TWO CLASSES OF CELL 
SURFACE RECEWORS, ONE OF WHICH LACKS THE KINASE CATALYTIC DOMAIN: 
DIFFERENTIAL EXPRESSION IN NEURAL TISSUES. Riidiger Klein', Luis Parada2 and 

Mariano Barbacid', 'De artment of Molecular Biology, S uibb Institute for Medical Research, 
Princeton, N J  08543, 2Mofecular Embryology Section, BRI, NJI-FCRF, Frederick, MD 21701 
Screening of a mouse brain cDNA library with a probe containing sequences from the tyrosine kinase 
domain of the human trk proto-oncogene has led to the isolation of a highly related gene, designated 
trkB (EMBO J., Dec. 89). In situ hybridization studies have indicated that trkB is expressed in the 
central (CNS) and peripheral (PNS) nervous systems of both fetal and adult mice. However, the trkB 
locus exhibits a complex pattern of transcription. At  least six RNA species ranging in size from 9 kb to 
2 kb have been identified in brain. Molecular analysis of cDNA clones derived from these trkB 
transcripts revealed that only two RNA species (9 kb and 5.5 kb) code for a cell surface receptor 
containing a tyrosine protein kinase catalytic domain. Expression of cDNA clones derived from these 
transcripts revealed a membrane-associated glycoprotein of 145 kd which displays the expected 
tyrosine protein kinase activity. In contrast, the other four transcripts code for glycoproteins of 95 kd 
that contain the trkB ligand-binding domain anchored to the cellular membrane, but lack a catalytic 
cyto lasmic domain. Using robes specific for each RNA species, we have shown that these two classes 
of ceyl surface receptors are ifferentially expressed in adult mouse brain. For instance, the pyramidal 
cell layer of the hippocampus exclusively contains those transcripts encoding the kinase catalytic 
domain. In contrast, structures corresponding to the choroid plexus of the 3rd and lateral ventricles 
only hybridize to probes derived from those mRNAs coding for the short ligand-binding form of the 
trkB receptor. These findings suggest an important role of the trkB locus in neurogenesis. 

F 224 PERTUSSIS TOXIN AND ITS B OLIGOMER STIMULAE MITOGENESIS AND CALCIUM 
INFLUX IN HUMAN B LYMPHOCYTES, Jean-Pierre Kolb*. Elisabeth Ginot', Elisabeth Petit-Koskas*, 
Nathalie Paul-Eugene' and Bernard Dugas". * U196 INSERM, Institut Curie, Paris and lnstitut Beaufour. Les 
Ulis, France. 

P e r u s i s  toxin was found to stimulate DNA synthesis in human B lymphocytes, either quiescent or activated 
by a first signal mimicking the antigen, such as anti+ antibody, or the SAC mitogen. This mitogenic effect was 
observed at concentrations above 100 ng/ml and reached a plateau at lo00 ng/ml. The peak of stimulation was 
obtained 3-4 days after the initiation of the culture. The toxin alone was unable to mgger a true multiplication of 
the B cells but elicited an increased survival. Similar effects to those evoked by the whole intact toxin were 
obtained in the presence of its binding or "B" protomer. By contrast, the "A" or catalytic unit, which induces in 
B lymphocytes the ADP- ribosylation of a Gi-like protein, was devoid of mitogenic activity. 

Both the intact toxin and its "B" subunit, but not the "A" oligomer, were able to mgger an increase in  the 
inaacytoplasmic concennation of calcium in B cells. This increase in (Caff)i was exclusively due to calcium 
influx and not to the release from inuacellular stores. 

Besides, stimulation of DNA synthesis was not modified by addition of staurosporine, an inhibitor of the 
protein kinase C, while preincubation with the calciun-dcalmodulin complex antagonist W7 resulted in a marked 
impairment of the proliferative response. 

A possible role for the soluble cleaved form of the CD23 antigen (RFcEII) in the process of Perrursis toxin- 
induced mitogenicity will be presented. Our results may conmbute to explain the long-known adjuvant effect of 
Perrussis toxin in antibody production. 

F 225 THE ROLE OF A TYROSINE PHOSPHATASE, CD45, IN PROXIMAL SIGNALLING VIA THE T 

Microbiology and Immunology, and HHMl University of California, San Francisco, San Francisco, 
CA 94143. Stimulation of T lymphocytes via their antigen receptor (TCR) results in the activation of a 
tyrosine kinase and the generation of inositol phosphate (IP) derived second messengers. The 
relative importance of these pathways in initiating distal biologic events and how they interact 
remains unclear. We have isolated a variant of the human T cell leukemic line, HPB-ALL, which 
lacks reactivity with a panel of monoclonal antibodies directed against CD45, a cell surface protein 
tyrosine phosphatase. Furthermore, membrane preparations from this clone show markedly 
reduced tyrosine phosphatase activity when compared to CD45 positive cells. Unlike variants 
expressing CD45, stirnulation of the TCR in this cell does not result in IP generation nor in more 
distal markers of cellular activation. Interestingly, a component of the TCR itself, the zeta chain, is 
constitutively phosphorylated on tyrosine residues in the non-signalling, CD45 negative variant. 
These data suggest that a tyrosine phosphatase, perhaps through the regulation of zeta chain 
phosphorylation, may play a crucial role in the ability of the TCR to generate IP. 

CELL ANTIGEN RECEPTOR, G. Koretzky, J. Picus, and A. Weiss, Department of 
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F 226 ISOLATION AND CHARACTERIZATION OF erbB-3 DEFINE ITS PREDICTED PROTEIN 
AS A NEW MEMBER OF THE erbBIEGF RECEPTOR TYROSINE KINASE SUBFAMILY, 

Matthias H. Kraus, Lorella Marazzi, Armando DiDonato, Wolfgang Issing, Toru Miki, Nicholas C. 
Popescu, and Stuart A. Aaronson, National Cancer Institute, Bethesda, MD 20892. 
Proto-oncogenes encoding growth factor receptors constitute distinct families with close overall 
structural homology. Based upon accumulating evidence implicating EGF-R and erbB-2 in normal 
growth regulation as well as the neoplastic process, we searched for additional members in this 
receptor tyrosine kinase subfamily. A related DNA fragment distinct from the EGF-R and erbB-2 
genes was detected by reduced stringency hybridization of v-erbB to normal genomic human DNA. 
Characterization of three genomic exons determined their closest homology of 64% and 67% to a 
contiguous region within the tyrosine kinase domains of the EGF-R and erbB-2 proteins, 
respectively. cDNA cloning revealed a predicted 148 kd transmembrane polypeptide with 
structural features identifying it as a novel receptor-like kinase of the erbB family, prompting us to 
designate the new gene as erbB-3. It was mapped to human chromosome 12q13 and was shown to 
be expressed as a 6.2 kb transcript in a variety of normal tissues of epithelial origin. Markedly 
elevated erbB-3 mRNA levels were demonstrated in certain human mammary tumor cell lines 
suggesting that increased erbB-3 expression may play a role in some human malignancies. Studies 
investigating the biological function of erbB-3 are in progress. 

F 227 MECHANISM O F  LIGAND ACTIVATION IN THE CSF-1 RECEPTOR. Angel  W. Lee and 

colony s t imulat ing f ac to r  (CSF-1)  acts  on i ts  receptor ,  a 160 k D  surface glycoprotein encoded by the 
protooncogene c - fms ,  to  act ivate  i t  a s  a tyrosine kinase.  Two  models  have been proposed for the mechanism 
of kinase act ivat ion:  an  intra versus an  b r n o l e c u l a r  model .  They differ  in that in the former.  
conformational  changes induced by l igand binding in the external  domain must  be t ransmit ted to  the 
t ransmembrane r eg ion ,  whereas  in the la t ter ,  the role  of such conformational  changes might  be to  s tabi l ize  
receptor-receptor  interact ions.  To  discr iminate  between the two. mutants  have been constructed in which 
inser t ions have been introduced a t  the junct ion between the external  and t ransmembrane domains.  The  f i rs t  
consis ted of 1 (Glu-Ala)  uni ts  predicted to  a s sume  a r igid alpha helix. The  second consis ted of 12 glycines  
predicted to  adop t  a f lexible  configurat ion.  Both inser t ions w e r e  designed to s t ructural ly  isolate  the 
external  domain,  while  a l lowing for  receptor  ol igomerizat ion.  Retroviral  vectors  were introduced into 
32D cel ls .  an  IL-3  dependent  myeloid cel l  l ine.  1251-CSF-1 binding showed that  the mutant  receptors  were 
expressed on the ce l l  surface.  and had an aff ini ty  s imilar  to  wild type.  I n  v ivo  32P  label l ing fol lowed by 
immunoprecipi ta t ion with an  ant iphosphotyrosine ant ibody demonstrated that  the mutants  exhibi ted l igand-  
s t imulated autophosphorylat ion which by phosphoaminoacid analysis  was shown to occur  on tyrosines .  A 
potent ia l  intracel lular  substrate  for  the CSF-1  receptor  was a l so  ident i f ied.  3H-tbymidine uptake 
experiments  showed that C S F - I  s t imulated DNA synthesis  in wild type and mutant  cel ls .  Final ly ,  ce l l s  
expressing wild type o r  mutant  receptors  were able  to  prol i ferate  in a CSF-1-dependent  fashion i n  methyl-  
cel lulose.  Thus despi te  large inser t ions a t  the junct ion between the l igand binding domain and t rans-  
membrane region.  an area that  must  be cr i t ical  in an -molecular act ivat ion model ,  the mutants  funct ion 
normally. Our  data  a re  therefore  most  consis tent  with an b m o l e c u l a r  mechanism o f  l igand act ivat ion.  

Arthur  W. Nienhuis ,  Cl inical  Hematology Branch,  NIH,  Bethesda Md. 20892.  The macrophage 

F228 IL 3 AND GM-CSF ACTIVATION OF SERINE AND TYROSINE KINASES IN HUMAN AND MURINE 
MYELOID CELLS, Diana Linnekin and William L. Farrar, Laboratory of Molecular 

Immunoregulation, BRMP. DCT, NCI-FCRF, Frederick, Maryland 21701-1013, USA. Cytokine 
induced protein kinase activation was examined in the cell lines AML 1 9 3  (human origin) and 
NSF60.8 (murine origin). Cells radiolabeled with 32P-orthophosphate were stimulated with 
GM-CSF or IL 3 and lysed after the appropriate stimulation period. Assessment of tyrosine 
kinase activation was performed by immunoprecipitating cell lysa~es with monoclonal 
antibody to phosphotyrosine, while analysis of serine phosphorylation was performed on 
whole cell lysates. Phosphoproteins were resolved using 2 dimensional gel 
electrophoresis. A 68 kDa protein (PI 5.0) was phosphorylated on serine residues in both 
ML-193 and NSF60.8 cells after stimulation with GM-CSF or I L - 3 .  In addition, treatment 
with phorbol myristate acetate (PMA) resulted in phosphorylation of the identical protein 
in both the murine and human cells. Stimulation of both AML-193 and NSF60.8 cells with IL 
3 or GM-CSF resulted in phosphorylation of a protein of approximately 130-150 kDa on 
tyrosine residues. Kinetics of this response were rapid, increases were noted within 30 
seconds of cytokine stimulation. PMA treatment d i d  not stimulate phosphorylation of p140. 
The identification of p68 as a common substrate for a kinase activated by both PMA and the 
cytokines GM-CSF/IL 3 suggests a possible role for PKC in the signal transduction of these 
molecules. Depletion of PKC isozymes through pretreatment with high concentrations of P.XA 
indicate PKC is not necessary for the tyrosine kinase activation but may be involved in 
phosphorylation of the p68 serine substrate These data indicate that activation of serine 
and tyrosine kinases by IL 3 and GM-CSF are coordinate yet independent events. 
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F 229 PURIFICATION AND COMPARATIVE CHARACTERIZATION OF A BOVINE 
SPLEEN TYROSINE KINASE AND BOVINE NEURONAL pp60src, Craig M . E .  

Litwin, H.C. Cheng and J.H. Wang, Department of Medical Biochemistry, 
University of Calgary, Calgary, Alberta, Canada, T2N 4N1. 
Tyrosine kinase activity has been implicated in the regulation of cellular 
proliferation and differentiation. We have purified tyrosine kinase 
activity from bovine brain and spleen. The purification involves multiple 
chromatographic steps and a key feature of the work-up is the use of an anti- 
phosphotyrosine affinity column. The resulting preparation is of relatively 
high purity: the spleen prep showed a tight cluster of bands at 55-60 XDa 
while the brain kinase prep showed a somewhat similar pattern. The kinases 
each behave differently during the purification suggesting they are distinct 
from each other. A comparision of various features of the two kinase was 
undertaken. A 61 KDa species from bovine brain, migrating slightly above 
pp60 src from chicken embryo fibroblasts, was immunoprecipitated with an 
anti-src antibody (Mab 327) however, the antibody did not interact with the 
spleen kinase. This suggests that the brain kinase is pp60 src. Comparative 
peptide mapping of the spleen and brain kinase autophosphorylation site was 
performed to assess the interrelatedness of the two kinases. The ability of 
the two kinases to undergo a reversible autophosphorylation reaction was also 
investigated. 

F 230 EXTRACELLULAR CONTROL OF ERYTHROCYTE METABOLISM MEDIATED BY A CYTOPLASMIC TYROSINE 
KINASE. Philip S .  Low', Robert L. Geahlen', Ernest Mehler3, and Marietta L. Harrison'. 

Departments of Chemistry' and Medicinal Chemistry and Pharmacognosy', Purdue University, W. 
Lafayette, IN 47907 USA, and Biozentrum der Universitdt Basel, CH-4056 Basel, Switzerland3. 
We wish to propose a new mechanism of metabolic regulation mediated by a cytoplasmic tyrosine 
kinase. Briefly, as Steck et al. have shown, we propose that glyceraldehyde-3-phosphate 
dehydrogenase (G3PDH) associates reversibly with the N-terminus of the cytoplasmic domain of 
band 3 .  Once the enzyme is bound, it is totally inhibited; however, upon release it is restored 
to full activity. We demonstrate that control of enzyme binding and consequentlythe glycolytic 
flux through this control point is executed by phosphorylation of Tyr 8 and Tyr 21 within the 
glycolytic enzyme binding site onband 3. This phosphorylation results in obstruction of enzyme 
binding, leading to G3PDH activation. Although not essential to the hypothesis, molecular 
modeling studies reveal that G3PDH interacts with band 3 like a "donut on a string" in a manner 
that is stericallv prohibited by phosphorylation of band 3. The tyrosine kinase involved in 
band 3 phosphorylation is further demonstrated to be regulated by receptors located in the 
plasma membrane of the erythrocyte. Any agent which activates the tyrosine kinase is shown to 
coordinately activate red cell glycolysis. Conversely, any pharmaceutical which blocks tyrosine 
phosphorylation of band 3 also blocks stimulation of glucose metabolism. The change in profile 
of glycolytic intermediates resulting from stimulation of the kinase reveals a cross-over at 
the G3PDH reaction, confirming G3PDH as the site of this regulation. Thus, while steady state 
red cell metabolism may be regulated by conventional feedback inhibition, external modulation 
of the glycolytic flux is likely controlled by tyrosine kinase regulation of :he inhibitory 
association of G3PDH with band 3. 

F231 THIAZOLIDINE-DIONES - A NOVEL CLASS OF SELECTIVE TYROSINE KINASE 
INHIBITORS, Lydon N., Geissler J., Roesel J.,  Regenass U., Meyer Th., Storni A. and Traxler 
P., Research Department, Pharmaceuticals Division, CIBA-GEIGY Ltd., Basle, Switzerland. 

A series of thiazolidine-dione derivatives of general formula 1 have been synthesized and tested against a 
pannel of protein kinases. The derivatives CGP 520 (R2: =a2), CGP 645 (R2: =CHd and CGP 4303 (R2: 
-CH,N(CH,), have been found to selectively inhibit the EGF-R tyrosine kinase (ICsq: 1.3 - 5.7 FM) relative 
to other tyrosine and serine/threonine protein kinases. In a cellular test system using an EGF-dependent 
mouse epidermal keratinocyte cell-line (MK-line), CGP 520, CGP 645 and CGP 4303 showed potent anti- 
proliferative effects (IC5,: 1 - 4.2 pM). Structure-activity relationships within this class of compounds and 
mechanistic studies with respect to enzymatic and cellular activity will be discussed. 

Rl R2 

CGP 645 cn2w = cu2 = cnZ 
CGP 520 CH2C = CH2 = CHZ 

CH3 
CGP 4303 CH2C = CHZ CH2 - N(CH3)z 

CH3 

I 

Rl 
I 1 
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F 232 LIVER-SPECIFIC PROTEIN-TYROSINE KINASE, tec, IS OVEREXPRESSED IN HEPATO- 
CELLULAR CARCINOMA, Hiroyuki Mano', Fuyuki Ishikawa, Junji Nishida, Hisamam Himi 

and Fumimaro Takaku, The Third Department of Internal Medicine, Faculty of Medicine, University of 
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan. * Present address; Department of Biochemistry, St Jude 
Children's Research Hospital, 332 North Lauderdale P.O.Box 318, Memphis TN 38101-0318 USA. We have 
isolated a novel murine cDNA, tec (tyrosine kinase apressed in hepatocellular carcinoma). Nucleotide se- 
quence of this cDNA shows that c-terminal domain of its predicted protein has significant homology with the 
members of the src family. This protein does not contain the transmembrane portion. It has SH 2 and SH 3 
regions, though the homology of these sites with the src family is relatively low. Genomic analysis reveals 
that the fec gene might be conserved among human, mouse, chicken and Xenopus laevis. This gene is mainly 
expressed in liver, and faintly in ovary and kidney. Northem analysis further shows that in seveml cell lines of 
human hepatocellular carcinoma the tec gene is overexpressed compared to normal human liver. This gene 
might play a key role in the cell growth of hepatocytes or in hepatocarcinogenesis. Although this gene is little 
expressed in bone marrow or spleen of notmal mouse, the tec gene is, interestingly, highly expressed in 
several hematopoietic cell lines of mouse. The role of the tec gene in leukemogenesis is under investigation. 

F 233 ANALYSIS OF POTENTIAL EFFECTOR PROTEINS lNVOLVED IN V - U B  MEDIATED 
TRANSFORMATION. Deborah J .  McCarley and Randall C. Schatzman, Institute of Cancer and 

Developmental Biology, Syntex Research, Palo Alto, CA The role of tyrosine-specific 
phosphorylation in v-& B mediated transformation was examined utilizing a polyclonal antibody specific for 
phosphotyrosine together with immunoprecipitation and immunoblotting techniques. The major 
phosphotyrosine containing proteins detected in v-& B transformed cells were gp68V-erb and gp74"-erb. In 
addition, the phosphotyrosine antibodies detected a number of cellular proteins that showed either enhanced 
phosphorylation or were newly phosphorylated on tyrosine residues in  response to v-& B mediated 
transformation. These proteins migrated at apparent molecular weights of 170, 145, 90, 85, 75, 65.52.42, 
37, and 30 Kd. In order to further assess how the phosphotyrosine content of these cellular proteins 
correlated with transformation, we used the phosphotyrosine antibodies to compare proteins in cells 
expressing various mutants of v-& B. The mutant proteins examined included a soluble, non-transforming 
form of v-&, a v-& B protein with an inactive ATP binding domain, two proteins with substitutions at 
potential sites of tyrosine phophorylation, and a v-&v-& chimera. The results demonstrated that 
phosphorylation of some cellular proteins appeared to correlate with the ability of v-& B to transform cells. 
Comparison of v-& B and v - a  transformed cells showed that there appeared to be phosphotyrosine 
containing proteins that are in common and those which are unique to cells transformed by either of these 
oncogenes. We are currently attempting to identify those proteins whose change in phosphotyrosine content 
correlates with transformation; among these proteins, our evidence suggests that the EGF receptor, PLC-8, 
and c-xf all demonstrate enhanced phosphorylation in response to v-& B transformation. 

94304. 

F 234 INTERLEUKIN 2 RECEPTOR ASSOCIATED TYROSINE KINASE, Isabel Merida and 
Glen N. Gaulton. Department of Pathology and Laboratory Medicine, Division 

of Irnmunobiology. University of Pennsylvania, School of Medicine, Philadelphia PA 
19104. The addition of interleukin 2 (IL2) to the IL2-dependent murine cytotoxic T 
cell line CTTL-2 induced increased tyrosine phosphorylation of a protein with a 
molecular weight of 80,000 and, to a lesser extent, proteins with molecular weights 
of 130,000, 100,000 and 69.000. To correlate the stimulation of tyrosine 
phosphorylation with increased tyrosine kinase activity, cell free phosphorylation 
assays were performed. Phosphotyrosine containing proteins were purified from 
detergent solubilized cell lysates by immunoprecipitation with anti-phosphotyrosine 
antibodies. IL2 treatment of cells increased H2B phosphorylation 10-fold when 
compared to non stimulated cells. Phosphorylation was first detected after 2.5 min of 
incubation with physiologically relevant (100 pM) IL2 doses. To examine if tyrosine 
kinase activity was resident within the IL2 receptor complex, cell-free 
phosphorylation assays were performed with ligand-receptor complexes following 
cross-linking with IL2 and purification by immunoabsorption with an anti-lL2 
antibody. Tyrosine kinase activity was found specifically associated with the IL2 
receptor complex. These results indicate that the IL2 receptor complex contains a 
tyrosine kinase activity that is induced by IL2 binding and suggest that components of 
the complex may be a substrate of this activity. 
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F 235 

D.L. Laskin, A.A. Sir& and J.D. Laskin, Environmental & Community Medicine, UMDNJ-RWJ 
Med. School and Pharmacology &Toxicology, Rutgers University., Piscataway, NJ 08854. 
We are using a highly specific monoclonal antibody (Mab), DL1.2, to characterize biochemical 
mechanisms underlying PMN activation. This Mab interacts with a unique glycoprolein (MW=120 
kD) present on mature PMN and induces chemotaxis and oxidative metabolism. We found that 
fMLP, but not DL1.2 induces a rapid and transient mobilization of intracellular Ca * +  in PMN. I n  
addition, chemotaxis induced by fMLP but not DLI .2 is blocked by prctreatnienr of the cells with 
pertussis toxin. Chemotdxis in  response to DL1.2 I S  partially blocked by protein kun;i>e C (PKC) 
inhibitors, but unaffected by preincubation of the cells with phorbol myristate acetate, which 
activates PKC. This  suggested that other protein kinases are involved in  PMN cheniotdxis induced 
by DL1.2. Using a Mab to phosphotyrosine (pTyr) in proteins, we analyzed Tyr  specific protein 
phosphorylation in PMN. F low cytometry revealed that the anti-pTyr antibody bound to a 
homogeneous population of unstimulated PMN. Activation of PMN by DL1.2, ~ L I L  not fMI.P, 
resulted in the appearance of a second population of pTyr positive cells. Inimunoprecipitatcs of 
3Wlabeled PMN demonstrated that DL1.2, but not fMLP stimulates phosphorylation of two high 
MW (100-150 kD) pTyr containing proteins. These data suggest that Ca-- mobrlirariori i \  not 
required for chemotactic factor induced signal transduction and that Tyr phosphory1,ition may be 
important in PMN activation induced by DL1.2 

TYROSINE SPECIFIC PROTEIN PHOSPHORYIATION IN 
POLYMORPHONUCLEAR LEUKOCYTE (PMN) ACTIVATION, F.11. 4lemielstei11, 

F236 THE ROLE OF ARACHIDONIC ACID RELEASE IN T CELL RECEPTOR- 
MEDIATED SIGNALLING OF CYTOTOXIC T CELLS, Anne M. O'Rourke, Joy D. 

Rogers and Matthew F. Mescher, Division of Membrane Biology, Medical Biology Institute, La Jolla, 
CA 92037 

Engagement of the TCR of T cells normally results in activation of phosphatidylinositol 
hydrolysis to yield diacylglycerol and inositol phosphate's (IP) second messengers. CTL can lyse 
some targets in the presence of EGTA. Under these conditions, release of IP's cannot be detected, 
but specific TCR-mediated signalling is clearly occurring [O'Rourke, A.M. and M.F. Mescher, J. Bid. 
Chem. 263:18594 (1 988)l. This finding indicated the existence of some additional TCR-mediated 
signalling pathway in CTL. We describe here that both target cell lysis by CTL and CTL 
degranulation in response to target cells or anti-TCR antibodies are inhibited by drugs which block 
arachidonic acid release from phospholipid. The drugs act at an early stage of the degranulation 
response, consistent with their acting on signalling events and not on the degranulation 
mechanism, per se. Furthermore, the drugs inhibit responses without affecting the levels of inositol 
phosphates produced in response to the stimuli. Labeled CTL release 3H-AA upon interaction with 
targets, but further metabolites of AA cannot be detected. W A A  release occurs rapidly, and is 
detected within 15 seconds of CTL interaction with targets. The results strongly suggest that 
activation of a phospholipase, probably PLA2, occurs upon perturbation of the TCR of CTL. The 
released AA, or possibly the lysophospholipid produced, appears to act as a critical second 
messenger in activating both cytolytic and degranulation responses. 

F 237 
Odysseos, Mark Drotar and Chrietopher B. Rudd 
Dana-Farbar Cancer Institute and Harvard Medical School 

The CD4 and CD8 .nti&sne can aynergiae with t h e  T-cell receptor complex (Ti/CDS 
complex) in the triggering of T-cell activation. Recently, ve definod a new class of 
protein-tyroaine kinaoc receptor formed by the aeaociation of CD4 and CD8 with the 
arc-rslatsd kinare ~ 5 6 ~ ~  (Pudd e t  a1.,1988 PNM 85.5190) which can readily 
phoaphorylate the CD3 complax in vitro (Barber et al., 1989 PRhB 86,3277). 
extandea this work by studying the effect of antibody bindins to CD4 on p561Ck 
aaaociatsd activity. 
kinetics of p561ck autophoaphorylation measured over 10 seconda t o  7 . 5  minutee in 
tha preaence of inhibitor8 of phosphataees. 
crosslinked or uacrosalinked) cauaed b significant (2-5 fold) intreaac in the rate o f  
the reaction ovar the initial 120 socondm. 
ascuratad shoving equivalent lavsls of phosphorylation in treated d untreated 
aa!nplea. Antibodies to variow ragionm (El to 84 resiond of thr CD4 antigen exerted 
this stirnulatory effect. 
tho CD4rp561a and Ti/CD3 complaxae (a88 accompanying abstract, Poster # F240). 
r a l a t i d i p  between the atlrmrletory affects of anti-CM urtibodiae and ths 
iut8rection batwean CD4rp561Ck and Ti/CL)S will ba discuased. 

RECULATIOB OF CD4 ASSOCIATED pS6LcIc BY ANTIBODY BIBDING TO C04 Andreani 
Division of Tumor Immunology, 

We h v e  

Antibody van b o d  to intact cells, !sabranee purified md the 

Soluble enti-CM antibody (either 

BY 5 to 7.5 minutem, the reaction w a ~  

Wa have alao recently denonatrated an interaction betvem 
The 
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F238 CALCIUM-DEPENDENT PROTEOLYSIS OF LIPOCORTIN I BY AN ENDOGENOUS A431 
CELL MEMBRANE PROTEASE, Catherine J. Pallen and Siew Yeam Chuah, 

Institute of Molecular and Cell Biology, National University of Singapore, 
Singapore 0511. When A431 cell membranes were used to phosphorylate purified 
placental lipocortin I, proteolysis of lipocortin was observed. Cleavage of 
the 38 kDa phosphotyrosyl-lipocortin I generated a truncated but still phos- 
phorylated form of lipocortin. indicating that proteolysis occurred at a 
site N-terminal to the site of tyrosine phosphorylation. Both phospho- and 
nonphospho-lipocortins could be cleaved by the membrane protease, but pre- 
phosphorylation enhanced the rate of proteolysis 2-fold during the initial 
reaction and by 6 0  min almost half of the phospho-lipocortin was cleaved. 
Proteolysis was calcium-dependent but a variety of calcium-dependent prote- 
ase inhibitors were unable to block cleavage, suggesting that this calcium 
effect was due to the calcium-binding properties of lipocortin I itself. 
Proteolysis was temperature-dependent, occurring at 30'C and not at O'C. The 
responsible protease is A431 cell membrane-associated as no similar cleavage 
was observed if synthetic phospholipid liposomes or inside-out erythrocyte 
membranes were substituted for A431 cell membranes. The ability of an endo- 
genous membrane protease to catalyze this specific cleavage in a calcium- 
dependent manner indicates that this event may occur in the cell where it 
could have important effects on the functional properties of lipocortin I. 

F 239 CSF-1 induces monocytic differentiation and chemotaxis of IL-3 dependent cells transfected 
with the human CSF-1 receptor. J. H. Pierce, G. Cox, E. DiMarco, P.P. Di Fiore, D.Lombardi, 

P. Anklesaria, L. Varesio, A. Sachaguchi and S.A. Aaronson. LCMB, NCI, Bethesda, MD. 
Expression vectors containing normal or point mutated human c-fmslCSF-1 receptor genes were 
transfected into IL-3-dependent 32D cells in order to determine the effects of CSF-1 signalling in 
this clonal myeloid progenitor cell line. CSF-1 triggered mitogenicity, long-term growth, and 
synchronous monocyte differentiation of the 32D-c-fms cells. CSF-1-induced monocytic 
differentiation could be reversed by IL-3, implying that signals generated by CSF-1 did not evoke 
irreversible commitment to a terminally differentiated macrophage. CSF-1 was also found to be a 
potent chemoattractant for 32D-c-fms cells suggesting that CSF-1 may serve to recruit monocytes 
from the circulation to tissue sites of inflammation or injury. While c-fms overexpression did 
not release the 32D cells from factor dependence, expression of the point mutated c-fms protein, 
which possessesconstitutive tyrosine kinase activity, was able to abrogate their IL-3 dependence 
and induce tumorigenicity. These cells also acquired a monocyte phenotype, implying that 
partial monocytic differentiation does not interfere with progression of a cell to a malignant state. 
These results suggest that if c-fms contributes to the development of human myeloid leukemia, 
it does so through its constitutive activation by an autocrine or paracrine mechanism or by 
genetic aberrations in c-fms, itself. 

F 240 IDENTIFICATION OF A PHYSICAL ASSOCIATION BETWEEN THE CD4/CD8:p56LCK AM) 
T i  (TcR)/CD3 COMPLEXES Christopher E .  Rudd, Kristine Burgess, Craig Zalvan 

and Andreani Odysseos Division of  Tumor Immunology, Dana-Farber Cancer Ins t i tu te  and 
Harvard Medical School  
The role o f  the C D 4  and CD8 antigens a s  accessory structures in t he  recognition o f  
foreign antigen by the T i ( T c R ) / C D 3  complex has implied that  the p o s s i b l e  simultaneous 
formation o f  a physical  interaction between C D 4 / C D 8  and the TcR complex. Recently, we 
defined a new class of protein-tyrosine kinase receptor formed by the interaction o f  
C D 4 / C D B  with the src-related kinase p561Ck (Rudd e t  a1.,1988 PNAS 85,5190) which can 
readily phosphoryla te  the C D 3  complex in vitro (Barber e t  a l . ,  1989 PNAS 86 ,3277) .  In 
th i s  s tudy ,  we have taken advantage of  the s e n s i t i v i t y  of C D 3  labelling in the 
phosphotransferase assay t o  demonstrate a d i r e c t  physical linkage between the 
CD4/CDB:p561ck and Ti(TcR)/CD3 complexes. Immunopurification analysis and the  
labelling of purified membrane ves i c l e s  w i t h  32P-ATP revealed the labelling o f  several 
bands a t  55-70Kd, 40-42Kd, 21-26Kd and 14-20Kd. Significantly, ant ibodies  t o  C D 4 ,  CD8 
and p561ck p r e c i p i t a t e d  a complex formed of CD4:p561ck or CD8:p561Ck linked t o  the 
CD3 Y E and c chains. Digitonin extraction f u r t h e r  preserved the CD4/CDB:p561ck:CD3 
complex which appears t o  ex is t  as a pre-formed complex on transformed T c e l l s  in the 
apparent absence of presenting c e l l s .  The identification o f  a novel  sub-complex 
comprised o f  CD4/C08:p561Ck and C D 3  is l i k e l y  t o  be important in T-cel l  activation and 
t o  our understanding of the components involved in the  regulation o f  p56ICk a c t i v i t y .  
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F 241 A COMMON MOTIF IN THE CYTOPLASMIC TAIL OF CD4 AND CD8 MEDIATE THEIR 

I. Andrew Whitne?, Paula Kavathass, Banholomew M. Sefton?, and John K. Rose1s4, Departments of 
Pathology', Immunobiologyz, Cell Biolog?, and Laboratory Medicines, Yale University School of Medicine, 
New Haven, CT 06510; Molecular Biology and Virology Laboratory3, Salk Institute, San Diego, CA 92138. 

The association of the T cell glycoproteins, CD4 and CD8, with the tyrosine protein kinase, p561Ck, is 
likely to play an important role in signal uansduction dwing T cell development and activation. Because CD4 
and CD8 do not exhibit any obvious protein similarity and because CD4 and CD8 may transduce distinct signals, 
we were interested in mapping the interacting domains. Using site-directed mutagenesis to generate a series of 
deleted and chimeric mutant proteins, we have determined that a eight or nine amino acid motif present in the 
cytoplasmic tails of CD4 and CD8A but not CD8Bl or CD8B2 is both necessary and sufficient for binding to 
p561ck. Furthermore, we have determined that only two of the eight residues (both cysteines) are critical for the 
interaction. We also generated a series of p5dck mutant proteins that have enabled us to determine that CD4 and 
CD8A bind to the same domain in the amino-terminus of p5dck. This domain is notable for two cysteines which 
are both required for binding. These findings have implications both for the structure of the protein complexes 
and for CD4/CD8 signalling. 

BINDING TO THE SAME DOMAIN OF P561ck. Andrey S .  Shawl, Jan Chalupny*, Kurt E. Amrein3, 

F 242 CHARACTERIZATION OF A NOVEL PUTATIVE RECEPTOR FOR A MEMBER OF THE 
INSULIN FAMILY, Peter Shier and Valerie M. Watt, Department of Ph siology, 

University of Toronto, Toronto, Ontario, Canada, M5S 1A8 
member of the mammalian insulin receptor (IR) family, the IR-related receptor (IRR). 
Nucleotide sequence analysis of human and guinea pig genomic DNA encoding IRR revealed 
that the gene contains 22 exons analogous in number, organization, and size to those of the 
human IR gene. The predicted structure of IRR includes all domains present in the IR and the 
insulin-like growth factor I receptor (IGF-IR) includin the signal peptide, cysteine-rich, 
transmembrane and tyrosine kinase domains, as we! as a putative processing site giving rise 
to two subunits. Indeed, the deduced protein product of the IRR ene is as closely related to 
the IR and to the IGF-IR as they are to each other, being maxima? in the tyrosine kinase 
domains, where the three proteins exhibit an amino acid identity of approximately 80%. 
Southern blot and sequence analyses of guinea pig, human and rat genomic DNA showed that 
the IRR gene is highly conserved among mammals. Analyses of the sequence and 
chromosome localization of this IR-related receptor DNA In the human genome confirmed that 
this new receptor is distinct from the known receptors for insulin, IGF-I, and IGF-II, as well as 
from the other known IR family members ( M I  c-ros, met, and rrk). We are currently analyzing 
the gene's promoter and assessing the extent of tissue-specific expression. In addition, we are 
probing the structural basis for its function to determine if IRR is a novel receptor for insulin, 
GF-I, GF-II, or an as yet unidentified peptide hormone or growth factor. 

We have identiled a new 

F243 A LEUKEMOGENIC FORM OF ERBB GAINS THE ABILITY TO TRANSFORM FIBRO- 
BLASTS FOLLOWING INTRODUCTION OF A SINGLE POINT MUTATION WITHIN ITS 

TYROSINE KINASE DOMAIN. Hui-Kuo G Shul, Robert J. Pelley2, Thomas H Carter2 and Hsing- 
Jien Kungl .  'Department of Molecular Biology and Microbiology and 2Department of Medicine, 
Division of Hematology/Oncology, Case Western Reserve University, Cleveland, Ohio 441 06. 
Truncation of the N-terminal, ligand-binding domain of the erbB product, a putative avian growth 
factor receptor homologous to epidermal growth factor (EGF) receptor, results in a molecule 
capable of inducing erythroleukemia but not fibrosarcomas. Variants of this oncogene product 
display transforming potential with an expanded range of target tissues. Previously described 
variants that are capable of sarcoma formation contain extensive truncations or internal deletions of 
the C-terminal domain. We have now shown that a single point mutation within the centrally located 
tyrosine kinase domain permits transformation of fibroblasts 
w. A higher autophosphorylation level in this molecule suggested that increased kinase activity 
may be responsible for sarcomagenic ability. The implicated mutation substitutes an isoleucine for 
valine at a site that is highly conserved among tyrosine and serineithreonine kinases and has been 
postulated to be part of the kinase's ATP-binding pocket. This apparently subtle mutation may 
therefore provide insight into the biochemical mechanism of protein kinases in general. 

and production of sarcomas 
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F 244 MULTIPLE MECHANISMS OF C-RAF ACTlVATlON IN T-LYMPHOCYTES: PKC AND NON-PK 
MEDIATED, Jeffrey N. Siegel, Ulf Rapp, Richard D. Klausner and Lawrence E. Samelson. 

Ligand binding to the T cell receptor (TCR) causes the activation of two distinct kinase pathways: protein 
hinase C (PKC) and an unknown tyrosine kinase. In order to define the more distal events in activation, NL' 

studied changes in the cytosolic serine/threonine kinase C-raf in the T cell hybridoma 2B4. To study T cell 
ncti\:ition in  the absence of antigen presenting cells (APC), we used phorbol ester and the stimulatory a n t i -  
Th! I antibody G7, which activates the same two kinase pathways as TCR-mediated signalling. I n  eai l i r t  
studies, we found that both agents caused hyperphosphorylation of c-raf and an increase in kinase activit! iii 

n P K C  dependent manner. In order to measure TCR-mediated signalling requiring an APC, we stimulated 2U.1 
;ells with anti-TCR MAb presented on a B cell tumor (LK). Anti-TCR stimulation caused 
h )  perphosphorylation of c-raf exclusively on serine. In addition, we found that c-raf kinase activit! u ' v  
increased in a dose-dependent manner. Surprisingly, we also found that addition of LK cells alone increasc*d 
T-cell c-raf kinase activity reproducibly though to a small degree. Furthermore, PMA, at a dose which 
increased c-raf kinase activity minimally, synergized with B cells to cause a substantial increase. C-roc 
ktnase  activity contributed by the LK cells was minimal with or without PMA. Of note, when the T cell5 
n e r e  depleted of PKC, the addition of LK cells caused a IS-fold increase in the T cell kinase activity. 
comparable to that seen in control T cells stimulated with a high dose of PMA. suggesting that the efl'ecl 01 
1.K cells is not only PKC independent but may actually be inhibited by PKC in  resting cells. This effect 01 
1.K sells IS not mediated through the TCR as TCR-blocking antibodies do not diminish the erfcsi .  \\,. 
conclude that when T cells are stimulated by ligand on accessory cells, in addition to the TCR tnedi:itril 
cignol, a n  additional signal is induced by the accessory cells which can activate T cell c-raf by a niech:iiitqiii 
u l i l c l i  is distinct from PKC and potentially synergistic. 

F 245 RAPID RELEASE OF GLUCOSE 6-PHOSPHATE DEHYDROGENASE (G6PD) BY PLATELET- 
DERIVED GROWTH FACTOR (PDGF) A N D  EPIDERMAL GROWTH FACTOR (EGF) IN 

PERMEABILIZED CELLS. Robert C. Stanton and Lewis C. Cantley. Harvard Medical School and Tufts 
University. Boston, MA. Hexose monophosphate shunt (HMP) activation is an important step in cell division, 
providing ribose 5-phosphate for DNA synthesis. We have previously shown that EGF and PDGF increase 
activity of the rate limiting enzyme, G6PD, within 1 min. To determine the activation mechanism, mt  renal 
cortical cells were permeabilized with streptolysin 0 and activity of G6PD was measured specnophotometrically 

in supernatants from permeabilized cells. Permeablized, but unstimulated cells released < 1% of total cell G6PD 
activity. Within 1 min. of addition to permeabilized cells, EGF (10 nM) and PDGF (1 nM) caused release of 
11.16 +I- 1.7% and 10.0 +/- 2.16% of total cell G6PD activity, respectively. The non-hydrolyzable analog of 
GTP, GTP y S (18pM). caused a similar release of G6PD. F'reincubation of the permeabilized cells with 

G D P p S  (500 pM) prevented the release caused by PDGF and GTPyS, but did not inhibit the EGF response. 
Neither phorbol myristate acetate (100 nM) nor inositol hiphosphate (20 uM) stimulated release. These results 
suggest that G6PD is bound to  some suuctural component of the cell; and that EGF and PDGF cause release of 
this intracellularly bound G6PD into the cytosol. 

F 246 CELLULAR SUBSTRATES FOR THE T LYMPHOCYTE-SPECIFIC 
PROTEIN TYROSINE gMASE pSWK. Peter A. T h o r n p s o n l . 2 .  Ulf R. 

Rapp3. Sue Goo R h e e 4  , Jeffrey A. Ledbetters, Joseph B. Bolenl. Laboratoxy of 
Tumor Virus Bio logy1 , N C I - N a v y  Medical Oncology Branch? National Cancer 
Institute, Laboratoxy of Biochemistry, National Heart, Lung, and Blood 
I n s t i t u t e 3 ,  National Institutes of Health, Bethesda, Maryland 20892. 
Laboratory of Viral C a r c i n o g e n e s i s ,  N a t i o n a l  Cancer I n s t i t u t e ,  Frederick. 
Maryland 217013 . Oncogens, 3005 First Avenue, Seattle Washington 98121 

The src-related protein tyrosine kinase p561ck is abundantly expressed in normal h u m a n  T 
lymphocytes. Recent work h a s  shown tha t  th i s  tyrosine klnase associates non-covalently with 
the  CD4. a n d  CD8 surface a n t g e n s  in T lymphocytes to form stable heterodlmers. Antibody- 
mediated cross-linking of cell surface CD4 results i n  the rapid stlmulatlon of t h e  enzymatic 
activity of the  associated p561ck. a n d  the appearance of novel phosphotyrosine containing 
proteins o n  antlphosphotyrostne lmmunoblots of whole cell lysates. PTeVious results from our  
laboratory have identified two of these candidate substrates for p561ck; a 56kd proteln which is 
p561ck. a n d  a 2 lkd protein which is the  <subuni t  of the  T-cell antlgen receptor complex. We now 
present evidence that a 70-72kd protein which Is phosphorylated o n  tyrosine following 
antibody-mediated cross-linking of cell surface CD4 is the  cytoplasmic serine-threonine 
kinase p 7 0 d .  The effect of this phosphorylation on the enzymatic activity of p70rd  will be 
discussed. 
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F 247 A CD45-RELATED cDNA FROM NIH 3T3 CELLS 
Sharon Tracy and Tony Hunter, MBVL The Salk Institute for 

Biological Studies P.O.BOX 85800 San Diego CA 92138 

cDNAs from a variety of sources were examined for the presence of protein 
tyrosine phosphatase (PTPase)-specific sequences. Synthetic oligonucleotide 
primers corresponding to regions conserved i n  the catalytic domains of 
several known PTPases were used to amplify homologous domains by the 
polymerase chain reaction. Amplification of NIH 3T3 cDNAs produced a 
fragment of the predicted size. This fragment was cloned and sequenced. 
The predicted amino acid sequence over 33 residues was 66% homologous to 
mouse CD45, 51% homologous to human LAR and 42% homologous to human 
PTPase 1B. This fragment was used as a probe to screen an NIH 3T3 cDNA 
library. Several positive clones have been isolated and are currently being 
characterized. 

F 248 CYTOKINE REGULATION OF CD45 PHOSPHORYLATION AND TYROSINE KINASE ACTIVITY IN 
MURINE T LYMPHOCYTES, Mary A. Valentine#, Jeffrey A. Ledbetter', Fran Pinault", David L. Brautigen", 

Robert Voice+, Michael Widmer+, Edward A. Clark# and Byron Gallis+. Genetic Systems*, Section of Biochemistry, 
Brown University A, Immunex+, and Department of Microbiologyx, University of Washington; Seattle, Washington, 
98195. 
Lymphocytes express the CD45 protein on their surface, a molecule recently shown to act as a tyrosine phosphatase in 
both T and B lymphocytes. Several cytokines that regulate activation have been reported to affect protein 
phosphorylation. Therefore, we tested if IL-2 could alter phosphorylation of the CD45 molecule. Two dimensional 
phosphopeptide maps clearly showed increased phosphorylation of CD45 on at least two unique peptides. We next 
asked if addition of IL-2 might also alter the tyrosine phosphatase activity of CD45 under these conditions. We 
incubated murine IL-4-dependent cytotoxic T cells (CTL-L ) with medium or IL-2 and assayed CD45 tyrosine 
phosphatase activity on a phosphotyrosine phosphorylated substrate. Tyrosine phosphatase activity was altered 
concurrently with increased CD45 phosphorylation. Addition of IL-2 did not change surface expression of CD45 as  
measured by FACS analysis. These observations are extended into a model in which kinase activation initiated 
through the IL-2 receptor might regulate tyrosine phosphatase activity. (Supported by NIH grant PO1 GM42508 and 
Immunex Corporation.) 

F 249 THE P210 bcrhblTYROSlNE KINASE CAUSES CHRONIC MYELOGENOUS LEUKEMIA 
IN MICE. R.A. Van Etten, G.Q. Daley, and D. Baltimore. Whitehead Institute for 

Biomedical Research and Department of Biology, M.I.T., Cambridge, MA 02139. 
Tumor cells from human patients with the myeloproliferative disease chronic 
myelogenous leukemia (CML) express the P210 bcr /ab/  protein, which is a 
dysregulated non-receptor tyrosine kinase. To determine whether P210 bcr lab l  is 
capable of inducing CML, murine bone marrow was infected with a retrovirus 
encoding P210 bcr /ab/  and adoptively transferred into irradiated syngeneic 
recipients. Transplant recipients developed a variety of hematological malignancies, 
most prominently a myeloproliferative syndrome with a striking resemblence to 
human CML. These mice had approximately single copy levels of the retroviral 
provirus in bone marrow, spleen, and peripheral blood cells at autopsy, and 
expression of the P210 protein in early myeloid cells was demonstrated by an 
immunofluorescence assay. The provirus was passed to day 14 spleen colonies in an 
adoptive transplant, indicating that an early pluripotent cell similar to CFU-S was 
infected. Thus, the P210 tyrosine kinase, expressed within the hematopoietic 
system, causes an expansion of the myeloid compartment with preservation of 
terminal differentiation. 
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F 250 Regulation of Epidermal Growth Factor Receptor Signal Transduction: 
Role of Gangliosides, Frances M. R. Weis and Roger J. Davis, 
Department of Biochemistry, University of Massachusetts Medical School. 

The addition of gangliosides to tissue culture cells causes a decrease in the tyrosine 
protein lunase activity of the epidermal growth factor (EGF) receptor and a n  inhibition of 
EGF -stimulated growth. Based on these data, the hypothesis that the EGF receptor is 
physiologically regulated by gangliosides has been proposed by Bremer E.G., Schlessinger 
J., & Hakomori S. [J. Biol. Chem. 261 2434-2440; 1986). To test this hypothesis, a 
mutant Chinese hamster ovary cell line (clone Id! D) that has a reversible defect in the 
biosynthesis of gangliosides (Kingsley. D.M..  Kozarsky. K.F . .  Hobbie. L. & Krieger. M.. Cell 
44 749-759; 1986) was investigated. The human EGF rcceptor cDNA was expressed in 
the mutant cells and the properties of the EGF receptor were examined using cells grown 
under permissive and non-permissive conditions. Changes in ganglioside expression were 
not observed to cause any significant alterations to the affinity or number of EGF receptors 
detected at the cell surface. However, decreased levels of ganglioside expression were 
associated with: 1) increased EGF rcceptor autophosphorylation on tyrosine residues and, 
2) increased EGF -stimulated cellular proliferation. The inverse correlation observed 
between the level of ganglioside expression and signal transduction by the EGF receptor is 
consistent with the hypothesis that the function of the EGF receptor is physiologically 
regulated by gangliosides. 

F 251 LIGAND-INDUCED TRANSFORMATION BY A NON-INTERNALIZING EGF RECEPTOR. Alan Wells' 
John B. Welsh', Gordon N. Gill#, and Michael G. Rosenfeld#; Depts. of 'Pathology and 

#Medicine, University of California, San Diego, CA 92093. 
Activation of the EGF receptor initiates a cascade of cellular events. Upon binding of ligand 

the intrinsic tyrosine kinase is triggered, immediately followed by a rise in cytosolic free calcium 
concentration and receptor internalization and degradation. Increased mRNA transcription 
subsequently occurs, with prolonged stimulation leading to DNA synthesis and morphologic 
transformation. Identification of an EGF receptor mutant that fails to undergo down-regulation 
would permit investigation of the role which internalization plays in the mitogenic response. 
Removal of the carboxy-terminal 213 amino acids of the receptor, which contain the 
autophosphorylation sites, the calpain hinge and the newly-defined internalization region (Chen et 
al., Ce11,1989, in press), resulted in such a molecule, while leaving the kinase activity intact. This 
mutant was expressed in NIH 3T3-derived NR6 cells, which are devoid of endogenous receptors. 
These cells responded to ligand similarly as cells carrying wild-type receptors, but were more 
sensitive at low levels of ligand. Augmentation of cell growth and anchorage independent growth was 
seen at concentrations which faied to elicit these responses in cells presenting the wild-type 
receptor. These findings imply that activation of the kinase activity at the plasma membrane is fully 
sufficient for the growth enhancing effects of EGF, and that down-regulation serves as an attenuation 
mechanism without which transformation ensues. 

Serine Threonine Protein Kinases and Mechanisms Utilized by 
Single Cell Organisms 
F 300 PHOSPHATIDYLINOSITOL-3 KINASE IS PRESENT IN THE YEAST 

SACCHAROMYCES C E R E V I S I A E ,  Kurt R. Auger, Christopher L .  Carpenter, 
Lyuba Varticovski and Lewis C. Cantley, Department of Physiology, Tufts 
University School of Medicine, Boston, MA 02111. 

The metabolism of polyphosphoinositides has been shown to be an 
important factor in controlling the proliferation of Saccharomyces 
cerevisiae. The monophosphate form of phosphatidylinositol has been assumed 
to be phosphatidylinositol-4-phosphate (PI-4-P). Evidence from our 
laboratory has established that a phosphatidylinositol (PI) kinase which 
phosphorylates the D - 3  position of the inositol ring (PI-3 kinase), is 
associated with many activated protein-tyrosine kinases and may play an 
important role in the signalling of cell proliferation (Auger et al. Cell 57, 
167-175, 1 9 8 9 ) .  To determine the evolutionary conservation of this enzymatic 
activity, we investigated its presence in yeast. I n  vitro PI kinase assays 
of yeast cell homogenates demonstrated that PI-3 kinase activity was present. 
Preliminary biochemical characterization of the activity suggested that it 
was quite different from the mammalian enzyme yet catalyzed the same 
reaction, i.e. phosphorylating the D - 3  hydroxyl position of the inositol ring 
of phosphatidyl-myo-inositol. The conservation of this enzymatic activity 
from yeast to man suggests that it has an important functional role in the 
cell cycle. 
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F 301 REGULATION OF SIGNAL TRANSDUCING PROTEIN-SERINEI 

KINASE II - PROTEIN KINASE BY GROWTH FACTORS AND ONCOGENES. 
THREONINE KINASES; ~ ~ 7 0 4 6  KINASE, pp9O-S6 KINASE II AND S6 

John Blenis, Rey-Huei Chen and Jongkyeong Chung, Department of Cellular and Molecular 
Physiology, Harvard Medical School, 25 Shattuck St., Boston, MA. 021 15. 

We are presently characterizing the regulation of three distinct mitogen- and oncogene-activated 
protein-serine/threonine kinases. Two of these were identified by their ability to phosphorylate 40s 
ribosomal protein S6 m, pp7O-S6 protein kinase (pp70-S6K) and pp9O-S6 protein kinase 11 
(pp90-S6Kll). The third was identified by its ability to phosphorylate recombinant S6Kll L Q ~  
(S6KII-PK). S6KII-PK and pp90-S6Kll are maximally activated by 2 min following the addition of 
serum growth factors to quiescent Swiss 3T3 cells. pp70-S6K is maximally activated by 10 min. 
Every mitogen tested rapidly activates these enzymes via post-translational protein phosphorylation 
mechanisms. During the Go/G1 transition, pp90-S6Kll and S6KII-PK activities are coordinately 
regulated, independently of the regulation of pp70-S6K, suggesting that the growth-modulating 
signalling pathways have already diverged. Futhermore, these signal transducing protein kinases 
are regulated by protein kinase C - independent and - dependent mechanisms. The identification 
and characterization of growth signalling protein phosphorylation cascades should continue to 
improve our understanding of the processes regulating normal and neoplastic cell growth. 

F 302 DIFFERENTIAL EXPRESSION OF PROTEIN KINASE C-ISOFORMS DURING 
MULTISTEP CARCINOGENESIS 

Christoph M.B. Borner, Sarah F. Nichols, Ling Ling Hsieh, W.-L.W. Hsiao and I. Bernard 
Weinstein. Institute of Cancer Research, Columbia University, New York, NY 10032 
We established rat embryo fibroblast and rat liver epithelial cell lines which gradually 
progress to a fully tumorigenic phenotype by introducing stepwise PKCOI cDNA and the 
activated c - H - m  (T24) oncogene. The overexpressed PKCOI (79-kDa) and a newly 
discovered higher molecular weight (84-kDa) PKCOI-related protein were more 
membrane-associated in the fully transformed PKCOI plus H-& cells than in the PKCOI 
cells suggesting greater activation of PKC in the former cells. Unexpectingly, the 
endogeneous PKCd form was 6-10 fold induced and the endogeneous PKCc form 5-7 fold 
decreased in the PKCOI plus H-B tumorigenic cells, when compared to the normal parental 
cells. These changes in the expression of endogeneous PKC genes were demonstrated at 
both the protein (Western blot analysis using isoform-specific antibodies) and the mRNA 
(Northern blot analysis) levels. These data provide evidence that PKCOI and an activated 
oncoprotein can act cooperatively to cause cell transformation and that this is associated with 
alterations in the expression of other isoforms of PKC endogeneous to these cells. Thus, 
alterations in the expression of various isoforms of PKC may play a role in tumorigenesis. 

F 303 p4Otax TRANSACTIVATES HTLV-I IN HUMAN T CELLS THROUGH A PK-C 
DEPENDENT PATHWAY. Anna T.Brini, David Kelvin and William L. 

Farrar. Laboratory of Molecular Immunoregulation, BRMP, NCI-FCRF, 
Frederick, MD 21701-1013. 
HTLV-I, the etiological agent of adult T-cell leukemia, encodes a 
transcriptional activator, p40tax, that increases transcription of HTLV-I 
and of other cellular genes. The p40tax inducible enhancer has been 
localized to three copies of a 21 base pair repeat within the HTLV-I LTR. 
Here we examine different signal transduction pathways involved in HTLV-I 
activation by p40tax. We cotransfected a HTLV-I CAT plasmid with a p4Otax 
expression vector or one of its mutant form in human T cells. HTLV-I is 
induced by p40tax, by PMA. and by forskolin. Two synthetic genes that code 
for an active fraqment of the protein inhibitor of the CAMP-dependent 
protein kinase (PKI) and for an inactive form were transfected in T cells 
with the HTLV-I LTR CAT construct and the p4Otax expression plasmid. PKI 
specifically inhibits forskolin induction with no effect on the PMA and on 
the p40tax activation of HTLV-I CAT. In contrast, transfection of HTLV-I 
CAT and p4Otax in protein kinase C-depleted T cells completely blocks HTLV- 
I activation by p40tax and PMA. with no effect on the adenyl cyclase 
pathway. The same result was obtained when HTLV-I transfected T cells were 
treated with the protein kinase C inhibitor H-7. We hypothesize that HTLV-I 
activation by p4Otax involves the urotein kinase C pathway. 
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F 304 PURIFICATION AND PROPERTIES OF A DNA-DEPENDENT PROTEIN KINASE FROM 
HELA CELL NUCLEI, Tim Carter, Ivon Sun,  Ivana Vandurova, Susan DeLeon and 

Willard Lou, Department of Biological Sciences, St. John's University, Jamaica, NY 11439. 
The endpoint of signal transduction pathways mediated by protein kinases is frequently 
the regulation of nuclear processes. Identification of protein kinases that are activated 
within the nucleus is  therefore likely to contribute to understanding such regulation. 
We are studying a novel protein kinase (PKD) from HeLa cell nuclei that requires 
double-stranded (ds) DNA for phosphorylation of a variety of substrates in vivo and in 
vitro.  PKD has been purified -5000-fold, and is a serine-threonine casein kinase most 
active with Mg2+ and ATP, but the enzyme is weakly activated by Mn2+, and can utilize 
GTP as a phosphate donor. DNA-dependent activity is salt-sensitive, and also inhibited 
by polyamines, heparin, and, N-ethylmaleimide. Highly purified PKD contains a major, 
autophosphorylated, polypeptide of Mr = -300 kDa by SDS-PAGE, similar in size to the 
native enzyme, and binds to DNA in gel shift studies. Preliminary results using 
monoclonal antibodies on western blots and in enzyme inhibition experiments a r e  
consistent with identification of the 300 kDa polypeptide as an integral component of 
the enzyme. 

F305 ZINC AS A POSSIBLE MEDIATOR OF SIGNAL TRANSDUCTION IN T LYMPHOCYTE ACTIVATION 
P e t e r  Csermely and J l n o s  Somogyi, I n s t i t u t e  of Biochemistry I . ,  Semmelweis 

Univers i ty  School of Medicine,  PO Box 260,  Budapest,  H-1444 Hungary 

Inc reas ing  i n t e r e s t  is focused on the  r o l e  of z inc  i n  b i o l o g i c a l  systems. A r a n i d l y  growing 
family of p r o t e i n s  --including p r o t e i n  k inase  C-- conta ins  "z inc  f inge r s " .  On the  o t h e r  
hand z inc  is ab le  t o  d i sp l ace  calcium from a number of  Ca-binding s i t e s  and i n  t h i s  way 
z i n c  may modify calcium-mediated c e l l u l a r  p rces ses .  Our exper imenta l  da t a  i n d i c a t e  t h a t  
-- a c t i v a t i o n  of p r o t e i n  k inase  C induces the  t r a n s l o c a t i o n  of z i n c  from the  nuc leus  t o  

-- z i n c  a c t i v a t e s  c y t o s o l i c  p r o t e i n  k inase  C and i n c r e a s e s  its a f f i n i t y  towards Dhorbol 

-- z i n c  c o n t r i b u t e s  t o  the  b inding  of p r o t e i n  k inase  C t o  plasma membrane and t o  desoxi- 

-- i n t r a c e l l u l a r  heavy meta ls  (most Drobably : z inc )  can diminish the  Ca-iononhore-induced 

the  cy toso l  and plasma membrane 

e s t e r s  a t  nanomolar f r e e  concen t r a t ion  

r ibonuc le i c  ac id  

Ca- t ranspor t  i n  T lymphocytes a f t e r  t he  a c t i v a t i o n  of p r o t e i n  k inase  C .  
These obse rva t ions  sugges t  t h a t  changes i n  i n t r a c e l l u l a r  z i n c  concen t r a t ion  may occur  
dur ing  the  a c t i v a t i o n  of T lymphocytes and, in t u r n ,  z inc  may modify the  calcium- and 
p r o t e i n  k inase  C-dependent pathways of T lymphocyte a c t i v a t i o n .  Experiments which d i r e c t l y  
address  these  ques t ions  a r e  i n  p rogres s  i n  our l abora to ry .  

F306 IDENTIFICATION AND PARTIAL SEQUENCE ANALYSIS OF THE MITOGEN/ ONCOGENE- 
ACTIVATED 56 KINASE, Stefan0 Ferrari and George Thomas, Friedrich 

Miescher Institute, CH-4002 Basel, Switzerland. 
Addition of growth factors to quiescent Swiss cells results in the ordered 
phosphorylation of five serines at the C-terminus of 40s ribosomal protein S6. 
We have purified the kinase responsible for regulating this process in 
mitogen/oncogene-activated cells and from the liver of rats injected with 
cycloheximide. The two kinases proved to be identical in ( A )  molecular weight, 
7 0  kd, (B,) sensitivity to phosphatase 2A,  (C) specific activity towards 56, 
=1 pmol/min/mq, (D) inhibition by pM Mn2+ in the presence of mM MgC12, and (E) 
phosphopeptide maps of autophosphorylated enzymes. That this is the kinase 
responsible for 56 phosphorylation in vivo is indicated by the fact that the 
activity of the enzyme increases in parallel with S6 phosphorylation in vivo, 
that at each step of the purification it acts as a single entity, and that it 
incorporates 4 to 5 moles of phosphate in vitro into the same S6 sites as 
observed in vivo. Sequence analysis of the N-terminus and of an internal CNBr 
fragment shows no significant homology to any known kinase, suggesting that 
this is a novel threonine-serine kinase. 
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F 307 REGULATION BY CYCLIC AMP OF ENDOTHELIAL SECRETlOS OF TISSUE-TYPE PLASMISOGEN 

Depar tmen t  of M e d i c i n e ,  U n i v e r s i t y  of  S o u t h e r n  C a l i f o r n i a  S c h o o l  o f  M e d i c i n e ,  Los  A n g e l e s ,  
CA 90033. We i n v e s t i g a t e d  t h e  e f f e c t  of  a g e n t s  which r a i s e  i n t r a c e l l u l a r  c y c l i c  AMP (CAMP) 
o n  t h e  s e c r e t i o n  of t i s s u e - t y p e  p l a s m i n o g r n  a c t i v a t o r  ( t -PA) and t y p e  I p l a sminogen  a c t i -  
v a t o r  i n h i b i t o r  (PAL-I) by c u l t u r e d  human u m b i l i c a l  v e i n  e n d o t h e l i a l  c e l l s  (HUVEC). HUVEC 
m o n o l a y e r s  were  exposed  t o  v a r i o u s  c o n c e n t r a t i o n s  u f  t h e s e  a g e n t s  i n  s e r u m - f r e e  g rowth  
medium f o r  4 8  h o u r s ,  and C-PA and PAI-1 measu red  i n  t h e  s u p e r n a t e  d t  2 4  and 4 8  h o u r s  by 
ELISA. S i g n i f i c a n t  i n h i b i t i o n  o f  b a s e l i n e  ( u n s t i r n u l a t e d )  t - P A  and PAI-I s e c r e t i o n  w a s  
o b s e r v e d  w i t h  c h o l e r a  e n t e r o t o x i n ,  I-methyl-3-isobutylxanthine (MIX), d i b u t y r y l  CAMP, 
p r o s t a g l a n d i n  E l  ( P G E l ) ,  t h e  s t a b l e  p r o s t a c y l i n  a n a l o g u e  i l o p r o s t ,  and a r a c h i d o n i c  a c i d ,  
wh ich  i s  c o n v e r t e d  by HUVEC t o  p r o s t a c y c l i n .  C h o l e r a  t o x i n ,  M l X ,  d i b u t y r y l  CAMP, and 
PGEl a l s o  s i g n i f i c a n t l y  r e d u c e d  or a b o l i s h e d  t h e  s t i m u l a t i o n  of  t-PA r e l e a s e  by th rombin  
and h i s t a m i n e ,  a n d ,  w i t h  t h e  e x c e p t i o n  of  M I X ,  a l s o  s i g n i f i c a n t l y  r educed  o r  a b o l i s h e d  
t h e  s t i m u l a t i o n  of  PAI-1 r e l e a s e  by t h r o m b i n .  M I X  a t  a c o n c e n t r a t i o n  be low t h a t  r e q u i r e d ,  
when t e s t e d  a l o n e ,  t o  i n h i b i t  t-PA and PAI-I s e c r e t i o n ,  s i g n i f i c a n t l y  i n c r e a s e d  t h e  i n h i -  
b i t i o n  o f  t-PA and PAI-1 s e c r e t i o n  by c h o l e r a  t o x i n ,  d i b u t y r y l  CAMP, and PGEl. We c o n c l u d e  
t h a t  e l e v a t e d  CAMP i n h i b i t s  HUVEC s e c r e t i o n  u f  c-PA and PAI-1, b o t h  s p o n t a n e o u s l y  and i n  
r e s p o n s e  t o  a g e n t s  wh ich  s t i m u l a t e  e n d o t h e l i a l  p h o s p h o i n o s i t i d r  pathway a c t i v i t y  ( t h r o m b i n  
and h i s t a m i n e ) .  

ACTIVATOR AND ITS RAPID INHIBITOR, R o b e r t  H .  F r a n c i s  J r . ,  and S a r a  N e e l y ,  

F 308 daf - I ,  A G E N E  INVOLVED IN Caeriorhabdiris clegaris DAUER LARVA DEVELOPMENT, ENCODES 
A NOVEL MEMBRANE PROTEIN KINASE, Laura L. Georgi, Patrice S. Albert and Donald L 

Riddle, Division of  Biological Sciences, University of Missouri, Columbia, MO 6521 I 
The dauer larva is a developmentally-arrested, non-feeding dispersal stage normally formed in response to 
overcrowding and limited food, More than twenty-five genes affecting dauer larva development have been 
identified. Nineteen of these genes have been ordered relative to each other based on epistatic relationships. 
The resulting hierarchy of genes is thought to specify a pathway for  neural transduction of environmental 
cues. The  daf-1 gene, which specifies an intermediate step in the genetic pathway, has been cloned by Tcl  
transposon tagging. A daf-l probe detects a 2.5 kb  mRNA of low abundance. The  gene spans almost 6 kb 
of genomic DNA and contains eight introns ranging in size f rom 45 to 1379 bp. The DNA sequence predicts 
a 669-amino acid (74 kD) gene product containing stretches of hydrophobic residues characteristic of 
transmembrane proteins in  its amino terminal half, and the conserved residues diagnostic of serine-threonine 
protein kinases in  its carboxyl terminal half. The protein sequence shows greatest similarity to the ra/ proto- 
oncogene family. Three separate mutant alleles, including the two transposon-insertion alleles used in cloning 
the gene, are  altered in the sequence encoding the kinase domain. The  mutants form dauer larvae 
constitutively at elevated temperatures (20-25"C), so kinase activity apparently is involved in the inhibition 
of dauer larva formation. The longest cDNA clone has as its 5' end the last six residues of a 22-base C 
elegarrs rraiis-spliced leader sequence, and the genomic sequence at this position is a consensus splice acceptor 
site, indicating that the mRNA is fratis-spliced. The 3' untranslated region of the message is 461 bases long 
?he third intron contains multiple copies of an octamer, CTACAGTA, most of which are concentrated in an 
extended imperfect direct repeat of 115-117 bp, present in roughly 2.5 copies. This intron hybridizes to 
multiple genomic bands on  Southern blots at reduced stringency, and might contain regulatory sequences. 

F309 A CALCIUM-UNRESPONSIVE, PHORBOL ESTER/PHOSPHOLIPID-ACTIVATED 
PROTEIN KINASE FROM PORCINE SPLEEN, Michael Gschwendt, Hanno 

Leibersperger and Friedrich Marks, Department of Biochemistry, German 
Cancer Research Center, Heidelberg, F.R.G. 
The particulate fraction of porcine spleen contains a protein kinase which 
can be activated by phospholipid and the phorbol ester TPA but does not 
respond to phospholipid and calcium (Ca). The kinase can be partially 
purified and separated from Ca-responsive protein kinase C (PKC) by 
sequential chromatography on various adsorbents, such as Q-Sepharose, 
hydroxyapatite, phenyl Sepharose, heparin agarose and protamin agarose. 
The partially purified kinase has a molecular weight of 76 kDa (p76- 
kinase) and hence is somewhat smaller than the similarly behaving p82- 
kinase from mouse epidermis and spleen. Autophosphorylation of p76-kinase 
is at least 10 times stronger than that of PKC. The staurosporine-like 
protein kinase inhibitor K252a clearly differentiates between the Ca- 
unresponsive p76-kinase and Ca-responsive PKC (IC50 values differ by two 
orders of magnitude). This might indicate that a sequence, which is 
missing in Ca-unresponsive types of the PKC family, is essential for the 
suppression of the enzyme by staurosporine and staurosporine-like 
inhibitors. The pseudosubstrate of PKC inhibits both enzymes with equal 
potency. 
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F 310 ANALYSIS OF THE MITOGENIC SIGNAL TRANSDUCTION PATHWAYS 
INDUCED BY BRYOSTATINS AND LYMPHOKINES IN HUMAN B LYMPHOCYTES. 
Graeme R.  Guy Ng Siew Bee and Chua Sook Peng .Institute of Molecular and 
Cell Biology, National University of Singapore, 10 Kent Ridge Cres, 
SINGAPORE 051 1. 

Bryostatins are isolated from marine bryophytes and are potent activators of protein 
kinase C (in the pmol range). They have been shown to be antiproliferative agents in 
assays on transformed cell lines. We demonstrate that bryostatin 1 and 2 have 
moderate proliferative activity when used alone on B cells, however they show 
synergistic stimulation of proliferation when used with either of the following 
agents; the calcium ionophore, ionomycin, interleukin 2, interleukin 4 ,  B cell growth 
factor (BCGF) and the novel calcium ionophore, thapsigargen. Bryostatin 1 will 
however down-regulate the proliferative effects of the phorbol ester tumour 
promoter, PMA. Biochemical analysis, including protein phosphorylation, binding 
Competition and gene expression showed differences between bryostatins and 
The possible site of action of the bryostatins including the possibility of them 
binding to other isoforms of protein kinase C is discussed. 

PMA. 

F 31 1 INVOLVEMENT OF PROTEIN KINASES A AND C IN NF-KB ACTIVATION BY TNF AND 11-1, 
Hans-Peter Hohmann, Roland Remy, Roland Kolbeck and Adolphus P. G. M. van Loon, Central Research 
Units, F. Hoffmann-La Roche & Co AG, CH-4002 Basel, Switzerland. 

The nuclear factor KB (NF-KB) plays a crucial role in the expression of several genes involved in the immune- 
response. A DNA-binding protein very similar or identical to NF-KB can be activated in many different cells by 
PMA, LPS. and by the tumor necrosis factors a and p (TNF) or interleukin-1 (IL1). We are interested in signal 
transduction pathways triggered by TNF and, thus, in the activation of NF-KB by TNF. In the promyelocytic cell 
line HL60, NF-KB is strongly induced by TNF within minutes of incubation, weakly and delayed by PMA, and not 
by IL I .  In the pre-B cell line 702/3, NF-KB is not induced by TNF (no TNF receptors were detected), but is 
induced by IL1 and PMA to a similar extent and with similar and fast kinetics. Staurosporin, a potent protein 
kinase inhibitor, affecting e.g. protein kinases A and C, inhibited NF-KB activation by PMA both in HL60 and 
70Z3  cells and the IL1 induced activation of NF-KB in 70Z/3 cells. In contrast, TNF-induced activation of NF- 
KB in HL60 cells was not inhibited by staurosporin, but staurosporin treatment even increased the degree of 
NF-KB activation at low TNF concentrations. This suggested that protein kinase A (PKA) and, thus, cAMP is not 
necessarily involved in activation of NF-KB, in contrast to data presented by Shirakawa and Mizel (Mol. Cell. 
Biol. 9, 1989, 2442-2430). To test involvement of PKA and cAMP more extensively, forskolin, which 
stimulates ATP-cyclase, was used to increase the intracellular cAMP levels in both cells, but no or only 
marginal activation of NF-KB was observed. Inhibitors of phosphodiesterase also increased cellular cAMP 
levels, but again NF-KB activity was hardly detectable. In addition, TNF activated NF-KB, but did not increase 
the cellular cAMP content. We conclude, that activation of NF-KE by TNF is not mediated by cAMP and confirm 
the existence of at least two different pathways, which activate NF-KB. A protein kinase independent pathway 
transduce the TNF signal. An other pathway used by IL1 depends on functional protein kineses. 

F312 A RAPID METHOD FOR THE PURIFICATION OF A SERINEITHREONINE- 
SPECIFIC PHOSPHOPROTEIN PHOSPHATASE FROM THE BOVINE BRAIN: EFFECTS 

OF INOSITOL POLYPHOSPHATES ON ENZYME ACTIVITY. Richard E. Honkanen, Jean 
Zwiller, Patrick J .  Sousa, Stuart S .  Nakamoto, Martha Y. Kanemitsu, Sharon 
L. Daily and Alton L. Boynton, Cancer Research Center of Hawaii, Honolulu 
HI, 96813. The reversible phosphorylation of proteins is now recognized to 
be of paramount importance in the regulation of many intracellular 
functions. Here we describe a rapid method for the purification of a 
phosphoprotein phosphatase to apparent homogeneity from bovine brain 
utilizing cholate extractable proteins obtained from a crude membrane 
preparation followed by heparin-Sepharose column chromatography and FPLC 
on Mono Q and Superose 6 .  The catalytic subunit of this brain 
phosphoprotein phosphatase best resembles a "Type 1" phosphatase in that 
its activity is inhibited by Inhibitor 2, and it has a preference for the B 
subunit of phosphorylase kinase. However, its intermediate affinity for 
okadaic acid (IC =3.2 nM) and the observation that its activity towards 
phosphorylase A ?s not effected by the addition of heparin suggest that 
this phosphatase may represent a subclass within the larger class of "Type 
1" phosphatases. In addition, using both crude and lysine rich histone 
phosphorylated by protein kinase A as substrate, myo-inositol 1 , 4 , 5 -  
trisphosphate ( I P 3 )  and myo-inositol 1,3,4,5-tetrakisphosphate stimulate 
the release of phosphate in a dose dependent manner. 
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F 313 IDENTIFICATION OF A HUMAN DSDNA-ACTIVATED SERINE/THREONINE PROTEIN KINASE THAT 
PHOSPHORYLATES THE HEAT SHOCK PROTEIN, HSP90, AS WELL AS SV40 T-ANTIGEN, Susan P. 

Lees-Mil le r ,  Yuh-Ru Chen, and Car l  W. Anderson, Biology Department, Brookhaven Nat iona l  
Laboratory,  Upton, NY 11973. 

approximately 1000-fold from HeLa c e l l  e x t r a c t s  t h a t  is s t rong ly  ac t iva t ed  by double- 
s t randed  DNA. Ac t iva t ion  is s p e c i f i c  f o r  dsDNA b u t  l a rge ly  independent of DNA sequence; 
poly(dA-dT) and poly(dG-dC) a c t i v a t e  a s  w e l l  a s  n a t u r a l  deDNAs. Nei ther  s s R N A  o r  dsRNA 
a c t i v a t e  the k inase ,  while ssDNA, phosphate,  pyrophosphate,  and hepar in  i n h i b i t  k inase  
a c t i v a t i o n .  Apparent k inase  binding cons t an t s  (K ) a r e  lug/ml f o r  c a l f  thymus DNA and 24 U M  
f o r  ATP; GTP i s  u t i l i z e d  poorly by the k inase .  
f i l t r a t i o n  i n  1 M KC1 a s  a p ro te in  of 350-kDa. P a r t i a l l y  pu r i f i ed  dsDNA-kinase con ta ins  
polypept ides  of 52-kDa, 65-kDa, 81-kDa, 110-kDa, and 350-kDa t h a t  are phosphorylated in 8 

dsDNA-dependent manner. The only i d e n t i f i e d  endogenous Subs t r a t e  i s  the hea t  shock p ro te in ,  
hsp90. DsDNA-dependent phosphoryla t ion  of hsp90 was previous ly  observed in e x t r a c t s  
prepared from widely d ive rgen t  sources  inc luding  r a b b i t  r e t i c u l o c y t e s ,  and f r o g ,  clam, or 
sea urch in  oocytes or eggs (Walker e t  a l . ,  EMBO J. 5 ,  139-145, 1 9 8 5 ) .  
hap90 polypept ides  (a lpha  and b e t a ) ,  only the alpha form is phosphorylated by the dsDNA- 
k inase .  Phosphoryla t ion  occurs  on two N- t e rmina l  th reonine  r e s idues  i n  the sequence 
PEETQTQDQPH-. The dsDNA-kinase a l s o  phosphorylates a lpha  and be ta  case in  and phosv i t in ,  bu t  
n o t  BSA o r  the co re  h i s tones .  Recent ly ,  SV40 l a rge  T-ant igen  was found to be a good dsDNA- 
k inase  s u b s t r a t e ;  i d e n t i f i c a t i o n  of these  p h o s p h o r y l a t i o ~  s i t e s  i s  i n  progress .  Research 
supported by the Of f i ce  of Heal th  and Environmental Research ,  U. S.  Department of Energy. 

A s e r ine / th reon ine  p r o t e i n  k inase  a c t i v i t y  (dsDNA-kinase) has been p u r i f i e d  

TPie dsDNA-kinase chromatographs during ge l  

Of the two human 

F 314 FUNCTIONAL COMPONENTS OF THE PROTEIN KINASE C REGULATORY DOMAIN, 
NINA MILONA, BERTA STRULOVICI', LISA SULTZMAN AND JOHN KNOPF, 

DEPARTMENT OF MOLECULAR BIOLOGY, GENETICS INSTITUTE INC., 87 CAMBRIDGEPARK 
DRIVE, CAMBRIDGE, MA 02140, 'SYNTEX RESEARCH, 3401 HILLVIEW AVENUE, PAL0 
ALTO, CA 94303. Protein Kinase C (PKC) has two 56 amino acld cysteine-rich regions 
which comprise the c-1 region of the PKC regulatory domain. Each of these 56 amino 
acid regions is shown to bind the phorbol ester [~HIPDBu with approximately equal 
affinities. The natural activator of PKC, diacylglycerol, also competes with [ ~ H I P D B u  
for binding to each of these 56 amino acid regions. The role of the C-2 domain of PKC 
which also resides in the regulatory domain is unknown. We have been studying the 
regulation of PKC mutants which have had this region mutated or deleted. Our results 
suggest that this region is not involved in the calcium dependency of the enzyme but 
serves some other regulatory function. 

F 315 PROTEIN KINASE C REGULATION OF AN EPIDERMAt GROWTH FACTOR - 
STIMULATED THREONINE PROTEIN KINASE. Ingrid C Northwood €3 Roger J. 

Davis, Dept. of Biochemistry. University of MA Medical School. Worcester, MA 01655 

A protein kinase activity has been identified that phosphorylates the epidermal 
growth factor (EGF) receptor a t  threonine669 (J. L. Countaway. I.C. Northwood. and R.J.  
Davis ,1989 , J. Biol. Chem. 264 10828-10835). An in uitro assay for this protein kinase 
using a synthetic peptide lT669) substrate was developed. Treatment of A431 cells with 
EGF and 4-phorbol 12-myristate 13-acetate (PMA) caused a 6- fold and a 2- fold increase 
in the protein kinase activity detected, respectively. A kinetic analysis of synthetic 
peptide T669 phosphorylation demonstrated that the increase in protein kinase activity 
observed was accounted for by a n  increase in Vmz. 

causes an inhibition of signal transduction by the EGF receptor. We therefore 
investigated the effect of PMA on the activation of the T669 protein kinase activity caused 
by incubation of cells with EGF. We observed that the extent of stimulation of peptide 
T669 protein kinase activity caused by EGF was not affected by pre- treatment of the 
cells with PMA. We conclude that the mechanism by which EGF stimulates the peptide 
T669 protein kinase activity is not subject to desensitization by phorbol ester. 

Previous studies have demonstrated that the treatment of A431 cells with PMA 
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F 31 6 12-0-ETRADECANOYLPHORBOL-13-ACETATE (TPA) CAUSES ALTERATIONS IN CELL 
CYCLE KINETICS AND STEROID HORMONE RECEPTOR GENE EXPRESSION IN LNCaP 

HUMAN PROSTATIC CARClNOMA CELLS. C.J. Ormandy, C.S.L. Lee, E.A. Musgrove and R.L. Sutherland. 
Garvan Institute o f  Medical Research, Darlinghurst, 2010, Sydney, Australia. 

A major pathway o f  mitogenic signaling involves the Protein Kinase C (PKC) group of serine-threonine 
kinases. The phorbol ester TPA binds to PKC causing init ial activation o f  phosphorylative activity followed by rapid 
depletion o f  PKC and the loss o f  PKC mediated effects. We have examined the effects o f  "PA on steroid hormone 
receptor gene expression and cell cycle kinetics to investigate the potential role o f  PKC in the control of LNCaP cell 
growth and differentiation. 

LNCaP cells, grown in  RPMI  1640.5% foetal calf semm were hawested 3 to 48 hours after treatment wi th 
TPA to deplete PKC. mRNA levels were examined by Northern blot analysis using specific c D N A  probes for the 
human oestrogen (ER), progesterone (PR), glucocorticoid (GR), and 1,25 dihydroxyvitamin D 3  (VDR) receptors. 
Flow cytometry was used to evaluate the cell cycle and morphological effects o f  TPA treatment. LNCaP cells 
responded in a dose- and time-dependent manner to TPA. Dose response experiments indicated a large decrease in 
proliferation rate between 0.1 and 10 nM TPA (ED50=400 pM at 48h) paralleled by a 50% loss o f  cells f rom the 
DNA synthetic phase and increased cellular size and granularity. Time course experiments using 10 nM TPA 
indicated that the alterations in cell cycle kinetics occured between 6 and 12 hours. Sex hormone receptor (PR, ER) 
mRNA levels were reduced by 20 % at 3 h, declined to 40% of controls by  24 h and remained suppressed at 48 h. 
Non sex steroid hormone receptors (GR, VDR) remained unchanged or increased slightly over this period. 

These data indicate that TPA treatment results i n  a reduction o f  LNCaP proliferation rate and a decrease in the 
level o f  sex steroid hormone receptor mRNA. These observations suggest that PKC is  a mediator of mitogenic 
signals and sex steroid hormone receptor gene expression in these cells. 

F 317 INHIBITION OF PROTEIN KINASE C BY THE ANTICARCINOMA AGENT DEQUALINIUM. 
S.A Rotenberg, S Smiley, M. Ueffing. R.S. Krauss. L.E Chen, and I 6. Weinstein. Institute of Cancer 

Research, Columbia University, New York, NY 10032 
Dequaiinium has previously been shown to be an anticarcinoma agent (PNAS 84.5444-5448, 1987) The 
present study demonstrates that it can inhibit protein kinase C-p, isolated from an overproducing cell line with an 

IC50 = 8-15 pM. Further examination of the inhibition using structural analogues of dequalinium reveals specifc 
structure-activity relationships. Other studies show that the analogues display the same rank order of inhibitory 
potency when tested with the trypsin-generated catalytic fragment of the enzyme indicating that dequalinium 
inhibits kinase activity through an interaction with the catalytic subunit. Further studies argue that the ability of a 
given analogue to inhibit phosphotransferase activity correlates with its ability to compete with (3H~)phorbol 
12,13-dibutyrate binding on the intact enzyme (IC50 = 2-5 pM). This suggests that the inhibitor is either binding 
directly to the regulatory subunit as well or, that due to its interaction with the catalytic subunit, dequalinium 
produces an indirect elfect on sites defined by phorbol ester binding Kinetic analysis reveals that inhibition is 
noncompetitive with respect to ATP or phosphatidylserine. Studies conducted with types I, 1 1 ,  and 111 rat brain 
isozymes resolved by hydroxylapatite chromatography, demonstrate that dequalinium inhibits each of them with 
similar potency (IC50 = 11 @M) and imply that the site of contact on the enzyme is a highly conserved region. 
Studies of dequalinium with intact cells demonstrate that the inhibitor can protect control celis against phorbol 
ester-induced morphology changes but cannot protect PKC-overproducing cells, suggesting that an elevation in 
PKC levels alone is sufficient to overturn the protection conferred by dequalinium. On the basis ot these results, 
we propose that protein kinase C could be a critical In vivo target of dequalinium (Supported by NIH CA 02656, 
CA 19589-1 1, and CA 22427-10 ) 

F318 SIMIAN V I R U S  40 LARGE T ANTIGEN INDUCES OR ACTIVATES A PROTEIN 
KINASE AS INDICATED BY ENHANCED PHOSPHORYLATION OF THE CELLULAR PRO- 

TEIN P53, Karl H. Scheidtmann ( § )  and Adolf Graessmann ( $ ) ,  ( § )  Institut 
fur Immunbiologie Universitat Freiburg, Stefan-Meier-Str. 8, D-7800 Frei- 
burg, ( $ 1  Institut fur Molekularbiologie, Freie Universitat Berlin, Arnim- 
allee 22, D-1000 Berlin 33, F.R.G. Alterations in the phosphorylation State 
of p53 from normal versus SV40-infected or transformed rat cells suggested 
that SV40 induces or activates a protein kinase one substrate of which is 
-953. Kinase induction is dependent on a functional, transformation-compe- 
tent large T antigen whereas small T antigen is not required. Transforma- 
tion-defective large T antigen mutants are impaired in kinase induction. 
Moreover, the kinase activity is greatly reduced in cells which have rever- 
ted to the normal phenotype due to a cellular mutation. These data suggest 
that the "p53-kinase" plays a role in SVQO-induced transformation. T h e  
Kinase is associated with p53-immunoprecipitates and phosphorylates the 
same sites that are phosphorylated in vivo. Preliminary data suggest that 
this kinase does not correspond to the CDC2 kinase. 
Supported by the Deutsche Forschungsgemeinschaft through SFB 31. 
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F 31 9 TUMOR NECROSIS FACTOR SIGNAL TRANSDUCTION: CELL-TYPE-SPECIFIC 
ACTIVATION AND TRANSLOCATION OF PROTEIN KINASE C, Stefan Schiitze, Susanne 
Nottrott, Klaus Pfizenmaier, and Martin Kronke, Clinical Research Group of the Max-Planck- 
Society, 3400 Gottingen, F.R. Germany 

We have investigated the changes in rotein kinase C (PKC) activity followin treatment of several cell 
lines with tumor necrosis factor (TNFP. Binding-studies with [3H]-PBt, on whofe cells revealed rapid and 
transient activation of PKC in Jurkat, K562, and U937 cells wth a maxmum of horbol ester-binding at 6 
minutes after TNF-treatment. Upon subfractionation of TNF-treated U937 ceEs a transient increase of 
PB5-binding in the membrane fraction was accompanied by a long-term loss of PBt2-binding in the cytosol, 
indicatinf, a TNF-induced translocation of PKC from the cytosol to the cell membrane. Determination of 
the s eci IC PKC actiwty, using histone 111-S as a substrate, revealed similar kinetics of PKC translocation 
in U837 cells. TNF also induced PKC-translocation in K562 and Jurkat cells. However, while TNF caused 
long-term downreplation of cytosolic PKC-activity in U937 cells, the cytosolic PKC-activity only tran- 
siently decreased in both Jurkat and K562 cells and then recovered to near basal levels. In the human 
nonmalignant fibroblast cell line CCD18, PKC was not activated by TNF. Together our data suggest that 
PKC-activation may play a major role in TNF signal transduction in some, but not all target cells. 

F320 ISOZYMES OF PROTEIN KINASE c CAN MODULATE THE DEGRADATION 

Genetics Institute Inc., Cambridge, MA. 
Previously we have shown that treatment of mammalian cells with 
protein kinase C (PKC) agonist such as PMA can cause the 
accumulation of mFWAs normally rapidly degraded due to AU-rich 
destabilizing sequences present in their 3 '  untranslated region. 
The W A S  of this class include several lymphokines, cytokines 
and proto-oncogenes. In the experiments presented here, three 
independent CHO cell lines constitutively over expressing one of 
the cloned isozymes (beta, gamma or epsilon) of PKC have been 
analyzed to determine whether a particular isozyme is involved in 
this specific blockage of mRNA degradation. The preliminary 
results indicate that different isozymes of PKC may regulate the 
degradation pathway with varying efficiencies. Therefore the 
levels of a particular isozymes of PKC in a given cell type may 
dictate the responsiveness of that cell in its ability to block 
the mP.NA degradation. This may explain why some cells types can 
modulate this specific mRNA degradation pathway more effectively 
than others. 

OF mRNAs HAVING AU DESTABILIZING SEQUENCES, Gray Shaw, 

F321 PURIFICATION OF EARLY AND LATE PHASE S6 KINASE, Mira SuSa, 
Michel Siegmann and George Thomas, Friedich Miescher-Institut, 

P.O.Box 2543, CH-4002 Basel, Switzerland. 
Earlier we showed that the S6 kinase frommitogen-stimulated Swiss 
mouse 3T3 cells is a 7 0  kD protein, which is activated by Ser/Thr 
phosphorylation (PNAS 85, 406 & 7154; 1988). More recently we found 
that the kinetics of EGF activation are biphasic, with the early 
phase peaking at 10 to 15 min and the late phase between 30 and 60 
min. Down-regulation of protein kinase C has no effect on the early 
phase, but results in almost total loss of the late phase and a 
diminished mitogenic response (Cell z, 817; 1989). Since a number 
of kinases have been implicated in S6 phosphorylation, we have 
purified the enzyme in both phases from 32P-labelled cells. The 
results show that both kinases are equivalent to the mitogen- 
activated 70 kD kinase, each contains P-Ser and P-Thr and that they 
are differentially regulated by two distinct EGF-induced signalling 
pathways. 
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F 322 ANALYSIS OF RIBOSOMAL S6 PROTEIN KINASES (rsk) PRODUCED BY RECOMBINANT 
Dept. of Cellular and 

Developmental Biology,Harvard University, Cambridge, MA 02138.The rapid phosphorylation of the 
ribosomal protein S6 is a highly conserved response of a variety of cells to mitogenic stimulation. In order to 
understand the regulation of the relevant enzymes, molecular clones for the S6 protein kinase have been obtained 
from multiple species. Two full length clones obtained from a Xenopus library encode proteins of 729 and 633 
amino acids, and have been designated rsk-a and rsk-p respectively.The rsk-a cDNA was used to screen murine 
and avian cDNA libraries. Sequence analysis of full length murine and avian cDNAs show that the enzyme is 
highly conserved.Recombinant baculoviruses were used to produce recombinant rsk-a and -p protein. 
Metabolic labelling with 35S-methionine demonstrated a major labelled band in S 100 fractions of infected Sf9 
cells corresponding to the appropriate molecular mass. Immunoprecipitation of labelled protein using a rabbit 
antiserum raised against rsk-a antigen produced in E.  coli identified a single major band from lysates of cells 
infected with either the a or b containing recombinant virus. Ribosomal S6 protein kinase assays revealed as 
much as a 1000-fold increase in activity in insect cells producing the recombinant a protein when co-infected 
with a v-src recombinant baculovirus. When insect cells were doubly infected by rsk-a and v-src recombinant 
baculoviruses, a fraction of the rsk-a protein was activated. S-Sepharose chromatography was used to separate 
active from inactive protein. The active kinase migrated more slowly by SDS-PAGE, increasing its apparent MI 
from 82 kDa to 90 kDa. In vitro phosphatase treatment of the active kinase substantially reduced its kinase 
activity. The baculovirus expression vector system was also used to produce large amounts of inactive rsk-a 
protein which has been used to study in vitro phosphorylation and subsequent activation of the previously 
inactive protein. Further studies are underway to determine which kinases are responsible for phosphorylating 
inactive rsk, and to localize the specific sites where modification of the rsk molecule leads to its activation. 

BACULOVIRUSES. T. A. Vik, T. J. Martins, and R. L. Erikson. 

F 323 OVEREXPRESSION OF aPKC LEADS TO A PROLONGED ACCUMULATION OF TPA 
INDUCED uPA mRNA IN LLC-PK CELLS, Markus Wartmann(l), David A. 

Jans ( 2 ) , Brian Hemmings ( 2 ) , Urs Eppenberger ( 1 ) , 
Peter J. Parker(B), Doriano Fabbro(l), 1:Laboratory for Molecular Tumor- 
biology, Department of Research, University Clinic Medical School, Basel, 
Switzerland, 2:Friedrich Miescher Institute, Basel, Switzerland, 3:Ludwig 
Institute for Cancer Research, London, UK. Under uninduced conditions the 
pig kidney cell line LLC-PK expresses low levels of urokinase-type plas- 
minogen activator (uPA). Aadition of phorbol ester (TPA) results in a 
transient accumulation of uPA mRNA. In three stably transfected LLC-PK 
cell clones overexpressing a-type PKC ( 5 -  to 20-fold), the extent of uPA 
mRNA induction by TPA is similar to the untransfected cell line. However, 
the accumulation of the uPA message is significantly prolonged (2-3 fold) 
in the aPKC overexpressing clones in a TPA dose-dependent manner. This 
effect coincides with the observation that the TPA induced PKC down regu- 
lation is markedly protracted in these clones compared to the parental 
cell line. This implies that the persistent accumulation of the uPA 
message observed after induction by TPA is presumably due to the 
prolonged presence of a-type PKC. 

Yoshikdi Nagamine ( 2 ) , 

F 324 l’UKIFIC.4TION AND CHAKACTERIZATION 01’ AN INOSITOL POLYI’HOSPHATE-ACTIVATEU PROTEIN 

‘Centre de Neurochimie CNKS, 67084 Strasbourg, France and 2Cancer Research Center of Hawaii 
Honolulu, HI 96813. 
Several inositol polyphosphates stimulate the activity of a phosphoprotcin phosphatase, Ins 
(1,3,4,5)1’4 and In5 (1 ,3 ,4 ,5 ,6)1’5  bring the most potent activators. The protein phosphatase 
originated from a detergent-extract of a particulate bovine brain fraction. The catalytic 
subunit of this protein phosphatasr was purified to homogeneity by sequential chromatogra- 
phy on Heparin-Sepharose, monoQ i o n  exchange and superose 6 gel filtration. The purified 
protein phosphatase which was found to hc of type-I, exhibits a 26 ,000  Mr band on SIX-PAGE. 
The purified enzyme has been shown to be phosphorylated by protein kinasr C, but not by 
protein kinase A o r  by the Ca2+/calmodulin dependent protein kinase. The phosphorylation 
of thr phosphatase hy protein klnace C further enhancrs t h e  dcphosphorylation triggered hy 
thr inositol phosphatrs. The addition of a purified preparation of the protein phosphatasc 
to Ca’+-.Ieprived GI ’S blocked TjlB rat livrr crlls stimulatrs a rapidly responding frac- 
tion of c e l l s  to enter their S phace m d  this rffect is blocked by protein phosphatase 
inhibitors heparin and inhibitor-2. 

PHOSPHATASE-PHOSPHOKYLATION BY PROTEIN KINASE C, Jean Zwillrrland Alton L .  Boynton 
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Transcription Factors Induced by Signalling Mechanisms in 
Growth and Differentiation 

F400 TWO COMMON SITES OF RETROVIRAL INTEGRATION IN AN IL-%INDEPENDENT MYELOID LEUKEMIA 
CELL LINE, David S. Askew, Christopher Bartholomew. Art Buchberg, Nancy A. Jenkins, 

Neal Copeland, and James N. Ihle, Department of Biochemistry, St. Jude Children's Research 
Hospital, Memphis, TN 38105, Mammalian Genetics Laboratory, NCI-Frederick Cancer Research 
Facility, BRI-Basic Research Program, Frederick, MD 21701. 

In order to identify genes that contribute to myeloid leukemogenesis we have cloned viral 
integration sites from a CasBrM-MuLV induced 11-3 independent myeloblastic leukemia cell 
line. Genomic probes from flanking cellular sequences were used to screen DNAs from a panel 
of 30 cell lines derived from CasBrM-MuLV o r  MoMuLV induced mouse leukemias. Probes from 
one integration site (Ask-1) defined a region that was rearranged in two additional cell 
lines, and probes from a second integration site (Ask-2) identified a rearrangement in one 
additional cell line. Genetic mapping of these loci using interspecific backcrossed mice, 
assigned the Ask-1 locus to mouse chromosome 2 and the Ask-2 locus to mouse chromosome 19. 
The Ask-2 site is tightly linked to the Gin-1 locus, a common site of provirus integration 
in Gross passage A MuLV induced T-cell leukemias. No recombinants were observed between Ask- 
2 and Gin-l in 131 mice suggesting that these loci may identify the same region. 
Interestingly, proviral insertion into the Gin-1 locus has previously been reported only for 
T-cell malignancies. The Ask-1 locus appears to be a novel site of integration since it maps 
distinct from any known oncogene or common site of integration of chromosome 2. Northern 
analysis using a genomic probe derived from the Ask-1 locus identified transcripts ranging 
in size from 4 kb to 12 kb and was therefore used to screen a cDNA library from the NFS-124 
cell line. The characterization of these cDNA clones is in progress. 

F 401 LOSS OF FACTOR BINDING TO A FAR UPSTREAM ELEMENT OF C-MYC (FUSE ) IS ASSOCIATED 
WITH CELLULAR DIFFERENTIATiON, Mark I. Avigan, Bruce Strober, and David Levens, 

Laboratory of Pathology, National Cancer Institute, National Institutes of Health 20892 
A sensitive exonuclease assay has been employed to analyze binding sites over 2300 bases of c-myc 
sequence upstream of the P1 promoter. In one set of experiments. protein extracts were prepared from 
undifferentiated as well as DMSO-treated HL60 and U-937 cells, in order to detect alterations in factor binding 
concurrent with the shut off of c-myc transcriptional initiation. One factor which binds to a far upstream 
element (FUSE) approximately 1500 bp 5' of P1, is only present in undifferentiated cells and disappears with 
commitment to differentiafion. The factor has been partially purified by ion exchange chromatography and by 
oligonucleotide affinity chromatography, and appears to be a 90 kd protein by both Southwestern blot analysis 
and by UV cross-linking studies. In order to test the fuction of FUSE, a 3.2 kb segment of the c-myc promoter 
including either FUSE or a mutant with a selective 4 bp deletion within the FUSE binding site, which reduced 
binding in vitro, was fused to the CAT gene. CAT expression in U-937 transfectants was diminished with the 
mutant sequence in comparison to the wild-type sequence. However, the deletion had no effect on expression in 
Hep G2 cells - a line which lacks FUSE binding activity. These results suggest that FUSE has a potentiating 
effect on c-myc expression when bound by a tissue specific factor which is regulated during differentiation. 

F 402 DIFFERENTIAL INDUCTION OF c - b  mRNA ACCUMULATION I N  PROMDTION- 
SENSITIVE AND RESISTANT 586 CELLS, E l i a  1. Ben-Ari  and Nancy H .  

Colburn,  C e l l  B io logy  Sec t ion ,  Labora tory  o f  V i r a l  Carcinogenesis,  Na t iona l  
Cancer I n s t i t u t e ,  F reder ick ,  MD 21701. 
C lona l  v a r i a n t s  o f  mouse epidermal JB6 c e l l s  t h a t  a re  suscep t ib le  (P') o r  
r e s i s t a n t  ( P - )  t o  promot ion o f  neop las t i c  t rans fo rma t ion  have been used t o  
study t h e  p u t a t i v e  r o l e  o f  A P - l / W  i n  the  promot ion process. 
has shown TPA-  and EGF-inducible AP-1 dependent t r a n s a c t i v a t i o n  o f  gene 
express ion  i n  P', b u t  n o t  P-, va r ian ts .  
d i f f e r e n t i a l  t r a n s a c t i v a t i o n  has now been i n v e s t i g a t e d  a t  t he  l e v e l  o f  .iun and 
- fos mRNA accumulat ion,  s ince  the  t r a n s c r i p t i o n  f a c t o r  A P - I  i s  composed o f  
heterodimers o f  .iun and fos p r o t e i n s .  Both basal  and TPA- induc ib le  c-& mRNA 
l e v e l s  were s i g n i f i c a n t l y  h ighe r  i n  P' than i n  P- c e l l s ,  w h i l e  t h e r e  was no 
d i f f e r e n c e  i n  EGF-induced c-& mRNA accumulat ion i n  the  two c e l l  l i n e s .  c -  
- f o s  mRNA accumulat ion i n  response t o  bo th  TPA and EGF was s i m i l a r  i n  P' and P- 
c e l l s .  These da ta  suggest t h a t  t he  d i f f e r e n t i a l  a c t i v a t i o n  o f  AP-1 f u n c t i o n  
by TPA, b u t  n o t  EGF, i n  these c e l l  l i n e s  i s  due a t  l e a s t  i n  p a r t  t o  
d i f f e r e n t i a l  r e g u l a t i o n  a t  t he  l e v e l  o f  c-& mRNA accumulat ion.  The 
i n d u c t i o n  o f  .iun B and iun D mRNAs i n  P' and P- c e l l s  w i l l  a l so  be examined. 

Prev ious  work 

The molecu la r  bas i s  f o r  t h i s  
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F 403 MITOGENIC FUNCTION OF THE MANNOSE-6-PHOSPHATUINSULIN-LIKE GROWTH 
FACTOR 11 RECEPTOR IN NEURONAL PRECURSOR CELLS. 

Steen Gammeltoft and Finn C. Nielsen, Department of Clinical Chemistry, Bispebjerg Hospital, DK 2400 
Copenhagen NV, Denmark. 
The interaction of insulin-like growth factor I1 (IGF-11) and mannose-6-phosphate (Man-6-P) with their common 
receptor was studied in primary cultures of neuronal precursor cells from developing rat brain (E15). The Man- 
6-P/IGF-II receptor bound IGF-I1 with a Kd of 0.5 nM and insulin-like growth factor I (IGF-I) with 100 times 
lower affinity. IGF-I1 bound also to the IGF-I receptor with 10 times lower affinity than IGF-I (Kd - 1 nM). 
Surface-bound ['UI]IGF-II was internalized (85% after 60 min) and degraded completely to ['2JI]tyrosine. Man- 
6-P increased the the binding affinity of the Mar-6-PIIGF-I1 receptor for IGF-11, without changing the number 
of binding sites. Neuronal DNA synthesis was increased twofold by IGF-11, but its potency was 10 times lower 
than IGF-I. Phosphorylated carbohydrates stimulated DNA synthesis twofold compared with mannose. Man- 
6-P and fructose-1-phosphate were equally potent and glucose-6-phosphate 5 times less potent. The mitogenic 
effects of Man-6-P, and IGF-I1 or IGF-I were additive, and antibody 3637 to the Man-6-P/IGF-II receptor 
blocked the response to Man-6-P but not that to IGF-I1 or IGF-I. These results show that Man-6-P/IGF-II 
receptors mediate endocytosis of IGF-I1 and mitogenesis of Man-6-P in neuronal precursor cells. The cell 
proliferation induced by IGF-I1 and IGF-I is mediated by the IGF-I receptor. We conclude that Man-6-P- 
containing proteins and IGF-I1 act as mitogens in developing brain by activation of separate receptors. 

F 404 THE ACTIVATOR DOMAIN OF TRANSCRIPTION FACTOR CREB IS FUNCTIONALLY 
AUTONOMOUS. GA Gonzalez and MR Montminy, The Salk Institute, La Jolla, CA 92037 

A number of eukaryotic transcription factors appear to be organized into definable transactivating and DNA 
binding domains. Recent evidence suggests that transactivating regions, in particular, retain function when 
combined with heterologous DNA binding domains. In the case of transcription factor AP-I, however, DNA 
binding and dimerization functions appear to be critical for phorbol ester inducible transcription. Here, 
combinatonal regulation (ie. the formation of jun-fos heterodimers), appear to be the principle mode of control. 

CREB is a 341 amino acid nuclear protein whose transcriptional activity is tightly regulated by kinase-A 
(PKA) mediated phosphorylation at a single serine, SER 133. As substitution of multiple acidic residues for SER 
133 does not render the CREB protein constituitively active, negative charge alone is not sufficient to stimulate 
transcription. The presence of a leucine zipper in CREB which is highly homologous to the corresponding fos 
and jun motifs prompted us to ask whether, l i e  fos-jun, the formation of CREB heterodimers was critical to 
transcriptional activation by CAMP. We constructed a chimeric gene containing the putative CREB activator 
domain upstream of the glucocorticoid receptor DNA binding domain and nuclear localization signal. When 
expressed from a eukaryotic expression plasmid, this fusion protein, called CREB-GR, confered full cAMP 
responsiveness to an otherwise unresponsive GRE-CAT reporter construct. Moreover, substitution of the PKA 
phosphoacceptor serinel33 with an alanine rendered CREB-GR completely inactive. 

As both CREB-GR and CREB-GR(ALA133) proteins are expressed at comparable levels and are 
appropriately targeted to the nuclei of transfected cells, these results suggest that the difference in transcriptional 
activity is attributable to phosphorylation of SER 133 or lack therof. Finally, these results demonstrate that the 
regulatory effects of cAMP are independent of DNA binding. As CREB is unable to form heterodimer with fos, 
jun,  or myc in  v i m  our data is consistent with the idea that combinatorial regulation is not critical to transactivation 
by CREB but rather that CREB may act alone to stimulate transcription as a homodimer. 

F 405 TUMOR NECROSIS FACTOR (TNF) ACTION IN TA1 CELLS: INDUCTION OF c-fos AND &, 
Emily M. Haliday and Gordon Ringold, Department of Pharmacology, Stanford University, Stanford, CA 
94305-5322 

TNF is a 17 kd polypeptide, produced by activated macrophages, that elicits diverse biological effects. Among 
the more interesting, TNF inhibits the differentiation of adipogenic cells (such as TAI or 3T3-Ll) and when added 
to mature adipocytes, will cause them to revert to the pre-adipocyte state. We have begun to !q to elucidate TNF 
signal transduction pathways in TAls with the hope that this will shed light on control of differentiation in these 
cells. TNF, at 10 ng/ml, induces c-fos and m mRNAs 5-6 fold in quiescent TA1 preadipocytes. c-fos 
induction is rapid and transient, peaking at 30 minutes, whereas induction of m is maximal at 45 minutes and is 
more sustained. These responses are useful as markers in studies aimed at identifying the intracellular mediators 
of TNF action. We are investigating the possibility that arachidonic acid (AA), which is released following TNF 
treatment, may play such a role. Treatment of TAl cells with 50uM AA results in an induction of c-fos similar in 
magnitude and time-course to that with TNF; &, however, is not induced. This suggests that TNF could 
induce c-fos via AA or one of its metabolites, while TNF induction of 
mechanism. In order to demonstrate that AA induction of c-fos is relevant to TNF-signalling, we are examining 
the effect of inhibitors of AA metabolism on TNFfos/jun induction. 

may proceed by a different 
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F 406 C-FOS PLAYS AN IMPORTANT ROLE IN THE PGEl MEDIATED INHIBITION 
OF THE LPS INDUCED TNF RESPONSE IN MACROPHAGFS A l ~ x a n r i r , -  G ~ 

Haslberger, Claudia Rossbacher, Sandoz Research Institute, and Institute 
of Genetics and Microbiology, Vienna. Austria. Pretreatment of mouse 
macrophages for at least 30 minutes with Prostaglandin El (PGE1) dose- 
dependently inhibits TNF release induced by LPS A similar inhibition of TNF 
production can be seen in murine macrophages pretreated with sublethal doses 
of L P S .  To investigate a possible role of c-fos in the mechanisms underlying 
the TNF inhibition in macrophages, c-fos and TNF mRNA accumulation as well 
as TNF release was analyzed employing Northern blot analysis as well as the 
TNF-L929 bioassay. In accordance with previous results we found that LPS, 
like PMA, induces a transient c-fos response with a peak value at 30 minutes 
decreasing to basal levels at 90 minutes. In the present study PGEl induces 
a rapid and strong fos response, lasting between 12 and 16 hrs after a 6 h 
PGEl treatment. During the time period of elevated fos levels induced by 
PGE1, LPS-induced TNF responses were clearly reduced as measured in the 
bioassay and by mRNP. accumulation. Furthermore, addition of LPS alters the 
kinetics of a pre-existing PGEl induced fos response. These results suggest 
an interaction between differential c-fos responses mediated by the 
different CAMP and PKC pathways. These responses are promoted by the CAMP 
response element or the dyad symmetry element which can be induced by PMA, 
EGF, serum and possibly LPS These interactions may be responsible for the 
regulation of TNF transcription and thus contribute to PGEl-induced 
tolerance against endotoxic shock 

F 407 TUMOR CELL ADHERENCE TO CULTURED BOVINE CEREBRAL CORTEX CAPILLARY ENDOTHELIAL CELLS 

B i o c h i m i e  E x p l o r a t o i r e ,  SANOFI RECHERCHE, 195 Route d'Espagne 31036 TOULOUSE FRANCE. 

We have eva lua ted  t h e  i n f l u e n c e  o f  i n t r a c e l l u l a r  P r o t e i n  k i n a s e  C (PKC) a c t i v a t i o n  on t h e  
adherence o f  tumor c e l l s  t o  c o n f l u e n t  bov ine  c e r e b r a l  c o r t e x  c a p i l l a r y  e n d o t h e l i a l  c e l l s  (CEC) 
monolayers in v i t ro  . Adherence was assayed w i t h  i s o l a t e d  3 H - l e u c i n e - l a b e l l e d  11210. S t i m u l a -  
t i o n  o f  c e l l s  w i t h  12-0- te t radecanoy l  phorbo l  13-aceta te  (TPA) o r  phorbo l  12 ,13-d ibu ty ra te  
(PDBu) inc reased t h e  r a t e  o f  adherence o f  L lZ10 t o  CEC. Increased b i n d i n g  was observed w i t h  
1 nM o f  TPA o r  PDBu w i t h  maximal enhancement a t  50 nM. 4a -phorbo l  d idecanoate  (4a -PDD), 
known t o  be i n a c t i v e  f o r  PKC, was w i t h o u t  e f f e c t  i n  s t i m u l a t i n g  L1210 adherence t o  C E C .  Pre- 
i n c u b a t i o n  s t u d i e s  w i t h  TPA ( down- regu la t ion  exper iments ) showed t h a t  adhesion enhancment  
was e n t i r e l y  a t t r i b u t a b l e  t o  an e f f e c t  on tumor c e l l s  w i t h o u t  c o n t r i b u t i o n  o f  C E C - i n t r a c e l l u -  
l a r  PKC. S t a u r o s p o r i n e  and H7, two p r o t e i n  k i n a s e  i n h i b i t o r s ,  showed s t r o n g  a n t a g o n i s t  a c t i -  
v i t y  on TPA-induced L1210 adherence t o  C E C  ( IC50 = 0.5 nM and 10 UM r e s p e c t i v e l y  ) i n  r e l a -  
t i o n  t o  t h e i r  r e s p e c t i v e  i n h i b i t o r y  a c t i v i t i e s  on PKC. 
These r e s u l t s  s t r o n g l y  suggest t h a t  PKC p l a y s  a fundamental r o l e  i n  tumor c e l l  adherence t o  
c a p i l l a r y  e n d o t h e l i a l  c e l l s  i n  v i t r o  and t h a t  PKC i n h i b i t o r s  may be u s e f u l  i n  t h e  p r e v e n t i o n  
o f  m e t a s t a s i s  d i s s e m i n a t i o n .  

I S  PROMOTED BY ACTIVATORS OF PROTEIN KINASE C ,  J.M. HERBERT and J.P. MAFFRAND, 

F408 T H E  R O L E  OF PROTEIN KINASE A IN TAX T R A N S A C T I V A T I O N  
OF THE HUMAN T CELL LEUKEMIA VIRUS TYPE 1 LONG TERMINAL REPEAT, 

Pau la  Kadison.  Harry T .  Poteat .  Doug las  V.  Fa l l e r ,  Divis ion of Pcdiatr ic  
Oncology,  Dana  Fa rbe r  Cancer  Inst i tute ,  Harvard Mcdical  Schoo l ,  44 Binney 
Street. Boston, MA 02115. 

The  human  T-cell leukemia virus  typc 1 (HTLV-I )  long tcrminal repeat 
(LTR) is inducible  both by the retroviral f a x  protcin and by cycl ic  A M P  in 
human  T cell lines and in murine thymoma S49 cells. Although cycl ic  ASW 
transcriptionally act ivates  the LTR in the absence of tax, cyclic A M P  cnn also 
augmen t  t h e  response of the LTR to maximally s t imulatory IcvcIc o f  l o x  
protein. Thcrefore, cyclic A M P  alone,  o r  in thc prescnce o f  t a x ,  may incrc; iw 
levels  of  viral  s t ructural  and regulatory proteins  which promotc lyrnphocytc 
growth.  T h e  c i s - a c t i n g  sequences  that  con t ro l  l ranscr ipt ional  i nduc t ion  by 
t a x  and by cycl ic  A M P  are  in c losc proximity within the HTLV-1 promolor  
(LTR).  Using a Protein Kinasc A (PKA)-deficicnt  S49 mutant  ccll l inc.  thc 
r e sponse  o f  the viral  p romoto r  i s  shown  to depend  o n  PKA whcrcnc rhc 
response to tax does not require the activity of this enzyme.  Tran?activatinn o i  
the HTLV-1 LTR by tux, however ,  is decreased in PKA-dci ic icnt  and adcnylnte 
c y c l a s e - d e f i c i e n t  c e l l s .  T h e  e v i d e n c e  s u p p o r t s  l a r g e l y  i n d c p c n d c n t  
mechanisms of HTLV-1 promotor  induction by cycl ic  AMP and fur ,  hut also 
suggests  a role for  PKA-mediated phosphorylation in the regulation or  I I T L V - I  
LTR-driven gene  expression by tax . 
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F409 DIFFERENTIATION DEFECTIVE RAS TRANSFECTED MYOBLASTS CAN BE 
I N D U C E D  TO DIFFERENTIATE BY T I A Z O F U R I N .  David 3 .  Ke lv in ,  

T.P.Yamaguchi. J .A.Connol ly ,  S . B .  t i r o v e .  and  William L .  F a r r a r .  
B i o l o g i c a l  Ca rc inogenes i s  Program, L M I ,  B R M P ,  N C I ,  F r e d e r i c k ,  M D .  
21701. W e  have been s t u d y i n g  t h e  i n h i b i t i o n  of muscle c e l l  
d i f f e r e n t i a t i o n  by s i g n a l  t r a n s d u c t i o n  pathways and have p r e v i o u s l y  
shown t h a t  two s e p a r a t e  pathways a r e  invo lved  i n  t h e  i n h i b i t i o n  of 
BC3Hl d i f f e r e n t i a t i o n  (Ke lv in  e t  a l .  J C E  108:159,168). I n  an e f f o r t  t o  
d e f i n e  t h e  r o l e  r a s  p l a y s  i n  t h e s e  s i g n a l  t r a n s d u c t i o n  pathways we 
examined t h e  e f f e c t  t i a z o f u r i n ,  an i n h i b i t o r  of GTP s y n t h e s i s ,  has  on 
Ha-ras t r a n s f e c t e d  muscle c e l l  l i n e s .  T-9, a Ha-ras t r a n s f e c t e d  c e l l  
l i n e ,  and p a r e n t a l  BC3H1 c e l l s  were grown i n  20% o r  0.5% serum and 
t r e a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  of T i a z o f u r i n  f o r  7 2  hour s .  
C r e a t i n e  k i n a s e  a s s a y s  showed t h a t  T i a z o f u r i n  a t  lOuM could  r e s t o r e  up 
t o  70% of CK a c t i v i t y  i n  0 . 5 %  serum grown T-9 c e l l s  when compared t o  
0 . 5 %  serum grown BC3H1 c e l l s .  S i m i l a r  s t u d i e s  done w i t h  muscle 
c r e a t i n e  k i n a s e  enhancer  CAT c o n s t r u c t s  showed t h a t  T i a z o f u r i n  was 
capab le  of i nduc ing  CAT e x p r e s s i o n  i n  T-9 c e l l s  a s  we l l  a s  20% serum 
s t i m u l a t e d  BC3H1 c e l l s .  P r e l i m i n a r y  r e s u l t s  on t h e  e x p r e s s i o n  of 
myogenin i n d i c a t e  t h a t  T i a z o f u r i n  can  s t i m u l a t e  e x p r e s s i o n  of t h i s  
muscle d e t e r m i n a t i o n  gene .  The e f f e c t  of T i a z o f u r i n  on T-9 c e l l s  
i n d i c a t e  t h a t  t h e  i n h i b i t i n g  a c t i o n s  of r a s  a r e  r e v e r s i b l e .  

F 410 COOPERATIVITY BETWEEN FOS. JUN. AND PROTEIN KINASE C MODULATE THE EGF, 
BUT NOT THE v-src. INDUCTION OF TRANSIN GENE EXPRESSION, Lawrence D. Kerr & Lynn 
M. Matrisian. Depanment of Cell Biology, Vanderbilt University, Nashville, TN 37232 

Transin is a transformation-related secreted metalloprotease transcriptionally induced by a variety of growth 
factors and oncogenes.We have examined the necessity of specific secondary (protein kinase C) and tertiary (c- 
fos and c-jun protein products) messengers in the transactivation of transin gene expression by the growth fac- 
tor, EGF, and the oncogene, v-src. Rat-1 fibroblasts stablely transfected with an antisense c-fos consuuct dem- 
onstrated that c-fos expression was necessary for the EGF-induction of transin. In a parallel system, Rat-I fi- 
broblasts transformed with a temperature-sensitive mutant of the Rous sarcoma virus (RSV) demonstrate 
identical results to those above using c-fos antisense oligonucleotide competetion with EGF at the non- 
permissive temperature. Sense c-fos oligonucleotides had no effect upon the EGF-induction of transin. Similar 
results demonstrating the necessity of c-jun in the EGF-induction of transin have been obtained. In contrast, 
neither sense nor antisense c-fos or c-jun oligonucleotides have any effect upon the v-src-induction of transin- 
promoted CAT activity following a shift to the permissive temperature (350 C). We have also demonsrated the 
necessity of activated protein kinase C in the EGF-induction of transin CAT activity, mRNA and protein ex- 
pression. Down modulation of phorbol sensitive C kinase proteins had no effect, however, upon the v-src in- 
duction of transin. A radiolabelled oligonucleotide corresponding to the GCN4/AP- 1 binding site found within 
the transin promoter specifically bound a protein complex from EGF-stimulated rat fibroblast nuclear extracts 
but not from control extracts nor v-src transformed nuclear extracts. Currently, studies utilizing site-directed 
mutants of the GCN4/AP-I binding site within the transin promoter are being employed to examine the effects 
on EGF and v-src induced transin. The data suggest that EGF modulates a C kinase-, c-fos lc-jun-dependent 
pathway while v-src utilizes a C kinase-, c-fos /c-jun-independent pathway in the induction of transin gene ex- 
pression. 

F 411 

EGFR and neu Tyrosine Kinases 
Similar Early Gene Responses to Ligand-Activated 

Paivi Koskinen, Heikki Lehvaslaiho, Lea Sistonen, Rodrigo Bravo# and Kari Alitalo, 
Departments of Virology and Pathology, University of Helsinki, 00290 Helsinki 29, Finland and 
#The Squibb Institute for Medical Reasearch, Department of Molecular Biology, Princeton, NJ  
08543-4000, USA. 

The epidermal growth factor receptor (EGFR) and the protein product of the neu proto-oncogene 
are closely related, their tyrosine kinase domains being over 80% homologous. However, their 
expression is differentially regulated, suggesting distinct roles in cellular development and 
differentiation. We were interested in comparing the responses of serum-inducible immediate 
early genes to  activation of the epidermal growth factor receptor (EGFR) or a hybrid EGFlUneu 
receptor containing the intracellular domain of the neu proto-oncogene. Different receptor- 
expressing cells were treated with EGF or  FCS and analyzed for mRNA expression of 78 genes 
isolated from serum-stimulated NIH 3T3 cells. About one third of the serum-responsive mRNAs 
were stimulated by EGFR or neu activation. Only few differences in mRNA induction kinetics 
were found between these tyrosine kinases, emphasizing their functional similarity. In contrast, 
in cells expressing the constitutively active neu oncoprotein the serum-inducibility of the 
immediate early genes had been lost. 
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F 412 COORDINATE ACTIVATION OF I~I'ER~EKON-S1'1~MULATED GENES KEQUIKES CYTOPLASMIC 
ACTIVATION AND NUCLEAK TRANSLOCATION OF THE HETEKODIMEKIC TRANSCRlPTlON 

FACTOK ISGF3. David E. Levy, Daniel S .  Kessler* and Susan Veals, Department of Pathology, NYU School 
of Medicine, New York, NY 10016; *Rockefeller Ilniversity, New York, 1(x)21 

Signal transduction by interferon-a (IFKa) stimulates immediate transcription of a defined set of genes. This 
coordinate gene activation is dependent upon a conserved cis-acting DNA sequence which is bound by a specific 
transcription factor, ISGF?. ISGF3 is formed from latent components which prc-exist in  cells arid are activated 
following exposure to IFNa. Active ISGF? initially appears in the cytoplasm of treated cells a i d  is subsequently 
translocated to the nucleus, a process which can be specifically blocked by rreatnlent with Nap. We have 
reconstituted in v i m  one step in the activation of ISGF3. Mixing cytosolic fractions from 1FN u treated cells with 
fractions from untreated cells produces large amounts of active ISGF3. This activation \tep is non-enzymatic but 
rather I S  due to the stoichionietnc association of two protein coiiiponents. One of these components, ISCF3a. IS 
the direct target for activation by IFNcx treatment, sustaining a post-translational modification This modification 
allows it to associate with the second component. ISGF3y, and to translocale to the niicleu~. The post-translational 
modification of ISGF3 a has been reproduced In v i m  i n  permeabilized cells allowing the ch:tracterization of the 
small-molecule requirements and the biochemical nature of this reaction. I n  addition, we are studying the nuclear 
t~-anslocation of active IGSF3 a component in viwo using purified protein and isolated n u ~ l e i  from cells responsive 
and non-responsive to IFNn.  The levels of the 1;itenr forms of ISGF3u and ISGF3y i n  thesr cells and the 
promptness of the nuclear translocation event correlate with the ability of IFNa to inhibit celluldr proliferation in  
nornial and IFN-resistant cells. 

F 413 2-AMINOPURINE-SENSITIVE PROTEIN PHOSPHORYLATION RESPONSES IN EGF- AND TPA- 
STIMULATED C-FOS AND C-JUN INDUCTION Louis C Mahadevan, Department of 
Biochemistry, Oxford University, South Parks Road, Oxford OX1 3QU. 

Epidermal Growth Factor (EGF) and Tetradecanoyl Phorbol Acetate (TPA) initiate signalling cascades in C3H 
IOTln fibroblasts by primarily activating distinct protein kinases, the EGF receptor tyrosine kinase and 
protein kinase C respectively; there is no signal cross-over at the initiation of signalling. Nevertheless, both 
agents rapidly elicit common intracellular responses, including the phosphorylation of complexed and 
chromatin-associated forms of a 33kDa phosphoprotein (pp33) and that of a 15kDa chromatin-associated 
phosphoprotein (pp15). as well as the transcriptional activation of a common subset of genes including the c- 
fos proto-oncogene. We show here that 2-aminopurine specifically abolishes complexed and chromatin- 
associated pp33 phosphorylation in response to EGF and TPA, as well as the induction of c-fos by both 
agents. The activation of protein kinase C and the levels of transcription factors that bind to the serum 
response element (SRE), TPA-response element (TRE) or NFkB sites in stimulated cells are unaffected by 2- 
aminopurine. This, to our knowledge, is the first demonstration that it is possible, by using 2-aminopurine 
which selectively blocks pp33 phosphorylation, to block c-fos induction in TPA-stimulated cells although 
protein kinase C remains fully activated. Further, we show here that although TPA-stimulated transcription of 
c-fos is abolished by 2-aminopurine, the induction of AP- 1 is unaffected, suggesting that TPA-stimulated 
induction of AP-1 utilises existing proteins and is not dependent on kesh C-FOS synthesis. These results 
imply that 2-aminopurine-sensitive phosphorylation of complexed and chromatin-associated pp33 is crucial to 
the induction of c-fos, irrespective of the agent used to elicit this response. 

F 414 

Stephen I. Fink and James R. Feramisco, Cancer Center, University of California at San Diego, 
San Diego, CA, The Clayton Foundation Laboratories for Peptide Biology, The Salk Institute for 
Biological Studies, La Jolla, CA and Division of Molecular Medicine, New England Medical 
Center, Boston MA. Signals emanating at the cell surface are ultimately received in the nucleus 
and result in altered transcriptional patterns. While the biochemical mediators of the signal 
transduction process are not entirely known, second messengers and transcriptional activator 
proteins have been identified in some cases. In many cases the activity of the transcriptional 
activator proteins is found to be increased following cell stimulation. Although posttranslational 
modifications have been invoked to explain such increases, the array of molecules responsible for 
these modifications remain elusive. We constructed mammalian cell lines containing enhancer 
elements upstream from a readily detectable marker gene. Using an indicator cell line containing 
cyclic AMP inducible enhancer elements, we show that microinjcction of a highly specific 
antibody to the CREB protein diminishes gene expression in response to cyclic AMP in living 
cells. 

THE NUCLEAR FACTOR CREB IS REQUIRED FOR CYCLIC AMP INDUCED 
GENE EXPRESSION IN LIVING CELLS, Judy L. Meinkoth, Marc R. Montminy, 
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F415 DOPAMINE RECEPTOR MEDIATED INHIBITORY CONTROL OF C-FOS EXPRESSION IN FAT STRIATUM 

U n i v e r s i t y  School  o f  Medrcine,  New York, New York, 10016 
The pro to-oncogene ,  c - f o s ,  encodes  a n u c l e a r  p r o t e i n  t h a t  e x h i b i t s  DNA b i n d i n g  a c t i v i t y .  It 
h a s  been  proposed  t o  be  i n v o l v e d  i n  c e l l  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 .  There  a r e  a 
number o f  r e p o r t s  showing t h a t  c - f o s  mRNA l e v e l s  a r e  i n c r e a s e d  i n  r a t  b r a i n  by a v a r l e t y  of 
d r u g s ,  i n c l u d i n g  a q e n t s  t h a t  provoke vol tage-dependent  changes  i n  c a l c i u m  i n f l u x ,  Ach r e -  
c e p t o r  s t i m u l a t i o n ,  and s e i z u r e s .  I t  h a s  been proposed  t h a t  c - f o s  may f u n c t i o n  a s  an i n i -  
t i a l  s t e p  i n  c o u p l i n g  s h o r t - t e r m  s i g n a l s  v i a  a c t i v a t i o n  o f  c e l l  membrane r e c e p t o r s  t o  long- 
te rm a d a p t i v e  r e s p o n s e s  i n  t h e  c e l l .  One such  p o s s i b i l i t y  may i n c l u d e  a l t e r a t i o n s  i n  r e -  
c e p t o r  number known t o  o c c u r  i n  n e u r o n a l  c e l l s  a f t e r  n e u r o p h a m a c o l o q i c a l  i n t e r v e n t i o n .  The 
dopaminerg ic  sys tcm i n  b r a i n  1s known t o  respond i n  an a d a p t i v e  manner t o  n e u r o l e p t i c  d r u g  
exposure  by i n c r e a s i n g  t h e  number o f  DA, D2 r e c e p t o r s .  I n  t h e  p r e s e n t  s t u d i e s ,  t h e  e x p r e s -  
s i o n  o f  c - fos  mRNA i n  r a t  ~ t r i a t u m  w a s  i n v e s t i g a t e d  by Nor thern  h y b r i d i z a t i o n  t o  a 1 . 0  kb 
f ragment  of c - f o s  c D N A  a f t e r  exposure  t o  t h e  D A ,  D2 a n t a g o n i s t  and n e u r o l c p t i c ,  h a l o p e r i d o l .  
The e x p r e s s i o n  o f  c-fos mRNA was found t o  be  r a p i d l y  and t r a n s i e n t l y  induced  by exposure  t o  
h a l o p e r i d o l ,  when compared t o  i h e  e x p r e s s i o n  i n  a n i m a l s  r e c e i v i n g  s a l i n e .  The c - f o s  r e s p o n s e  
w a s  also found t o  be dose-Aependent.  S t -udies  u s i n g  s e l e c t i v e  D A ,  D1 and D2 r e c e p t o r  a g e n t s  
showed t h a t  t h i s  i n d u c t i o n  o f  c-fos e x p r e s s i o n  by  n e u r o l p p t i c  i s  D 2  r e c e p t o r  medla ted .  These 
f i n d i n g s  r e v e a l  t h a t  c - f o s  c x p r e s s i o n  in s t r i a t u m  is  :inder DA, D 2  i n h i b i t o r y  c o n t r o l  and 
s u g g e s t  t h a t  c - f o s  may p l a y  a n  i m p o r t a n t  r o l p  i n  t h e  i n i t i a t i o n  of n e u r o l e p t i c - i n d u c e d  a l -  
t e r a t i o n s  i n  D2 rpce i ' to r  number. 

J e a n n e t t e  C .  M i l l e r ,  Department o f  P s y c h l a t r y ,  M i l l h a u s e r  L a b o r a t o r i e s ,  New York 

F 416 

Biology 8 Virology Laboratory, The Salk Institute, La Jolla, CA 92037 
The product of fns proto-oncogene is involved in regulation of transcription of several genes either by 
transactivation or by transrepression. Induction of transcription of .kx gene is transient and requires 
conserved 5' regulatory elements. Down regulation of c-& transcription that occurs following serum- 
induced activation is likely due to autoregulation of fns promoter by fns protein. Mutation at the C-terminus of 
& protein, of the type found in a viral fns protein prevent down regulation of c-fns transcription following 
serum induction. Viral and cellular fns protein differ in their carboxyl termini and it has been shown that 
phosphoryiation of c-fns protein, but not v-fns protein can be stimulated L y k ~  by the addition of either TPA 
or serum. It is very likely that phosphorylation will have a profound effect on the biological propertles of the 
protein. The c - h  unique sites of phosphorylation reside in the C-terminal 20 amino acids. This sequence is 
missing in the v - h  gene. To determine the effect of phosphorylation on the functional properties of the c-fns 
protein we mutagenized the different serine residues in the C-terminal of c-fns protein. The resulting 
proteins were tested for transrepression as well as for transactivation by transient transfection assay. The 
results indicate that mutations of serine residues in the C-terminal result in a protein which is unable to 
transrepress. In contrast the ability of these "mutated" fns proteins to transactivate TRE-linked transcription 
is not compromised. These results show that transrepression and transactivation domains in the kzs protein 
can be delineated. 

PROTEIN: PHOSPHORYWTION OF C-TERMINAL IS OBLIGATORY FOR TRANS- 
SUPPRESSION BUT NOT FOR TRANSACTIVATION, Rivka Ofir and lnder M. Verma. Molecular 

F417 PHOSPHORYLATION OF DNA TOPOISOMERASE I AND REGULATION BY PROTEIN 
KINASE C. Yves Pommier , Donna Kerrigan', and Robert I. Glazer'. 

*Laboratory of Molecular Pharmacology and 'Laboratory of Biological 
Chemistry, DTP, DCT, NCI. 
DNA topoisomerases I (topo I) are nuclear enzymes which relax supercoiling 
and relieve torsional tension in DNA. Since DNA replication and gene 
transcription are likely to induce torsional tension, it appears critical 
to determine the cellular factors regulating topo I activity. Also topo I 
is the cellular target of camptothecin, an antitumor agent whose 
derivatives are currently investigated as anticancer agents. Camptothecin 
stabilizes topo I-DNA complexes in which the enzyme is covalently linked to 
the 3'-DNA termini of a DNA single-strand breaks made by the enzyme. In 
the present study, we have investigated the influence of the 
phosphorylation of top0 I on enzyme activity. Dephosphorylation of top0 I 
by calf intestine alkaline phosphatase (CIAP) abolished both DNA relaxation 
activity and induction of DNA breaks by camptothecin. Top0 I could be 
reactivated by incubating CIAP-inactivated enzyme with purified protein 
kinase C. Reactivated topo I was able to relax su ercoiled DNA 
processively, like the native enzyme, and cleaved 'P-end-labeled DNA 
fragments at the same sites as the native enzyme. These results show that 
active top0 I is phosphorylated and suggest that phosphorylation by kinase 
C may regulate top0 I catalytic activity and sensitivity to camptothecin. 
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Rcrroviroloey. Departmatt of Pathdw, Dnnr-Parbcr Cancer Instaut+ H m d  Medieal School, 44 B m e y  Street, Baton, hlA 
(12115 

The 1- terminal cc t lcqucncc (LTR) ofthe Human T ccll Leukaniu Vinu type one (HTLV-1) contclhu IUI imperfect repeat 
of21 n ~ d t o t ~ l w  w G g o w m  thc rrcpoarc ta thc - mat iva tor  protein to cydic AMP. In a murinc thymoeylc 
all  tin6 M8cliw in the utrlytic Eubunit of plorSin kinus A, tho r a p o w  of the m V - 1  LTR to eyclie AMP L abolished and 
the rrqmuc to ~PII k rubaratlJlV dimlnirhed. Thir rcport rbowa that a tam poxmt m nwlcar emads of wild lypc cells binds 
to the HTLV-121 nuclcdde aquenca and that thb b- d v i t y  h mbbg Bom the extracts of protein kinarc A defective cells 
Treatment of nuckar eittnU8 of Idme A dtfecdve wllo with boviDG pmtch Unasc A catalytic subunit rmtorcs the binding 
activity, WbeFUr Ueahuent o f ~ n w b a r  SrQlCtp with a pm(ein phosphataa b o y s  the bin&# .diVity. GammaS-ATP 
wb& prslMt during lriwc Itt.fmsnt d the dsndom wtracrs, hbiblts wmplcx formation. In a related set of experiments the 
catdydc Nbunit of bovine ptotcin k i t ~ ~ ~  A WUI ieaoduced into H& CCDr wing the technique of scrape loading. Hela cells 
tranrfutsd with a plPmjd couskud containing tbs acwyl-ymkmac g"c downshnm of the HTLV-1 LTR showed induction 
of m a r k  ~ I C  Qprsulon when tka cat* 0bb;Uin wan isrrodueed via s c r a p  loding. 18uw: result. indicate that in murine 
thymoytu the r#pome of Ibt HTLV.1 LTB to CYJlc AMP depends, at Lsart in part. u the binding of a phmphorylated 
protein to tbc 2l nucledidc rcpoclt 8cquona. and that thc rcrponsc to Ipa t p r t i ~ d e p c n d s n i  upon binding of the 
phosphaylaad prcdcin. The r u u b  a- I model in which tho phaphaylation of transcriptional factors regulstca HTLV-1 

A Funded Role for the Catdytk Subunit of Protein Kiarw A in HTLV-1 Gene Exprersioe H T Potaat, 
M. DardtL, P. K.dirm, U. Rm~tcdt,  A. Hey, J.G. Scdrodd, and WA. Harcl~nc, Dividoa of Human 

#Cue arprruiw. 

F419 CELL CYCLE-SPECIFIC ACTION OF NERVE GROWTH FACTOR IN PCl2  CELLS 
Brian B. Rudkin, Philip Lazarovici, Ben-Zion 

Levil, Yuya Abe2, KO Fujita and Gordon Guroff, Section nn Growth Factors and ILaboratory of 
Developmental and Molecular Immunity, Section on Molecular Genetics of Immunity, National Institute of 
Child Health and Human Development, 2Laboratory of Biological Chemistry, Division of Cancer Treatment, 
Developmental Therapeutics Program, National Cancer Institute, National Institutes of Health, Bethesda, MD 
20892. PC12 cells were manipulated in such a way as tn permit the study of differentiation-specific 
responses independently from proliferative responses. Cells were starved for serum then exposed to nerve 
growth factor (NGF) or serum. Following addition of serum, cells incorporated thymidine in a synchronous 
manner. Subsequent to the wave of DNA synthesis, the cell number increased approximately two-fold. 
Addition of NGF to serum-starved cultures had no measureable effect on either parameter. Neurite 
outgrowth was more rapid and extensive, and appearance of Na' channels, measured as saxitoxin binding 
sites, more rapid than when NGF was added to exponentially-growing cells. Epidermal growth factor 
receptors were heterologously downregulated by NGF with similar kinetics under both conditions. Induction 
of the proto-oncogene c-fos by NGF was also greater in the serum-starved cells than in exponentially- 
growing cultures. These results indicated that serum starvation resulted in synchronisation of the cultures 
and that NGF action may be cell cycle-specific. Analysis of the cellular response to N C F  at different times 
during the cell cycle showed that c-fos was induced in the G I  phase but not in S or C2. Fluorescence- 
activated cell sorter analysis demonstrated that addition of NGF to exponentially-growing cells, resulted in 
their accumulation in a GI-like state. With regard to the study of the mechanism of NGF action, these 
results illustrate that measurements of NGF effects on specific components in the signal transduction 
pathway may be confounded by the use of exponentially-growing cultures. 

DIFFERENTIATION WITHOUT PROLIFERATION, 

F 420 COMPARATIVE STUDIES ON THE BINDING OF JUN PROTEINS TO AP-1- OR 
CRE-CONTAINING OLIGONUCLEOTIDES EFFECT OF FOS PROTEINS. Rolf- 
Peter Ryseck and Rodrigo Bravo, Department of Molecular Biology, The Squibb 
Institute for Medical Research, Princeton, NJ  08543. 

Using gel retardation assa the in urtro binding activities of JUN, JUN B and JUN D proteins 
alone or in complexes with FOJ, FOS B and FRA-1 proteins have been determined. For these studies, 
different oligonucleotides containing the AP-1 (TGACTCA) or CRE (TGACGTCA) consensus 
sequences were used. The results obtained demonstrate that JUN protein binds with different 
affinities to different oligonucleotides which contain an identical AP-1 binding site, implying that the 
adjacent sequences play a role in stabilizing the JUN-DNA complex. Interestingly, an AP-1 
containing oligonucleotide which binds JUN with high affinity can be transformed to a CRE- 
containing oligonucleotide which will also bind JUN very efficiently. Accordingly, a low affinity AF-1 
oligonucleotide will only generate a low affinity CRE-oligonucleotide. However, JUN complexed with 
either FOS, FOS B or F U - 1  proteins binds to all AF-1- and CRE-containing oligonucleotides with 
similar affinities. 

Com arison of the binding properties of JUN, JUN B and JUN D proteins reveals that the order of 
their a f h t i e s  for different AP-1- or CRE-containing sequences is JUN> JUN D> JUN B. However, 
in complex with either FOS, FOS B or FRA-1 proteins each of the three JUN proteins binds with 
similar affinities to the different AF-1- and CRE-containing oligonucleotides. 
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F421 Downregulation of the Early Genomic Growth Factor 
Response in neu and c -Hams  Oncogene-Transformed Cells 
LeaSistonen. Paivi Koskinen, Heikki Lehvaslaiho, Laura Lehtola, Rodrigo Bravo* and Kari 
Alitalo, Departments of Virology and Pathology, University of Helsinki, 00290 Helsinki, Finland; *The Squibb 
Institute for Medical Research, Department of Molecular Biology, Princeton, NJ 08543-4000, USA. 

Signal transduction leads to long-term adjustment of cellular genetic programs to biochemical signals mediated by 
polypeptide growth factor receptors. A point mutation in the transmembrane domain of the neu receptor has been 
found to activate its tyrosine kinase activity and oncogenic potential. Molecular modelling suggests that the effect of 
the mutation is enhanced dimerization of the neu oncoprotein which may mimick the dimerization of growth factor 
receptors induced by their ligands (1). We have shown that ligand stimulation of a chimeric epidermal growth factor 
receptor-neu proto-oncogene induces its tyrosine kinase, an increased membrane potential, intracellular calcium, a 
programmed activation of cell growth-regulated genes and DNA synthesis (2-5). The neu and c-Ha-rar oncoproteins 
inhibited quiescence upon serum starvation and prevented 50-90% of the serum-stimulated mRNA induction of most 
immediate early serum response genes, such asjunB encoding a transcription factor, N10 encoding a putative 
nuclear hormone binding receptor for an as yet undefined ligand. The responses to EGF and the tumor promoter 
TPA were inhibited by 80-95% and 70-804, respectively. Thus the neu and c-Ha-ras oncogenes deregulate the 
genetic response programs for extracellular signalling. 
1. Sternberg and Gullick, Nature 339: 587, 1989.; 2. Lehvaslaiho et al., EMBO J. 8: 159-166, 1989.; 3. Lehtola et 
al., Growth Factors, in press.; 4. Sistonen et al., J. Cell Biol., in press.; 5. Pandiela et al., Oncogene, in press. 

F 422 HORMONE-DEPENDENT ACTIVITY OF FOS-STEREOID RECEPTOR FUSION 
PROTEINS, Giulio Superti-Furga *, Didier Picard ' and Meinrad Busslinger *, Institute for 

Molecular Pathology ,Vienna, Austria (*) and Department of Biochemistry and Biophysics,UCSF, San 
Francisco (") The hormone-binding domain of the estrogen and glucocorticoid receptors contains an 
inactivation function that renders the activity of a protein fused to it ligand-dependent. The trans-activation 
function of the adenovirus E1A protein and the transforming activity of the Myc protein have been 
successfully put under hormonal control this way ( Picard et al. Cell 54, 1073, Eilers et al. Nature 340, 
66). We have constructed chimaeras between the mouse c-Fos or v-Fos and the C-terminal region of the 
human estrogen or the rat glucocorticoid receptor. In transient transfection experiments these hybrid 
proteins are able to trans-activate a test gene containing AP1 binding sites in a hormone-dependent manner 
in NIH3T3, HeLa, CV-1 and F9 cells. We are currently investigating the hormone-dependent 
transformation potential of these molecules by stable integration of the genes in NIH3T3 and 208F cells. It 
will be interesting to see whether these hybrid proteins are the equivalent of conditional Fos mutants that 
will allow careful timing and titration of Fos activity and that will therefore be a useful tool to study the role 
of Fos in transformation. 

F 423 T CELL ACTIVATION SIGNALS REGULATE HIV GENE EXPRESSION, Sandra Tong, Terry Welsh, and B. 
Matija Peterlin, Howard Hughes Medical Institute, University of Califomis, San Francisco, CA 94143 

Signals for activation and proliferation of T cells also account for conversion from latent human immunodeficiency virus 
(HIV) infection to productive infection in T cells. We have compared regulation of HIVl and 2 gene expression in 
activated T cells. With the use of transient expression assays in the human CD4+ T cell line, Jurkat, HIVl long 
terminal repeat (LTR) is more responsive to phorbol esters (PMA) and phytohemagglutinin (PHA) than HIV2 LTR. 
When placed upstream from a heterologous promoter, HIVl enhancer is sufficient for the response to PMA and PHA but 
does not function in the uninduced state. HIVl enhancer consists of two binding sites for nuclear factor KB (NFKB), a 
second messenger required for expression of interleukin-2 and its receptor in activated T cells. In contrast, HlV2 
enhancer contains one conserved and one divergent NFKB binding site. When placed upstream from a heterologous 
promoter, H1V2 enhancer displays basal enhancer function and is less responsive than HIVl enhancer to T cell 
activation signals; the lack of constitutive enhancer function in the context of the wild-type LTR may be due to the 
HN-2 trans-acting responsive region acting as a negative element. Placement of HIV2 enhancer in HlVl LTR results in 
higher basal expression and a decrease in the response to T cell activation signals. Conversely, when two intact NFKB 
sites are placed in HlV2 LTR, we observe an increased response to PMA and PHA, but the effect is not synergistic. 
Protein gel retardation assays show that the two NFKB sites are not bound simultaneously, which suggests that steric 
restrictions may limit coopcrative function of two sites. in addition, the divergent site in HIV2 enhancer does not bind 
NFKB but does interact with a different set of inducible protein complexes. Our findings may explain the longer period 
of latency seen in H V 2  infections before the clinical onset of AIDS. 

300 
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F 424 MECHANISM OF MUSCARlNlC RECEPTOR-MEDIATED PROTO-ONCOGENE EXPRESSION IN 1321 Nl ASTRO- 
CYTOMA CELLS J Treio and J H Brown, Dept of Pharmacology, U C San Diego, La Jolla. CA 92093 

The muscarinic cholinergic receptors (mAChR) expressed in 1321 N 1  astrocytoma cells are coupled to the phosphatidginositol 
signal transduction pathway leading to Ca2- mobilization and protein kinase C (PKC) activation Receptor-stimulated 
increases in cytosolic [Ca"]. activation of PKC, and increases in intracellular ievels of CAMP have been linked to the 
regulation of the proto-oncogene c-fos To determine whether activation of the rnAChR leads to changes in the expression 
of c-fos and other proto-oncogenes, the levels of mRNA transcripts were measured by Northern analysis Stimulation of the 
mAChR by carbachol in quiescent 1321N1 cells resulted in a 20-fold increase in c-fos mRNA This increase in c-fos 
expression was detected as early as 15 minutes. peaked at 30 minutes. and was no longer detectable by 2 hours The 
response to carbachol was blocked by the mAChR antagonist atropine Carbachol also led to the increased expression of 
c-lun with a time course of induction similar to that 01 c-fos In contrast to the transient induction of c-fos and c-jun, the 
expression of c-myc induced by carbachol peaked at 1 hour and remained elevated for at least 4 hours To determine the 
role of PKC in mAChR stimulated c-fos induction we down-regulated PKC by exposing the cells to 1 WM PMA for 16 hours 
Under these conditions, PKC immunoreactivity was lost and mAChR-mediated c-fos induction was virtually abolished These 
data implicate PKC in the sequence of events leading to c-fos induction However, PKC activation by phorbol ester alone 
increased c-fos expression to a lesser extent than carbachol, suggesting that other mAChR-mediated signals such as CaZ 
mobilization may contribute to the expression of c-fos To assess the importance of Ca" mobilization resulting from 
receptor activation. the Ca2' transient was buffered with quin-2 or BAPTA This manipulation attenuated the mAChR-mediated 
increase in c-fos mRNA The rnAChR-mediated increase in cytosoiic Ca' may enhance the induction of c-fos by acting 
through an indirect mechanism involving PKC Evidence supporting this hypothesis I S  that the increase in c-fos mRNA 
induced by 1 pM ionomycin was significantly reduced in PKC-down-regulated cells We conclude that mAChR Stimulation 
increases c-10s mRNA through a mechanism dependent on PKC and supported by a rise intracellular Ca" 

F 425 PIATELET-DERIVED GROWTH FACTOR INDUCES SPECIFIC GENE EXPRESSION AND INITIATION OF 
DNA SYNTHESIS DEPENDENT ON INCREASED FREE CYl'OSOLIC CALCIUM, Rober t  W .  Tucker,  

D a n i e l l e  F e r r i s .  John  Hopkins Oncology C e n t e r ,  Bal t imore .  MD 21205 
The i n c r e a s e d  e x p r e s s i o n  o f  immediate e a r l y  genes induced  by  p l a t e l e t - d e r i v e d  growth f a c t o r  
(PDGF) does  n o t  r e q u i r e  p r o t e i n  s y n t h e s i s  and may i n s t e a d  i n v o l v e  t h e  d i r e c t  a c t i v a t i o n  o f  
gene e x p r e s s i o n  by i n t r a c e l l u l a r  s i g n a l s .  We have p r e v i o u s l y  r e p o r t e d  t h a t  PDGF-stimulated 
DNA s y n t h e s i s  i n  q u i e s c e n t  BALB/c 3T3 cel ls  r e q u i r e s  i n c r e a s e s  i n  f r e e  c y t o s o l i c  calcium 
( C a i ) ,  even though C a t  i n c r e a s e s  induced by  ca lc ium ionophore A23187 a r e  n o t  s u f f i c i e n t  t o  
induce DNA synthesis. Here we d e s c r i b e  exper iments  on t h e  r e l a t i o n s h i p  between Cai 
i n c r e a s e s  and gene e x p r e s s i o n  s t i m u l a t e d  by  PDGF. W e  used  d i g i t a l  image a n a l y s i s  of Fura 2- 
loaded  3T3 cel ls  t o  measure C a i  t r a n s i e n t s ,  and i n - s i t u  h y b r i d i z a t i o n  w i t h  a n t i s e n s e  35S-RNA 
probes  t o  d e t e c t  i n c r e a s e d  accumula t ion  o f  s p e c i f i c  mRNA's encoded by  c - f o s .  c - l u n .  lun-b  
and 268 genes.  A s  p r e v i o u s l y  r e p o r t e d ,  mi togenic  c o n c e n t r a t i o n s  ( 3 0  ng/ml) of PDGF (BB 
homodimer) i n c r e a s e d  mRNA l e v e l s  o f  a l l  t h e s e  immediate e a r l y  genes .  When Quin 2 / M  was 
used  t o  b u f f e r  i n t r a c e l l u l a r  Cai  t r a n s i e n t s  induced by PDGF, o n l y  268 gene e x p r e s s i o n  w a s  
s t i l l  induced by  PDGF; mRNA c o n c e n t r a t i o n s  o f  c - f o s .  c - i u n , a n d  iun-b a l l  f a i l e d  t o  i n c r e a s e  
i n  Quin 2 - l o a d e d  cel ls  s t i m u l a t e d  w i t h  PDGF. C a i  i n c r e a s e s  induced  by ca lc ium ionophore d i d  
n o t  appear  t o  be  s u f f i c i e n t  t o  induce i n c r e a s e d  e x p r e s s i o n  o f  any o f  t h e s e  immediate e a r l y  
genes .  S ince  f o s  and j u n  p r o t e i n s  form d i n e r s  t h a t  b i n d  t o  s p e c i f i c  sites on DNA and 
i n i t i a t e  new gene t r a n s c r i p t i o n ,  it is p a r t i c u l a r l y  i n t e r e s t i n g  t h a t  PDGF induces  c-fos and 
iun-b mRNA accumula t ion  v i a  a common i n t r a c e l l u l a r  s i g n a l  (Cai  i n c r e a s e s ) ,  w h i l e  some o t h e r  
genes ( e . g .  268) are independent o f  Cai i n c r e a s e s  induced by PDGF. 

F 426 OCT-I OR A SIMILAR PROTEIN TRANSMITS A CA++ INDUCED SIGNAL INVOLVED 

Crabtree*. *Howard Hughes Medical Institute. Beckman Center. Stanford University. Stanford. CA. 94305. 
+Genelabs, Inc. 505 Penobscot Drive. Redwwd City, CA. 94063 

Interleukin-:! (IL-2) is one of the genes which becomes transcriptionally active during the early 
stages of T lymphocyte stimulation. We have characterized IL-2 enhancer binding proteins in 
order to understand how rheir activity is regulated and ultimately what links these proteins to the 
initial signals at the membrane. NF-IL2-A binds to sequences from -63 to -93 in the IL-Z enhancer 
and is essential for IL-2 enhancer activity. Tandem repeats of the NF-IL2-A site confer inducible 
transcription from a heterologous promoter in the T lymphoma line Jurkat following signals that 
mimic the physiological events of T cells activation such as the combination of phorbol esters and 
either antibody against the T cell receptor or a calcium ionophore. Recently we have found that 
NF-ILZ-A is indistinguishable from Oct-1. a multi-functional homeo-domain containing protein. 
NF-ILZ-A was purified and found to have the same molecular weight as Oct-I. 
complexes formed with sequences corresponding to the binding sites for NF-IL2-A and Oct-1 
comigrate in gel mobility shift assays and have similar DNA sequence specificity. In addition, 
partial protease digestion of these complexes results in indistinguishable patterns. We have also 
found that an Oct-1 -p-galactosidase fusion protein produced in bacteria hinds specifically to the 
NF-IL2-A binding site. These results indicate that Oct-I. or a closely related protein, acquires 
transcriptional activity in response to a calcium signal transmitted to the nucleus following T cell 
activation. A calcium responsive role of Oct-1 in other cell types has not yet been explored. 

IN T CELL ACTIVATION Katharine S. Ullman*, Cynthia A. Edwards+, and Gerald R. 

The DNA-protein 
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F 427 CHARACTERIZATION AND CLONING OF TRANSCRIPTION FACTORS INVOLVED IN CELL. 

Jaharul Haque and Michael Rutherford, Research Institute, Hospital for Sick Children, 555 
University Avenue, Toronto, Ontario, Canada M5G 1 X8. 
In a number of interferon (IFN) responsive genes a highly conserved consensus sequence (ISRE) of 
13 or 14 bp confers IFN inducibility. We have shown that the ISRE of the 2-5A synthetase gene also 
confers responsiveness to PDGF. The signalling of the ISRE by IFN and PDGF appears to be 
mediated through distinct signal transduction pathways. The PDGF response is sensitive to 
inhibition by the PKC inhibitor, staurosporine whereas the IFN response is not affected by this 
inhibitor. Both IFN and PDGF signal the binding of similar proteins to the ISRE. UV-crosslinking 
experiments indicate a constitutive protein complex as well as an induced complex which appears 
within minutes of addition of either inducer. The induced complex appears to consist of a dimer of 
65 kd proteins. In order to characterize further, transcription factors involved in IFN signalling we 
have screened cDNA expression libraries with probes containing the ISRE. Three proteins have 
been cloned which closely resemble those detected by UV-crosslinking. Functional characterization 
of these proteins and analysis of the mechanism of signalling indicates activation of a novel 
signalling pathway by IFN. 

SIGNALLING BY IFN AND PDGF. Bryan R.G. Williams, Greg Hannigan, Aseem Kumar, S. 

F 428 CHARACTERIZATION O F  AN ALTERNATELY SPLICED TRANSAnIVATING DOMAIN IN CREB, Karen 

The  structural features of trans-activating domains for  a number of transcription factors have recently been 
described. Among these,  amphipathic helices figure prominently because of their potential to promote protein- 
protein interactions. CREB is a eukaryotic transcription factor which induces transcription of a number of 
eukaryotic genes in response to CAMP. We have recently isolated a cDNA clone for CREB which predicts a pro- 
tein of 341 amino acids. We have also obtained a CREB-related cDNA. named ACREB, which contains a 14 amino 
acid deletion from residues 8 8  t o  101. CREB and ACREB cDNAs are identical. except for this deletion, and 
appear to represent alternately spliced products from a single gene. To determine whether CREB and ACREB 
could he  distinguished functionally,  we performed a series of transient transfection assays using cukaryotic 
expression vectors encoding each form. We observed that CREB had 10-fold higher activity than ACREB. 
indicating that this 14 amino acid region, termed a peptide.  is  necessary  for  maximal CAMP-dependent 
induction. To investigate the basis for the differences in activity between CREB and ACREB proteins. the 
secondary structure of the a region was examined. Circular dichroism analyses of a synthetic a peptides reveals 
a spectrum indicative of a helical structure. Furthermore. a helical wheel diagram of residues 89-96 suggests 
that this peptide m a y  form an amphipathic a helix containing hydrophobic residues on  one  face, and mainly 
basic residues on the  other.  To determine the importance of secondary structure within the a peptide to the 
transactivation potential of CREB.  we designed several single amino acid substitution mutants. Cotransfection 
studies with these mutants show that a helix disrupting (Leu t o  Pro) substitution within the a peptide renders 
this mutant almost complelely inactive, whereas a conservative Cys to Ser mutant, within the same region, has 
intermediate activity. Our results demonstrate that  the a peptide of CREB is critical to the transactivation 
potential of this protein and that the secondary structure of this pepiide is particualrly important for this 
e f fec t .  

K. Yamamoto. G.A. Gonzalez. P. Menzel and M.R.Montminy. Salk Institute, La  Jolla. CA 92037 

Hormone Receptor Signalling 
F 600 INTERMOLECULAR TRANSPHOSPHORYLATION BETWEEN INSULIN RECEPTORS 

AND EGF-INSULIN RECEPTOR CHIMERAE, Robert  Bal lot t l ,  Relner LammersP, 
Jean-C laude  Sclrneca, Thomas  D u l l 2 ,  J o s e p h  S c h l e s s l n g e r l  , Axel  U l l r l chP,  and 
Emmanuel Van Obberghen, INSERM U 145, Nice, CBdex 06034, France; Depart. Pharmacology1, New Yo& 
University , New Yo& and Max-Planck lnstilut fur Biochemie2, Munchen, FRG. 
The insulin receptor, a glycoprotein consisting 01 two extracellular a- and two transmembrane R-subunits, is thought to 
mediate hormone action by means of its tyrosine-specific protein kinase activity. To explore the mechanism 01 insulin 
receptor phosphorylation we have used NIH 3T3 cells transfected with two receptor constructs: one encoding a 
chimeric receptor composed 01 the extracellular domain of the human EGF receptor and the cytosolic domain 01 the 
human insulin receptor 0 subunit, and a second construct encoding a kinase-deficient human insulin 
receptorStimulation 01 these cells with EGF induced tyrosine autophosphorylation 01 the EGF-insulin receptor chimera 
(150 kd) and tyrosine phosphorylation 01 the 13 subunit of the kinase-deficient insulin receptor (95 kd). The 
phosphopeptides 01 the autophosphorylated cytoplasmic domain 01 the EGF-insulin receptor chimera were comparable 
to those of the transphosphorylated R subunit of the kinase-deficient insulin receptor and 01 the wild type human insulin 
receptor. When immunoaflinity purified EGF-insulin receptor hybrids and kinase-deficient insulin receptors were used in 
a cell lysate phosphorylation assay, it was found that addition of EGF produced [32P]- labeling of both receptor species. 
We conclude that EGF acting directly through the EGF-insulin receptor chimera causes transphosphorylation 01 the 
kinase-deficient insulin receptor. These data support the notion that autophosphorylation 01 the insulin receptor may 
proceed by an intermlecular mechanism. 
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F W l  ENHANCED CELL PROLIFERATION IN H Y P E R T E N S I O N  D I S S O C I A T I O N  B E T W E E N  
INOSITOL PHOSPHATES AND D I A C t  LGLYCEROL PRODUCTIONS Maryvonne  

Baudouin- L e g r o s ,  Jean-Luc P a q u e t .  PhiliPPe Meyer  INSERM U7, Hop i ta l  
Necker .  75015 P A R I S  FRANCE 
R o r t i c  smoo th  m u s c l e  c e l l s  f r o m  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  {SHR) 
p r o l i f e r a t e  m o r e  a c t i v e l y  t h a n  c o n t r o l  c e l l s  ( W K Y )  u n d e r  FCS s t i m u l a t i o n  
Serum- induced  i n o s i t o l  phospha tes  p r o d u c t i o n  IS e q u i v a l e n t  in b o t h  t y p e s  o f  
ce l l s  1600% o f  b a s a l  p r o d u c t i o n )  and s o  a r e  c - ~ u n  and c - f o s  exp ress ions  
However ,  in t h e  same t ime, a r a c h i d o n a t e - d i a c y l g l y c e r o l  is  s i g n i f i c a t i v e l y  
h ighe r  in 5HR c e l l s  t h a n  in c o n t r o l s  O n  t h e  o t h e r  hand angiotens in I1 (a 
weak mi togenic  a g e n t  on t h e s e  c e l l s )  is more  a c t i v e  on SHR c e l l s  t h a n  on 
W K Y  ones concern ing  3H thymid ine i n c o r p o r a t i o n ,  b o t h  I P S  and D A G  
f o r m a t i o n s  and t h e  p ro to -oncogene  exp ress ions  The h ighes t  maximal l e v e l s  
o f  b o t h  I P S  and DOG a r e  n o t  r e a c h e d  in t h e  p r e s e n c e  o f  s e r u m  b u t  u n d e r  
ang I 1  s t i m u l a t i o n  Enhanced SHR c e l l s  mi togenic  r e s p o n s e  t o  FCS t h e r e f o r e  
c a n n o t  b e  expla ined e i t h e r  b y  i nc reased  phosphoinos i t ide t u r n - o v e r  o r  b y  
a n o t h e r  phosphol ip id  h y d r o l y s i s  which is however  s t i m u l a t e d  by  b o t h  FCS 
and angiotens in In a o r t i c  smoo th  m u s c l e  c e l l s  

F602 TYROSINE PHOSPHORYLATION POSITIVELY REGULATES THE TRANSFORMING ABILITY 
OF THE HUMAN EGF RECEPTOR. L.Beguinot, K. Helin, T.J. Velu, D.R. Lowy. 

Microbiology Institute, University of Copenhagen,DK-1353 Denmark, Laboratory 
of Cellular Oncology, NIH, Bethesda MD 20892 USA. 
The full lenght EGF receptor is able to transform cells in culture in the 
presence of EGF and has been implicated in human tumors.In contrast to v-erbB, 
deletion of its last 6 3  aa (Dc63) drastically decrease its transforming 
potential.The EGF receptor C-terminus contains three conserved tyr (Y-1068, 
Y-1148,Y-1173) which become phosphorylated when it is activated by EGF.To 
clarify the role of the two last Tyr deleted in Dc63 and the function of tyr 
1068, each Tyr has been mutated to Fhe and studied as single, double and 
triple mutant in the full lenqht receptor.While the EGF-dependent transforming 
activity of the single point mutants is similar to that of the wild type, that 
of the double mutants is decreased 3 to 5 fold, an even lower activity is 
present in the triple mutant.EGF-dependent foci, growth in agar and growth in 
l o w  serum are similarly impaired.Autophosphory1ation is decreased in the 
double and triple point mutants and a lower response is observed in some of 
the EGF-dependent early events (as PIP hydrolisis and raise in cytoplasmic Ca) 
indicating a decrease in phosphorylation of endogeneous substrates.We conclude 
that the C-terminus of the EGF receptor positively regulate its biological 
activity via tyr autophosphorylation.These results may provide an explanation 
for the failure to find tumors with EGFR with alterations in the C-terminus. 

F 603 DIFFERENTIAL REGULATION OF THE Na+/H* EXCHANGER BY HYPERTROPHIC AND HYPERPLASTIC GROWTH 
STIMULI IN VASCULAR SMOOTH MUSCLE. Bradford C. Berk and Masayuki Mitsuka, Division 

of Cardiology, Dept of Medicine, Emory University School of Medicine, Atlanta, GA 30322. 
Mitogens such as serum and platelet-derived growth factor (PDGF) stimulate a rapid (< 1 min) 
rise in intracellular pH (pHi), mediated by Nai/Ht exchange (NaH), in cultured rat aortic smooth 
muscle cells (RASM). We have shown that the vasoconstrictor angiotensin I1 (AII) stimulates 
NaH and causes a hypertrophic growth response, characterized by increases in cell protein, cell 
volume and 3H-leucine incorporation, but not cell number. Because o f  the importance of NaH in 
growth, we hypothesized that long term regulation of NaH might differ in hypertrophic vs 
hyperplastic RASM. To measure changes in NaH function, RASM were growth arrested for 48 hr in 
0.4% serum and then exposed for 24 hr to mitogenic (10 ng/ml PDGF, 10% serum) or hypertrophic 
(100 nM AII) agonists. Changes in NaH function appeared likely because significant changes 
in resting pHi were observed: 7.11 ( 0 . 4 %  serum), 7.18 (10% serum, PDGF) and 6 . 9 5  (AII). NaH 
was measured by the ethylisopropyl amiloride (E1FA)-sensitive influx of Li', (normalized to cell 
protein by simultaneous assay o f  K+). Total Li+/K+ influx decreased from 3.12 0.23 (0 4% 
serum) t o  1.10 +_ 0.18 (10% serum), with a 63% decrease in EIPA-sensitive influx from 2 .46  to 
0.90. Similar decreases were observed following PDGF ( 4 3 % ) ,  b u t  not A11 (5%). This decrease 
appeared to be mediated by protein kinase C (PKC) because treatment with 200  nM phorbol 12,13 
dibutyrate caused a 63% decrease in EIPA-sensitive influx, but the inactive 4a-phorbol 
didecanoate caused no significant change. These results suggest that regulation of NaH may be 
mediated by changes in pHi or PKC signal transduction. Altered regulation of the N a + / H +  
exchanger is one of the first reported differences betweenhyperplastic andhypertrophied cells. 
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F604 RETINOIC ACID RWULATES KERATIN GENE EXPRESSICN VIA ITS NUCLEAR 
RM*EpToRS, M. Blumenberg, M. Tomic, H.S.  Epstein, C.-K. Jiang, I.M. 

Freedberg, M. Petkovich*, and P. W o n * ,  Department of Dermatology, Nw 
Medical Center and *Institute de Chimie Biologique,, Faculte de Medecine, 
Strasbourg, France. 
We have linked the promoter region of a human K%14 keratin gene to the 
chloramphencol acetyl transferase reporter gene in order to elucidate the 
elements required for regulation of keratin expression in the epidermis. This 
contruct vas introduced into mamlian cell lines and primary cultures via 
calcium phosphate-mediated DNA precipitation. By co-transfecting vith 
constructs expressing the retinoic acid receptor gene we have shown that 
retinoic acid receptor regulates keratin gene expression in ligand dependent 
mnner. However, unlike other genes regulated by the retinoic acid receptor, 
keratln genes are turned off by the action of the nuclear receptor when bound 
to retinoic acid. The effect of retinoic acid and its receptor was evident both 
in transformed epithelial cell lines such as HeLa and in primary cultures of 
kcratinocytes. Our results indicate that retlnoic acid directly regulates 
keratin gene expression via its nuclear receptor. 

F 605 IDENTIFICATION OF A TGF-fi AND CAMP INDUCIBLE REGULATORY REGION 
IN THE HUMAN ELASTIN PROMOTER, Giorgio M. Bressan and Keith K. Stanley, 

Institute of Histology University of Padova, 35100 Italy and , EMBL, 6900 Heidelberg, FRG 
Several genes for components of the extracellular matrix and their receptors are under the 
control of different growth factors. TGF-P is one of the most powerful regulators of the 
expression of these genes, having usually a stimulating effect. It has recently been reported that 
elastin, the major component of elastic fibers, is also a target for TGF-P action in fibroblasts. As 
a first step in  defining the molecular mechanism of transcriptional activation of the elastin 
gene by TGF-p, we performed t ransient  DNA transfer experiments with elastin- 
chloramophenicol acetyl-transferase fusions. Two functionally different segments were 
identified in the 5' flanking region of the human elastin gene. Sequences 200 bases upstream 
from the start site of translation (elastin has no TATA box and transcription starts at several 
sites), increased expression similarly in induced and uninduced cells, while the region from -17 
to -196 was responsible for induction by TGF-fi (more than 10 fold) and drugs increasing 
intracellular CAMP (4-5 fold). Deletion of this region abolished expression of the constructs. 
This segment contains the consensus sequence for an  AP2 binding site and a sequence 
homologous t o  the core motif recognized by CREB proteins. Two sequences which partially 
overlapped with these binding sites were protected in footprint experiments. 

F 606 HORMONE-INOUCED HYDROLYSIS OF CELLULAR POLYPHOSPHOINOSITIDES BY PHOSPHOLIPASE C 
AND PHOSPHATIDYLCHOLINE BY PHOSPHOLIPASE D: A TIME SEQUENCE STUDY OF THE GENERA- 
TION OF SECOND MESSENGERS, Myles  C. Cabot and Chunfa Huang, W.  A l t o n  Jones  C e l l  

Sc ience  C e n t e r ,  Lake P l a c i d ,  NY 12946 
S t u d i e s  on hormone-induced a c t i v a t i o n  o f  c e l l u l a r  p h o s p h o l i p a s e  D (PLD) have r a i s e d  
s e v e r a l  i n t e r e s t i n g  q u e s t i o n s  c o n c e r n i n g  t h e  r o l e s  o f  nonphosphoinositide-derived phos- 
p h a t i d a t e  (PA),  a p u r p o r t e d  m o d i f i e r  o f  c e l l  r esponse ,  and d i a c y l g l y c e r o l  (DG). I n  o r d e r  
t o  add ress  t h e s e  q u e s t i o n s ,  e x a m i n a t i o n  o f  t h e  p o s s i b l e  c o o r d i n a t i o n  o f  p h o s p h o l i p i d  
d e g r a d a t i v e  pa thways  and t h e i r  t empora l  r e l a t i o n s h i p  must be a s c e r t a i n e d .  In REF52 r a t  
f i b r o b l a s t s ,  p r e l a b e l e d  w i t h  [ ' H ] a r a c h i d o n i c  a c i d ,  v a s o p r e s s i n  (VP) t r e a t m e n t  i nduced  
p h o s p h a t i d y l i n o s i t o l  4 ,5 -b i sphospha te  (PIP,)  h y d r o l y s i s  by  PLC (measured by  ['HIDG forma- 
t i o n )  a t  5-15 sec .  A t  15 sec t h e  i n d u c t i o n  o f  PLO a c t i v i t y ,  measured by  t h e  g e n e r a t i o n  o f  
PC-der ived PA, ensued. W i t h  e t h a n o l  i n  t h e  c u l t u r e  medium, VP e l i c i t e d  t h e  f o r m a t i o n  o f  
PC-der ived p h o s p h a t i d y l e t h a n o l ,  ( c a t a l y z e d  by  PLD transphosphatidylation), w h i c h  o c c u r r e d  
w i t h  a t i m e  f rame t h a t  p a r a l l e l e d  t h e  f o r m a t i o n  o f  PA i n  t h e  absence o f  e t h a n o l .  PA 
g e n e r a t i o n  f r o m  PC was maximal a t  2-2.5 m in ,  a t  wh ich  t i m e  t h e  f o r m a t i o n  o f  PC-der i ved  DG 
was i n i t i a t e d .  Hormone i n d u c e d  PLD a c t i v i t y  was a l s o  d e m o n s t r a t e d  i n  v a s c u l a r  smooth 
muscle c e l l s  and e n d o t h e l i a l  c e l l s .  T h i s  work  i l l u s t r a t e s  t h e  complex o r c h e s t r a t i o n  of  
l i p i d  e v e n t s  t h a t  accompany t h e  PIP, s i g n a l  t r a n s d u c t i o n  pathway, and  u n d e r s c o r e s  t h e  
impor tance  o f  f u t u r e  i n v e s t i g a t i o n s  t o  d e f i n e  t h e  r o l e  o f  PLD and n o n p h o s p h o i n o s i t i d e -  
d e r i v e d  second messengers.  
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F607 AUTOCRINE REGULATION I N  T E GKOWTH OF A H U M  N ESOPHAGEAL CAKCINO A 
CELL LINE. S h a n - c h u n  C h e n y f 3 ,  Lhen-Kung C h o J ” ,  Cnungming C h a n g l ” ,  

Cheng-po  H u l f L ,  ‘ G r a d u d t e  I n s t i t u t e  of M i c r o b i o l o g y  a n d  Immuno logy ,  N a t i o n a  1 
Yang-Ming q e d i c a  1 C o l  l e g e ,  2 D e p a r t m e n t  o f  M e d i c a l  Hesearcn, V e t e r a n s  G e n e r a l  
H o s p i t a l ,  I n s t i t u t e  o f  B i o m e d i c a l  S c i e n c e s ,  Academia  S i n i c a ,  T a i p e i ,  R.O.C. 
E p i d e r m a l  g r o w t h  f a c t o r  (EGF), i n s u l i n - l i k e  g r o w t h  f a c t o r  1 ( I G F - 1 )  a n d  
p l a t e l e t - d e r i v e d  g r o w t h  f a c t o r  ( P D G F )  were p o t e n t  g r o w t h  p r o m o t i n g  a g e n t s  f o r  
a human e s o p h a g e a l  c a r c i n o m a  c e l l  l i n e  CE48T/VGH. T h e y  s t i m u l a t e d  2 .8-  t o  4- 
f o l d s  of c e l l  p r o l i f e r a t i o n  i n  t h e  s e r u m - f r e e  c o n d i t i o n ,  a n d  i n d u c e d  
t r a n s i e n t  e x p r e s s i o n  of c - 0 s  g e n e .  I n  v i t r o  t y r o s i n e  k i n a s e  a s s a y  r e v e a l e d  
s p e c i f i c  phosphotyrosine-containing p r o t e i n s  w i t h  m o l e c u l a r  w e i g h t s  
c o r r e l a t e d  w i t h  t h e  r e p o r t e d  EGF r e c e p t o r ,  @ - s u b u i n t  o f  IGF-1  r e c e p t o r ,  a n d  
PDGF r e c e p t o r .  P r e t r e a t m e n t  o f  CE48T/VGH c e l l s  w i t h  1 P A  f o r  2 4  h r  d o w n -  
r e g u l a t e d  p r o t e i n  k i n a s e  C ( P K - C )  a n d  r e s u l t e d  i n  t o t a l  a b o l i s h m e n t  o f  t h e  
p r o l i f e r a t i v e  r e s p o n s e  of  PDGF. The  r e s p o n s e  of EGF w a s  i n h i o i t e d  t o  7 0 %  b y  
TPA p r e t r e a t m e n t ,  w h i l e  IGF-1 r e s p o n s e  w a s  u n a l t e r e d .  T h e r e f o r e ,  d i f f e r e n t  
p a t h w a y s ,  PK-C d e p e n d e n t  o r  PK-C i n d e p e n d e n t ,  m a y b e  i n v o l v e d  i n  t h e  
s t i m u l a t i o n  o f  CE48T/VGH c e l l  p r o l i f e r a t i o n  b y  EGF, IGF  1 a n d  PDGF. 
F u r t h e r m o r e ,  e x p r e s s i o n  o f  IGF-1  a n d  PDGF g e n e s  were d e t e c t e d  b y  t h e  N o r t h e r n  
a n a l y s i s .  B e s i d e s ,  b a s a l  ce l  1 q r o w t h  w a s  s i g n i f i c a n t l y  i n h i b i t e d  b y  a n  
a d d i t i o n  oi a n t i - P D G F  A b  t o  t h e  s e r u m - f r e e  c u l t u r e .  T h u s ,  a n  a u t o c r i n e  
r e g u l a t i o n  may p l a y  a r o l e  i n  t h e  g r o w t h  o f  human e s o p h a g e a l  c a r c i n o m a  c e l l s .  

F608 PROTEIN K I N A S E  ACTIVITY OF T H E  I N S U L I N  R E C E P T O R  IS ESSENTIAL FOR 
INSULIN REGULATED G E N E  EXPRESSION, C.K.Chou and S .C .L in  D e p a r t m e n t  

of M e d i c a l  R e s e a r c h ,  V e t e r n a s  G e n e r a l  H o s p i t a l ,  G r a d u a t  I n s t i t u t e  of 
M i c r o b i o l o g y  a n d  Immunology,  N a t i o n a l  Yang-Mi ng M e d i c a l  C o l l e g e ,  S h i  h - P a l ,  
T a i p e i ,  T a i w a n ,  R e p u b l i c  of C h i n a .  
C h i n e s e  h a m s t e r  o v a r y  c e l l  l i n e  ( C H O )  and  t w o  s t a b l y  t r a n s f e c t e d  c e l l  l i n e s  
d e r i v e d  f r o m  CHO w e r e  u s e d .  CHO-wut2 and  CHO-mut2 w e r e  t r a n s f e t e d  w i t h  c D N A  
c o d i n g  e i t h e r  w i l d  t y p e  human i n s u l i n  r e c e p t o r  o r  Lys  1 0 1 8  s u b s t i t u t e d  i n  
ATP-  b i n d i n g  domain  of human i n s u l i n  r e c e p t o r  a - s u b u n i t .  The m u t a t e d  i n s u l i n  
r e c e p t o r s  e x p r e s s e d  o n  CHO-rnut2 bound i n s u l i n  n o r m a l l y  b u t  n o  r e c e p t o r  
t y r o s i n e  k i n a s e  a c t i v i t y  i n  v i t r o  and i n  v i v o .  P a r e n t a l  C H O ,  CHO-wt2 and CHo- 
mut2 c e l l  l i n e s  e x p r e s s  2 , 0 0 0 ,  2 4 0 , 0 0 0  and  2 2 0 , 0 0 0  i n s u l i n  r e c e p t o r s  p e r  c e l l  
r e s p e c t i v i l y .  P l a s m i d  DNA c a r r y i n g  c h l o r a r n p h e n i c o l  a c e t y l  t r a n s f e r a s e  (CAT) 
g e n e  d r i v e n  by  P 3 3  g e n e  p r o m o t e r ,  a n  i n s u l i n  r e g u l a t e d  g e n e  p r o m o t e r ,  was  
t r a n s f e c t e d  i n t o  d i f f e r e n t  CHO c e l l  l i n e s  by c a l c i u m  p h o s p h a t e  p r e c i p i t a t i o n .  
T r a n s f e c t e d  ce l l s  were t h e n  i n c u b a t e d  w i t h  d i f f e r e n t  c o n c e n t r a t i o n  of i n s u l i n  
f o r  24  h o u r s  and  CAT a c t i v i t y  w e r e  t h e n  a s s a y e d .  CAT g e n e  e x p r e s s i o n  i n  CHO- 
w t2  c e l l s  showed 10-50 f o l d  w r e  s e n s i t i v e  t o  i n s u l i n  t h a n  t h a t  i n  p a r e n t a l  
a n d  CHO-mut2 c e l l s .  I t  is s u g g e s t e d  t h a t ,  t h e  k i n a s e  n e g a t i v e  r e c e p t o r s  
e x p r e s s e d  on CHO-mut2 c e l l s  l o s t  t h e  a b i l i t y  t o  m e d i a t e  i n s u l i n  a c t i o n  o n  
g e n e  e x p r e s s i o n .  

F 609 ANGIOTENSIN STIMULATES TYROSINE PHOSPHORYLATION IN RAT LIVER 
EPITHELIAL CELLS. H. Shelton Earp, William R. Huckle, Carol Prokop, and Bryan 

McCune, Lineberger Cancer Research Center, University of North Carolina, Chapel Hill, NC 27599. 
We have used a continuous line of non-transformed liver cells to demonstrate EGF-dependent and 
angiotensin-dependent accumulation of inositol phosphates. This indicates that both agents activate 
phospholipase C (PLC)in these cells. Simultaneous evaluation of phosphotyrosine (p-tyr) containing 
substrates was performed using affinity purified anti-ptyr antibodies to immunoblot both RlPA lysates 
of intact cells and PLCy immunoprecipitates. This procedure revealed that EGF stimulated tyrosine 
phosphorylation of several substrates including the EGF receptor and PLC- y. Angiotensin did not 
stimulate tyrosine phosphorylation of either the EGF receptor or PLC y. (Huckle, Hepler, Rhee, 
Harden and Earp, submitted). Surprisingly, an iotensin treatment of intact cells did stimulate the 
tyrosine phosphorylation of substrates at 125k8a, 75kDa and 66kDa. [Arg-81 vasopressin, another 
agent that increases intracellular calcium in these cells, had a similar effect on p-tyr content of p l25,  
p75 and p66 as did the calcium ionophore, A231 87. The hormones stimulated p-tyr accumulation 
within 15 seconds; the stimulation was diminished by 2 min. The effect of A23187 was delayed and 
prolonged. Preincubation of intact cells with vanadate (200 pm) enhanced the effect of angiotensin 
and A231 87. The data suggest that a calcium-dependent process can activate tyrosine 
phosphorylation in an epithelial cell line. 
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F610 T R A N S F O R M I N G  G R O W T H  FACTOR-O S T I M U L A T E S  T H E  
EXPRESSSION OF a2-MACROGLOBULIN BY ADRENOCORTICAL CELLS, 

Jean-Jacques Feige, De Li Shi, Catherine Savona, Jean Gagnon', Claude Cochet, and 
Edmond M. Charnbaz, Laboratoire de  Biochirnie des Regulations Cellulaires Endocrines 
and 'Laboratoire de  Biologie Structurale, DRF/LBIO, Centre d'Etudes Nucleaires, 
Grenoble, FRANCE 
Adrenocortical cell major secreted protein was purified from the conditioned medium of primary 
cultures of bovine adrenocortical (BAC) cells. lmmunochemical analysis and N-terminal sequencing 
of the purified protein identified it to aa-macroglobulin (an-M) .  Study of an-M production by BAC cells 
revealed that its secretion was stimulated several fold by TGFOi in a time-dependent (reaching a 
plateau at 24 h) and dose-dependent (ED50=O.l n g h l  TGFBl) manner. It was blocked when BAC 
cells were exposed to DRB, a potent inhibitor of RNA polymerase 1 1 ,  suggesting that TGFBi was 
acting at the transcriptional level. Northern blot analysis confirmed that the a n - M  mRNA level was 
increased 4 fold in BAC cells following TGFBi treatment. Given the previous reports that TGFBi is a 
potent inhibitor of adrenocortical sterotdogenesis (Feige J.J. et at., 1987, J .  Biol. Chem. 262, 
13491-13495) and that az-M is a TGFBi-binding protein, these observations suggest that az-M may 
play an important role in the homeostatic regulation of adrenocortical functions. 

F611 THE HUMAN INSULIN-LIKE GROWTH FACTOR-TI (IGF-11)  / MANNOSE-6-PHOS- 
PHATE (M6P) RECEPTOR I S  V A R I A B I .  Y EXPRESSED I N  MULTIPLE TISSUES, 

B .  Funk, U .  K e s s l e r ,  W .  E isenmenger ,  W .  K i e s s ,  U n i v e r s i t y  o f  Munich, FRG 
The r a t  IGF-II/MGP r e c e p t o r  i s  e x p r e s s e d  i n  m u l t i p l e  t i s s u e s .  In t h e  r a t ,  
t h e  r e c e p t o r  is  d e v e l o p m e n t a l l y  r e g u l a t e d  ( P r o c . N a t 1  . A c a d . S c i .  8 4 : 7 7 2 0  
( 1 9 8 7 ) ;  J .Bio l .Chem. ,  i n  p r e s s ) .  In t h i s  s t u d y  we measured  t h e  IGF-II/M6P 
r e c e p t o r  i n  human t i s s u e s  from 2 3  weeks g e s t a t i o n  t h r o u g h  two y e a r s  p o s t -  
n a t a l .  T i s s u e s  from a b o r t e d  o r  s t i l l b o r n  f e t u s e s  and i n f a n t s  who d i e d  
s u d d e n l y  were homogenised i n  b u f f e r  c o n t a i n i n g  2% Tri ton-X-100,  b o i l e d  i n  
Laemmli b u f f e r  c o n t a i n i n p  2% SDS and t h e  e x t r a c t  s t o r e d  a t  -2OOC a f t e r  
b e i n g  k e p t  o v e r n i g h t  a t  46C. A l i q u o t s  o f  t h e  p r o t e i n  e x t r a c t s  ( 0 . 2  m g )  were  
a n a l y s e d  by SDS-PAGE and t h e  p r o t e i n  b a n d s  were t r a n s f e r e d  o n t o  n i t r o c e l l u -  
lose. Immunoblo t t ing  w a s  per formed u s i n g  ant i - IGF-II /M6P r e c e p t o r  serum 
(+$66416). L i e a n d  bl o t t i n g  w a s  p e r f o r m e d  u s i n g  125-I-TGF-IT and s u b s e q u e n t  
a u t o r a d i o g r a p h y .  IGF-II/M6P r e c e p t o r  w a s  e x p r e s s e d  i n  a l l  t i s s u e s  ex-  
amined .  R e c e p t o r  c o n t e n t  w a s  h i g h e s t  i n  thymus,  h e a r t ,  s p l e e n  and k i d n e y ,  
i n t e r m e d i a t e  i n  l i v e r ,  l u n g  and t e s t i s  a n d  l o w e s t  i n  b r a i n  and m u s c l e .  The 
a p p a r e n t  M o f  t h e  r e c e p t o r  is 215,000 and v a r i e d  among t h e  o r g a n s  s t u d i e d .  
R e c e p t o r  c 5 n t e n t  i n  t h e  d i f f e r e n t  o r g a n s  d i d  n o t  v a r y  i n  a d e v e l o p m e n t a l  
f a s h i o n .  W e  c o n c l u d e  t h a t  t h e  human TCF-II/MGP r e c e p t o r  is n o t  deve lop-  
m e n t a l l y  r e g u l a t e d  from 23  weeks g e s t a t i o n  t h r o u g h  two y e a r s  p o s t n a t a l  b u t  
v a r i a b l  y e x p r e s s e d  i n  a l l  organs examined.  ( S u p p o r t e d  by DFG, Ki-365/1-1) 

F 612 PROTEIN KINASE C ISOFORMS IN MDCK CELLS : REGUUTION BY PHORBOL ESTER AND HORMONES, 
Catherine Godson, Barbara A .  Weiss and Paul A. Insel. Dept. Pharmacology M-036,  UCSD. 

La Jolla, CA 92093.The recently described heterogeneity of the protein kinase C (PKC) gene 
family suggests that different isoforms of the enzyme may be activated differentially by 
hormones within a given tissue o r  subcellular compartment and that phospholipid metabolites 
such as diacylglycerol and arachidonic acid which may he produced sequentially in response to 
cell surface stimulation may differentially activate PKC isoforms. To investigate this 
phenomenon we have identified the PKC isoforms present in Madin Darby Canine kidney ( MDCK) 
cells and their potential role in hormone ( bradykinin [BK] and epinephrine [epi]) stimulated 
arachidonate release, Using sequence specific antipeptide antibodies (Makowske, M. et al., 
[1988] J. Biol. Chem. 263 : 3402-3410) in Western blorting procedures we have identified Type 
I1 (R) and Type 111 (a) PKC in MDCK cells. We have found that down regulation of PKC by phorbol 
dibutyrate treatment completely inhibits epi and phorhol ester stimulated arachidonate release 
whereas BK stimulated arachidonate release is reduced hut not absent. PKC activity, as 
determined by an exogenous histone phosphorylation assay is decreased but not absent in these 
cells. Western blotting indicates (i) preferential down regulation of type 111 PKC under these 
conditions and (ii) preferential translocation of type 111 PKC by phorbol ester under 
conditions in which arachidonate activity is stimulated. Work is currently underway to define 
the types of PKC translocated by epi and BK stimulation and their specific cofactor 
requirements. The data obtained thus far suggest that different PKC isoforms may be involved 
in different regulation of Phospholipase A2 by hormone and phorbol esters. 
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F 613 POSSIBLE IDENTITY OF THE RECEPTORS AND BIOLOGICAL ACTIVITIES OF 

J.H. Hanl , 
R.Derynck', K. Matsushima , A. Richmond'' 'Vetera s Administration Medical 
Center/Vanderbilt University, Nashville, TN 37232 ' Laboratory of Molecular 
Immunoregulation, NCI, Frederick, MD 21701-1013 and 3Department of Molecular 
Biology, Genentech, Inc., S .  San Francisco, CA 94080. 
Melanoma growth stimulatory activity (MGSA/gro) is a growth related protein 
from the B-thromboglobulin (B-TG) superfamily. Another member of the B-TG 
family, interleukin-8 (IL-8), is chemotactic for neutrophils/lymphocytes and 
stimulates hydrogen peroxide production in neutrophils. Both genes map to 
the same chromosomal region and are t nscriptionally activated by many of 
the same factors. MGSA competes with "'1-IL-8 for binding to neutrophil IL- 
8 receptors. MGSA exhibits neutrophil 5hemotactic activity equivalent to 
that of IL-8 and 11-8 stimulates the H-thymidine incorporation in low 
density serum free cultures of Hs294T melanoma cells. When the MGSA 
receptors/binding proteins were characterized by MGSA ligand affinity 
chromatography, the receptor/binding proteins were in the same molecular 
weight range as the IL-8  receptor(s), 65,000 and > 2 0 0 , 0 0 0  Mr. However, the 
effective doses for MGSA bioactivity varied. These factors are capable of 
acting on a broad range of target cells and therefore are potential 
mediators of the wound healing/inflammatory response. 

Y , 9  MELANOMA GROTH STIMLJLATORY 9CTIVITY (MGSA/GRO) AND INTERLEUKI 
H.G. Thomas , 4 . K .  Samanta , C.O.C. Zachariae2, E. Balentien 

F 614 OKADAIC ACID DIFFERENTIALLLY REGULATES INSULIN ACTION IN CULTURED 
LIVER, FAT, AND MUSCLE CELLS, Susan Hess, Craig Suchin, and Alan Saltiel, 

Department of Molecular Oncology, Rockefeller University, New York, New York 10021. 
The molecular mechanisms of insulin action have remained elusive. One of the barr iers  
in elucidating insulin action is its pleiotropic nature. We have utilized the s p e c i f i c  
protein phosphatase inhibitor, okadaic acid, to differentiate between different a c t i o n s  
of the hormone. In cultured H-35 hepatoma cells and 3T3-LI adipocytes, okadaic acid 
inhibits the stimulation of lipid synthesis by insulin. Similarly, in H-35 hepatoma 
cells, okadaic acid inhibits the s t imulat ion of glycogen synthesis  by insulin. 
Interestingly, the apparent half-maximal effective concentration for these two actions 
differ; Insulin-stimulated lipogenesis is inhibited with an EC50 of 50  nM okadaic a c i d ,  
whereas  insul in  s t imulated glycogen synthesis  is  inhibi ted with an E C 5 o  of 
approximately 400 n M  okadaic acid. These da ta  suggest that  different protein 
phosphatases may be  responsible for  the actions of insulin. In contrast to the acute 
anabolic effects of the hormone, the stimulation of glucose and amino acid uptake was 
unaffected by okadaic acid in H-35 hepatoma cells or BC3Hl myocytes. These findings 
indicate that the cellular actions of insulin are mediated through different pathways, 
and that the acute promotion of lipid and glycogen synthesis involves different pro te in  
ph o s p  h a tases .  

F 615 REGULATION O F  LUNG EPITHELIAL CELL PROLIFERATION BY TRANSFORMING 
GROWTH FACTORBI.  P.H. Howe and E.B. Leof, Department of Cell Biology, Vanderbilt 
University School of Medicine, Nashville, TN 37232. 

Transforming growth f a c t o r 8 1  (TGFgl) inhibits DNA synthesis and cell division in mink lung 
epithelial cells (CCL64) through as yet undetermined mechanisms. While the effect  of TGFBl on 
expression of genes believed to initiate cell cycle traverse has received the most attention, in this study 
we present da ta  which indicate that TGFBl inhibition of early GO/GI events is not sufficient for 
growth inhibition. 
(EGF) to density-arrested CCL64 cells initiates cell cycle traverse and results in maximum DNA 
synthesis. These cells enter S phase following a minimum GI  of approximately 12 hours with maximal 
DNA synthesis occurring 24 hours a f te r  FBS + EGF stimulat' n 
results in a dose-dependent decrease in the incorporation of 'HLthymidine into DNA. TGFBl when 
added at any time during the 12 hour GI  period inhibits DNA synthesis to a similar extent 
(approximately 80-100%) as when it is added at the time of stimulation. If cultures progress beyond 
commitment to DNA synthesis (i.e. > 12 hours following stimulation with FBS +3EGF) before TGFBl is 
added, then no growth inhibition is observed. Kinetic analyses, based both on H-thymidine 
incorporation and  autoradiography, demonstrate that TGFBl addition to stimulated cultures blocks the 
cells a t  the G l / S  phase boundary, and that removal of TGFBl from the culture media results in the 
cells entering S phase within 1-2 hours. 
on protein synthesis but independent of RNA synthesis. In cycling or rapidly growing cell cultures, 
TGFBl addition results in the arrest of the cultures in two distinct phases of the cell cycle. One 
population of cells arrests a t  the GI /S  phase as described above, while the second population arrests 
prior to cell division in G2/M. 

Addition of 10% fetal  bovine serum (FBS) and 20 ng/ml epidermal growth factor 

Addition of TGFFI to stimulated cells 

Entry into DNA synthesis following TGFBI arrest is dependent 
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F616 CLONING OF A cDNA ENCODING THE MOUSE IL -3  RECEPTOR, Naoto I t o h ' ,  Sh in  Yonehara2, 
Jolanda Schreurs', Dan Corman', Kazuo Maruyarna', Huey-Mei Wang', A i  I s h i  i2, I c h i r o  

Yaharaz, K e n - i c h i  A r a i l ,  and A t s u s h i  Miya j ima ' ,  'DNAX Research  I n s t i t u t e  and 2Tokyo 
Me t ropo l i t an  I n s t i t u t e .  Mouse I L - 3  b inds  t o  t h e  I L - 3  receptor  w i t h  h i g h  and low a f f i n i t y ,  
induces t y r o s i n e  p h o s p h o r y l a t i o n  and s t i m u l a t e s  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  o f  
hemopo ie t i c  c e l l s .  U s i n g  t h e  p u t a t i v e  a n t i I L - 3  r e c e p t o r  a n t i b o d y ,  a n t i - A i c 2 ,  we have 
i s o l a t e d  a cDNA encod ing  t h e  I L - 3  r e c e p t o r  f rom an exp ress ion  l i b r a r y  made f rom an I L - 3  
dependent mouse mast c e l l  l i n e .  The f u l l  l eng th  cDNA encodes f o r  878 amino ac ids  i n c l u d i n g  
t h e  s i g n a l  sequence .  A s i n g l e  h y d r o p h o b i c  membrane s p a n n i n g  domain  s e p a r a t e s  t h e  
e x t r a c e l l u l a r  and t h e  i n t r a c e l l u l a r  domains. F i b r o b l a s t s  t r a n s f e c t e d  w i t h  t h e  c loned cDNA 
b inds  I L - 3  w i t h  low a f f i n i t y .  No consensus sequence f o r  a t y r o s i n e  k i n a s e  i s  p r e s e n t  i n  
the  cy top lasmic  domain. These r e s u l t s  i n d i c a t e  t h a t  t h e  f u n c t i o n a l  h i g h  a f f i n t y  r e c e p t o r  
r e q u i r e s  a d d i t i o n a l  mo lecu le (s ) .  A sequence comparison o f  t h e  I L - 3  w i t h  o t h e r  c y t o k i n e  
r e c e p t o r s  r e v e a l e s  a common m o t i f ,  s u g g e s t i n g  t h e  e x i s t e n c e  o f  a new r e c e p t o r  gene 
f a m i l y .  

F 617 A C-TERMINAL ELEMENT SUPPRESSES INTRINSIC ACTIVITIES OF THE INSULIN RECEPTOR, 

Institute. University of California, San Francisco, CA 94143 
To determine the role of the C-termindl tail of the human insulin receptor ihIR) 

in the mediation of the biological effects of insulin we have produced and characterized 
cell lines exdressing mutant receptors truncated or substituted within this region. Tne 
largest truncation (in IRd95) removes 95 out of the 98 amino acids C-terminal to the 
tyrosine kiiiase aurmin. A second deletion mutant (IRd30) lacks the 30 C-terminal amino 
acids incluainq two principal tyrosine autophosphorflation sites. In a third mtant hlR 
we have substituted the C-terminal tail of tile hIGF1 receptor in place of that of the 
nIR IIR-IGRt,. Each of the mutarit receptors binds insulin 'with affinity identical to 
the wild type receptor. C e l l s  bearing the IRd30 or IR-IGRt receptors, but not tne IRd95 
receptor. retdin the capacity for autophosphorylation in vitro ana in vivo as well as 
endoganous suostrate phosphoryldtion. The IRd30 and IR-IGRt receptors can mediate insu- 
lin deyenuent increases in glucose uptake anu c-Lo3- induction. The IRd30 and IS-IGRt, 
uut not the IRd95, receptors produce elevated basal rates of ylucose uptaKe m a  a l s o  
1-esult in the expression of unusual transcripts of c-Lo-?. These results indicate that 
at least a $ortion of the insulin receptor C-terminal tail is required for Dioloyical 
fuhction and that more modest deletion or substitution can restore some of the proper- 
zies fif the wild type receptor but result in alterstion of the biological properties of 
the receptor in the absence of insulin. 'Tries? results imply the presence of an element 
within the IR C-terminus which participtes in suppressiny specific bioloyical functions 
intrinsic to the hIR. 

Jeffrey D. Jonnson, Martine Aggerbesk and William J. Rutter, Hormone Research 

F 618 PHOSPHATIDYLINOSITOL-3 KINASE IS ACTIVATED BY INSULIN,Rosana Kapellel 
Neil B. Ruderman, Morris F. White and Lewis C. Cantley, Department 

of Physiology, Tufts University School of Medicine, Boston, MA 02111. The 
function of cellular targets of the insulin receptor are unknown. A 
phosphatidylinositol-3 kinase (PI-3 kinase) has been recently shown to 
associate with several protein-tyrosine kiriases and its activation can be 
correlated with cell growth. This enzyme phosphorylates the D-3 position of 
the inositol ring to produce polyphosphoinositides that are not in the pathway 
that generates inositol-1,4,5-triphosphate. Here we report that PI-3 kinase 
activity is immunoprecipitated from insulin stimulated CHO cells by anti- 
phosphotyrosine and anti-insulin receptor antibodies; insulin concentrations 
as low as 0.3nM produced this effect within one minute.CHO/IR cells expressing 
the wild type human insulin receptor (80,000 receptors/cell) showed a much 
greater insulin dependent PI-3 kinase activity than did control CHO cells 
(2,0000 receptors/cell) .In vivo, the PI-3 kinase lipid products that were 
marginally detected in unstimulated cells,increased markedly after one minute 
stimulation by insulin. Furthermore, insulin elicited the appearance of 
several [35Sl-methionine labeled proteins in the anti-insulin receptor immuno- 
precipitates which coincide with PI-3 kinase activity in the same immuno- 
precipitates. These results suggest that insulin regulates a PI-3 kinase 
through a physical association between the insulin receptor and the PI-3 
kinase and/or by tyrosyl phosphorylation. 
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F 619 

\VITfI CELLULAR PROTEINS. Andrius Kazlauskas and Jonathan A. Cooper, Fred Hutchinson Cancer 
Research Center, Seattle, Washington 98104 

We have shown that the the major site of phosphorylation of the j3 subunit of the human PDGF-R 
is Tyr-857. Tyr-751, which lies within the kinase insert region, is a less prominent site in vivo but the 
major site in vitro. We mutated each of these tyrosine residues and expressed the corresponding cDNAs 
in epithelial cells lacking endogenous PDGF-Rs. The incorporation of 3H-thymidine following exposure 
to PDGF was dramatically increased in cells expressing the wild-type (WT) PDGF-Rs, but not in cells 
expressing an empty vector. The mitogenic responses of cells expressing the Tyr-857 and Tyr-751 
mutant were reduced to 48% and 4% of WT, respectively. Preliminary data suggest that tyrosine 
phosphorylation of cell proteins may be reduced by mutation of Tyr-857, but is unaffected by mutation 
of Tyr-751. Imrnunoprecipitates of wild-type PDGF-Rs prepared from PDGF-treated cells contained a 
phosphatidylinositol (PI) kinase activity as well as three polypeptides (120, 84 and 72 KDa) that could be 
phosphorylated in vitro, presumably by the PDGF-R. Studies with mutant receptors showed that these 
associations required both kinase activity and a tyrosine residue at position 751. Mutation of Tyr-857 
had no effect. Consistent to the situation in a living cell, the in vitro binding of the 120 KDa protein 
and the PI kinase was dependent on phosphorylation of Tyr-751. These data suggest that 
aurophosphorylation of Tyr-7S1 in the kinase insert region triggers the association of the activated 
PDGF-R with specific cellular proteins, including a PI kinase, and that these events are critical for the 
relay of a mitogenic signal. 

GENETIC AND BIOCHEMICAL EVIDENCE THAT AUTOPHOSPHORYLATION OF THE 
PDGF RECEPTOR IN THE KINASE INSERT REGION REGULATES INTERACTIONS 

F620 EFFECT OF TGF-B ON TYROSINE PHOSPHORYLATION IN IL-3-DEPENDENT AND 
ONCOGENE-INFECTED FACTOR-INDEPENDENT MYELOID PROGENITOR CELL LINES. 

1J.R. Keller, 2K.T. Sill, 3G. K. Sing, 4D.K. Ferris and 5F.W. Ruscetti. 
1, 2 ,  4BCDP-PR1, 3, 5LMI-BRMP, NCI-FCRF, Frederick, MD. We have previously 
shown that transforming growth factor-I3 (TGF-B) is a selective inhibitor of 
colony stimulating factor-driven hematopoietic cell growth. In addition, 
TGF-B inhibits the growth of interleukin-3 (IL-3) -dependent and independent 
murine myeloid leukemic progenitor cell lines. IL-3 stimulates the 
phosphorylation of various proteins in these factor dependent cell lines. 
Since protein phosphorylation occurs during transduction of a proliferative 
signal, we studied whether TGF-B inhibition affects tyrosine phosphorylation. 
Using monoclonal antibodies to phosphotyrosyl proteins these proteins were 
analyzed by both single and two-dimensional electrophoresis. Our results 
indicate that TGF-B inhibits tyrosine phosphorylation of multiple proteins 
both in IL-3-dependent and independent cells established by infection with 
virus containing oncogenes. These effects on tyrosine phosphorylation were 
both time and concentration dependent at physiological levels of TGF-B 
suggesting that TGF-8 effects signal transduction through protein 
phosphorylation. 

F 621 ARP-1, A NOVEL MEMBER OF THE NUCLEAR RECEPTOR SUPERFAMILY THAT BINDS TO 
THE REGULATORY SEQUENCES OF THE APOLIPOPROTEIN Al GENE. John A. A. Ladias 
and Sotirios K. Karathanasls, Department of Cardiology, Harvard Medical School, Boston, 
MA 021 15. 

in mammals the gene coding for apolipoprotein Al (ApoAl), a plasma protein involved in lipid metabolism, is 
expressed primarily in liver and intestine. We have previously shown that the -238 to -41 DNA region 5' to the 
transcriptional start site of the ApoAl gene functions as a hepatoma-cell (HepG2) specific transcriptional 
enhancer. Nuclear extracts from various tissues and cell types contain a protein, designated ApoAi Regulatory 
Protein-I (ARP-I), that binds specifically to -223 to -192 DNA region of the ApoAl gene and is involved in the 
regulation of its expression. Here we report the isolation and characterization of a cDNA clone encoding ARP-1 
from a human h t l 1  expression library. The cDNAderived amino-acid sequence of ARP-I contains a two-Zn- 
finger motif remarkably similar to that of members of the steroid/thyroid hormone receptor superfamily. The 
amino-terminal domain of ARP-I contains proline-rich and glutamine-rich streches characteristic of transcription 
activating domains of other regulatory proteins. To date, we have not identified a ligand for ARP-1. Preliminary 
co-transfection experiments of the ARP-1 cDNA clone and the CAT reporter gene driven by the ApoAl 
hepatoma-specific enhancer into HepGP cells, show that ARP-I supresses the expression of the reporter gene 
in a dose-dependent manner. In vitro-translated ARP-1 can bind specifically to regulatory elements of other 
genes such as the chicken ovalbumin, rat insulin 11, human apolipoprotein C-Ill and apolipoprotein 6, 
suggesting that it may be involved in the regulation of their expression. Finally, ARP-I can also bind to the 
thyroid-hormone responsive element, raising the possibility for its involvement in thyroid-hormone 
responsiveness. 
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F622 OVEREXPRESSICX OF PROTEZN KTNASE C-0: SUBPYPE IN swISS/3T3 CELLS BoRi HIQf 
AM) Low AFFINITY REEPP3R NLMBERS FOR EGF, Etta Livneh, Hagit Eldar, Axel Ullrich 
and Yaffa Zisnan. Deparhwn$ of olemica1 Innumlogy, The Weimam Institute 

of Science, Rehovot 76100, Israel. Genentech Inc. South San F'rancisco, CA, USA. 
The full length cDNA coding for the a form of PKCa (PKC) was introduced into Swiss/3T3 
cells us- a retrwiral expression system. This has enabled the generation of a series 
of cell lines PKC,-wer-prOducing cell 
lines exhibited enhanced grarth rates and reached higher saturation densities than para- 
tal Swiss/3T3 cells. However, stimulation of DNA replication in these cell lines by 
either s m ,  EGF, PDSF or pbrtml esters (TPA),  w a s  markedly reduced or even ablished. 
Scatchard plot analysis of EGF binding to EGF receptors expressed on the cell surface of 
FXCa-producing cells has revealed reduction in receptor nunbas without change in the 
affinities for EGF of the remaining ~ p v y .  Therefore, we suggest that reduced recep- 
tor nLnnbers may be respnsible for t ins dunmished mitogenic respnse. Furthenrore, we 
provide evidence that reduced EGF-receptor nunkers in PKCa-overprcducing cells may result 
both fxun the r e d u d  biqthesis rates of EGF receptor molecules and the enhanced loss 
of their receptors fran the cell surface. Our studies shm that deregulation of PKC,, 
i.e. by increasing its expression level in the cell, affects in turn cell metatmlisn and 
the cell surface EGF-receptor nmbers. These phmtipic changes are maintained in a per- 
ment faehim, even in the absence of an exogenous activator of PKCm. Similar  molecular 
mechKlisn that may underlay neoplasia and tumr pramtion will be discussed. 

stably expressing high levels of PKC, enzyme. 

F 623 A 372 BP FRAGMENT 5 OF THE 1L2 GENE CONFERS INHlBIlYON BY GLUCOCOKTICOIDS 
OF A LINKED REPOKtER GENE Petri S. Mattlla '. Steve Flerlng ', Gerald Crabtree. and Leonard A. 

Herzenbeg '. Department of Gcnetlcs ' and Howard Hughes Medical Institute. Department of Pathology *, Stanford 
Unlverslty School of Mediclne. 94305 Stanford, CA. The mechanism by which glucocortlcoids Inhlblt Interleukin 2 
(1L2) expression Is unknown. To study thls mechanlsm a glucocorticoid sensltfve mouse T cell h e .  LBRM33.1A5. 
was stably transfected wlth enhancer reglons from the human IL 2 gene mntrolllng transcrlptlon of a E.col[ lac2 
reporter gene. A fragment of the 1L2 gene from -326 to +45 (enhancer and promoter) responded to the physlologlcal 
signals known to Induce IL2. The cells were stknulated -4th 2uM tonomyctn and 50 ng/ml phorbol myrtstate 
acetate [PMA) and the B-gal actlvlty was measured 8 hours after sttmulatlon uslng a fluorogenlc. Indlvldual viable 
cell assay (Nolan et al. PNAS 85. 2603-2607. 1988) and a conventtonal enzyme assay whlch measures B-gal actlvlly 
In extracts ofviable sorted cells. 100 nM dexamethasone caused a 20-fold Inhlbltlon of B-gal actlvity In stimulated 
cells that were stably transfected wlth the 372 bp enhancer and promoter reglon controlllng lacZ expresslon. No 
slgnincant lnhlbltion of lac2 expression was observed In stably transfected cells that had one of the IL 2 enhancer 
sites. nuclear factor of activated T cells (NF-AT). In 3 tandem copies attached a t  -70 bp (the bare I1 2 promoter) with 
lacZ attached at 4 5 .  The results Indlcate that glucocortlcolds inhlbit the transcrlption of IL 2 through the 372 bp 
reglon and that thls Is not medlated by the NF-AT blndlng slte. Further. expresslon from the NF-AT construct Is 
Inhlblted by cyclosporln A therefore It uses a rnechanlsm dlstlnct from the inhlbttlon by glucocortlcoids. The 
20-fold lnhtbttlon observed is markedly more pronounced than the 3 to 4 fold Inhibltlon prevlously reported with 
other unrelated enhancers that are negattvely regulated by glucocortlcolds. We are now looklng at glucocorttcold 
actlvlty wlth other enhancer sites replaclng NF-AT. 

F 624 Characterization of NGF-stimulated Microtubule-associated Protein 

Laboratory of Molecular Oncology, Rockefeller University, and Department of Cell 
Biology, Division of Hematology/Oncology, Cornell University Medical School, New York, 
New York 10021. Although the precise molecular events in NGF action remain 
uncertain, numerous studies indicate an important role for protein phosphorylation. 
We have identified an NGF-stimulated MAP kinase from PC12 cells. The kinetic and 
physicochemical properties of this protein kinase are identical to the insulin- 
stimulated MAP kinase identified in 3T3-LI adipocytes. NGF causes a rapid activation 
of this enzyme (2-5 min) followed by a slower activation at 30-60 min. Pretreatment 
of activated MAP kinase with alkaline phosphatase reduces activity, suggesting a 
mechanism of activation requiring phosphorylation. A phosphoprotein with an 
apparent molecular mass of 42 kDa was copurified with MAP kinase activity. Both 
activation of MAP kinase and phosphorylation of the 42 kDa protein are stimulated by 
NGF and inhibited by staurosporine. These findings suggest that the early phase 
activation of MAP kinase by NGF may be attributed to a receptor-associated, 
staurosporine-sensitive tyrosine kinase. 

kinase from Pc12 Cells, T. Miyasaka, P. Sherline, M. V. Chao, and A. R. Saltiel, 
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F625 DOWN-REGULATION OF THE PDGF RECEPTOR BY THE NON-PHORBOL ESTER 
TUMOR PROMOTER OKADAIC ACID. Lawrence J. Mordan, Richard 

Honkanen, Alton L. Boynton, and Nicholas M. Dean, Basic Science 
Program, Cancer Research Center of Hawaii, University of Hawaii at 
Manoa, Honolulu, HI 96813. 

Okadaic acid ( O A ) ,  a polyether compound isolated from the marine 
sponge Halichondria okadai, is a potent inhibitor of types 1 and 2A 
phosphatases and a very effective non-phorbol ester tumor promoter in 
the mouse skin model. We have found that OA inhibits PDGF-stimulated 
DNA synthesis in density-arrested C3H/lOT1/2 mouse fibroblasts and, 
consequently, have examined the effects of OA on PDGF receptor 
function. OA decreases PDGF binding sites in a dose- (IC50=26nM) and 
time- dependent manner. OA inhibits the PDGF-induced rise in free 
intracellular Ca2+ and phosphatidyl inositol hydrolysis. Because OA 
inhibits phosphatase activity in these cells (IC5Q=10nM), these 
results strongly suggest that phosphatases play a critical role in 
regulating PDGF receptor function and, subsequently, the 
responsiveness of cells to this mitogenic growth factor. 

F 626 SOLUBILlZATlON AND CHARACTERIZATION OF 'THE RECEPTOR FOR THE NEUROPEF'TIDE 
GASTRIN-RELEASING PEPTIDE (EOMBESIN), Luigi NaJdi~~i'.~. Daniela C ~ r i I l o ~ ~ ~ ,  Terry W. Mood?. 

Paolo M. Comoglio'. Joseph Schlessingerl and Richard Krisl .  'Rorer Bioteehnology Inc.. 680 Allendale Road. King of 
Prussia. PA 19406, U.S.A. 'Dcpamnent of Biochemistry, the George Washington University, Washington, D.C.. U.S.A. 
'Depanment of Biomedical Sciences & Onculogy. C.so Massimo D'Azeglio S2. 10126 Torino. italy 
The receptor for the neumpeptide gastrin releasing peptide (GRP), the mammalian homologue of bombesin. was 
solubilized from rdt brdln and Swish 3T3 cells using the zwitterionic detergent 3-[(3-cholamidopropyl) dimethylammonio]- 
I-propane-sulfonic acid (CIIAPS) and the cholesteryl hemisuccinate ester (CHS). O n l y  the combination of the detergent 
CHAPS and the cholesteryl ester CHS in a glycerol containing buffer satisfactorily preserved the binding activity upon 
solubilization. Physico-chemical, kinetic and equilibnum-hiriding parameten were evaluated both for the membrane- 
bound and the soluble receptor. The solubiliz~d receptor was then characterired biochemically. Swiss 37'3 membranes 
were covalently labelled with ['''I]GRp and homobifunctional crosslinkers. wIubdi7~d and analyzfd under non denaturing 
condirions by molecular sieving chromatography and sucrou: density gradient sedunentation. The protein bound 
radioactivity was resolved in two different peaks. a major one of apparent molecular weight 220,000 (peak I )  and a 
minor one of 80,ooO (peak 2). SDS-PAGE analysis showed that the previously described 75 kD pmtein was present at 
the major I 'aIIGRP labelled spccies in both peaks. Pretreatment of the fractions containing the larger size peak 1 with 
boiling SDS prior tn rechromatography caused a shift of the protein bound radioaclivity 10 the 80,oO molecular weight 
peak 2 plus the appearance of an additional smaller peak 01 apparent molecular weight 30,MM. A soluble receptor assay 
was pcrformcd on fraclions collected fmm molecular sieving chromatography of solubili/ed membranes. Specific ligitnd 
binding activity eluted with a volume comsponding lo p k  I .  These results indicate that the active form of 
hombesidGRP reccptor is a largc complex containing the 75 kD binding domain. Thc irivolvement of a CTP wsponsive 
protein aqdlur a protein lyrosine kinase wds a l o  investigated 

F 627 SIUDIES ON THE STRUCIWRE AM) RD;'ULATION OF ?HE HEPATIC IiVEWEUKIN-6-REEF'lDR 

Stefan RoseJohn, Heia Schcoltink, Epch bpp, Dorothk Lfnz, Gabi Dufhues, 
- 

One of the mjor mlecular events that initiate the hepatic acute phase response to injury and 
infection is the binding of hepatocyte stimulating factor / interleukin-6 (IG6) to its 
surface receptor on hepatccytes. The binding of idinated rhIG6 to this receptor has been 
studied w h isolated plasm rrmbranes frcm rat liver. A single bindmg affinity with a 
1.3 x 16'' M was deduced and a n m k r  of 1503 receptors per liver cell has been esthtk. 
Affinity cross-linking of iodinated rhIG6 to either rat liver plasm &ranes or to h m  
hepatom3 cells (Hep2) allowed the detection of an IG6 binding plyFeptide with a rmlecular 
mss  of 80 kna. 
Treabent of Hew2 cells with de-thasone led to a tine- and dose-dependent upregulation 
of IG6Lreceptor rrRNA. Under conditions of IG6-receptor upregulation by demthasone the 
induction of the acute phase protein fibrinogen at the mRNA level is much stronger and occurs 
earlier than without demthasone. We therefore propose that the expression levels of IG6- 
receptor might be a rate limitinq step in acute phase protein induction. 
'Institute for Molecular and Cellular Biolcqy. Osaka University, Osaka, Japan 

L? 
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F628 DELETION ANALYSIS OF THB INSULIN RECEPTOR EXTRACELLUtAR DOMAIN, Erik Schaefer, 
Kenneth Siddle*, and Leland Ellis, Howard Hughes Medical Institute and the 

Department of Biochemistry, UT Southwestern, 
Biochemistry, University of Cambridge, UK. We have previously demonstrated that both 
extracellular and cytoplasmic domains of 
expressed as soluble proteins that are capable of autonomous function (high affinity insulin 
binding and protein-tyrosine kinaoe activity, respectively). TO explore the structural 
functional organization of the soluble extracellular domain 
have engineered and expressed in a 
proteins and assessed the efficiency of secretion, stability and interaction of each protein 
with both the polypeptide hormone insulin 
directed against eight distinct epitopes of the IR ectodomain. The results of this analysis 
have now defined specific mites withln the primary sequence of the IR ectodomain that 
demarcate boundaries at which truncation generates subdomains of hIROl that are capable of 
folding de novo during biosynthesis into stable proteins that are synthesized and secreted 
with wild-typo kinetics. and which retain tho epitopes required for the interaction wfth a 
subset of two conformation specific monoclonal antibodies. The 
truncated proteins and their interaction with insulin is under investigation. These results 
provide us with important structural landmarks vithin the primary sequence of the IR 
extracellular domain (which are not obvious from perusing the primary sequence, 
cuper-secondary structure predictions, or the exon-intron boundaries alone) that will guide 
us in further analysis of the biochemistry of this complex domain of the IP. 

Dallas, T% and the 

the insulin receptor (IR) 

*Department of Clinical 

can be independently 

end 
protein (designated hIROI) we 

heterologous ce l l  system a series of truncated hIROl 

antibodies that are and a panel of monoclonal 

oligomeric nature of these 

F 629 HORMONE-STIMULATED PHOSPHOLIPASE A2 IN PLANTS GENERATES LPC AS BIOLOGICALLY ACTIVE 
LIPID TO STIMULATE MEMBRANE-ASSOCIATED PROTEIN KINASE. Guntker F.E. Scherer, Berna- 

dette And& and Georg Martiny-Baron, Botanisches Institut, Universitat Bonq, D-5300 Bonn 1, 
FRG. 
“C-choline and “C-ethanolamine, relpectively . After application of 5x10-’ M of the plant 
growth hormone auxin a shift of label from PC to LPC and from PE to LPE wis observed within 
1 min. When the hormone was removed by washing the in LPC accumulated label decreased again. 
Only the native auxin IAA and active analogues were effective in stimulatipg this reaction 
whereas inactive analogues were not. The physiologically antagonizing pi-ant hormone absci- 
sic acid decreased the effects of auxin. In summary, a hormone-stimulated phospholipase A2 
in plant cells is indicated. With isolated prelabeled membranes the stknulation of endoge- 
nous PLA2 was observed at Z X ~ O - ~  M hormone concentration by measuring :he accumulation of 
of LPC or  LPE in the membranes. The pH optimum of this reaction is very similar to the pH 
optimum for hormone binding of the plasma membrane binding site. In the presence of GDP au- 
xin does not stimulate PLA2 whereas in the presence of GTP@ auxin is active, indicating a 
function of G-proteins in this pathway. LPC, LPE and the chemically similar platelet-activa- 
ting factor but neither phorbol ester nor DAG and/or PS activate membrane-associated prote- 
in kinase in plants. This l y s o p h o s p h o l i p i d - a c t i v a t e d  protein kinase phosphorylates a number 
of polypeptides in tonoplast and plasma membranes one of which has been identified as the 
regulatory subunit of vacuolar Ht-ATPase. We postulate a novel signal transduction chain in 
plants consisting of signal(auxin) - receptor(?) - 6-protein - phospholipase A2 - LPC/LPE - 
protein kinase - regulated enzymes(Ht-ATPases) where LPC/LPE ai-e second messengers. 

In cultur soybean cells (GI cine max L.) PC and PE were predominaitly labeled by 

F630 gp185erbB-2 and EGFR-activated mitogenic pathways: differences 

Lonardo*, D. Wexler*, M. Ruggiero*, Sue Goo Rhee+, S.A. Aaronson* and P.P. Di 
Fiore*. *LCMB, NCI, Bethesda, MD and +NHLBI, Bethesda, MD 
The epidermal growth factor (EGF) receptor and erbB-2 genes encode 
structurally related proteins whose overexpression has been implicated in the 
pathogenesis of certain human malignancies. The extensive homology between 
erbB-2 and EGFR prompted us to compare their respective biological actions 
and underlying signalling pathways. We, therefore, analyzed the interaction 
of the erbB-2 tyrosine kinase with phospholipase C-y (PLC-y) and its effects 
on the PIP2 breakdown pathway. Our  results show that PLC-y is a substrate 
for the erbB-2 tyrosine kinase, similar to what has been demonstrated for the 
EGFR. No quantitative difference was detected in the ability of EGFR and 
erbB-2 to co-immunoprecipitate PLC-y and to induce its tyrosine 
phosphorylation. In addition, the magnitude of the increase in inositol 
phosphates formation induced by activation of the EGFR and erbB-2 kinases was 
comparable. Since erbB-2 is 100 fold more active as a transforming gene than 
EGFR, we conclude that while phosphorylation of PLC-y may be an important 
event in the activation of the erbB-2 specific mitogenic pathway, it does not 
account for erbB-2 transforming potency as compared to EGFR. 

and similarities. 0. Segatto*, F. Fazioli*, J.H. Pierce*, F. 
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F 631 STRUCTURE AND FUNCTION OF THE INTERLEUKIN-1 RECEPTOR, John Sims, Byron Gallis, Benson 
Curtis, William Fanslow, Karol Bomsztyk. and Steve K. Dower, lmmunex Corp., Seattle, WA 98101 

The IL-1 receptor expressed on murine T cells and fibroblasts is a single polypeptide chain of 80,000 MW 
(about 20% of which is carbohydrate) which binds both IL - l a  and IL-1p with a Ka of =3 x l o 9  M - l .  We have 
isolated cDNA clones of this receptor from the T cell lymphoma line EL-4 using a direct expression technique. 
The sequence of these clones shows that the receptor consists of an N-terminal ligand binding portion, a single 
transmembrane segment and a relatively large cytoplasmic domain. The recombinant receptor, when expressed 
in CHO cells, is fully functional in signal transduction. 

The extracellular portion of the receptor is comprised of three immunoglobulin-like domains, all of which 
are required for ligand binding. A truncated receptor molecule expressing only the extracellular portion is 
soluble in aqueous solution and binds both IL- la  and IL-1p with the same affinity as does the natural, cell- 
bound receptor. The soluble form of the receptor is capable of preventing cell proliferation and lymph node 
enlargement in mice in response to injection of allogeneic cells, and greatly prolongs the life of cardiac 
allografts. 

receptor is clearly not a kinase, one of the early intracellular events which follows IL-l binding is 
phosphorylation of several proteins, one of which is the receptor itself. Studies to be discussed suggest that 
phosphorylation of the IL-1 receptor may account. at least in part, for the large difference between the level of 
IL-t required for maximal biological responsiveness vs. that required for maximal receptor occupancy. 

The receptor we have cloned is the principal if not the only receptor for IL-1 expressed on T cells and 
fibroblasts. Other cells, in particular B cells, appear to express a different IL-1 receptor polypeptide. The 
current state of evidence for this will be presented. 

The cytoplasmic portion of the receptor is required for signal transduction. Although from its sequence the 

F 632 THE ERYTHROPOIETIN RECEPTOR REQUIRES PROTEIN KINASE C FOR 
TRANSDUCTION OF SIGNALS TO THE NUCLEUS. Rudolph Spangler, Steven 
Bailey, Arthur Sytkowski. New England Deaconess Hospital, Harvard 
Medical School, Boston, MA 02215. 

The binding of erythropoietin (Epo) to its cell-surface receptor 
causes a rapid increase in c-= mRNA levels in responsive cell lines 
and normal spleen cells. While necessary for c - u  activation, C kinase 
is not sufficient, because no single C kinase agonist induced c - w .  The 
Epo-induced increase in c-- is sensitive to a pair of kinase 
inhibitors (H7 and HE) with a profile indicative of a signal 
transduction pathway which requires kinase C - i.~, H7 is 3X more potent 
than H6 at blocking Epo-induced c - w  mRNA accumulation. The C kinase 
inhibitors sphingosine, sangivamycin, and staurosporine blocked the Epo- 
induced signal at concentrations consistent with inhibition of C kinase. 
Finally, both Epo and the C kinase agonist TPA caused increased 
phosphorylation of the same major 8 0  kDa C kinase substrate, as 
visualized on 2-D gels. Taken together, these data indicate that 1) 
binding of Epo leads to activation of protein kinase C, 2 )  that this 
activation event is necessary in order for the signal to reach the 
nucleus, and 3 )  that at least one other event initiated by the receptor 
is required for transduction of the signal to the nucleus. 

F 633 IN VlTRO TYROSYL PHOSPHORYLATION OF GROWTH HORMONE (GH) RECEPTORS 
S E Stred, J R Stubbart, C Carter Su, Dept of Physiology, Univ of Michigan, Ann Arbor 

MI 48109 Our laboratory has shown that binding of G H  to intact 3T3-F442A fibroblasts promotes 
phosphoryiation of the G H  receptor on tyrosyl residues To investigate whether the receptor itself 
possesses kinase activity an in phosphorylation assay has been developed using GH receptor 
complexes partially purified from these cells using anti-GH antiserum When immunoprecipitated 
receptors from GH-treated cells are incubated with [y?zP]-ATP in the presence of Mn2+ for 10 rnin at 
30oC 32P is incorporated into a 1 2 l k D a  phosphoprotein solely on tyrosyl residues The 121K 
phosphoprotein can be reprecipitated with a specific polyclonal anti-GH receptor antibody (kindly 
provided by W Smith and F Talamantes U Calif Santa Cruz) indicating that pp121 is the GH 
receptor In the presence of 5 5rnM Mn2+ maximal 32P incorporation occurs at 10-25 pM ATP 
Mg2+ and GTP were significantly less effective than Mn2+ and ATP respectively When physioiogic 
levels ( 1  mM)  of ATP are used radioiabelled phosphate incorporation is maximal at 250 pM and is 
observed at the lowest concentration of free Mn2+ tested (500nM) Low concentrations of Mn2+ 
(52 5 t iM)  remain more effective in promoting the kinase reaction than the higher (2mM) Mg2+  
concentrations found intraceliuiarly These findings suggest that the kinase responsible for tyrosyi 
ghosphorylation of the G H  receptor in solution is likely to be responsible for its phosphorylation in 
the intact cell 
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F 634 TYROSINE PHOSPHORYLATION AN0 INTERNALIZAlION OF EGF RECEPTORS IN N I H  3T3 CELLS 
OVEREXPRESSiNG EGF RECEPTORS. E. Sturani, R .  Zippel, L .  Morello, R. Brambilla and 

L. Alberghina. Department of General Physiology and Biochemistry. University of Milan, V .  
Celoria 26, 20133 Milano, Italy. 
The relationships existing between EGF-induced autophosphorylation and dephosphorylation of 
the receptors, internalization of the ligand-receptor complexes and downregulation of EGF 
binding sites were investigated in a NIH 3T3 fibroblasts cell line (EGFR T17) which expresses 
human cloned EGF receptors in the number of 3xl05/cell (Velu et al. 1987, Science 238, 1408). 
Previous data indicated that autophosphorylation of EGF receptors (EGF-RI in Swiss 3T3 and I n  
human fibroblasts was a transient event, while in A431 cells (2x106 receptors/cell) EGF-R 
remained phosphorylated for a very long time. I n  addition downregulation of receptors was 
more complete in fibroblasts than in A431 cells (Sturani et al, Mol. Cell. Biol. 1988, 8, 
1345). The kinetics of receptor phosphorylation in EGFR T17 cells was intermediate between 
that observed in fibroblasts and i n  A431 cells. in EGFR T17 cells detailed analysis o f  the 
fate of a population of receptors previously activated and autophosphorylated showed that 
dephosphorylation of the receptors and internalization of surface bound 1251-EGF were rapid 
and followed the same kinetics indicating that the two events took place together. Instead 
t he  downregulation of EGF binding sites was slow and only partial. These data suggest that a 
partial recycling of EGF receptors on the cell surface may take place following 
internalization of ligand receptor complexes in this cell line. 

F635 MUSCARINIC RECEPTORS AN0 cGMP, Lily C. Tang, Div. of Experimental Therapeutics, 

We have demonstrated in vitro that the muscarinic agonists bind to the receptor to open the 
ion channel. The calcium influx stimulates the guanylate cyclase activity which enhances 
the cGMP production . This increase in intracellular calcium and cGMP can be abolished by 
muscarinic antagonists and calcium chelators. A minute increment in calcium concentration 
can cause the red blood cell (RBC) to lyse. We previously proposed that the function o f  
muscarinic receptor in the R8C is to regulate the intracellular calcium and/or cGMP. We now 
present the in vivo data in support of this hypothesis. We administered muscarinic agonists 
alone, or togetherwith muscarinic antagonists or with calcium chelators to male Swiss Al- 
bino mice. The red blood cells of the animals treated with muscarinic agonists lysed readi- 
ly but not the ones co-administered with cholinergic muscarinic antagonists or calcium che- 
lators. The cGMP of the groups treated with oxotremorine increased from 0.334 f 0.075 ug/mg 
protein for normal mice to 0.941 + 0.194 ug/mg protein. The animals that have been given 
atropine, N-methyl scopolamine, or pirenzepine, their cGMP in the RBC were 0.398 t 0.097, 
0.445 i 0.13, and 0.390 ? 0.105 ug/mg protein respectively. These results suggest that, in 
the erythrocyte, the muscarinic receptor-mediated calcium fluxes and cGMP synthesis can be 
eliminated by the application of a calcium chelator or muscarinic antagonists. Muscarinic 
receptors may play a role in the regulation of cell membrane rigidity and cell shape. 

Walter Reed Army Institute of Research, Washington, OC, 20307-5100. 

Laszlo Tora, Catherine Fromental, and Pierre Chambon, Laboratoire de 
GQneticpe Molkculaire des Eucaryotes, 67085 Strasbourg, France 
Transcriptional activators are proteins that interact with the transcrip- 
tion machinery and result in productive initiation of transcription b 
polymerase. A general mechanism for activation of transcription has {een 
described in which relatively short regions of amino acids rich in acidic 
residues can interact with some component of the transcription machinery. 
Acidic activation domains (AADs) have been well defined for the yeast 
trans-activators Gal4 and GCN4, and the herpes simplex virus activator 
V P 1 6 .  The steroid hormone family of nuclear receptors are also 
transcriptional activators that act as enhancer factors when bound to their 
cognate DNA response element. The activation domains of the human estrogen 
(hER) and human glucocorticoid receptors (hGR) have been mapped to the N- 
terminal A/B and C-terminal hormone binding domains (HBDs). The nature of 
the activation domains of these steroid receptors has been investigated and 
compared to the AADs of Gal4 and VP16 by a transcriptional interference or 
squelching assay. In this assay, competition by each activation domain 
leads to transcriptional interference provided, as for  Gal4 and VP16, these 
activation domains interact with factors important for transcription that 

RNA 

are limiting in the cell. 
inhibit transcription from activators using a similar mechanism. 
results of these experiments suqqest that the steroid hormone receptors ER 

Activators interictiny with a common-factor thus 
The 

and GR may employ several indepgndent mechanisms of transcriptional 
activation in addition to, and as well as, that of AADs. 
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F 637 PHENOTYPIC TRANSFORMATION OF NORMAL RAT KIDNEY CELLS IS 
UNRELATED TO AUTOCRINE PRODUCTION OF PLATELET-DERIVED GROWTH 

FACTOR, Everardus J.J. van Zoelen. Dept. of Cell Biology, University of 
Nijmegen. Toernooiveld, 6525 ED Nijmegen. The Netherlands. 
Polypeptide growth factors may induce a transformed phenotype onto 
normal cells, characterized by loss of contact inhibition and induction 
of anchorage-independent proliferation. In the case of AKR-2B cells 
growth stimulation by TGFD occurs with a prolonged prereplicative 
interval, most likely resulting from an indirect growth stimulating 
mechanism involving induction of the c-sis oncogene and production of a 
PDGF-like growth factor. In NRK cells TGFB and retinoic acid (RA) are 
only stimulatory in the additional presence of EGF. Thymidine uptake 
experiments show that also in this cell line mitogenic stimulation of 
contact-inhibited cells by TGFD and RA occurs with delayed kinetics. 
Northern analysis shows that NRK cells constitutively express the genes 
for various growth factors inclusing PDGF A-chain, bFGF and TGFD. but no 
c-sis. No enhanced expression was observed in phenotypically transformed 
cells. Binding studies with radiolabeled PDGF isomers and analysis of 
conditioned medium show that NRK cells secrete low levels of a PDGF-like 
growth factor, irrespective of the state of proliferation. It is 
concluded that phenotypic transformation of NRK cells is not associated 
with enhanced production of PDGF-like growth factors. 

F638 WP/IffII CI RECEPTOR IN HUWN BREAST CANCER CELL LINES : CATH D/IffII BINDING 

FranSoise Vignon, Marc Mathieu and Henri  Rochefor t  - INSERM U 148, U n i t  Hormones e t  
Cancer, 60 Rue de Navacel les,  34090 M o n t p e l l i e r  France. 
I n  human b reas t  cancer c e l l s ,  t h e  lysosomal enzyme Cathepsin D (Cath 0 )  i s  syn thes ized 
and secre ted  i n  excess. Both Cath D and IGFII are  mi togen ic  on these mal ignant  c e l l s .  We 
have shown t h a t  rad io labe led  i w u n o p u r i f i e d  Cath D b inds  w i t h  a h igh  a f f i n i t y  
(KD%0.4 nM) t o  membrane recep to r  p repara t i ons  o f  these c e l l s .  The recep to r  
concen t ra t i on  v a r i e d  among b reas t  cancer c e l l  l i n e s  bu t  i t  was no t  c o r r e l a t e d  t o  s t e r o i d  
hormone recep to r  presence. By c r o s s - l i n k i n g  s tud ies  w i t h  1251-IGFII  and 1251-Cath D, we 
i d e n t i f i e d  t h a t  bo th  mitogens share a common 220/270kDa recep to r  i n  these c e l l s ,  on 
which they  b i n d  t o  two d i s t i n c t  bu t  i n t e r a c t i n g  s i t e s .  Mannose-6-phosphate inc reased 
I G F I I  c r o s s - l i n k i n g  which was s t r o n g l y  i n h i b i t e d  (80%) by Cath 0. Conversely, I G F I I  
i n h i b i t e d  Cath D c r o s s - l i n k i n g  by 55%. A consequence o f  these b ind ing  i n t e r a c t i o n s  was 
t h e  i n h i b i t i o n  o f  I G F I I  growth promot ing a c t i v i t y  by concomitant a d d i t i o n  o f  Cath D i n  
adequate range of concent ra t ions  f o r  bo th  l i gands .  This evidence, i n  con junc t i on  w i t h  
t h e  absence of s i g n i f i c a n t  i n h i b i t i o n  o f  I G F I I  m i togen ic  a c t i v i t y  w i th  a monoclonal 
s p e c i f i c  t o  IGFI recep to r  (aIR3),  s t r o n g l y  suggests t h a t  M6P/IGFII CI recep to r  t r i g g e r s  
mi togen ic  response i n  these c e l l s ,  though the  second-messenger pathways have no t  y e t  
been i d e n t i f i e d .  
Supported by t h e  " I n s t i t u t  Nat iona l  de l a  Sant@ e t  de l a  Recherche Medicale" and the  
"Assoc ia t ion  pour l a  Recherche sur le Cancer" Cont rac t  n"6793. 

AND PUTATIVE ROLE IN MITOGENESIS. 

F639 KINASE Fa/GSK-3 AND PHOSPHATASE-1 IN DIFFERENTIATING 3T3-Ll CELLS. 
Emma Villa-Moruzzi, 1st. Patologia Generale, Univ. di Pisa, 56100 

Plea, Italy. 
In 3T3-Ll cells differentiation to adlpocytes ie Induced in 5 days by 
dexamethaeone, IBMX and IGF-1 and is accompanied by 10-15-fold increase In 
insulin receptors. In differentiated cells both cytosolic Fa/GSK-3 (the 
kinase that activates phosphataee-1) and cytosolic phosphatase-1 (Paee-1) are 
stimulated by insulin. Before differentiation the kinase Fa Is mainly 
membrane-bound and ie extracted with Triton X-lOO/NaCl. The specific activity 
of the s o l u b l e  Fa starts to increases within 3 days from cell stimulation 
to differentiate and attains to ca. 10-fold increase by day 5 ,  while at the 
same time the membrane-bound F. decreases 10-15 fold. In differentiated 
cells the soluble Fa represents over 90% of the total cellular F.. In 
non-differentiated cell6 Pase-1 represent6 80-90 X of the cytosolic and 
membrane-bound Pase and ie assayed either as spontaneous activity o r  as 
trypsin-stimulated activity (ca. 5-fold higher). Differentiation increases 
Pase-1 speciflc activity by ca. 2-fold in both soluble and membrane fraction 
while the trypsin-stimulated Pase-1 activity increases more in the fIIembraneE 
(ca. 3-4-fold) than in the cytosol (2-2.5-fold). Gel filtration of the same 
membrane fraction (extracted with Triton X-lOO/NaCl) EhOWS that a Pase 
species of 55-60  kDa, which is Inactive and detected only after 
trypsln-treatment, Is specifically induced with differentiation. 
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F 640 HORMONE-STIMULATED PHOSPHOLIPASE A, ACTIVATION BY PROTEIN KINASE C IN MDCK CELLS, 
Barbara A .  Weiss, Catherine Godson, and Paul A. lnsel, UCSD, Dept. of Pharmacology, 

La Jolla, CA 92093. Previous work in this laboratory has indicated that hormones may stimulate 
arachidonic acid and arachidonic acid metabolism (AA) release by multiple pathways that differ 
in their dependence on protein kinase C (PKC). Specifically, we have shown that a,-adrenergic- 
stimulated AA release appears to be more dependent on PKC than bradykinin-stimulated AA release 
in a clonal isolate from the Madin Darby canine kidney (MDCK) cell line. The current studies 
were designed to determine the mechanism by which these hormones and PKC regulate AA release. 
Both epinephrine and bradykinin stimulate phospholipase A, (PIA,) as evidenced by elevated 
lysophosphotidylethanolamine (LPE) production, This increase in LPE can he blunted by 
sphingosine. an inhibitor of protein kinase C .  and by prior exposure to phorbol esters to down- 
regulate PKC. Western blot analysis of extracts from phorbol ester dowr-regulated cells shows 
that the a isoform of the enzyme is the primary down-regulated, indicating that this isoform 
may be involved in regulating PLA,. Incorporation of [3H]arachidonic acid into membrane 
phospholipids is not effectedby either hormone, suggesting that lysophosphatide acyltransferase 
activity is not regulated by these hormones. Experiments using RHC80267, an inhibitor of 
diacylglycerol lipase, indicate that this enzyme does not contribute to stimulation of AA 
release. Thus, we conclude that PKC regulation of PU,. perhaps preferentially by the a isoform, 
is the primary mechanism by which hormones stimulate AA release in MDCK cells. 
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