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Gene Regulation

Control of Amphiblan 5S RNA Genes

0729 TRANSCRIPTION OF 5S RNA GENES: HOW THE DIFFERENTIATED STATE IS MAINTAINED, Donald D.
Brown, Department of Embryology, Carnegie Institution of Washington, 115 West Uni-
versity Parkway, Baltimore, Maryland 21210.

Transcription complexes made in vitro with 55 RNA genes resemble chromatin. This has
enabled us to suggest a means by which the differentiated state is maintained in eukaryotic
cells. Supported in part by an NIH grant.

Organization of the Eucaryotic Genome
Sponsored by Beckman Instruments, Inc.

0730 MOVABLE GENES OF MICE AND MEN, Philip Leder*, Philip Hieter, Gregory Hollis,
Ilan Kirsch, Aya Leder, Jeffrey Ravetch and Ulrich Siebenlist, Laboratory of
Molecular Genetics, NICHD, National Institutes of Health, Bethesda, Maryland 20205
and *Department of Genetics, Harvard Medical School, Boston, Massachusetts 02115

The fact that genes are less stable than might have been expected is one of the important
new lessons of molecular genetics. In the case of the immunoglobulin genes, this
"instability" is part of a required developmental program that joins distant segments of
DNA to form coherent and active antibody genes. In the case of other genetic systems, this
instability is manifest in the germline and becomes evident only over long periods of
evolutionary time. From our own studies of globin and immunoglobulin genes, we have been
able to identify several different covalent alterations in chromosomal structure that
invoive the movements of large segments of DNA within and between chromosomes. Some of
these can be reconciled by assuming they result from recombination between broadly homo-
logous segments of DNA; others appear to require special DNA sequences and splicing enzymes,
while others--a class we shall call processed genes--seem to be the result of moving a gene
to a new site via an RNA intermediate. This last class is particularly interesting and we
have already found two examples among the globin genes of the mouse and the immunoglobulin
genes of man. In each case, the moved gene--or processed gene--bears significant evidence
of RNA-type processing, including the clean-loss of intervening sequences and coincident
homology to the site of polyA addition. Such elements are likely to be a significant factor
in genomic evolution.

0731 THE MOLECULAR DEFECT IN A CASE OF R° THALASSEMIA IS ABNORMAL SPLICING, Richard
Treisman, Nicholas Proudfoot and Tom Maniatis, Harvard University, Cambridge, MA.

Genetic disorders of human f-globin gene expression are characterized either by the absence
or reduced expression of normal glcbin polypeptide as in the case of R° and g+ thalassemias,
respectively. We previously reported the isolation and nucleotide sequence analysis of a
B—globin gene from an individual hamozygous for B8°-thalassemia (1). Coamparison of the
nucleotide sequence of this gene with that of the normal B-globin gene (2} revealed only two
differences: a G*A transition at position 1 in the secaond intervening sequence (IVS 2) and a
G*T transversion at position 74 of IVS 2. The change at position 1 converts the highly
conserved GT dinucleotide to an AT. The change at position 74 has been noted as a camon
sequence polymorphism in S-globin genes (S.H. Orkin, personal commmnication).

To determine whether the splice junction mutation prevents the normal splicing of the globin
mRNA precursor, the B normal and B° thalassemia genes were introduced separately into SV40
cloning vectors by in vivo recambination using a technique developed by B. Seed (Manuscript
in preparation). Thése f—globin cene recambinants were then transfected into COS 7 and Hela
cells (3,4). We found no difference in the amwount of cytoplasmic f-globin RNA produced by
the R° and normal B—globin genes. IVS 1 is correctly excised fram both gene transcripts,

but the normal IVS 2 splice donor site is not utilized in the B° gene transcripts. We
oconclude that the G»A transition campletely inactivates this splice donor site. Instead, the
B° gene utilizes a novel splice donor site at IVS 2 position 47 which is apparently inactive
in the normal gene. The DNA sequence at this site (TGGTTAZG), is similar to previously
characterized splice sites. Both the 8 normal and R° genes utilize the normal IVS 2 splice
acceptor site. The aberrant splicing of the B° gene transcripts results in the insertion of
47 nucleotides vhich contains a translational stop codon. The absence of a normal splicing
event at the 5' end of IVS 2 provides direct genetic evidence for the requirement of the

GT sequence in mRNA splicing. The fact that a new splice donor site, which is apparently not
recognized in the normal gene transcript, is utilized in the B° gene suggests that the
primary sequences at splice sites are not the sole determinants of splicing campetence.

(1) Shander, M., Vande Woude, S., Proudfoot, N. and Maniatis, T. (1981) J. Supramol. Struct.
Cell Biochem. Suppl. 5, 229.

(2) Lawn, R.M., Efstratiadis, A., O'Connell, C., and Maniatis, T. (1980) Cell 21, 647.
(3) Mellox:x, P., Parker, V., Gluzman, Y. and Maniatis, T. (198l) Cell 27, 279.
(4) Banerji, J., Rusconi, S. and Schaffner, W. (1981) Cell 27, 297. T
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Gene Regulation

0732 HORMONAL CONTROL OF GROWTH HORMONE GENE EXPRESSION, H.M. Goodman*, M.D. Walker+,
D.J. Diamond*, M.A. Conkling*, P. Kushnert,D.D. Moore*
*Department of Molecular Biology, Massachusetts General Hospital, Boston, MA 02114
+Department of Biochemistry and Biophysics, University of California, San
Francisco, CA 94143

The rat and human growth genes have been isolated and their nucleotide
sequences have been determined. The rGH gene is unique in the haploid rat genome,
but there are approximately seven hGH related genes in the haploid human genome.
Only two protein products, hGH and hCS, are known to be encoded by these multiple
human genes. Perhaps surprisingly in the face of such potential diversity the hGH
gene gives rise to two different protein products, the 22,000d. major hGH polypep-
tide and the smaller 20,000d. minor hGH, by two alternative splicing pathways for
removal of one of the four intervening sequences present in the nuclear messenger
RNA precursor.

The rGH gene has been examined in various functional states. In both the pitu-
itary and the brain, the gene shows a lowered level of methylated cytosing residues,
a state which has been correlated with active transcription In other gene systems.
However, the gene i1s highly methylated in the GH3 rat pituitary cell line which
makes and secretes significant amounts of rGH.

The rGH gene and several thousand bases of flanking DNA have been introduced
into a mouse cell line. Synthesis of rGH RNA is detectable in three different rGH
containing clones, and in all of them the level of rGH RNA is increased by the
addition of dexamethasone plus triiodothyronine. This indicates that at least some
of the signals which cause the gene to respond to hormones are very close to the
gene itself.

Nucleic acid hybridization analysis shows that the hCS gene 1s very homologous
to the hGH gene, but the putative rCS gene is not strongly homologous to the rGH
gene. Two different hypotheses for the evolutionary origin of the hCH gene have been
offered to explain this paradox. According to the first, the hCS gene arose by du-
plication of the hGH precursor after rodents and primates diverged. Altermatively,

a more ancient hCS precursor could have been changed to the observed hGH-1like
sequence by a recent recombination or gene conversion event involving the hGH
precursor.

Viral Genomic Expression

0733 POLY(A) IN mRNA FORMATION AND STABILITY, James E. Darnell, Jr.,

Menachem Zeevi, Joseph Nevins, llarianne Salditt-Georgieff and
Selina Chen-Kiang, Molecular Cell Biology Department, The Rockefeller
University, New York, N. Y. 10027.

In the usual order of steps in mRNA processing (either virus or cell
transcripts) the poly(A) segment is added before splicing. We have found
however that splicing is not dependent on the physical presence of poly(a)
since splicing occurs in the presence of 3' deoxyadenosine. 1In continuing
the observations on spliced mRNA-sized molecules made in the presence of
3'dA we have now found that they enter the cytoplasm and can be found in
polyribosomes. However since label does not accumulate in these molecules
it appears that they turn over rapidly. The role of poly(A) may be largely
(if not entirely) to increase the half-life of cytoplasmic mRNA.

Additional experiments of addition of poly(A) in the nucleus of CHO
cells and in vitro poly(A) synthesis will be described as time permits.

2681



Gene Regulation

0734 THE ANATOMY OF FUNCTION IN RETROVIRUS ONCOGENES, J.M. Bishop, Department of
Microbiology and Immunology, University of California, San Francisco, CA 94143
The oncogenes of avian retroviruses provide means by which cells of different embryologi-
cal lineages can be transformed to neoplastic phenotypes. Several of these genes
( src, fps, yes, and ros) transform only fibroblasts and encode proteins that appear to be
tyrosine protein kinases. Others ( B erb, and myb) transform hematopoietic cells by
functions as yet unidentified. All of genes appear to have derived from "proto-
oncogenes” or "cellular oncogenes® in the genomes of both vertebrate and pre-
vertebrate species. I will review: 1. ) the use of molecular cloning and nucleotide
sequencing to compare viral to cellular oncogenes; 2.) evidence concerning the mechanism
by which oncogenes might be "transduced" from the genome of normal cells; 3.) efforts to
express cellular oncogenes that have been isolated by molecular cloning and reintroduced
into avian or mammalian cells in chimeric vectors; 4.) the role of subcellular localiza-
tion in the function of the protein encoded by src; 5.) the role of the host cell in modu-
lating the structure and function of the src protein; 6.) the "dose" of the src protein
required to transform cells to a neoplastic phenotype; and 7.) the use of site-directed
mutagenesis to map domains of function within oncogenes. At stake is the hypothesis that
re;iovirus oncogenes provide suitable models for “cancer genes” indigenous to normal
cells.

Reference: Bishop, J.M.; Retroviruses and Cancer Genes. Adv. Cancer Res., Vol. 37, in
press (1982).

0735 CHARACTERIZATION OF THE ROUS SARCOMA VIRUS TRANSFORMING GENE PRODUCT EXPRESSED IN
E. COLI, R.t., Erikson and T.M. Gilmer, Department of Pathology, University of
Colorado School of Medicine, Denver, CO 80262

A number of biochemical experiments suggest that the Rous sarcoma virus (RSV) src gene
product is a protein kinase with the unusual capacity of phosphorylating tyrosine residues in
protein substrates. Normal host cells for RSV express a variety of protein kinases, thus, in
order to study pp60SC in the absence of these enzymatic activities recombinant molecular
clones were constructed that express the src gene protein in E. coli. The protein produced in
E. coli was recovered in a soluble and insoTuble form. The solubTe form was purified exten-
'sively and shown to phosphorylate tyrosine residues in protein substrates, whereas extracts
from E. coli carrying identical molecular clones lacking the src gene y1e1ded no detectable
enzyme ac t1v1ty These data, taken with those previously pubTished, lead to the conclusion
that the RSV src gene encodes a protein kinase.

The RSV src gene product expressed in eukaryotic cells is a phosphoprotein and although
preliminary evidence suggests p60 expressed in E. coli is not a phosphoprotein, additional
studies are required. Additional studies on quantitative comparisons of the enzymatic
activity of p60STC of prokaryotic and eukaryotic origin are in progress and will be dis-
cussed, particularly with regard to the phosphorylation state of the molecule.

Gene Expression in Animal Cells

0736 STUDIES ON THE CHROMOSOMAL STRUCTURE OF DIFFERENTIATION-SPECIFIC GENES, Bert W.
0'Malley, William E. Stumph, George M. tawson, Ming-Jer Tsai, Department of Cell

Biology, Baylor College of Medicine, 1200 Moursund Avenue, Houston, Texas, 77030.

Hen oviduct nuclei were subjected to pancreatic DNase I treatment under conditions known
to preferentially degrade transcriptionally active genes (Weintraub and Groudine, 1976,
Science 93, 848). The ovalbumin gene, its structurally related genes, X and Y, and the
spacer and flanking DNA were all found to exist in a DNase I sensitive configuration. More
interesting, however, the DNase ! sensitive region was found to extend more than 20 Kb beyond
the 5' end of the X gene and approximately an equal distance beyond the 3' end of the oval-
bumin gene before it became DNase I resistant. The transition from DNase I sensitive to a
resistant conformation in oviduct chromatin occurred in a gradient fashion within a 10 Kb of
DNA. Thus, ovalbumin and its related genes, X and Y, exist in DNase sensitive domain which
is >100 Kb in length in the oviduct tissue. In contrast, this entire domain was resistant
to DNase I in spleen, liver, and erythrocyte nuclei. When the transcription of ovalbumin, X,
and Y genes was eliminated by the withdrawal of hormone from estrogen-stimulated chicks, the
entire domain remained in a DNase I sensitive configuration. Additionally, we have extended
this concept of structural domains to other sets of avian genes. Repetitive sequences within
this domain have been mapped and a particular sub-family termed CR1 has been shown to exist
only at borders of this large DNase I-sensitive domain. The region of homology between
these CR1 sequences extends over a region of approximately 160 base pairs. In each case, the
160 base pair region is flanked by imperfect, but homologous, short direct repeats 10-15 base
pairs in length - a characteristic of transposable DNA elements. We conclude that large
DNase I sensitive domains may provide the structural capability for chromosomal gene
expression and appear to be a result of the differentiation process since they are cell-
specific and contain potentially expressible genes of that cell type.
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Gene Expression in Development

0737 REGULATION OF GENE EXPRESSION IN SEA URCHIN EMBRYOS, Eric H. Davidson, Division

of Biology, California Institute of Technology, Pasadena, California 91125.

Expression of a series of cloned sea urchin embryo genes has been analyzed, including several
actin genes, These genes identify a number of diverse strategies by which the prevalence of embryonic
cytoplasmic transeripts is controlled. Some genes are not represented in maternal RNA and their tran-
scripts appear suddenly during embryogenesis. Examples are provided by certain of the actin genes which
have now been identified, the late histone genes, and several other cloned genes. However the majority
of embryo transcripts are already represented in maternal RNA at fertilization. Many of these maternal
transeripts have structural features reminiscent of nuclear RNAs rather than of the polysomal messages
of the later embryo. During development the embryo replaces maternal poly(A) RNAs with newly
synthesized transcripts. The point at which this occurs differs for each sequence studied. Transeript
prevalences extend from a few copies of each sequence per gastrula cell to thousands or more copies per
cell. Direct measurements show that the prevalence of each transcript is determined both by its specific
cytoplasmie decay rate and its synthesis and flow rate into the cytoplasm during embryogenesis.

0738 A MOLECULAR ANALYSIS OF THE BITHORAX COMPLEX IN DROSOPHILA. David S. Hogness,
Robert B. Saint, Michael E. Akam, Michel Goldschmidt-Clermont, and Philip Beachy,
Department of Biochemistry, Stanford University School of Medicine, Stanford, CA 94305.

The bithorax complex of Drosophila melanogaster consists of a cluster of genes that
select and maintain the developmental pathways for most of the body segments of both larvae
and adult flies (1). These segments include Al-A8 and T3 (i.e., all eight abdominal
segments and the third thoracic segment; 1), and at least part of T2, the second thoracic
segment (2). The gene cluster can be divided into left (proximal) and right (distal) halves
on the basis of gene function. The left half contains the genes required for T2 and T3
development (abx, bx, pbx and ppx) and for Al development (bxd), as well as Ubx, which is
required for all three segments. This half can be viewed as a single functional unit
because Ubx mutations appear to cis-inactivate the wild-type functions of its other genes
(1, 2). The genes in the right half are required for the development of A2-A8; their
functions are not affected by Ubx mutations (1). We have isolated cloned segments of
genomic DNA that include most of the bithorax complex, and have determined the location of
DNA nltitntignu as!ocintid witi a varieiy of mutations in the complex (3); in particular,
the abx™, bx", Cbx™, Ubx", bxd" and pbx  apparent point mutations that were mapped in that
order by recombination by E.B. Lewis (1), were shown to exhibit the same order on the
molecular map, although none are true point mutations, each being associated with the
insertion or deletion of small DNA segments (3). This report will concentrate on a more
detailed analysis of the ~120 kb of DNA that constitutes the left half of the complex. This
analysis includes the characterization of the units of transcription im that half, and the
molecular mapping of a large collection of Ubx mutations. The most dramatic characteristic
of the left half is the extraordinary length of the Ubx unit that is revealed both by
molecular mapping of Ubx mutations and by analysis of RNA transcripts. This unit extends
some 75 kb leftward (the direction of its ttunscriptign) from its right boundary near the
Ubx™ site to a position some 30 kb to the left of abx . The unit yields three different
length classes of RNA (3.0, 4.3 and 4.7 kb) of which two contain sequences from both ends
but apparently none from t?e intervining ~70 kb. A smaller bxd unit of tramscription (25

kb) that overlaps both bxd™ and pbx  mutations yields RNAs with similar properties.

(1) E.B. (1981). In: Developmental Biology Using Purified Genes, ICN-UCLA Symp.on Mol.
and Cell. Biol., Vol.XXIII (eds. D.D. Brown & C.F. Fox), Academic Press, NY, in press. (2)
Morata, G.and Kerridge, S.(1981). Nature 290,778-771. (3) Hogness, D.S., Bender W.W., Akam,
M.E., Saint, R.B. and Spierer, P. (1981). J. Supramol. Structure and Cell. Biochem.,
Supplement 5, p. 385.
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Processing of RNA Precursors

0739 STRUCTURE AND FUNCTION OF RNA PROCESSING NUCLEASES, PARTICULARLY THOSE OF TRANSFER
RNA BIOSYNTHESIS, Sidney Altman, Cecilia Guerrier-Takada, Madeline Baer and Robin
Reed, Department of Bioloay, Yale University, New Haven, CT 06520.

Nucleases involved in RNA processina events are reauired to carry out highly specific cleav-
age reactions (1,2). There is little obvious relationship of known substrate recognition
mechanisms to enzyme structure. A close examination will be made of the enzymes of tRNA bio-
synthesis (3) and, in particular, of RNase P, the enzyme which generates the 5' termini of
mature tRNA sequences (4). Recent experiments have nrobed the points of intimate contact be-
tween the protein and RNA moieties of the enzyme with each other and with precursor tRNA sub-
strate. In addition, the role that RNase P and other tRNA processing enzymes may play in
controlling the expression of non-tRNA genes will be illustrated with specific examples from
E. coli (1,5,6) and human mitochondria 7).

Altman, S., Guerrier-Takada, C., Frankfort, H.M. and Robertson, H.D., in "Nucleases"
{eds. S. Linn and R. Roberts, Cold Spring Harbor, 1982) in press.

Perry, R.P., J. Cell. Biol. (1982) in oress.

Altman, S., Cell 23 3-4 (1981)

Kole, R. and Altman, S., Biochemistry 20 1902-1906 (1981)

Lee, J.S., An, G., Friesen, J.D. and Fiil, N.P., Cell 25 251-258 (1981)

Altman, S., Model, P., Dixon, G. and Wosnick, M., Cell 26 299-304 (1981)

Ojala, D., Merkel, C., Gelfand, R. and Attardi, G., CelT 22 393-403 (1980)

NS W —

0740 SMALL NUCLEAR RNPs AND RMA PROCESSING. Harris Busch, Ram Reddy, Dale Henning, and
Paul Epstein, Baylor College of Medicine, Houston, Texas 77030
With the completion of the sequence analysis of the U-snRNA's the following have been demon-
strated: 1) the U-RNA's are the only small nuclear RNA species that are "capned"; 2) the tri-
methyl G cap is unique to the Ul to U5 RNA species; 3) the U6 RNA has a distinct but unidenti-
fied 5'-cap different from Ul to U5 RNA; 4) all the U-snRNA species are in small particles in
the nucleoplasm except for U3 RNA which is the onlv U-snRNA in the nucleolus; 5) the U-snRNA
species are evolutionarily conserved; 6) EM pictures of hnRNP-snRNP complexes demonstrate jux-
taposition of these structures but not whether their association is by RNA:RNA or protein:pro-
tein bonds; 7) preliminary analyses with crosslinking reacents show that the snRNA:hnRNA bonds
exist; 8) antibodies to small nuclear RMP particles in patients with autoimmune diseases are
useful markers for the disease state; ¢) one autoantibody, Sm, reacts with common antigens in
all U-snRNP except U3-RNP; 10) the Ul-RNP autoantibody reacts specifically with only Ul-snRNP;
11) the 5' terminal sequence of Ul RNA is highly complementary to the termini of the intron
consensus sequence and to the 5'-termini of specific viruses; 12) models for Ul RNA structures
in the Ul snRMP particles show Ul RNA is highly hydrogen bonded and is shielded by proteins
from Ty RNase; 13) preliminary immunological blocking analyses have indicated that in some
systems RNA processing is blocked by antibodies to snRMP's. A nondenaturing method for pre-
naration of the snRNP's which retains their associated enzymes for these particles is required
to demonstrate their role in snlicing, transport or processing of high molecular weight rRNA
and mRNA p;ecursors. The "Alu® group of snRMA's does not have a 5'-cap (4.55 RNA, 4.51 RNA
and 8S RMA).
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Gene Expression in Inducible Systems

0741 TRANSCRIPTIONAL REGULATION WITHIN DROSOPHILA GENE FAMILIES. Brian J. McCarthy
and Janet M. Monson, Department of Molecular Biology and Biochemistry, University
of California, Irvine, CA 92717, Jeannette Natzle and Ursula Rdest, Department

of Genetics, University California, Berkeley, CA 94720. Federico Sanchez, Centro de

Investigacion sobre Fijacion de Nitrogeno, UNAM, Cuernavaca, Morales, Mexico and Sara L.

Tobin, Department of Genetics, University of California, Berkeley, CA 94720.

As is the case for other multi-cellular organisms, Drosophila has more than one gene
for each of the structural proteins actin, tubulin and collagen. We have isolated and
mapped all six actin genes, all four a- and all four g-tubulin genes and two collagen-like
genes. Our interest has been in their transcriptional activity through the Drosophila
Yife-cycle. Amounts of RNA representing individual genes present at each stage were
estimated by gel blot and dot blot analysis. Several examples of these profiles of
developmental expression will be discussed. Two of the actin genes, those at 798 and 88F
show similar patterns during early development with peaks at 2-3 hr and 12-15 hr and
increased transcription in first and second instar larvae. In pupae the 88F gene is more
active than either gene at any other stage, while transcription from 798 is lower than in
first and second instar larvae.

In the case of tubulin, detailed patterns of expression have been established for all
eight genes. All show distinctive profiles of temporal expression and for some there are
periods where expression is barely detectable. For both collagen-like genes the peak of
expression occurs during the first and second larval instars, but transcripts of one can
be observed earlier than those form the second. Other collagen-like genes exist but have
not been explored.

We conclude that the expression of individual within gene families for structural
proteins is independentally regulated.

0742 GLUCOCORTICOID REGULATION OF GENE EXPRESSION: IDENTIFICATION OF MMTV REGULATORY

SEQUENCES. Gordon Ringold, Maureen Costello, Barbara Dieckmann, Deborah Dobson,
J. Russell Grove, Frank Lee, and James Vannice. Department of Pharmacology, Stanford Medical
School, Stanford, Ca. 94305

We have constructed gene fusions between the mouse mammary tumor virus {MMTV) LTR and a
variety of selectable markers. After introduction into recipient cells by DNA-mediated
transformation, the selectable genes become glucocorticoid inducible. The absolute Tlevel of
expression directed by the MMTV promoter is highly dependent on the cell into which it is
introduced and the degree of hormone responsiveness is in large part a function of the
availability of functional glucocorticoid receptors. Deletion mutants within the LTR have
been constructed to delineate more precisely the region(s) required for glucocorticoid
sensitivity.

In attempts to determine whether the LTR and other regions of the viral DNA are import-
ant in the hormonal responsiveness of MMTV during a natural infection we have selected
mutant HTC cells that are inEapab1e of inducing the major viral glycoprotein(gp52) in
response to glucocorticoids.” Detailed characterization of these cells by biochemical and
genetic techniques have allowed us to identify at least two complementation groups: 1) cells
defective in the glucocorticoid receptor and 2) cells with cis-acting defects in the viral
DNA. Analyses of the DNAs from the cells harboring defective proviruses indicate that the
lesions giving rise to impaired hormonal sensitivity are not a consequence of altered DNA
methylation or due to large insertions or deletions. Attempts to clone these defective
proviruses are underway. Lastly, to complement our studies on the MMTV regulatory region,
we are currently identifying cDNA clones corresponding to the genes for at least two rat
liver proteins that are induced by glucocorticoids.

1. Lee,F., Mulligan,R., Berg,P., and Ringold,G. Glucocorticoids regulate expression of
dihydrofolate reductase cDNA in mouse mammary tumor virus chimaeric plasmids. Nature
294: 228-232, 1981.

2. Grove, J.R., and Ringold,G.M., Selection of rat hepatoma cells defective in hormone-

regulated production of mouse mammary tumor virus RNA. Proc. Nat. Acad. Sci. 78: 4349-4353,
1981.
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0743 COMPLEX HORMONAL REGULATION OF MAMMARY GLAND MILK PROTEIN GENE EXPRESSION
Jeffrey M. Rosen, Andrew A. Hobbs, John R. Rodgers, and Li Y. Yu-Lee,
Department of Cell Biology, Baylor College of Medicine, Houston, TX 77030

The control of milk protein gene expression by both peptide and sterolid hormones is a com-
plex interactive process involving regulation at both the transcriptional and post-
transcriptional levels (1). Both the rapidity and the large magnitude of induction observed
in response to hormones in serum-free mammary explant cultures make this an ideal system for
investigating the factors controlling specific mRNA accumulation in mammalian cells. The
predominant milk proteins, the caseins, are a family of phosphoproteins, which appear to have
evolved from a common ancestral gene. Considerable sequence divergence has been observed
among members of this gene family in both intra- and interspecies comparisons. The three
caseins are located on a single chromosome, while a fourth, abundant milk protein gene,
designated pX32, is on a different chromosome (2). Analysis of the structure of genomic
casein clones has revealed that the casein genes are large and complex, containing multiple
intervening sequences resulting in a length of 17 Kb for the y-, and about 25 Kb for the
B-casein gene. These genes are approximately 18 and 22 times larger than their respec-
tive mRNAs. Cloned cDNAs have been used to measure the levels of these mRNAs during both
normal mammary development and in cultures exposed to the hormones, prolactin and hydrocor-
tisone (3). In organ culture both hormones were found to be essential for the maximal in-
duction of all four mRNAs. By 24 hours after prolactin addition the levels of pX32, a-,
g~, and y-casein mRNAs had increased 4-, 8-, 35- and 250-fold, respectively. The rela-
tive proportions of the a-, B-, and y-casein wRNAs changed, therefore, from 300:35:1 in
the uninduced to 4:7.7:1 in the induced state. These changes in mRNA concentrations can
be explained by differences in both the half-lives of these mRNAs, as well as their rates
of transcription in the presence and absence of hormones. Recent sequence analysis of
Y-casein mRNA has revealed the presence of an unusual poly(A) addition sequence, AUUAAA,
11 nucleotides 5' to the poly(A) tail. Interestingly a significantly greater proportion
of y-casein mRNA was also observed in nuclear poly(A) minus RNA. Studies are in progress
to assess the significance of this observation with respect to the hormonal regulation of
casein mRNA stability.

1. Guyette, et al., Cell 17:1013, 1979.
2. Gupta, et al., J. Cell Biol., in press.
3. Hobbs, et al,, J. Biol. Chem., in press.

0744 SELECTIVE GENE EXPRESSION WITHIN HORMONALLY ACTIVATED MULTIGENE FAMILIES,
Jamshed R, Tata, National Institute for Medical Research, Mill Hill, London NW7 1AA.

Many hormonally regulated genes are members of small multigene families of 3-20 genes which
are expressed in a highly tissue specific manner (1). These include genes coding for chicken
ovalbumin, Xenopus vitellogenin, rat aj ~globulin and mouse a-amylase, Not all members of
these multigene families are trauscrxbeg equally efficiently when a hormone activates
specific genes. Thus, estrogen activates the transcription of the major ovalbumin gene in
the chicken oviduct at rates that are 200 times that of the neighbouring 'X' and 'Y'
ovalbumin~like genes (2). Similarly, not all ap,-globulin genes, which are regulated by
androgen in rat liver, may be activated by the hormone (3), Particular emphasis will be
placed in this talk on the selective activation by estrogen of the vitellogenin multigene
family in male Xenopus liver. The hormone induces de novo the trangcription of at least &4
vitellogenin genes which can be distinguished by virtue of a 20% divergence in coding sequence
into 2 groups (A and B) of two genes each (4), As judged by the kinetics of hybridization,
it appears that there are additional vitellogenin sequences which are not transcribed. A cell
culture system was used to determine whether or not the four vitellogenin genes are
co-ordinately activated at the very early stages of hormonal induction (5). We have found
that the A and B groups of vitellogenin genes are not simultaneously activated and that
accumulation of individual mRNAs does not proceed at identical rates at the onset of
stimulation in vitro, Differential hormonal effects on conformation (as judged by DNase I
sensitivity) and transcription of individual vitellogenin genes, measured simultaneously

in vitro, will also be briefly discussed. Selective expression or differential rates of
transcr1pt10n of individual hormonally activated genes within a multigene family poses new
questions concerning the regulation of their expression and the sites of interaction between
the genes and hormone receptors.

1. Tata JR: J. Steroid Biochem, 15:1982, in press.

2, LeMeur M, Glanville N, Mandel JL, Gerlinger P, Palmiter R, Chambon P: Cell 23:561, 1981,
3. Kurtz DT: Nature 291:629, 1981,

4. Wahli W, Dawid IB, Wyler T, Jaggi RB, Weber R, Ryffel GU: Cell 16:535, 1979,

5. Searle PF, Tata JR: Cell 23:741, 1981,
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Chromosomal Structure of Genes

0745 CHROMATIN CONFORMATION AND GENE ACTIVITY, Gary Felsenfeld, James McGhee, William

Hood, Joanne Nickol, and Michael Behe, National Institutes of Health, National Institute of

Arthritis, Diabetes, and Digestive and Kidney Diseases, Laboratory of Molecular Bioloay,

Section on Physical Chemistry, Bethesda, MD 20205

The physical properties of chromatin have been explored at the level of individual nuc-
leosomes, extended polynucleosome filaments, and folded polynucleosome fibers. To compare the
physical properties of bulk chromatin with the properties of chromatin in transcriptionally
active genes, we have examined the stability of the 30 nm chromatin fiber in the neighborhood
of the adult 8 globin gene in chicken erythrocytes. We find that the DNA in the neighborhood
of this gene is indistinquishable in its degree of compaction from bulk chromatin. As the
ionic strength of the solvent is decreased, the 30 nm fiber unfolds to form a 10 nm extended
filament. The same salt dependence is shown by the active aene reaion. There appears to be
no major instability, at this Tevel of chromatin folding, associated with the potential for
transcription, or with the special sensitivity to nucleases present in this region.

The sensitivity to each of 3 nucleases (DNase I, DNase II, and micrococcal nuclease) is
remarkably uniform throughout the region containing the adult g alobin gene, the 5' end of the
neighboring embryonic ¢ gene, and the 2.7 Kbp of DNA separating them. A notable exception is
the hypersensitive region just 5' of the adult g alobin aene. \le have mapped this reaion in
detail, using a variety of nucleases, and show that it extends over about 200 base pairs of
DNA between about -60 and - 260 nucleotides from the starting point of transcription. The
hypersensitive region is highly enriched in the sequence CpG, the usual site of methylation.
le have used the restriction enzyme Msp I to Tiberate a 115 bp fraoment from 14 day embryo
erythrocyte nuclei. About one third of the fragments are protein-free. The yield of frag-
ment is greater than 80%; its size and accessibility suggest that the region is nucleosome-
free in the nucleus. No such fragment is Jiberated when nuclei from 5 day embryos are
incubated.

The correlation of levels of methylation with transcriptional activity in this hypersen-
sitive region and in other active regions of the aenome raises gquestions about the effects of
methylation on DNA and chromatin structure. In order to detect such possible effects, we
have examined the properties of synthetic polydeoxynucleotides with the sequence (dm”dC-dG) .
Such sequences underqo transition from the B to Z form under physiological conditions of
fonic strenqth. We find that the binding of histones stabilizes the B form, and that Z DNA
does not form a well-defined nucleosome structure. The possible significance of these results
for structure in vivo will be discussed.

0746 CHROMATIN FINE STRUCTURE OF GENES, Abraham Worcel, Department of Biology, University
of Rochester, Rochester, New York 14627.

We have previously reported that the histone gene repeat of Drosophila melanogaster is pack-
aged into a precisely defined and characteristic structure, as follows: the non-transcribed
snacers display a "normal” chromatin arrangement, with each nucleosome nrecisely positioned on
the underlying DNA sequence; the 5' ends of all five histone genes are in an exposed confiqura-
tion, highly sensitive to both micrococcal nuclease and DNase I; and the genes have an "alter-
ed" chromatin structure, as indicated by the weak and irregularly spaced nuclease cuts (1). We
have now analysed the effect of salt extraction on this particular chromatin fine structure.

Treatment of nuclei from Drosophila melanogaster embryos and/or tissue culture cells with in-
creasing concentration of salt (from 0.35M to 1.1M KC1) results in the stepwise removal of non-
histone chromosomal proteins, histone Hl and finally, nucleosomal histones. Using an indirect
end-label technique (1,2) we have examined the structure of the 5 Kb histone gene repeat in

the extracted chromatin. The removal of the non-histone proteins with 0.35 KC1 enhances a
micrococcal nuclease cleavage 190 bp upstream from the 5' end of the histone H1 cene but does
not otherwise effect the overall pattern of m. nuclease sites nor the DNase I hypersensitive
sites at the 5' end of the genes. The quantitative extraction of histone Hl with 0.55M KC1
does not cause further chanaes in either the m. nuclease or the DNase I cleavage pattern. Ex-
traction with 0.75 KC1 erases the nreferential DNase I susceptibility at the 5' end of the five
histone genes and unmasks new micrococcal nuclease sites in the long HI-H3 DNA spacer. These
new sites, which correspond to m. nuclease hypersensitive sequences in the protein-free DNA,
become more prominent after extraction with higher KC1 concentrations. Extraction with 1.1M
KC1 erases the native chromatin sites and results in a m. nuclease pattern which is identical
to the free DNA cleavage pattern.

The data strongly suggests that nucleosomal histones precisely positioned on the DNA sequence
of the long H1-H3 non-transcribed spacer are responsible for the m. nuclease cleavage pattern
observed over the same region in native chromatin. The salt concentration required to erase
the DNase I hypersensitive sites (0.75 KC1) randomizes nucleosome position on DNA: thus the
DNase I hypersensitivity may be due to a selective absence of nucleosomes from those 5' gene
regions.

1) Samal, B., Worcel, A., Louis, C. and Schedl, P. (1981) Cell 23 401-409.
2) Wu, C. (1980) Nature 286 858-860.
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0747 SUPERCOILED LOOPS AND GENE EXPRESSION, Bert Vogelstein, Barry D. Nelkin, Sabina I.
Rabinson, Don Small, The Oncology Center, Johns Hopkins University School of Medicine
Baltimore, MD 21205.

The DNA in a eucaryotic nucleus is arranged into a series of supercoiled loops which are
anchored at their bases to a nuclear skeleton or matrix. It can be shown that these super-
coiled toops of DNA are motile, rather than stationary, structures; they are reeled through
the matrix during replication, and perhaps during other nuclear processes. Using nuclease
digestion, one can progressively cleave DNA from the loops, thereby isolating residual

DNA that is progressively closer to the nuclear matrix anchorage sites. Using such a
technique, it is shown that specific genes, such as the SV40 genes in SV40 transformed cells,
are specifically located at the base of the DNA loops. The orientation within supercoiled
loop domains of a variety of other genes has been assessed and correlated with cell
differentiation.

Expression of Transduced Genes in Mammalian Cells

0748 EXPRESSION OF TRANSDUCED GENES IN MAMMALIAN CELLS, Paul Berg, Department of

Biochemistry, Stanford University Medical Center, Stanford, CA 94305
Our laboratory has explored two approaches to achieving transduction-transformation of
mammalian cells. One utilizes recombinants constructed in vitro from suitably modified
cloned cDNAs or pro- and eukaryote derived genomic segments, and SV40 DNA from which seg-
ments encoding early and late wviral functions have been excised. In this experimental
design the recombinant viral genomes must contain the origin of SV40 DNA replication and
not be larger than 5.3 kb in order to be propagated as mature virion genomes; moreover,
since the recombinant genomes are defective, propagation can only occur with a helper virus
to provide the missing gene product(s). A virtue of this approach is that amplification of
the recombinant genomes ensures a high yield of the mRNAs and proteins expressed from the
transduced genes. In my lecture I shall describe experiments by Andrew Buchman, using the
8V40 lytic vector system that bear on the need for splicing in mRNA biogenesis. His experi-
ments demonstrate a failure to accumulate stable f-globin cytoplasmic mRNA from transcripts
made after infection with recombinants containing a B~globin cDNA interposed between the
§V40 early region promoter and late region poly A site. Buchman has shown that this defi-
ciency is rectified by inserting an intervening sequence at any of several locations within
the recombinant's B-globin transcription unit. This system has been used to examine the
splicing requirements for transcripts containing the PB-globin and other protein coding
segments as well as a means to correlating features of intervening sequence structure and
splicing activity. The second approach exploits a new group of transducing-transforming DNA
vectors for the introduction and maintenance of new genes in a variety of mammalian cells.
One prototype of this class of vectors, pSV2-neo, developed by P. Southern and B. Howard,
contains a DNA segment from the plasmid pBR322 to permit propagation of the recombinants in
E. coli and a transcription unit comprised of the SV40 early region promoter, the dominant
selectable marker, Econeo, an iggervening sequence and a poly A site. Cells transformed
with pSV2-neo (frequency 10 -10 ) grow in media containing the inhibiting aminoglycoside
G418. Unique restriction sites in pSV2-neo DNA permit the introduction of other, non-se-
lectable genes into the same vector and thereby co-transformation of cells for these other-
wise non-selectable phenotypes. In illustrating this approach I shall describe experiments,
carried out by D. Canaani, which show that several clones transformed to G418 resistance
with the recombinant pSV2-neogHIFN-Bl (gHIFN-Bl is the human B-1 interferon genomic DNA
supplied by W. Fiers) produce an activity which protect human cells against VSV infection.
Some clones produce interferon constitutively while others are induced nine-fold by
exposure to poly(I)+poly(C). Clones that are inducible for the production of interferon
also produce an interferon mRNA whose structure is indistinguishable from that of the in-
duced resident counterpart gene.

Regulatory Protein-DNA Interactions

0749 A REPRESSOR AND CRO -~ COI'POMNENTS OF Nl DFFICIENT MOLECULAR SWITCH,
Mark Ptashne, Department of Biochemistry and Molecular Biology,
Harvard University, Cambridge, MA 02138
In a lysogen, most genes of phage ) are repressed; in response tc a transient
induction signal, they are efficiently switched on. The switch, which con-
sists in part of a tripartite operator to which two regulatory proteins bind,
depends not only upon DNA-protein interactions, but alsoc upon effects trans-
mitted from one DNA-bound protein to another. X exemplifies a strategy that
facilitates efficient switching between two physiological states in response
to a transient signal. The repressor is both a positive and a negative
regulator of gene transcription. Analvsis of repressor structure by X-ray
crystallography and the results of biochemical and genetic experiments suggest
mechanisms for these activities.
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0750 REGULATION OF SV40C TRANSCRIPTION IN VITRO. Robert Tjian, William S, Dynan, Donald
C. Rio and Richard M. Myers. Biochemistry Dept., Univ. of Calif., Berkeley CA 94720

The wild type SV40 early promoter region (see figure) contains three binding sites for the
SV40 early gene product, T antigen. The primary transcription control region, as defined by in
vitro transcription of mutant templates, lies within an 85 bp region immediately upstream from
the third T antigen binding site. The 5' ends of the early RNA lie within the middle binding
site. The origin of viral DNA replication is also in this region, centered in the middle bind-
ing site. At late times in the lytic cycle, synthesis of SV40 early RNA is autoregulated. We
have previously shown that this regulation operates in vitro. The presence of DNA-bound T anti-
gen inhibits in vitro transcription by Hela cell extracts, and this inhibition is dependent on
the presence of T antigen binding site I, as well as on the spatial relationship of the bind-
ing sites and the promoter . We have recently constructed a new mutant, pIN 4, that has 31 bp
of bacterial DNA substituted for 33 bp of SV40 DNA in T antigen binding site II. pIN 4 sup-
ports in vitro transcription at wild-type levels, with a novel RNA start point within the sub-
stituted region. Although a normal and functional site I is present, pIN 4 transcription is
not repressed in vitro by levels of T antigen sufficient to repress wild-type transcription.
This result, together with previous findings, suggests that site II is required for actual re-
pression to occur, and that site I, which is the strongest of the three binding sites, is nec-
essary but not sufficient. On the basis of binding studies, it appears that the primary func-
tion of site I may be to facilitate and coordinate binding to the other two sites.

In order to develop a more detailed picture of how the SV40 early promoter works, we have
begun to develop a purified system for in vitro transcription. As with the adenovirus 2 major
late promoter, faithful transcription of SV40 requires multiple components that do not copur-
ify and that must be mixed in order to reconstitute selectivity. High levels of SV40-specific
transcription have been obtained with a reconstituted system purified approximately ten-fold
overall relative to the extract.

T antigen binding sites

fronscription confrol region
i T2 bp repeats
J

— 1A —r——{ —n— = ,
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0751 PROGESTERONE RECEPTCR BINDING TO DNA, William T. Schrader, Department of Cell

Biology, Baylor College of Medicine, Houston, Texas, 77030.

Progesterone receptor of chick oviduct has been purified extensively. One subunit of
the native complex, protein A (My=79,000) contains a strong DNA-binding site which is
exposed upon dissociation of the complex. The DNA-binding activity has been studied by
velocity sedimentation, by DNA-cellulose chromatography, and by nitrocellulose filter
adsorption of [32P]—1abe1ed plasmid DNA's countaining various portioms of the chicken
ovalbumin gene, 1its flanking DNA, and DNA's derived from other genes not responsive to
hormones. The protein has affinity for random DNA whether complexed to progesterone or
not, as show& by DNA-cellulose elution studies. Nitrocellulose filter adsorption titration
of linear [”“P] pBR322 DNA shows Ky=1 x 107°YM at SO mM KCl, 0°., Rate constants for as—
sociation and dissociation are 3.4 x 106 M~1 sec™! and 2.9 x 1074 sec™ respectively.
These values are consistent with the equilibrium determinations. Titration shows no
detectable DNAsequence specificity by the receptor, but rather a pronounced preference for
single-stranded DNA, and for poly (dA+dT) over poly (dG+dC). Sedimentation velo-
city studies and Sy nuclease digestion studies suggest that the protein may perform DNA
helix destabilization. Protein A self aggregation and cooperativity of binding to double-
stranded, blunt-end DNA are consistent with this interpretation. [3 P]JDNA restriction
fragments adsorbed by receptor to nitrocellulose were eluted from filters and assayed by
gel electrophoresis for further studies of potential sequence specificity. Non-specific
adsorption of end-labeled pBR322 (Mbo II digest) showed preferential retention of longest
fragments, consistent with their increased target size. Retention studies using a restric-
tion digest (EcoRI/Pst I) of recombinant plasmid pOV 1.7, a cloned 5'-flanking sequence
of the ovalbumin gene, showed 10-fold preferential binding of receptor to the chicken
DNA sequence. Competition studies were done using the homologous non-radioactive 1.7 Kb
ovalbumin fragment and a 2.0 Kb 5'flanking sequence of chicken globin gene. The ovalbumin
sequence was an effective competitor whereas the globin sequence was not. We conclude
that progesterone receptor A protein has at least limited sequence preference for DNA of
a gene regulated by the hormone; the biologic relevance of this interaction remains to
be established.
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0752 STRUCTURE AND EXPRESSION OF GROMTH HORMNONE RELATED RENES

John Baxter, Norman Eberhardt, Mark Selby, Synthia Mellon-Nussbaum, Stenhen
Snindler, Michael Karin, Nancy Cooke, Nancv Lan, Arthur Guiterrez-tiartmann and Suv Cathala.
tloward Hughes Medical Institute Laboratories, Univ. of Calif., San Francisco, CA 94143.

The genes for growth hormone (GH), nrolactin (Prl) and nlacental lactogen (PL) constitute
a family of related genes. cDNA and the chromosomal cenes of this set have been cloned from
several species. Major nucleic acid sequence homology between members of the set supnorts the
idea that the genes were derived from a common evolutionary precursor aene. However, some
genes have much more homology than expected, suggestina that genetic recombinaions occurred
between members of the set. The human(h) GH and PL genes, located on chromosome 17 are
closely linked. Marked nucleic acid seauence homologyv is found between h"H and hPL in the
introns and 5'-flanking regions. This supports the recombination hypothesis and suggests that
expression of hPL in placenta and hGH in pituitarv is due either to more unstream structures
or to only a few nucleotides. Cell-free transcrintion studies suggest that the smaill
differences may be significant. The structures suggest that exons coding for snecific
functional domains were introduced into the genes and direct repeated structures flanking
these exons could have been involved in the exon transfer. PRepetitive DNA is located near
and in introns of the genes, and gene transfer studies suggest that such structures may al-
so participate in integration of the gene-containing fragment into the cellular DNA.

Gil gene expression is affected by influences on: (i? gene activity; (ii) RNA processing;
and (iiig mRNA stability studied in cultured rat GH cells that express rPrl and rGH.
Methylation and thyroid and glucorticoid hormones affect GH qene transcrintion. The nresence
of a tRNA pseudogene in an intron of the rGH gene mav resuit in several novel rGH gene tran-
scripts that are not full-length. RNA processing variations can result in two mRNAs from
the same gene. First, two different segments of an rCH intron can be removed vielding two
GH molecules with different activities; gene transfer exveriments suggest that tissue-
specific factors regulate this processing. Second, two different rPrl mRNAs differ in one
amino acid codon in the signal peptide region. Third, with rGH, two mPNAs differ in their
polyadenylation. The larger mRNA apnears in raoidly dividing cells and can be induced bv
thyroid hormone. The smaller mRNA is present in growth-arrested cells and apnears to be
translated more efficiently than the larger mRNA. This mav reflect a mechanism to decrese
rGH production during cell growth, possibly to conserve substrate. Finallv rGH mPNA de-
gradation apoears to be regulated by glucocorticoids in GH cells and after transfer of the
rGii gene to L cells; the structure dictating this annears to be inherent in the rGH gene.

Call Free Transcription of Cloned Genes

0753 EUKARYOTIC tRNA GENE TRANSCRIPTION IS CONTROLLED BY SIGNALS WITHIN AND QUTSIDE THE
MATURE CODING SEQUENCE,Dieter S611,Donald DeFranco,Theodor Dingermann,Stephen Sharp,
Department of Molecular Biophysics and Biochemistry,Yale University,New Haven,CT 06511

Drosophila tRNA genes can be faithfully transcribed in vitro using germinal vesicle ex-
tracts from Xenopus laevis (1) or in cytoplasmic extracts derived from Drosophila kc cells (2).
An internal control region within the mature tRNA coding sequence is sufficient for transcrip-
tion initiation by RNA polymerase III. An external control region located in the 5'-flanking
sequence can repress transcription.

The ability of in vitro generated deletion clones to direct the in vitro synthesis of
tRNA precursors was measured in the two transcription systems. Two control regions within the
coding sequence were identified. The first was essential for transcription and was contained
between nucleotides 8 to 25 of the mature tRNA sequence. Genes devoid of the second control
region, which was contained between nucleotides 50 to 58 of the mature tRNA sequence, could be
transcribed but with reduced efficiency. Thus, the promoter regions within a tRNA gene encode
the tRNA sequences of the D-stem and D-loop, the invariant U at position 8, and the semi-in-
variant GTyC sequence (3).

Deletion ana]ysiE g]so has revealed an oligonucleotide sequence in the 5'-flanking region
of a Drosophila tRNA,™Y gene to be responsible for the poor transcriptional activity of this
and of other tRNA geﬁes. The oligonucleotide responsible for transcriptional repression is
GGCAGTTTTTG and is located 13 nucleotides upstream from the mature-tRNA coding sequence. Since
the sequence of the unEﬁganuc]eotide is well conserved within the 5'-flanking region of all
known Drosoghila tRNA genes we have investigated why the transcription of all these genes
is not similarly repr&ssed. Deletion or insertion of nucleotides between the mature tRNA cod-
ing region and this oligonucleotide resulted in tRNA genes with increased template activity.
This observation suggests that the position of this oligonucleotide relative to some element
downstream influences the extent of transcriptional repression (4).

Our studies have determined the in vitro transcriptional control regions for tRNA genes.
The finding that tRNA gene transcription in vitro can be repressed by a particular 5'-flanking
sequence suggests a possible mechanism for the control of tRNA gene expression in vivo.

(1) Schmidt,0.,Ma0,J.,Silverman,S. ,Hovemann,B..S611,0. (1978) Proc. Natl. Acad Sci. USA 75:
4819-4823 -

(2) Dingermann,T.,Sharp,S. ,Appel,B.,DefFranco,D. ,Mount,S. ,Heiermann,R.,Pongs,0.,5611,D. (1981)
Nucl. Acids Res. 9:39+7-3918

(3) §harp,s.,DeFrancoTD.,Dingermann.T.,Farrel],P.,Sb]],D. (1981) Proc. Natl. Acad. Sci. USA 78
in press

(4) DefFranco,D.,Sharp,S.,5611,D. (1981) J. Biol. Chem. in press
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0754 ORGANIZATION OF PROMOTERS FOR RNA POLYMERASE B (OR II) : SEQUENCE

ELEMENTS CONTROLLING THE TRANSCRIPTION OF ADENOVIRUS GENES, C.K&dinger,
P. Sassone-Corsi, J.L. Corden, R. Elkaim and P. Chambon, Laboratoire de Géné-
tique Moléculaire des Eucaryotes du CNRS, Faculté de Médecine, Strasbourg,
fFrance.

In vitro genetic techniques were used to study the sequence require-
ments for initiation of specific transcription. Deletion mutants were construc-
ted around the putative promoters of several adenovirus genes. Specific Zn
vitro transcription by RNA polymerase B together with a Hela cell extract was
used as a test for promoter function.

In the case of the major late promoter, it has been shown that a
conserved sequence element (the TATA-box or Geldberg-Hogness box) located
about 30 base pairs upstream from the mRNA startpoint is essential for direc-
ting specific initiation of <n vitro transcription within a narrow area. A 20
base pair sequence, containing the TATA-box, is both necessary and sufficient
for specific in vitro transcription. Although the cap site sequences are not
essential for obtaining specific discrete transcripts <n vitro, it can be
surmised that they play a role in the actual efficiency of <n vitro transcrip-
tion initiation.

Studies on the putative promoter region of the early transcription
unit E3 revealed that sequences located upstream from the TATA-box are also
required for efficient <n vitro initiation.

Specific ¢n vitro transcription was also obtained from the E2
transcription units. The corresponding promoters are used with similar
efficiencies in the in vitro transcription system, although the one utilized
late in the Tytic cycle contains a TATA-box and the one used early in infec-
tion does not.

Taken together these results suggest that the sequence elements
involved in transcription promotion are multiple and that different genes can
exibit different types of control regions.

Celluiar Blology of Animal Cells

0755 CONTROL OF MICROTUBULE ASSEMBLY AND DISTRIBUTION IN MAMMALIAN CELLS. B. R.
Brinkley, S. L. Brenner, and W. J. Deery. Department of Cell Biology, Baylor
College of Medicine, Houston, Texas. 77030

The cytoplasm of eukaryotic cells is organized around a dynamic interconnecting meshwork
of microtubules, microfilaments, and intermediate filaments collectively called the cytoskele-
ton. The cytoskeleton functions to maintain cell shape, motility, secretion, and cell surface
receptor activity. Recently, several aspects of cell metabolism including DNA sythesis, pro-
tein synthesis and gene transcription have been linked to the cytoskeleton. We have utilized
tubulin antibodies to investigate several aspects of microtubule assembly and distribution in
mammalian cells. Two stable arrays of microtubules exist in cells during the cell cycle; the
cytoplasmic microtubule complex (CMIC) of interphase cells and the mitotic apparatus (MA) of
dividing cells.1,2 When mitosis is completed, the MA is disassembled, and its tubulin sub-
units reassembled into the CMTC. The initiation of tubulin assembly occurs not at random, but
in association with discrete microtubule organizing centers (MTOCs). Utilizing detergent per-
meabilized cell models and exogemous brain tubulin we have reconsitituted the CMIC in a vari-
ety of mammalian cells in vitro.¢ Microtubules were polymerized in association with the cell's
endogenous MTOC and the number, length, and distribution of reconstituted microtubules were
strictly regulated in each cell. Utilizing two human antisera against MTOCs, we have shown
that MTOCs undergo replication at precige intervals in the cell cycle and are equally distri-
buted to daughter cells during mitosis.” Cell progeny are thereby assured of "programmed"
determinants for generating specific microtubule arrays for maintaining cell shape and cyto-
plasmic organization. The drug taxol interferes with MIOC-associated microtubule assembly
and induces '"spontaneous’ assembly sites throughout the cytoplasm. Other factors which in-
fluence tubulin initiation and elongation in our system include GTP, GDP, ATP, cAMP, Ca2+.
and calmodulin.

1. Brinkley, B. R., G. M, Puller, and D, P. Highfield, 1975. Proc. Nat'l. Acad. Sci.
72:4981-4985,

2. Brinkley, B. R., S. M, Cox, D. A. Pepper, L, Wible, S. L. Brenner, and R. L. Pardue,
1981, J. Cell Biol. 90:554-562.

3. Brenner, S. L., D. Pepper, M. W. Berns, E. Tan, and B. R. Brinkley, 1981. J. Cell
Biol. 91:95-102,
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0756 CALMODULIN IS AN IMPORTANT REGULATORY MOLECULE IN CELL CYCLE PROGRESSION, Anthony R.
Means, Vincent Guerriero, Lisette Lagacé, and James G. Chafouleas, Dept. Cell Bio-
logy, Baylor College of Medicine, Houston, Texas 77030.

Calmodulin (CaM) is the major intracellular Ca++ receptor in all non- and smooth muscle cells.
This protein is a component of the mitotic apparatus as well as the microfilament bundles of
interphase cells. One of the major CaM binding prg&eins, myosin light chain kinase, shares a
similar distribution suggesting a role for this Ca ' receptor in regulating chromosomal move-
ment and contractility. CaM is constitutively expressed in a variety of hormome-dependent
cell types. However synthesis of this protein is tightly coupled to the G,/S boundary of the
cell cycle. Treatment of cells in exponential growth with the anticalmoduiin drug W13 results
in a single reversible cell cycle block in early S phase. The block is not due to an inhibi-
tion of CaM synthesis and indicates that the 2-fold elevation in the intracellular concentra-
tion of CaM that occurs in late G,/early S may be required for DNA repair and/or synthesis. A
highly significant correlation exists between the increase in CaM levels and the length of G..
Calmodulin also seems to be important for the re-entry of plateau (G ) cells into the cell
cycle. CaM levels increase as cells enter plateau. Upon release of the cells into the growth
cycle, CaM decreases 50% within the first hr and remains at this level for 4-5 hr. An increase
in the intracellular concentration of this protein then occurs and it reaches the level nor-
mally observed at the G./S boundary. Addition of W13 at the time of treatment with fresh
medium prevented entry %nto S phase but the changes in the intracellular concentration of CaM
were not altered. When cells were treated with W13 at various times following release from
plateau, a direct correlation was observed between the percentage of cells entering S phase
and the time of drug addition. The labeling index increased as the interval between drug
treatment and G release increased. However, although cells entered $ phase, no progression
through this period was observed when W13 was added as late as 5 hr following addition of
fresh medium. These data strengthen the contention that CaM is important for the progression
of cells through DNA synthesis. Experiments are in progress to determine whether any CaM-
binding proteins are unique to the G./S boundary. 1In addition the full-length CaM cDNA probe
is being utilized to determine whether CaM levels are regulated by transcriptional or post-
transcriptional events.

Gene Expression and Gene Transfer

0757 AN E¥POSED CIIROMATIN STRUCTURE AT TIE 5' END OF ZUKARYOTIC CENES,
Carl Wu, The "iolocical Lahoratories, lHarvard University, 16 Divinity
Avenue, Canmhridqe, Ma.02138.

Several heat-inducible genes in Drosophila exhibit a DNase I-hypersensitive
chromatin structure at the 5' terminus. This exposed structure is present
before (and during) induction, and is revealed by digesting gently chromatin
in isolated nuclei with DNase I and mapping the sites of cleavage by a simple
'indirect end-~labelling' technigue that involves Southern blotting. The
chromatin structure of the rat preproinsulin II gene also shows a similar
DNase-sensitivity at the 5' terminus in a rat insulinoma {a beta-cell tumor)
but not in kidney, liver, brain, or spleen. The region of exposure for
preproinsulin II gene chromatin extends 250-300 bp upstream from the 5' end
of the mRNA. The several Drosophila genes encoding the 70,000-dalton heat-
shock protein show DNase I-hypersensitivity extending to about 200 bp
upstream from the 5' terminus. Such exposed regions may reflect a preferen-
tial accessibility of the chromatin to regulatory molecules. Currently we
are doing a fine structure analysis of the DNase I-hypersensitive structure
using high resolution Southern blots and restriction endonuclease digestion
of chromatin.

0758 STUDIES OF CHROMOSOMAL GENE EXPRESSION USING SV40 RECOMBINANTS. Dean H, Hamer,
Anthony D. Carter, Barbara K. Felber, Marie-France Jubier, Ajit Kumar, George N.
Pavlakis, Carl Schmidt, MaryJane Walling, Laboratory of Biochemistry, National
Cancer Institute, National Institutes of Health, Bethesda, MD 20205

SV40, a small DNA tumor virus, can be used as a vector to transduce new genetic
information into cultured animal cells. We have constructed SV40 recombinants carrying
various chromosomal eukaryotic genes including those for normal and mutant mouse and
human a-globins, two human growth hormones, hepatitis B surface antigen, mouse histone
H4 and mouse metallothionein-I. These recombinant molecules have been introduced into
various cell lines either by infection with virus particles or by direct DNA transfection.
The results show that the signals for transcription initiation and termination, RNA splicing
and polyadenylation, translation, and protein processing and secretion are appropriately
recognized in this system. Moreover, in the case of the mouse metallothionein-I gene, it
has been possible to demonstrate appropriate induction of the cloned gene by heavy metals.
Thus it appears that SV40 will be useful for studying regulated as well as constitutive gene
expression.
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0759 HORMONAL INDUCTION OF HUMAN GROWTH HORMONE GENES IN MOUSE FIBROBLASTS, Diane M.

Robins*, Peter H. Seeburg* and Richard Axel*® *Institute of Cancer Research
Columbia University, New York, N.Y. 10032 and +Genentech Inc., 460 Point San Bruno Blvd.,
South San Francisco, Calif. 94080.

The introduction of cloned genes into animal cells permits the analysis of the regu-
latory functions of DNA sequences in vivo. Growth hormone is a pituitary polypeptide
whose synthesis is under complex hormonal control. We have asked whether information
necessary for glucocorticoid regulation of expression resides in sequences about the human
growth hormone (hGH) gene. Recombinant phage and plasmid clones containing inserts of
chromosomal hGH DNA were introduced into tk™ mouse fibroblasts using the Herpes thymidine
kinase gene as a selectable marker of transformation. O0Of several cotransformants examined,
containing 1-10 copies of hGH DNA, half respond to glucocorticoid by increasing their level
of hGH mRNA 3-5 fold. Other cotransformants appear constitutive for hGH RNA and a few make
no detectable transcripts. Both constitutive and inducible RNAs are the same size as GH
mRNA from human pituitary, and can be present at Tevels ranging from a few up to 1,000
transcripts per cell. Plasmids with only 0.5 kb of 5' sequences flanking the hGH struc-
tural gene remain responsive to glucocorticoid when transferred to L cells. This suggests
that the information necessary for hormonal regulation of expression resides in the trans-
ferred DNA fragment. The construction of appropriate mutant GH genes may ailow us to more
precisely define these reguiatory elements, and to understand why the exogenous GH genes
introduced via gene transfer are transcriptionally active and inducible although their
endogenous counterparts in the fibroblast remain inactive.

Gene Structure

0760 FUNCTIONAL REGIONS WITHIN THE SEMLIKI FOREST VIRUS GENOME, Hans S&derlund, Pdivi
Lehtovaara and Sirkka Kerdnen. Recombinant DNA Laboratory, University of Helsinki,
SF-00290 Helsinki 29, Finland.

The genome of SFV is a single stranded 13 kb RNA molecule of positive polarity. & kb

at the 3'end codes for 4 structural proteins, translated from a subgenomic messenger,

while 8 kb at the 5'end are translated from the genome itself to yield 4 nonstructural
proteins. We have compared the nucleotide sequence of the genome with that of cloned
defective interfering RNAs which are generated during serial undiluted passages.

The DI RNAs consist of a population of molecules, heterogeneous both in size

and sequence content. These RNAs are replicated and encapsidated only in the presence

of standard virus. All DI RNAs analyzed have conserved a 106-86 bases long nucleotide

stretch at the extreme 3'end. Also the 5'end of the genome is conserved, but it is
rearranged and repetitive in the DI RNAs. The data indicate which regions and specific
sequences are essential for replication and encapsidation of the SFV genome. Interest-
ingly, the initiation site for the nonstructural polyprotein of the genome is conserved
in the DI RNAs even if no specific translation product can be detected.

076]_ CLONING OF THE HUMAN CYTOMEGALOVIRUS GENOME, Hakan Gadler and Per Stilhandske,
Natl. Bact. Lab., Stockholm and Bicmedical Centre, Uppsala, Sweden.
Iatroduction: Human cytamegalovirus ((MV) is a member of the herpesvirus group and has a pro-
pensity for establishing latent infections. In vitro latency can be established by infection
of nomally permissive cells in the presence of phosphonoformic acid (PFA)}. By nucleic acid
hybridization technique we have shown an association between viral and cell INA in thesecells
a phenamenon which may be due to integration of the viral genome (Gadler & Wahren, submit. for
publ.). In order to be able to closer characterize the state of the viral gencme in these la-
tently infected cells, to study the variability of the MV gename or to study the requlation
of the expression of viral sequences, pure restriction enzyme fragments of viral DNA need toke
used. Since MV has a long replication cycle in permissive cells and the amount of extracellu-
lar DNA is low, we have begun work on cloning MV DNA fragments in a plasmid. Material and
methods: Purified virion DNA, CMV strain Ad.169, was digested with HindIII. pBR322, alsoclea-
Ved with HindIII was dephosphorylated and ligated with virus DNA fragments. E.coli HBLO cells
were used for transformation and ampt and tetS clones were characterized by nick-translation
of plasmid DNA and hybridization to blots of HindIII or XbaI cleaved CMV DNA. Results and dis-
cussion: 65 clones were shown to contain (MV DNA inserts and these were characterized. DNA
fragments originating fram both the U, and Ug regions were cloned. As would be expected the
large and the terminal fragments were not found in the clones. These will have to be cloned by
other means such as cleavage with another enzymeor attachment of linkersThe clones we have ob—
tained, will be used for studies of the MV DNA structure, they will also be used for detec-
tion of MV DNA sequences in clinical specimens fram patients.
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0762 IDENTIFICATION AND CHARACTERIZATION OF THE STRUCTURAL GENE OF GLUCAGON FROM ANGLERFISH
Ray Sanchez-Pescador, Robert Crawford, Peter Hobart and William Rutter. Dept. of Bio-
chemistry and Biophysics, University of California, San Francisco, CA 94143,

Glucagon is a polypeptide hormone of 29 aminoacids synthesized in the A cells of the pancreatic

islets. Recently we have identified an mRNA sequence from anglerfish endocrine pancreas enco-

ding for pre-proglucagon. We have screened a genomic library of anglerfish DNA and isolated
several clones hybridizing to the glucagon cDNA. We will report the nucleotide sequence of the
cDNA as well as the genome DNA containing the coding sequence of the glucagon gene. The struc-
ture of the genesfor the pancreatic hormones insulin, somatostatin and glucagon will be com-
pared.

0763 DEVELOPMENT AND UTILIZATION OF A cDNA PROBE TO CALMODULIN. L. Lagace, T. Chandra,
S.L.C. Woo and A.R. Means. Department of Cell Biology, Baylor College ot Medicine,
Houston, Texas 77030

Calmodulin (CaM) is a major calcium-binding protein comprised of tour distinct Catt-binding

domains. This multifunctional protein is ubiquitous and the amino acid sequence is highly

conserved in both plant and animal kingdoms. We have constructed a full length CaM cDNA
clone (pCM116) using total poly(A)t RNA from the electroplax (E. electricus). The complete

DNA sequence ot pCMllé reveals that this recombinant contains the entire coaing region tor

CaM, a 3' nontranslated region ot 413 nucleotides and 30 nucleotides ot the 5' nontranslated

region. Comparison between the amino acid sequence deducea trom the nucleic acia sequence

and those ot bovine brain and R. renitormis CaM reveals only 3 and 5 amino acid substitutions,
respectively. Comparison between the nucleic acid sequence of the Ca¥'-binding domains
shows extensive homology between ail 4 domains. Highest conservation was observed between
domains 1 and III, and domains II and IV, This suggests that the CaM gene may have evoived

through two cycles of duplications of a primoraial gene., The CaM cDNA was also used as a

probe to study the species and tissue specificity ot CaM mRNA sequences. Northern hybridization

of poly A*-RNAs obtained from eel, rat and baboon tissues with pCMl16 showed multiple RNA
bands. Experiments using polysomal and nuclear RNA are being pertormed in order to determine
whether the multiple RNA species are precursor molecules.

0764 THE STRUCTURE OF THE RAT PROLACTIN GENE, .Nancy E. Coocke, Arthur Gutierrez-Hartmann and
John D. Baxter, UCSF, Department of Medicine, San Francisco, CA 94143.
The single rat prolactin in Prl gene is five times larger than the structurally and function-
ally related growth -hormone (rGH) gene. These two genes evolved by duplication of a common
precursor about 390 million years ago and segregated onto chromosome 6 and 17 respectively.
We now report the general organization of the rPrl gene (5 exons and 4 introns constituting a
total gene size of 10 kb), determine haploid gene number (1), and present extensive DNA se-
quence analysis including all exons, exon-intron junctions, 5' flanking region, and more than
50% of the intervening sequences. Sequence analysis and comparison to known repetitive and
inserted eukaryotic elements suggests that the rPrl gene has evolved by incorporation of large
segments of DNA which encode functional domains (exon 1 and exon 3) and facilitate rapid
divergence of intron structure {(intron D). Two non-crosshybridizing regions of dispersed
repetitive DNA are located within and flanking the rPrl gene. The repetitive DNA structure
within intron D is completely characterized and bears strong resemblance to the human Alu
family. However, unlike the Alu repeats, the repetitive DNA structure within I_ has no RNA
polymerase III transcriptional activity in vitro. This absence of transcriptional activity
may correlate with I_'s lack of the polyﬁgfase III "promoter" sequences described by Fowlkes
& Shenk. In support of this possibility we have recently found that another rat repetitive
unit which does contain this putative RNA polymerase III promoter (e.g. I, from rGH) is ac-
tively transcribed in vitro. while such data imply a structural & functional heterogeneity
within these rat repetitive DNA elements the alternate function{s) of these elements is yet to
be defined.

0765 CELL FREE TRANSCRIPTION OF THE RAT GROWTH HORMONE GENE, Arthur Gutierrez-Hartmann,

Guy Cathala & John D. Baxter, UCSF Department of Medicine, San Francisco, CA 94143,
The growth hormone set of genes includes those for growth hormone (GH), chorionic somatomam-
motropin (CS) and prolactin (Prl). These genes are crucial for several aspects of growth and
development, and are regulated by thyroid and glucocorticoid hormones. The cell free tran-
scription as described by Manley and Gefter was used in these studies, Initial experiments
revealed RNA polymerase II transcription in this system to be DNA template dependent, a-
amanitin sensitive & specific for the gene cloned into pBR322. However, transcription of the
rGH gene results in a complicated pattern of .12 transcripts resistant to a-amanitin. Analy-
sis of the rGH sequence reveals a repetitive DNA structure within intron B which seems to con-
tain several putative RNA polymerase III promoter sequences. Hybridization studies using the
in vitro labelled transcripts as probes reveal that most of these RNA's are being transcribed
From repeated sequences. A comparison of the repetitive DNA within rGH-I_ to other repetitive
DNA structures & RNA polymerase III transcription units shows that certain functional and
structural sequences have been conserved to different degrees, Furthermore, the predicted 2°
structure of such repetitive DNA transcripts reveals a non-random tRNA-like structure. Final-
ly, although the function of such polymerase III transcripts is not presently known, the
possible interaction between polymerase II and III promoters will be discussed.
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0766 THE VIMENTIN GENE IN CHICKEN: Zendra E. Zehner and Bruce Paterson,

National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205
Both ¢cDNA and genomic clones (18 independent isolates) coding for the intermediate filament
protein, vimentin, have been isolated in chicken, Coding sequences were confirmed by
mRNA selection, isoelectric focusing of selected mRNA translation products, and nucleotide
sequencing, Heteroduplex analysis reveals that the various genomic clones contain over-
lapping DNA sequences, Southern analysis yields only those DNA fragments as predicted by
the restriction map of the vimentin gene, Likewise, copy number experiments indicate that
the vimentin gene is present in a single copy in the chick genome interspersed with repeti-
tive DNA sequences present at many copies. By a Northern analysis mRNA synthesis in-
creases during muscle development, Although the vimentin gene appears to exist as a sin-
gle copy, two vimentin mRNA species (approximately 2500 and 2200 nucleotides) are detected
in all the RNA's tested using either a short cDNA clone (3'-noncoding only) or a longer
cDNA clone (1/2 full-length) or a gene fragment as probe. These two mRNA species are
equal in abundance even in tissues where the expression of the vimentin gene is low (i.e. ,
pre-fused muscle cultures) or in breast muscle isolated from a single chick, The existence
of two vimentin mRNA species cannot be due to cross-hybridization to the other intermediate
filament protein synthesized in muscle i. e, , desmin, Experiements are in progress tode-
termine how the two vimentin mRNA species arise from the transcription of the single
vimentin gene,

0767 EVOLUTION AND DIVERSITY OF CRYSTALLIN GENE SEQUENCES. George Inana, Toshimichi
Shinohara, Jacob V. Maizel, Jr. and Joram Piatigorsky, NEI and NICHD, National
Institutes of Health, Bethesda, Maryland 20205

We have determined the nucleotide sequence of a cloned g-crystallin cDNA {pMg Crl) derived

from the mouse lens and compared its deduced amino acid sequence with the amino acid sequences

of the principal g-crystallin polypeptide (gBp) and a y-crystallin polypeptide (yII) of the
bovine lens, When the amino acids were aligned, we calculated a 43% homology between the
murine and bovine g-crystallin polypeptides and a 22% homology between the murine g-crystal-
1in and bovine y-crystallin polypeptides. As for bovine gBp and yII, there is a striking
homology between the amino- and carboxy-halves of the murine g-crystallin poiypeptide. The
internally homologous amino acids have been preferentially conserved among the three crystal-
1in chains. Interestingly, the nucleotides flanking the apparent initiation and termination
codons for translation of the murine g-crystallin mRNA carry information for amino acids that
fit within the internal homology of the polypeptide and that are homologous to 8Bp and +II of
the bovine lens. The data show that the g- and y-crystallins are related proteins and sug-
gest that their genes diverged by duplications followed by the generation of new initiation
and termination sites for translation as they underwent insertions, deletions and point
mutations.

0768 ISOLATION AND CHARACTERIZATION OF HUMAN PREPROSOMATOSTATIN I GENE. Lu-Ping Shen,
Raymond Pictet & William J. Rutter. Dept of Biochem & Biophys., Univ. of Calif.,
San Francisco, Ca 94143
A cDNA encoding human preprosomatostatin I was isolated from a library which was constructed
from RNA of a pancreatic somatostatinoma using the anglerfish somatostatin I (1) as a probe
under low hybridization stringency conditions. The nucleotide sequence of the clone predicts
a complete sequence of 116 amino acids for the somatostatin precursor, which has a molecular
weight of 12,727. The tetradecapeptide somatostatin is located at the COOH terminus of the
protein. The sequence of somatostatin I and of 14 amino acids preceding it (termed as somato-
statin-28) are identical to that of somatostatin-28 described in porcine (2), bovine and
ovine species. However, the peptide moiety at the NHZ—terminus of somatostatin-28 shares
very little homology with that of the 28 peptide of anglerfish somatostatin I.

The cloned cDNA has been used to iscolate the human preprosomatostatin I gene. The gene
contains one intervening sequence which is located within the propeptide region. Supported by
NIH AM 21344,

1. Hobart, P., Crawford, R., Shen, L.P., Pictet, R., Rutter, W.J. (1980). Nature 288, 137.
2. Ppradagrol, L., Jornvall, H., Mutt, V., Ribet, A. (1980). FEBS Letts. 109, 55.
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0769 MOLECULAR GENETICS OF HETEROGENEOUS H2B HISTONE GENES EXPRESSED LATE IN SEA URCHIN

EMBRYOGENESIS, Tim Mohun, Rob Maxson, Glen Gormezano and Larry Kedes, Howard Hughes

Medical Institute and Department of Medicine, Stanford University, Palo Alto, CA.
H2B histones in the sea urchin are heterogeneous. While the presence of a single major form
has been demonstrated during early embryo cleavage, by gastrula stage the synthesis of this
protein has ceased and several different electrophoretic variants can be detected. This
switch from early to late histone subtypes is the result of a corresponding switch in
structural gene expression.

We have isolated three phage lambda recombinant clones containing late H2B sequences. Both
DNA sequence analysis and S1 nuclease mapping of RNA transcripts demonstrate that these H2B
genes differ strikingly from their early counterparts and from each other in protein coding
sequence and the length of their untranslated 5' leaders. Putative signal sequences--
including the TATA box, the transcription initiation site and a hairpin loop at the 3'
terminus of the mRNA--show a remarkable degree of conservation in relation to the early HZ2B
gene and one another. Interestingly, the 5' leader sequence of the early H2B gene appears
to be a duplication of a late gene leader sequence.

Class-specific (late versus early) and gene-specific (individual versus all other H2B
genes) regions of late H2B genes have been identified. Southern transfer analysis of genomic
DNA demonstrates the presence of a singly copy of one of the late H2B genes and shows in
addition that this locus is highly polymorphic. The relationship of these organizational
features to the expression and evolution of this class of developmentally regulated genes
will be discussed.

0770  THE ISOLATION AND GENOMIC ORGANIZATION OF HISTONE GENES ACTIVE LATE IN SEA URCHIN
EMBRYOGENESIS, Robert Maxson, Timothy Mohun, Glen Gormezano, Geoffrey Childs and
Laurence Kedes, Howard Hughes Medical Institute and Department of Medicine, Stanford
University, Palo Alto, CA. 94305

The histone multigene family in the sea urchin includes two functional classes, designated

"early" and "late", which are distinguished by the timing of their expression during embryo-

genesis. We have examined the genomic organization of late histone genes and have found them

remarkably different from the early repeats. Using purified radiolabeled late histone mRNAs
as hybridization probes, we have isolated four different A recombinant clones containing late
histone sequences. Positive mRNA selections demonstrate that the clones contain respectively

H4 and H2B, H4, H2A and H2B, and H2B coding sequences. Cloned DNA - late histone mRNA hybrids

evince high thermal stability and are thus very homologous. Mapping of the coding sequences

on these clones has shown close linkage {1 kb or less) between H4 and H2B on one clone and
between a different H2B and H2A on another. There are no other histone coding sequences
located within 2 kb of these coding regions and within 8 kb of the H4 gene on the clone
containing only that gene. Genomic Southern transfer experiments, in which coding region
fragments of late H2A and H2B are used as probes, demonstrate that unlike early genes these
sequences are not organized as several hundred tighly clustered, regular repeating units;
rather, they are dispersed and irregularly organized and present in fewer than 20 copies.

Thus two gene sets that code for protein isoforms are differentially regulatd and topologi-

cally distinct.

0771 STRUCTURE OF HUMAN TUBULIN GENES AND PSEUDOGENES, N.J. Cowan, C.D. Wilde, C.E.Crowther,
and T.P. Cripe, Princeton University, Princeton, NJ 08544
Screening of two human genomic libraries with chicken a- and B-tubulin cDNA probes has
resuited in the isolation of recombinant gene-containing clones that account for about two
thirds of the tubulin-specific fragments observable in genomic Southern blot experiments.
Structural analysis by restriction mapping, Southern blotting and electron microscopic hetero-
duplex formation has revealed 1) the existence of human tubulin genes with and without inter-
vening sequences; 2) the presence of inverted repeat sequences both within the intervening
sequences and in close proximity to the coding regions of both aand 8-tubulin genes; 3) the
existence of a multigene family encoding a-tubulin that implies the occurrence of gene
duplications involving extensive (>15kb) regions of DNA; 4)the lack of sequence conservation
among intervening sequences in a-tubulin genes; 5) extensive conservation of coding sequences;
and 6) the existence of restriction site polymorphism in the proximity of an a-tubulin gene.
Two B-tubulin genes have been completely sequenced. One of these genes (18) is truncated in
that no recognizable sequence homology is observable 5' to aminoacid position 54 in the
corresponding chicken cDNA sequence. The gene also contains a single in-phase stop codon
and a short intervening sequence with correct consensus splice signals. A second gene (338 )
lacks any intervening sequences, but contains four in-phase stop codons, a single base
insertion and a three-base deletion. Further experiments are in progress to identify those
tubulin genes that are functional, and to determine the factors that regulate their expression.
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0772 Sea Urchin Late Stage H3 and H4 genes are Not Found in Tandem Repeat Units, Geoffrey
Childs, Albert Einstein College of Medicine, Bronx, N.Y. 10461.
I have analized members of the histone gene family of the sea urchin L. Pictus which are not
contained in the two tandemly repeated "early" gene clusters. Three classes of clones contak
ning histone gene sequences were obtained; 1) members of the tandem repeats which have been
transposed to new genetic locations (orphons); 2) a third family of tandemly repeated “early"
histone genes (pLpE) complimentary to histone mRNA from cleavage stage embryos, and; 3)
members of the "late" stage gastrula specific histone genes complimentary to the unicue
gastrula specific histone mRNAs. Thetwc'late” histone genes we have cloned are clustered but
NOT tandemly repeated. The gene order of at least some of the "late" subtype genes is
different from the conserved gene order found in all "early" sea urchin histone genes. The
mucleotide sequence of a continuous 2200bp. segment of one clone encoding adjacent "late"
H3 and H4 genes has been determined. Unlike any previously characterized sea urchin histone
genes, these genes are transcribed off opposite strands of DNA. The late H3 and H4 proteins
encoded by these genes are identical to their early counterparts, however, the choice of
codons used has diverged significantly and the 5' leader region of each mRNA is shorter.
Nucleotide sequence comparisons of early and late histone genes in the 5' and 3' ends of the
genes reveals both homologous and diverged regions. How these sequence differences confer
differential regulation of these genes remains to be determined. The fundamental difference
in the organization of these differentialy regulated genes makes their evolutionary history
and stability of great interest.

0773 MOLECULAR ORGANIZATION OF RAT GENES CODING FOR U? RNA, Manuel Grez,
Nikolaus B1in and Angel Alonso, German Cancer Research Center, Heidelberg, F.R.G.

Recently, small nuclear RNAs have received considerable attention. Several
laboratories have proposed a role of small nuclear RNA in the splicing of inter-
vening sequences from mRNA precursors and/or in the transport of mRNA from
nucleus to cytoplasm.

From a rat Tiver DNA library we have isolated 7 recombinant A-phages carrying
EcoRI DNA fragments containing the gens for U1 snRNA. One of these U16 was
characterized in detail. Restriction enzyme digestion and blot hybridization
disclosed a complex pattern of gene clusters separated by large spacer regions.
Nuclease S1 analysis revealed that most if not all cloned Ul genes deviate in
their nucleotide sequence from the known U1 RNA sequence suggesting a mixed set
of divergent but closely related U1 genes. From the U16 recombinant phage the
EcoRI fragments were subcloned in pBR322 for further analysis. The DNA sequence
of one of these (pU1-14) shows that the U1 related sequences are surrounded by
a large number of sequence repeates. Furthermore, sequences related to the
dispersed repetitive sequence family Bt are found 600 bp upstream from the Ut
gene.

0774 LINKAGE OF A QUAIL FAST SKELETAL MUSCLE TROPONIN I GENE TO ANOTHER FAST TYPE GENE,
Albert S. Baldwin, Jr., Ellen L. W. Kittler, and Charles P. Emerson, Jr., Dept. of
Biology, University of Virginia, Charlottesville, Va. 22901

We are studying the structure and chromosomal linkage of the quail contractile protein genes.

The interest in these genes is based on the observation that the contractile protein mRNAs

accumulate coordinately when myoblasts fuse to form multinucleate myofibers. The analysis

of the structure of these genes along with their flanking sequences may reveal how the genes

are coordinately regulated. We report here the isolation of a troponin I gene from a genomic

library of quail embryo DNA. DNA sequencing indicates that the gene codes for the fast
skeletal muscle form. The gene is approximately 4 to 5 kb long and is interrupted by 3 or &
intervening sequences. Hybridization of an overlapping lambda clone with 32p-labeled cDNA
synthesized from myofiber poly(A) RNA reveals that another gene 1s located approximately

7 kb downstream from thie troponin I gene. Hybridization experiments using subcloned troponin

I fragments reveal no detectable homology between the two genes. Northern analysis indicates

that the linked gene is not expressed at detectable levels in myoblasts but its 2.5 kb

poly(A) RNA is synthesized in cultures of differentiating myofibers as well as in adult
breast (fast) muscle. DNA sequencing and Southern blot experiments with 5' end-labeled

RNA indicate that the linked gene is transcribed in the same direction as the troponin I

gene. Thus at least two coordinately regulated, nonhomologous genes are closely linked

and transcribed in the same direction. This linkage may regulate their expression.
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Q775 STUDIES ON THE FUNCTIONAL ORGANIZATION QF A CLONED 135 KB NUCLEQTIDE SEQUENCE FROM
CHO CELLS THAT INCLUDES THE DIHYDROFOLATE REDUCTASE GENE, Joyce L. Hamlin, Nicholas
H. Heintz, Jeffrey D, Milbrandt, Jane C. Azizkhan, and Martin Montoya-Zavala, Univer-
sity of Virginia School of Medicine, Charlottesville, VA 22908,

In order to study basic questions of mammalian genome organization and replication, we have
developed methotrexate-resistant Chinese hamster ovary cells with 1,000 copies of a 135 kb
sequence that includes the gene for dihydrofolate reductase (Milbrandt et al., Proc. Natl,
Acad. Sci. USA 78, 6043-6047, 1981). Because of the high copy number, it is possible to
observe restriction fragments arising from this repeated sequence on ethidium bromide-stained
gels of genomic digests. We have used this property to determine the location of a presump-
tive origin of DNA synthesis within the 20-25 restriction fragments by pulse-labelling syn-
chronized cells at the beginning of the S period with 3H-thymidine. Furthermore, since we
have isolated the entire 135 kb repeating unit in overlapping recombinant cosmids, it is
possible to determine which cosmid contains the origin of DNA synthesis by comparison of
restriction maps of cosmids to labelled bands., By comparison to a cosmid containing the
entire dihydrofolate reductase gene, we are able to determine the location of this gene
relative to the nearest origin of DNA synthesis, and to ascertain when it is synthesized
relative to its transcription interval in the cell cycle. These and other studies suggest
to us a model for mammalian genome organization in which a single domain of DNA (possibly a
loop) represents a DNA synthetic unit (replicon) as well as a transcriptional unit.

0776 MUTANTS OF BACTERIOPHAGE MU DEFECTIVE IN INVERTIBLE G SEGMENT GENES MAKE PARTICLES
LACKING TAIL FIBERS, Martha M. Howe and Franrk J. Grundy, Department of Bacteriology,
University of Wisconsin, Madison, WI 53706.

The orientation of the 3kb invertible G segment of Mu DNA determines the host range properties

of the phage. Phage with G in the (+) orientation grow on E. coli K12; those with G in the

(~) orientation grow on E. coli C (van de Putte et al., Nature 286, 218, 1980). We have

used serum blocking power (SBP) assays and electron microscopic observation of phage particles

to study the function of gene products of the essential genes S and U encoded by the G(+)

orientation of the G segment. SBP assays revealed that lysates made by induction of Mu
prophages with mutations in genes § or U were greatly reduced in antiserum neutralization

ability. Mutations in early genes A, B, and C, eliminating all late gene expression, were
the only other mutations which caused a large reduction in antiserum neutralization ability.
Since neutralizing antibodies are often directed against phage tail fibers, we examined the
phage particles produced after induction of S and U mutant prophages whose G segments were
fixed in the G(+) orientation by a gin mutation. Both S and U defective mutants produced
phage particles lacking detectable tail fibers and containing primatily contracted tails.
Addition of an amber suppressor or inversion of G to the (-) orientation restored their
ability to produce normal phage particles with extended tails and up to 6 detectable tail
fibers. These results demonstrate the involvement of G segment genes in synthesis and/or
attachment of tail fibers to the phage particle.

0777 RECENT GENE DUPLICATIONS IN THE RAT KAPPA J-SEGMENT CLUSTER, H. W. Sheppard and

G. A. Gutman, Department of Microbiology, University of Cal1forn1a, Irvine, CA 92717
DNA segments containing the J kappa genes have been cloned from LOUVAIN rat liver, and
their nucleotide sequence determined. Seven readily identifiable J kappa coding regions
are evident in the rat, compared with five in the mouse; of these, six appear to be expres-
sible {four in the mouse). The two additional J-segments in the rat appear to be the
result of two sequential gene duplications occurring since the divergence of rats and
mice, the most recent duplications within a multigene family described so far. The first
involved a homologous but unequal crossover in a 14 base pair (bp) region spanning the 3'
end of the coding region of J; and Jp. The second involved a crossover following unequal
pairing of the two newly duplicated regions. We propose that the probability of a second
duplication was greatly increased following the first as a result of the increased target
for unequal pairing (370 bp of good homology vs. 27 bp in the original pairing). Intra-
specific sequence comparisons of J genes shows a surprisingly high degree of conservation,
both inside and outside the coding regions, when compared with other, nonimmunoglobulin,
genes. This is similar to the pattern of divergence we reported previously for the kappa
constant region gene. Within the coding region, the rate of accumulation of changes at
silent positions is Tower than that at replacement positions when comparing rat and mouse.
Similarly, we find that the homology between flanking and 1nterven1ng sequences of rat and
mouse show the same overall degree of homology as the coding regions.
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0718 SOMATIC MUTATION GENERATES DIVERSITY IN ANTIBODY GENES, Patricia J. Gearhart and
Daniel F. Bogenhagen, Carneaie Institution of Washington, Baltimore, Maryland 21210
and SUNY at Stonybrook, New York 11794
Recent protein and gene sequences show that substantial diversity in immunoglobulin variable
genes is generated by the hypermutation of germline genes. For example, in mice, one germ-
1ine variable gene (M167) codes for seven unique 1ight chains that bind the phosphorylicholine
antigen. To determine the extent of nucleotide substitutions in immunoglobulin genes, we
have cloned several rearranged M167 variable and constant genes from hybridoma cell lines. The
nucleotide sequences of the genes and their flanking regions were compared to their germline
counterparts. The results revealed several interesting facts about somatic mutation.
(1) Mutation occurs in the region of the variable gene at a high frequency. One gene and its
flanking regions have 13 hase substitutions out of 806 bases sequenced (1.6%), and another
gene and its flanking regions have 4 substitutions out of 734 bases (0.5%). (2) There is no
specificity for any particular base to mutate, and no preference for transitions as opposed
to transversions. (3) Mutation is localized to the variable gene region of DNA but not the
constant gene region. No substitutions were found in the constant gene and its flanking
sequences, which are 2.4 kilobases away from the variable gene. The identification of a
mutational mechanism that produces extensive, localized base substitutions around the
rearranged variable gene is unknown.

0779 STRUCTURE OF THE DIHYDROFOLATE REDUCTASE GENE, James W. Schilling, Stephen M.
Beverley, Nancy A. Kohlmiller and Robert T. Schimke, Stanford University,
Stanford, CA 94305

In excess of 200 kb of amplified DNA has been isolated from a clone library constructed

from a methotrexate resistant mouse S-180 cell line which contains approximately 100 copies

of the dihydrofolate reductase (DHFR) gene. The DHFR gene consists of six exons which
span 31 kb of genomic DNA and five introns which range from 0.3 to 16.5 kb in length.

The remaining 170 kb of DNA represents 5' and 3' flanking sequences of the DHFR gene.

Heterogeneity exists among the amplified DHFR genes of the resistant $~180 cell line. One

class of variant genes constitutes approximately 10% of the total amplified DHFR genes.

It is identical to the normal DHFR gene to the 3' side of a site in the third intron and

a novel DNA sequence occurs to the 5' side of this site. Chromosome walking studies have

failed to locate the first two DHFR exons in 50 kb of DNA 5' to this site. This variant

is not a cloning artifact and appears to be a partial gene which may have resulted from
recombination among amplified genes or deletion of a large amount of DNA from a single
amplified gene. Several classes of repetitious sequences have been found both in the
introns and flanking sequences of the DHFR gene. Some flanking sequences of the DHFR
gene which are fully amplified in the resistant S-180 cell line are not amplified in
other independently amplified methotrexate resistant mouse cell lines. We are presently
studying a resistant L5178Y cell line to determine if the sites where its amplified DNA
sequence diverges from that found in resistant S-180 cells represent ends of the
amplified unit.

078 HUMAN ARGININOSUCCINATE SYNTHETASE(AS):DISPERSION OF THE AS-LIKE GENES AND REGULATION

OF EXPRESSION, A,.L. Beaudet, T.-S, Su, P. D'Eustachio, F.H. Ruddle, and W.E, O'Brien,

Baylor College of Medicine, Houston, TX 77030, & Yale University, New Haven, CT 06510
There are between ten and twenty copies of AS-like genes in human DNA. Analysis of DNA from
rodent X human somatic cell hybrids demonstrated that these genes occur on at least 8 differ-
ent chromosomes including the human 9, 6, and X. Enzyme activity has been reported to map to
chromogsome 9, and the restriction site characteristics of the AS-like gene on that chromosome
are compatible with the possibility that it is an expressed gene copy. Many of the other AS-
like genes may represent dispersed pseudogenes. Location of an AS-like gene on the X chromo-
some is compatible with the hypothesis that transposable elements played a role in the gene
dispersion. The evolutionary law that a gene which is X-linked in one mammal will be X~linked
in all mammals would make chromosome rearrangement an unlikely explanation for such a finding.
We suggest that dispersed pseudogenes need not follow this law. In an analysis of the expres-
sion of AS, we have examined the methylation pattern of DNA from wild type human cultured
cells and from clones which overproduce AS. Analysis with Mspl and HpalI demonstrated that
the sites near the AS-like genes are heavily methylated. The pattern of genomic DNA fragments
was complex, but there was an altered pattern of DNA methylation with a specific pattern of
decreased methylation for each overproducing clone. The altered sites of methylation have
not yet been related to specific AS-like gene copies because of the complexity of the genomic
DNA pattern. Overproduction of AS may be accompanied by decreased methylation of DNA which
might be related either to increased expression of an active gene or to activation of a gene
not expressed in wild type cells.
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0781 SEQUENCE AMPLIFICATION AND DIVERGENCE WITHIN THE o-FETOPROTEIN AND ALBUMIN GENES.

Fern Alexander Eiferman and Shirley M. Tilghman, Institute for Cancer Research,

Fox Chase Cancer Center, Philadelphia, Pennsylvania 19111.

The a~fetoprotein (AFP) and albumin genes arose by the duplication of a 15-exon
ancestral gene. A detailed analysis of the organization and sequence of the murine AFP
gene has revealed that the ancestral gene arose by successive amplification and divergence
of discrete segments of DNA. The most recent of these events, thought to have occurred
over 500 million years ago, involved two successive duplications of a primordial genetic
domain consisting of 3 internal exons and 2 flanking exons. The 5 exons of the primordial
domain itself, whose sequences can be deduced from comparisons of the six related domains
within both the AFP and albumin genes, contain extensive internal nucleotide homologies
which suggest that they arose from not more than two simple exons, one of which corresponds
to the 5' flanking exon. The sequence of the other progenitor exon must have included a 27
base pair core, as four of the five primordial domain exons contain remnants of tandem
repeats of this length. These observations have led to a model to account for the evolu-—
tion of the primordial domain from two small progenitor exons by a series of duplications,
followed by consolidation by deletion of intervening sequences. Thus, it is apparent that
the functional protein domains in AFP and albumin were generated by the exploitation via
tandem reduplication of a limited amount of genetic information.

0782  RAT SEMINAL VESICLE SECRETION (SVS) IV AND V GENES: CONSERVATION OF 3'-NON-CODING
REGION AND COMPARISON OF THE 5'-FLANKING REGIONS, Stephen E. Harris, Per-Erik Mansson
and Barbara Dickson, National Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina 27709
cDNA clones for SVS IV and SVS V have been identified and the DNA sequences have been deter-
mined for the coding and 3'-non-coding regions. Only two small conserved regions in the cod-
ing region of the genes were noted. One region (15 a.a.) has 30% homology and is very rich in
glu-ser residues. Another region near the C-terminal has almost 60% homology and is very
rich in basic amino acids. The rest of the coding region has diverged considerably. When
the 3' end of the two sequences at the poly(A) addition site are aligned, a region of 65
nucleotides shows almost 80% homology which may indicate some biological function for this
3'-non-coding region. The rest of the 3'-non-coding region has completely diverged except a
short region near the poly(A) addition site. Genomic cloned for SVS IV and V have been isol-
ated and characterized. The SVS IV gene is 1900 bp and contains two introns. One form of the
SVS IV gene has an insertion of about 200 bp in the second intron and possibly defines an
allelic difference. A region 120 bp upstream from the cap site of the SVS IV gene has been
identified by DNA sequencing to be able to form a cruciform structure and that region is being
tested for S1 sensitivity in supercoiled plasmid and in nuclei from castrated and testosterone
treated animals. Genomic clones for SVS V have been purified and are presently being mapped
and sequenced.

0783 STRUCTURE AND EVOLUTION OF SMALL RNA GENES, Nikolaus Blin and Angel Alonso,
German Cancer Research Center, Inst. of Exp. Pathology, 69 Heidelberg, F.R.G.

Among a nunber of discrete small RNA species from the cytoplasm and nucleus several had been
shown to be coamplexed with proteins thus forming the so called ribonuclecproteins (snRNPsS,
scRNPs). Recently, it has been suggested that the RNPs might play a role in the metabolism
of other RNA species (splicing of hnRNA, transport of mRNA from nucleus to cytoplasm).

We have focused our attention on the two most abundant snRNAs, UI and UII. After construc-
ting cDNA clones ({(using rat UI and UII RNA as templates) the genamic organization of both
genes was investigated. Since sequencing data revealed a substantial evolutionary conserva-
tion within particular snRNA species suggesting a conserved function we have screened a set
of various genames to examine evolutionary changes or constancy in snRNA gene organization.
Rat UI cDNA shows hamology to Dictyostelium gename but none to Physarum DNA. Closer related
groups like mammals (rat-hamster-rat kangaroo) or amphibia (Xenopus-Triturus) display pre-
served sequences within each group only. Rat UI cDNA does not cross-hybridize to Xenopus
DNA nor to Drosophila DNA. When studied by EcoRI digestion and blot hybridization DNA from
Chinese hamster liver and DNA fram a cell culture (CHV79) show a different organization of
UI genes. However, rat liver DNA and DNA fraom Hepatama cells exhibit an identical UI pattern
of EcoRI bands.

In summary, the results indicate that, although they might help with RNP organization and RNA
maturation, snUI and UII sequences are not, in general, highly conserved among distantly
related species, as are e.g. the rRNA sequences, Sequences outside the RNA coding region
vary even among closer related species.
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0784 INTERNAL SEQUENCE ORGANIZATTON OF BALBIANI RING GENES
Ulrich Wobus, Helmut B#umlein and Fotis C. Kafatos
Zentralinstitut fir Genetik, DDR-4325 Gatersleben, DDR; and
Biological Laboratories, Harvard University, Cambridge, Massachusetts 02138, USA

The Balbiani rings (BR) of the salivary gland polytene chromosomes in Chironomus contain
transcribed genes which are of extraordinary size and internally repetitive. Much of each
transeription unit consists of tandem repeats, usually 250 to 300 bp in length. We have
investigated the substructure of these repeats by cloning and sequencing segments of BRb and
BRc DNA from C. thummi (see also U. Wobus et al. 1980, Cell 22, 127-135). Sequence
information is alsc available fram BR1 of C. tentaus (A. Degalmann and C.P. Hollenberg, 1981,
Chramosoma 83, 295-313). Sequence comparisons show that approximately half of each repeat
unit is highly conserved, showing more than 70% identity in all three BR sequences. The
remainder of the repeat unit is quite variable, and consists of short, tandem subrepeats.
Two types of variable subrepeats have been encountered in the BRc sequence. This information
may identify potential functional domains in the corresponding protein sequences.
Furthermore, the DNA sequence organization of the BR genes suggests models for their
evolution, in which tandem reduplication and deletions appear to play important roles.

(0785  HISTONE GENE HETEROGENEITY IN THE SEA URCHIN, Eric S. Weinberg, Robert Donmelly,

Lawrence N. Yager, and G. Christian Overton, University of Pennsylvania, Phila.PA1910%4
The genes coding for early embryonic histones in the sea urchin, Strongylocentrotus purpuratus
are reiterated 300~400 fold per haploid genome and are transcribed until the blastula stage.
Although the histone gene clusters within most single genomes are composed of similar, if not
identical, repeats, gene clusters of different individual genomes have repeats of different
lengths and spacer sequence. The spacer between the H4 and H2B genes is especially variable.
We have examined 22 individual sea urchins and found 6 which had an H4-H2B spacer which was
about 200 nucleotides longer than usual. We cloned 5 different repeats (3 with a smaller
spacer and 2 with a larger spacer) and sequenced a large part of each H4-H2B spacer. The
spacers consisted of two distinct regions: a highly conserved stretch of 400 nucleotides just
5' to the H2B gene and a region of variable size which differed considerably in each of the 5
repeats. The boundary between the two regions consisted of (CTA), where n varied from 5 to 17.
These differences were quite unexpected and indicate that large regions of spacer are not
conserved. Heterogeneity of spacer sequence may therefore be more complex than predicted by
models of unequal crossing over. Other regions of heterogeneity are under investigation
including the H1-H4 spacer and the H3 gene which in one cluster occurs as a repeated pseudogene
with a frameshift.

0786 TWO MULTIGENE FAMILIES ACTIVE IN COTTON EMBRYOGENESIS, Leon Dure III
and Glenn A, Galau, University of Georgia, Athens, GA 30602
Genes for seed storage proteins produce abundant mRNAs at only one point in
higher plant ontogeny - mid to late embryogenesis. In cotton they represent
one of five different gene subsets whose expression is regulated independantly
in embryogenesis. We have temporally mapped the concentration of the two
principal storage protein mRNAs in embryogenic cottonseed by in vivo and in
vitro protein synthesis, by northern blotting probed with cloned c¢DNA probes,
and by the reassociation kinetics of the cloned probes to cDNA; all at
different points in embryogenesis. Each of the two principal storage protein
species is comprised of batteries of isoelectric isomers and constitute a
multigene family containing 4-8 genes which may be clustered. The two multi-
gene families are distantly related as shown by the immunochemical cross-
reactivity of their protein products. However, extensive nucleotide homology
cannot be demonstrated between the two families by northern or southern
blotting. Other properties of these genes and their protein products are
presented and compared with the properties of other gene sunsets active in
embryogenesis.
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0787 DROSOPHILA AND YEAST HAVE MULTIGENE FAMILIES RELATED TO THE MAJOR DROSOPHILA HEAT
SHOCK INDUCIBLE GENE. Elizabeth A. Craig, Thomas D. Ingolia, Michael R. Slater and
Lynn J. Mannseau, University of Wisconsin, Madison, WI. 53706.
Drosophila has a multigene family related to its major heat shock inducible gene (hsp 70 gene).
Five distinct members of this family have been characterized. Two members, the hsp 68 and 70
genes are induced by heat shock. Three others, which are also dispersed on chromosome B are
transcribed at normal growth temperatures and not induced by heat treatment. A partial DNA
sequence of the protein codong regions has been determined for each gene. The predicted amino
acid sequences are conserved about 75% among the five members of the multigene family.

Yeast also has a multigene family, containing between 7 and 10 members, related to the
Drosophila hsp 70 gene. Preliminary results indicate that transcription of at least 1 member
of the family is inducible by heat shock. The predicted amino acid sequence of two members,
as deduced from partial DNA sequence, are 60-65% conserved relative to the Drosophila hsp 70.

The genes encoding the Drosophila small heat shock proteins (hsp 27, 26, 23 and 22) are
partially homologous. The predicted amino acid sequences show extensive homology from amino
acid 85 to 195, out of a total of about 200 amino acids. Comparison of the predicted amino -
acld sequences with known sequences of other proteins revealed a remarkable similarity between
the region of homology and the corresponding region of mammalian alpha-crystallin. Yeast also
contains DNA sequences homologous to the small heat shock genes of Drosophila

0788 Sequence Analysis of the T-DNA of the Ti plasmid of Agrobacterium tumefaciens,

Wayne M. Barnes, Michael Bevan, Mary-Dell Chilton, Washingtion University, St. Loz;sio

Mo 1

Our 'kilo-sequencing' strategy has been brought to practical application. Target DNA 3
to 10 kb in size can be stably carried by our M13 vectors. Suitable targets are stretches of
DNA which lack an enzyme recognition site from the following list: Pst, Xba, HindIII, BglII,
EcoRI (the target region may be bordered on one side by one or two of these.) By a simple,
short in vitro procedure, we create thousands of deletions which start adjacent to the
commercially available dideoxy sequencing primer and extend various distances across the
target DNA. Phage carrying the desired size of deletions, that is phage whose DNA as template
will give rise to DNA sequence data in a desired location along the target DNA, are purified
by electophoresis glive on agarose gels, Phage running in the same location on the agarose
gel conveniently give rise to nucleotide sequence data from the same kilobase of target DNA.

The deletions, which carry a linker restriction site at their boundary, are available
to serve other purposes besides sequencing.

We have applied this sequencing strategy to the T-DNA of the Ti plasmid T37 of
Agrobacterium tumefaciens, starting from the right border, to which region the nopaline
synthetase and plant-transforming genes map.

0789 VITELLOGENIN CODING SEQUENCES IN INSECTS ARE CONSERVED, Tharappel C. James,
Christopher C. Maack, Ursula Bond, Shalom W. Applebaum and Jamshed R. Tata, National
Institute for Medical Research, The Ridgeway, Mill Hill, London NW7 1AA, U.K.

Vitellogenesis among insects exhibits several unusual characteristics differing in principle

or degree from avian or amphibian vitellogenesis. Besides the inherent evolutionary

significance in determining whether these differences in vitellogenesis are reflected in the
genes coding for vitellogenin in insects, quantitative information about the relative
abundance and homology of this gene in insects may offer an insight into the hormonal
regulation (juvenile hormone vs. ecdysone) of expression of this gene. Using a cloned cDNA
probe to Locusta migratoria vitellogenin which was isolated in this laboratory, we have
studied vitellogenin coding sequences of Carob moth, Mediterranean fruit fly, yellow meal
worm, desert locust (Schigtocerca gregaria) and migratory locust (Locusta migratoria).

Southern blot analysis of high molecular weight DNA from these insects indicates that genomic

DNA of all these different insect species has a ~ 4.5 kb and a ~ 3 kb EcoRl restriction

fragment hybridising to vitellogenin ¢DNA from locust. Kinetics of homologous and hetero-

logous hybridisation and thermal denaturation profiles of heteroduplexes formed between
genomic DNA of yellow meal worm, Carob moth, Mediterranean fruit fly, or desert locust and

Locusta mlgratorxa vitellogenin cDNA probe reveal a remarkably high degree of evolutionary

conservation of genes coding for insect egg-yolk proteins. The significance of these

findings will be discussed with reference to their functional importance.
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0790 NUCLEAR GENES ENCODING MAJOR LEAF PROTEINS, Anthony R. Cashmore, The Rockefeller
University, New York, NY 10021
The major products of cytoplasmic protein synthesis in peas leaves correspond to polypeptide
components of two chloroplast proteins. These polypeptides are the small subunit of
ribulose-1,5-bisphosphate carboxylase and the constituent polypeptides of the light-harvesting
chlorophyll a/b binding protein. Both the small subunit and the chlorophyll a/b polypeptides
are encoded by nuclear genes and synthesized, on free cytoplasmic polyribosomes, as soluble
precursors which function in the post-translational transport of the polypeptides from
their site of synthesis into chloroplasts. Partial Eco Rl di%ests of pea DNA have been
cloned in the lambda phage Charon 4 and ¢loned cDNA sequences!, complementary to mRNAs
encoding the above polypeptides, have been used as hybridization probes to isolate the
corresponding nuclear DNA sequences. Two positively hybridizing phage have been isolated
and characterized. One phage contains two Eco Rl inserts, one of which (8.0 kb) hybridizes
to the cDNA encoding the major chlorophyll a/b binding polypeptide. A second phage contains
three Eco Rl inserts (8.0, 4.7 and 3.6 kb), two of which (8.0 and 3.6 kb) hybridize to
the cDNA encoding the small subunit of ribulose-1,5-bisphosphate carboxylase. These two
hybridizing fragments are not adjacent, but are separated by the 4.7 kb fragment, and they
appear to represent tandemly repeated small subunit genes. Sequence studies are in progress
and will be reported. ,

1. Broglie, R., Bellemare, G., Bartlett, S.G., Chua, N.-H., and Cashmore, A.R. (1981)
Proc. Natl. Acad. Sci. USA 78, in press.

0791 CLONING OF A YEAST NUCLEAR GENE (CBP1) INVOLVED IN THC EXPRESSION OF MITOCHONDRIAL
CYTOCHROME Carol L. Dieckmann, Columbia University, New York, N.Y, 10027
Nuclear mutants of S. cerevisiae deficient in mitochondrial respiration have been studied
genetically and biochemically. A set of seven non-complementing mutations resulting in a de-
ficiency of cytochrome b have been assigned to a single complementation group (group 60).
Examination of mitochondrial RNA by the Northern blot hybridization technique has revealed
that group 60 mutants produce a large number of novel apocytochrome b transcripts not detec-
ted in wild type yeast. The product of the gene affected in the mutants, therefore, appears
to be required either for correct transcription or processing of apocytochrome b pre-messen-
gers RNA, The gene has been designated CBP1. A representative mutant from complementation
group 60 (N5-26) has been transformed for respiratory competency with a recombinant plasmid
pool consisting of random fragments of wild type yeast nuclear DNA inserted in to a vector
capable of autonomous replication in yeast and E. coli. The complementation of the N5-26
mutation has been shown for a number of independent transformants to be due to the presence
of plasmid DNA. One of the plasmids (pG60/T10) was characterized and shown to have a nuclear
DNA insert of 6.7 kbp. This plasmid complements the mutations of all group 60 mutants thus
confirming that it contains the CBP1 gene.. The gene has been subcloned and isolated in a
smaller fragment of yeast nuclear DNA (2.2 kbp). DNA sequence analysis of the 2,2 kbp frag-
ment indicates the presence of a long reading frame that can code for a basic protein with a
molecular weight of 70,000. Studies are underway to purify the protein from yeast mito-
chondria.

E’
S.

0792 EVOLUTION AND STRUCTURE OF THE ACTIN GENES. Norman Davidson, Eric A.
Fyrberg*, and Beverley J. Bond, California Institute of Technology,
Pasadena, CA 91125 and *Johns Hopkins University, Baltimore, MD 21218.

Actin genes have been identified, cloned, and characterized in many organisms
including yeast, Dictyostelium, soy beans, Drosophila, sea urchins and several
vertebrates. In all cases, except yeast, they constitute an oligogene family.
The following generalizations have emerged from these studies. 1) Protein
coding regions of the genes and amino acid sequences of the proteins are
highly conserved between organisms and between different members of the gene
family for any one organism. 2) 5' and 3' untranslated regions and flanking
regions are usually divergent. 3) Introns have been found in some of the
genes for all organisms except Dictyostelium. Intron positions are not at all
conserved between yeast, Drosophila, and the deuterostomes. There is some,
but not total, conservation within the latter group. It appears that, for the
actins, introns are mobile elements, whose positions have no obvious relation
to functional domains of the protein. 4) For any one organism, different
genes have different developmental patterns of expression. 5) The sequence
data available at present do not support the view that the small number of
amino acid differences between, for example, a skeletal muscle and a non-
muscle, are functionally significant.
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0793 CHARACTERIZATION OF THE GENOMIC CYTOCHROME P}-450 STRUCTURAL GENE IN THE MUSE,
Daniel W. Nebert, Michitoshi Nakamura, Mario Altieri, Toshihiko ITkeda, Robert H.
Tukey and Masahiko Negishi, NICHHD, NIH, Bethesda, M0 20205
The Ah locus represents a group of genes controlling the induction of numerous drug-metabo-
lizing enzyme activities by polycyclic aromatic compounds such as 3-methylcholanthrene (MC)
and 2,3,7,8-tetrachlorodibenzo-p~dioxin (TCDD). The major Ah regulatory gene product is a
cytosolic receptor; presence of the Ah receptor appears to be essential for the induction
process. Clone 46 was shown by both 1mnunologic and genetic criteria [Negishi et al., Proc.
Nat .Acad .Sci.U.S.A. 78:800-804 (1981); Tukey et al., J.Biol.Chem. 256 :6969-6974 (1981)] to
represent a cloned DNA sequence encoding Mc-induced P1-450, a structural genme product of the
Ah locus and the monooxygenase most closely associated with the metabolism of chemical car-
cinogens such as benzo[a]pyrene. P1-450 induction by MC or TCDD is under transcriptional and
is strictly associated with an intranuclear large molecular weight precursor mwRNA. With the
aid of a murine plasmacytoma MOPC149 library and use of clone 46 as the probe, we have iso-
lated and characterized clone A3NT12. This 19-kbp fragment was found to contain mostly mate~
rial 3'-ward of the genomic P1-450 gene. A fragment of A3NT12 having 3.0 kbp was subcloned
and used for isolating further hybridizable DNA segments from the murine MOPC149 library.
Clone MhP-1 (15.5 kbp) is believed to contain the 5' end of the genomic P)-450 structural
gene, which extends over more than 12 kbp. P1-450 mRNA (~23 S) and another MC-inducible mRNA
(~20 8) hybridize to distinct subclones of AAhP-1. These data should help elucidate the mech-
anism of cytochromes P-450 induction by hundreds of drugs, carcinogens, and other environ—
mental pollutants.

0794  EVOLUTIONARY SILENCING OF THE DELTA GLOBIN GENE, Sandra L. Martin, Karen A. Vincent,
and Allan C. Wilson, University of California, Berkeley, CA 94720
Delta globin is a minor, B-1like polypeptide found in all higher primates except 01d Yorld mon-
keys (OWM). Since the gene is present in OWM, it offers a unique opportunity to study the mo-
lecular mechanisms and evolutionary conseauences of gene silencina. We have cloned and se-
quenced the silent § globin gene from two spec1es, colobus and rhesus as well as the function-
al B aene from colobus. In the rhesus &, there is a single bp insertion in exon 2 which causes
a termination codon to come in-phase; thus, the rhesus cannot make § alobin. Colobus does not
share this insertion and has an open reading frame throughout the sequenced reaion. This sua-
gests that some other event was initially responsible for the lack of § globin in OWM. In vit-
ro transcription of these genes reveals a striking difference between the two OMM & genes and
the colobus B. The B gene directs transcription of substantial quantities of specific run-off
transcript, whereas, the § aenes are inefficiently and inaccurately transcribed. Examination
of sequences 5' of the AUG reveals 15 substitutions and two single bp deletions by which the
human & differs from both OWM 8s. None of these fall in regions previous]y thought to be im-
portant for regulation. & transcripts are also not detectable in vivo. Taken tOQEthET with the
in vitro transcription results, it seems likely that the primary defect in OWM & production is
a drastically reduced transcriptional efficiency. A silent gene is expected to evolve much
more rapidly than its functional counterpart. In the case of these OWM & genes, an increase
in point mutational evolution is observed, although it is not nearly as large as is expected.
The apparent conservation of these supposedly silent genes may reflect unequal rates of sequen-
ce evolution along the hominoid and OWM lineages or an unknown function for this region.

0795 AN o~-TUBULIN MUTANT IN DROSOPHILA WITH DEVELOPMENTAL ABNORMALITIES,Clarissa M. Cheney
Dietmar Mischke, Mary Lou Pardue, and Allen Shearn, The Johns Hopkins University,
Baltimore, Md., and Massachusetts Institute of Technology, Cambridge, Mass.

A Drosophila developmental mutant is reported here to be correlated with a defect in the

o~tubulin gene located at position 85E on the third chromosome. Seven alleles of this mutant,

named c43, have been isolated. As homozygotes, all alleles show alteration of larval viabil-
ity and of imaginal disc size. In some alleles, some pairs of imaginal discs are reduced or
absent. Four of the alleles are temperature sensitive. Recombinational mapping has assigned
the mutant locus to 3-49.0, a position near four tubulin genes. Deletion mapping showed that
the polytene location of the mutant locus lies between 85E1-3 and 85F1. Since an a-tubulin
gene 1s also known to be located between these bands, the organization of the 85E c-tubulin
locus was probed in these mutants. Restriction digests of DNA from larval brains and imaginal
discs were hybridized with cloned 85E o-~tubulin DNA. This analysis revealed an altered
pattern of restriction fragments in one allele. This altered pattern indicates a deletion

of the 85E a-tubulin coding region. To detect changes in the a-tubulin gene products, radio-

labeled tubulins were isolated from mutant discs by vinblastine precipitation and separated

by O'Farrell two-dimensional gel eletrophoresis. The allele with a deletion for the 85E

o~tubulin also shows a reduced synthesis of a-tubulins. These data indicate that this

a~tubulin gene is the gene identified mutationally as c¢43 and show that mutations at an
d~tubulin locus can cause developmental abnormalities.
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0796 ISOLATION OF MOUSE DNA SEGMENTS CONTAINING EPIDERMAL GROWTH FACTOR (EGF) INDUCIBLE
SEQUENCES, Douglas N. Foster, Clague P. Hodgson, Harold L. Moses and Michael J. Getz,
Dept. Cell Biology, Mayo Clinic/Foundation, Rochester, MN 55905
The mechanisms by which peptide growth factors regulate specific gene expression are not
known. In order to facilitate such studies, we have isclated mouse DNA segments containing
sequences which are specifically inducible by epidermal growth factor (EGF). A partial EcoRI
mouse genomic library was constructed in the A vector Charon 4A and replica screened using
¢DNA transcribed from polyribosome-associated poly(A)* RNA isolated from quiescent cultures
of AKR-2B mouse embryo cells and from such cells 6 hours following the addition of EGF to the
culture medium. Twelve clones were selected, plaque purified, and utilized to estimate the
levels of clone specific poly(A)+ mRNA in the respective cell types. Nine of these clones
were complementary to RNA sequences exhibiting a 3-7 fold increase in mass per cell following
EGF stimulation. One clone (A2B.11) exhibited an approximately 20 fold increase in comple-
mentary RNA, and two (A2B.10 and .12) proved to contain sequences complementary to RNA
species exhibiting a >80 fold increase in mass following EGF stimulation. It seems likely
that A2B.10 and .12, and possibly A2B.1l carry sequences which are specifically induced by
EGF while the remaining clones carry sequences which contribute to the general overall 4-5
fold increase in the total mass of poly{A)T mRNA which occurs in these cells following a
stimulus to proliferate (Getz et al., Cell 7:255-265, 1976). Within a given cell type,
poly(A)* mRNA sequences complementary to these 12 clones were found to exhibit a 40-80 fold
range in relative abundance. We conclude that these clones will prove useful in studying the
mechanisms underlying the regulation of specific genes by peptide growth factors.

0797 ANALYSIS OF THE CARDIAC MYOSIN HEAVY CHAIN GENES IN THE ADULT RAT: V. Mahdavi, M.

Periasamy and B. Nadal-Ginard, Children's Hospital, Harvard Medical School, Boston, Ma
To study the expression and the structure of the myosin heavy chain (MHC) gmne(s) in cardiac
tissue and to correlate these genes with those expressed in different muscle and non-muscle
tissues, we have counstructed a cDNA library from rat cardiac poly(A)+ RNA., From this library,
we have characterized four of them that contain the longer inserts (800-1500 bp). By hybridi-
zation and DNA sequence analysis we demonstrate that the MHC cDNA clones pCMHC21/26/34 and
pCMHCS5 represent the 3' most 1500 nucleotides of two different but closely related cardiac
specific myosin heavy chain mRNAs. Northern blot hybridization show that a different set of
cardiac MHC genes are expressed during the early and late stages of the development in the
rat. The cardiac MHC cDNA clones cross-hybridize to adult skeletal and to a lesser extent to
L6ES myotube MHC mRNA but not to other tissues. The complete nucleotide sequence of thege
clones has been determined. By comparing these DNA sequences with those of embryonic and adult
skeletal MHC cDNA clones we i1dentified a highly conserved sequence of V200 nucleotides present
in all the MHC clones so far analyzed. This conserved sequence is specific for striated muscle
mRNAs and might be evolutionary relevant to the structure and function of the sarcomere. The
cardiac MHC cDNA clones (pCMHC21/26) and pCMHCS5 "encode'" for two MHC proteins that share 97%
homology. The major divergences are concentrated in two regions: between the 300-350 most
terminal amino acids and at the very last five amino acids at the €00~ end. Furthermore, the
3" untranslated region of these two cardiac MHC mRNAs are only 55 and 100 bp long respectively
and highly divergent. These gene-specific fragments are presently used to identify the corres-
ponding MHC genes and to study their expression during development and different physiological
pathological conditions.

0798  EXPRESSION AND AMPLIFICATION OF MOUSE DIHYDROFOLATE REDUCTASE MINI-GENES. Gray F.
Crouse, Robert N. McEwan and Mark L. Pearson, Cancer Biology Program, NCI-Frederick
Cancer Research Facility, Frederick, MD 21701,
The entire mouse dihydrofolate reductase (dhfr) gene and flanking sequences have been cloned
and characterized (Crouse, G.F., Simonsen, C.C., McEwan, R.N. and Schimke, R.T., manuscript in
preparation). The gene is approximately 31 kb in length, and the coding sequence is inter-
rupted by 5 intervening sequences, ranging in length from 300 bp to 16,500 bp. In addition,
there appears to be a splice in the 5' leader region of at least some of the dhfr mRNAs. dhfr
minigenes have been constructed by a combination of in vitro and in vivo recombination tech-
niques and consist of 1500 bp of 5' flanking genomic material joined, in one case, to coding
sequences without any intervening sequences or, in another case, to coding sequences contain-
ing only the 300-bp intervening sequence. Both of these molecules will rescue dhfr= mutants
of CHO cells, but initial transformants produce levels of DHFR substantially lower than that
of the parent CHO cells. Transformants with molecules containing the 300-bp intervening
sequence express higher levels of DHFR than cells with molecules which lack the intervening
sequence, Transformants selected for increased levels of resistance to methotrexate appear to
have amplified the mini-gene. The levels of DHFR in the methotrexate resistant lines are more
than 20 times the amount found in the original parent CHO cell., Both mini-genes express high
Tevels of RNA when cloned into plasmids containing SV40 ori and transformed into COS cells.
An analysis of the RNA produced in the transformants, as well as construction of mini-genes
with varying amounts of 3' and 5' flanking DNA, is now underway. Research sponsored by the
National Cancer Institute under Contract No. NO1-C0-75380 with Litton Bionetics, Inc.

285



Gene Regulation

0799 ONA SEQUENCE AND {N VITRO TRANSCRIPTION OF PORTIONS OF THE EPSTEIN-BARR VIRUS GENOME,
P. Deininger*, P, Farre , A. Bankier and B. Barrell, MRC Laboratory of Molecular
Biology, Cambridge €B2 2QH, England. *Dept. of Biochemistry, L.S.U., Medical Center,

New Orleans, La. 70112.

We have completed the DNA sequence of a 17 kilobase fragment of the B95-8 strain of
Epstein-Barr virus, the Eco RIC fragment, using a modified shotgun sequencing technique. In
addition, we have sequenced the region around the terminal repeat of the B35-8 strain of the
virus and a portion of the same repeat from the Raji strain. These regions contain multiple
large reading frames, several of which correspond well with RNA species reported for EBV
transformed cells. To help characterize the transcriptional units from these regions, we
have mapped the transcriptional promoters which function in a soluble in vitro system,

A number of other interesting DNA features were also found, including Several classes of

repeated DNA sequences which had not been previously detected. The various repeats showed

differing levels of divergence as well as totally different structures.

0800 SHARED SEQUENCE PRESENT IN mRNAS FOR SIX DROSOPHILA RIBOSOMAL PROTEINS. Maria Pelle-
grini and Steven Fabijanski, University of Southern California, Los Angeles, CA 90007

We have isolated a cloned genomic DNA segment from Drosophila melanogaster containing a ribo-
somal protein gene. The intact cloned DNA hybridizes to mRNAs which can be translated i&
vitro to give six different ribosomal proteins. Separated BamHI restriction fragments of
this DNA yielded only one 2.6 kb fragment that hybridized to any translatable RNA. This RNA
codes for only one of the ribosomal proteins as judged by in vitro translation. These data
suggest the presence of a small sequence element within the cloned DNA that is shared by six
ribosomal protein mRNAs, while the complete coding sequence for only one ribosomal protein is
found within the cloned segment. However, the cloned DNA does contain four other sequences
that are expressed into stable RNA species as judged by their ability to form R-loops with
total poly(A) + embryo RNA. All five genes, including the ribosomal protein gene, are small,
less than 1 kb. The level of R-loop formation differs among the five genes indicating that
these genes give rise to differing amounts of cellular RNAS.

In summary, a Drosophila ribosomal protein gene is found to be clustered with several other
small active genes and to contain a sequence element in common with several other ribosomal
protein mRNAs.

0801 ORGANIZATION AND STRUCIURE OF THE o and B ACTIN GENES IN THE CHICKEN, Bruce M.
Paterson, Juanita Eldridge and Zendra Zehner, National Cancer Imstitute, National
Institutes of Health, Bethesda, MD 20205

Using cDNA clones generated from RNA prepared from cultures of embryonic chick breast
muscle, we have isolated the complete genomic clones for two different a genes and one

8 gene. This was confirmed by hybridization studies with 5' and 3' specific probes, Sl
digestion patterns, and partial sequence data. Reconstruction experiments to determine
gene copy number indicate there are 2 a genes and 1 B gene in the chick genome. Fragments
containing the transcriptional start points for these genes have been isolated and are
currently being used in promoter studies.

0802  SEQUENGE ORGANIZATION QF THE CHICKEN CALMODULIN GENE, J.P. Stein+, R.P. Munjaa1+, L.
Lagace , B.W. D'Malley and A.R. Means , Div. of Endocrinology, Univ. of Texas Health
Science Center at Houston and Dept. of Cell Biology, Baylor College of Medicine,
Houston, TX 77030
Based on the amino acid sequence, it has been suggested that calmodulin is comprised of four
calcium-binding domains and has arisen by duplications of a primordial gene. We have under-
taken the cloning of the chicken calmodulin gene in order to determine if this theory is
supported by the position of intervening sequences within the gene. Because the amino acid
sequence of calmodulin has been highly conserved during evolution, we have used an eel cDNA
probe to screen a chicken DNA library for the presence of calmodulin genomic fragments. A 10.6
Kb fragment from one of the 8 positive ciones was subcloned into the Eco RI site of pBR322.
Electronmicroscopic examination has failed to reveal looped heteroduplex structures between
this genomic subclone and calmodulin mRNA from eel or chicken. A 1.3 Kb fragment of this
genomic clone, which contains all the calmodulin sequences, was subcloned in pBR322 (pcm 1.3)
and sequenced. The genomic fragment begins very near the 5' end of the calmodulin gene and
extends into the 3'flanking region. 70% of the nucleotides prior to the translation termina-
tion signal are jdentical to the corresponding nucleotide of the eel calmodulin cDNA. When
translated, 88% of the amino acid residues are identical in the two calmodulins., The DNA
sequence confirms that no intervening sequences are present in the chicken calmodulin gene.
Since internal sequence homologies argue that the present calmodulin gene has evolved by two
gene duplication events, then either it did so without introns, or three introns were present

in a_primitive calmodulin gene and have been lost. A h hesi i -
moda1 o mative. presented.g S ypothesis for the evolution of the cal
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0803 SEQUENCE ORGANIZATION OF THE SPACER IN THE RIBOSOMAL GENES OF XENOPUS CLIVII AND
XENOPUS BOREALIS, Marco Crippa, René Bach, Tcrnard Allet and Pierre-André Briand,
University of Geneva, 1211 GENEVA &4, Switzerland

We have studied in X.clivii and X.borealis cloned EcoRI fragments containing the spacer
located between the 28S and 18S ribosomal genes. We report for these two species the
nucleotide sequences at both ends of the NTS region with special emphasis on the
sequences around the transcription initiation site of the 40S rRNA precursor. In X.clivii
the location of the 5' end of the precursor was mapped. In both species the sequences
around the 40S origin are duplicated in the NTS. Nucleotide sequence comparison has
revealed a stretch of 13 identical bases around the transcription initiation site of
X.laevis and X.clivii. The same sequence is also present at the presumptive transcription
initiation site of X.borealis rDNA.

TTTGGCATGTGC nGGICAGGAAGGTAGGGIo AAGAccGsCCC X.laevis
7 AGGCATGTGCCGAICAGGAAGGTAGGGfGAGAA sGaC1C X.clivii
c 6 TGGCAcGc 1 CCGGCAGGAAGGTAGGGAcsaceTcc1CC X.boreglis

€——— 13 bases ——> (presumptive starting point)

Sequence homology around the 40S transcription initiation site. The heavy line
corresponds to the beginning of the 40S sequence.

0804 cDNA CLONES FOR THE HEAVY CHAIN OF HLA-DR: IMMUNOPRECIPITATION OF POLYSOMES BY A
MONOCLONAL ANTIBODY, Alan J. Korman, P. Knudsen, and J. L. Strominger, Harvard
University, Cambridge, Ma. 02138

The mRNA coding for the heavy chain of HLA-DR antigens, the human analog of the murine Ia

antigens (immune response genes) represents ~0.05% of total cell message. This mRNA has

been purified 200-1000 fold by immunoprecipitation of polysomes with a monoclonal antibody;
directed against the isolated heavy chain of HLA-DR,and protein A-sepharose. Double
stranded cDNA clones have been prepared directly from the immunopurified mRNA. In addition,
cDNA prepared to the immunopurified mRNA has been used to probe cDNA libraries and

Southerns. One clone, pDR-H-2 (520 bp + polyA), positively selects DR heavy chain message

as assayed by cell free translation and immunoprecipitation. It contains the entire 3'

untranslated region as well as coding information for 31 amino acids of the DR heavy chain,

comprising the carboxy intracellular domain and part of the hydrophobic transmembrane
region. Four independently hybridizing clones from a human genomic library have been
isolated which share identical restriction fragments that hybridize with nick-translated
pDReH-2. Immunoprecipitation of polysomes followed by direct cloning permits the direct
correlation of a single cDNA sequence with a specific protein (as defined by monoclonal

antibody reactivity only). This correlation is difficult since a probe from a member of a

mltigene family will hybridize with all homologous sequences, making their identification

laborious.

0805 ELECTRON MICROSCOPIC MAPPING OF COMPLEMENTARY SEQUENCES ON SINGLE STRANDS OF
BACTERIOPHAGE LAMBDA DNA, Garret M. Ihler and Thomas D. Edlind, Texas A&M College of
Medicine, College Station, Texas 77843.
Restriction fragments representing 68.3%x to 100%x map units were purified from the right end
of bacteriophage lambda DNA containing transposon Tn903 and Tn5 insertions. These fragments
were denatured to single strands and prepared for electron microscopy under partial denaturing
conditions. Using the inverted repeat stems of Tn903 and Tn5 as markers, the locations of
long range intrastrand base pairing were mapped. This analysis revealed two basic types of
interactions. The first type consisted of largely homologous sequences arranged in opposite
orientation on the DNA, i1lustrated by the observation of a large loop due to pairing between
Teft (73%) and right (78%) operator and nut sequences. An additional example of this type of
interaction was observed between the kil (68%) and ninR (86%) regions.

The second type of interaction reproducibly observed on lambda single-stranded DNA
involved pairing within what are most Tikely individual transcription units, and hence
reflects the structure of the corresponding mRNA. This pairing involved a set of sequences
between genes cII (79%) and R (95%). As a result, rightward mRNA transcripts would be folded
differently depending on the expression of spec1f1c promoters and terminators. Available
lambda nucleotide sequences were analyzed for base pairing corresponding to the observed
interactions. Possible roles for the observed long range base pairing in lambda development
are discussed.
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0806 MOLECULAR CLONING OF POLIOVIRUS TYPE-1, Sylvie van der Werf, Helena Kopecka, Michel
Dréano, and Marc Girard, Institut Pasteur, Paris, France.

The entire poliovirus type-1 (PV1) genome was cloned into the Pst I site of pBR322
in the form of a series of overlapping inserts (van der Werf et al, 1981, P.N.A.S., 78,
5983-5987). Three groups of recombinant plasmids with inserts representlng the 5', middle
and 3' regions of the viral RNA, could be distinguished. Overlaps between the various
inserts was ascertained by colony filter hybridization and/or by electron microscopic
analysis of heteroduplex molecules.

Taking advantage of common restriction sites in the regions of overlap, a full
length cDNA insert representative of the entire poliovirus genome could be reconstructed
by in vitro splicing of the various plasmids.

Study of expression of the PV-1-cDNA In both prokaryotic and/or eukaryotic hosts
is in progress.

0807 cDNA CLONES ENCODING THE HLA-DR HEAVY CHAIN, Claire T. Wake¥ Eric O.
Long* Michel Strubin¥% Nicole Gross? Stefan Carrel? Roberto Accolla? and
Bernard Mach¥ *University of Geneva, 1205 Geneva, Switzerland, and
*Ludwig Institute for Cancer Research, 1066 Epalinges, Switzerland.

CDNA clones coding for the heavy chain (Mr 34X) of HLA-DR antigen have been

isolated. Monoclonal antibodies directed against HLA-DR immunoprecipitate DR

antigens synthesized in frog ococytes injected with poly(A)* RNA from the human

Raji cell line. Partial sequencing of the monoclonal-precipitated oocyte pro-

ducts gave amino acids in the positions expected from published protein se-

quences. Using this assay mRNA encoding the DR antigens was enriched by prep-
arative electrophoresis and used to synthesize double-stranded cDNA which was
inserted into the Pst 1 site of pBR322. Clones of transformed bacteria were
screened by hybrid selection of mRNA. The hybrid-selected RNA from 100 clones
was assayed by injection into oocytes and immunoprecipitation with a rabbit
anti-DR serum. Two clones specifically hybridized an mRNA which directed the
synthesis of a 34K protein. On two dimensional gels the 34K protein over-
lapped the HLA-DR heavy chain antigens labelled in vivo and immunoprecipitated
with DR monoclonal antibodies. The insert from one of the HLA-DR heavy chain
clones was used to screen a Raji cDNA library and overlapping clones spanning

1300 nucleotides were obtained.

0808 STRUCTURE AND ORGANIZATION OF A PROTAMINE CII GENE, J. Christopher States, Wayne Con-
nor, Michael A. Wosnick, Lashitew Gedamu and Gordon H. Dixon, University of Calgary,
Calgary, Alberta T2N 1N4 Canada
The protamines are a family of small,basic proteins that are the major structural proteins of
the sperm chromatin in rainbow trout, and are coded for by a multi-gene family.The expression
of this family is under developmental control as part of the terminal differentiation of the
sperm. Using clioned protamine cONA, we have isolated several genomic clones by screening an
Eco RI library of trout DNA, carried in the vector Charon 4A. Analysis by restriction map-
ping and Southern hybridization has revealed the genes to be located in a small region in each
of the clones. We have subcloned one of these regions in the plasmid pBR322 and have sequenced
approximately 900 bp of this subclone, which contains the gene. This region contains a single
seqoEnceccoding for the CII component of protamine, and, in addition, a 400 bp region 5' to
the gene and a 250 bp region 3' to the gene. The protein coding portion contains no introns
and is identical to that of pRTP59, a ¢DNA we have previously sequenced. However, the 3' un-
translated region is not identical to that of pRTP59, indicating that this gene sequence does
not correspond to this cDNA. From the data thus far, it appears that unlike the histone or
globin genes, the protamine genes are not a clustered family. The other genomic clones are be-
ing analysed in a similar fashion inorder to compare several protamine genes and their sur-
rounding sequences with a view to deducing common sequences involved in the coordinate control
of expression of these non-clustered genes.
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0809 ISOLATION AND NUCLEOTIDE SEQUENCE OF MOUSE HISTIDINE tRNA GENES, John D. Harding and

Jang H. Han, Dept. of Biological Sciences, Columbia Univ., New York, N.¥. 10027. We
have isolated several clones containing tRNA genes from a mouse genomic library. The mouse
DNA insert of one of these (AMtl) was subcloned into phage M13mp7 and partially sequenced.
Three M13 subclones contain identical histidine tRNA coding sequences. The unmodified base
sequence of mouse his tRNA, as predicted from the DNA sequence, is (anticodon underlined):
5'-GCCGUGAUCGUAUAGGGGUUAGUACUCUGCGUUQQQQGCGCAGCAACCUCGGUUCGAAKCCGAGUCACGGCA(CCA)—3'. This
putative mouse his tRNA is 82% homologous to Drosophila his tRNA; both contain an 8 residue
D loop and a 4 residue variable loop. The genes do not code for the 3' CCA residues and do
not contain introns. Each of the 3 M13 subclones contain a precisely conserved 3' flanking
region comprising c.63 base pairs. Thereafter the sequences diverge, implying that clone
AMtl contains at least three distinct his tRNA genes. The conserved 3' region contains a
typical polymerase III termination site of 6 T residues in the non coding stand. The 5'
flanking sequence of one M13 subclone has been determined. It contains 2 sequence motifs
present in several other eucaryotic tRNA and 5s genes; an AT rich sequence (perhaps analogous
to the TATA and Pribnow boxes) and a symmetrical GT rich sequence, which are C.20 and 50bp,
respectively, on the 5' side of the coding region. Comparison of the sequence of the 5' and
3' flanking sequences with the his tRNA coding region indicates that they are more homolo-
gous than is likely to have occurred at random, but less homologous than the individual
copies of typical tandomly repeated genes. Therefore these his tRNA genes may have arisen
as a tandomly repeated structure, some parts of which (the 5' and 3' flanking regions) have
mutated extensively during evolution of the mouse.

0810 HUMAN HLA cDNA CLONES. John Trowsdale, Janet Lee, John Jenkins and Walter F. Bodmer,
Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London, WC2A 3PX.
cDNA clones were made from partially purified HLA mRNA from lymphoblastoid cell lines. One
HLA-A, -B or -C clone (pHLA-A) was identified, as well as two clones (pDRH1 and 2) specific
for the 34,000 M, HLA-DR antigen glycoprotein chain. pHLA-A is about 600 nucleotides long
and contains sequence information matching the C terminal 100 amino acids of the HLA-A2
antigen. pDRH1 and 2 are about 900 and 1300 nucleotides long, respectively. A nucleotide
sequence in the longer clone translates into an amino acid sequence which is identical to
the limited N-terminal amino acid sequence available for the HLA-DR antigen 34,000 My chain.
In Northern blots, mRNA species hybridising to pDRH1 and 2 were expressed in B cell but not
T cell or fibroblast cell cultures, whereas those for the pHLA-A clone were present inm all
of these cell types. Analysis of DNA from human, mouse and human-mouse somatic cell hybrid
lines in Southern blots, using pDRH1 and 2 as probes, indicated that the BLA-DR heavy chain
is encoded in chromosome 6. In these experiments the band patterns were simple, indicating
that the sequences coding for HLA-DR heavy chain are unique in the genome. No restriction
enzyme polymorphisms bave yet been found. In contrast, the Southern blot patterns for the
pHLA-A probe were very complex. We are isolating cosmid clones, using the c¢cDNA clones as
probes, to study the genetic structure of the HLA region.

0811  TWO DISTINCT CLASSES OF KERATIN GENES AND THEIR EVOLUTIONARY SIGNIFICANCE,

Elaine Fuchs, Department of Biochemistry, The University of Chicago, Chicago, IL 60637
Mammalian keratins comprise a class of proteins (MW40-70Kd) that form 80A cytoskeletal
filaments in most epithelial cells. Although the proteins are related, different mRNAs
exist for many of tne keratins and it is likely that different sequences exist within the
keratin family. We have constructed bacterial plasmids containing sequences specific for
keratins of cultured human epidermal cells. Two separate classes were identified by positive
hybrid selection: one class is specific for the mRNAs encoding the 56-58Kd keratins and the
other class is specific for the 46-50Kd keratin mRNAs. Each of these classes is encoded by
separate nonoveriapping multigene families (about 10 genes per family). A1l vertebrate
DNAs from hagfish to human contain sequences similar to these two classes suggesting a
coordinate evolution between the two subfamilies of keratin genes. This finding has impor-
tant implications for keratin filament assembly,

Currently we are investigating the sequence-relatedness of the two keratin cDNA classes.
We are sequencing one cDNA from the 56-58Kd keratin class that encompasses 80% of the mRNA
sequence and one from the 46-50Kd keratin class that encompasses 90% of the mRNA sequence.
In light of the lack of substantial amino acid sequence data for these proteins, the cDNA
sequences will be of substantial importance in elucidating the role of these two classes
of keratins in filament structure.
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0812 NUCLEOTIDE SEQUENCES AROUND THE 5' AND 3' ENDS OF THE RIBOSOMAL RNA GENES IN TETRA-~
HYMENA THERMOPHILA, Jan Engberg and Nanni Din, Department of Biochemistry B, Panum
Institute, University of Copenhagen, Denmark.

The sites at which transcription of the ribosomal RNA gene in Tetrahymena thermophila is ini-

tiated and terminated were precisely localized and the surrounding nucleotides were sequenced.

The DNA sequences were determined by the Maxam-Gilbert technique, and the RNA ends were loca-

lized on the gene by Sl nuclease protection of selected DNA fragments by isolated precursor or

mature rRNAs, followed by a sizing of the protected fragments on sequencing gels. The puri-
fied pre-rRNA preparation contained molecules with two different and distinct 3'ends, one
which is identical to the 3'end of pre-~26S and mature 265 rRNA, while the other is 10-15 nu-
cleotides longer. Immediately downstream from the 3'end of the longer pre-rRNA species is
located a cluster of 6T's, and several other T clusters are found further downstream. Such
stretches of t's have also been found at the end of the rRNA genes of Xenopus and yeast (but
not Drosophila). No other obvious homologies have been found in the 3' spacer sequences among

Tetrahymena, Xenopus, yeast and Drosophila. There is, however, sequence homology within the

3'ends of the coding regions among these organisms. The S'end of pre-rRNA was found to map

650 nucleotides upstream from the 5'end of 17S rRNA. While the 5'sequence of Tetrahymena 175

rRNA shows a very high homology with all published 5' sequences of small mature rRNA species,

no conserved sequences either in the transcribed or non-transcribed spacer have been found.

We have identified several almost identical AT rich repeats preceeding the transcription

initiation site. Such repeats, albeit with very different nucleotide composition, have also

been found in the 5' spacer sequence of rRNA genes from other organisms.

0813 RAPID EVOLUTION OF GENES CODING FOR VARIANT SURFACE GLYCOPROTEINS (VSGs) IN

TRYPANOSOMES. P.Borst, A.C.C.Frasch and J.Van den Burg, Section for Medical Enzymology,
Laboratory of Biochemistry, University of Amsterdam, Jan Swammerdam Institute, P.0.Box 60.000,
1005 GA Amsterdam (The Netherlands)

The African trypanosome Trypanosoma brucei evades the immune response of its host by the
sequential synthesis of different variants of a major surface protein, the VSG. Using cloned
DNA complementary to each of four VSG mRNAs we have shown that each VSG is encoded in a sep-
arate gene, that VSG genes occur in families of related genes and that activation of some of
these genes requires a duplication-transposition of the gene which leads to an alteration of
the 3' end of the gene [1]. The evolution of VSG genes was studied by hybridization of the
cDNA probes to blots of restriction digests of nuclear DNAs from related trypanosome strains.
One of the genes (117) was found essentially unaltered in 11 out of 12 stocks. A second gene
(118) was absent in five stocks. In the seven stocks that contained it, four forms of this 118
gene could be distinguished that diffeer by loss/gain of several restriction sites. A third
gene (221) was only present in T. brucei 427 and in none of 11 other stocks. We conclude that
a sub-set of the genes for the variant antigens evolves at a very high rate and we favour the
hypothesis that this is due to local hypermutagenesis.

{1} P.Borst, A.C.C.Frasch, A.Bernards, L.H.T.Van der Ploeg, J.H.J.Hoeijmakers, A.C.Arnberg &
G.A.M.Cross (1981) Cold Spring Harbor Symp.Quant.Biol. U5, 935-943,

0814 CLONING AND GENETIC ANALYSIS OF HYBRID DYSGENESIS-INDUCED ALLELES AT AN RNA POLY-
MERASE II LOCUS IN DROSOPHILA MELANOGASTER. Robert A. Voelker*, Lillie L. Searles
Robert S. Jokerstt, Paul M. Bingham* and Arno L. Greenleaf™. *Nat1ona1 Institute of Environ-
mental Health Sc1ences, Research Triangle Park, North Carolina 27709 and TDuke University,
Durham, North Carolina 27710.
The L5 locus, an allele of which (RpXI ) confers a-amanitin resistance on RNA polymerase II
of Drosophila melanogaster, maps at division 10C on the polytene X-chromosone and.is lethal-
mutable. Lethal alleles of this locus were generated by hybrid dysgenesis, a phenomenon in
which a mobile DNA sequence known as the P-factor is mobilized and caused to insert at numer-
ous places throughout the genome. One of these lethal alleles was shown by in situ hybridi-
zation to have a P-factor insertion in the 10C region {(as well as other insertions at other
sites). Probable causality between the P-factor insertion and the resulting Tethality was
indicated by the observation that in several independent reversions of the lethal the P-
factor insertion at 10C was lost. A whole-genome charon-30 phage library of P-factor-con-
taining mutant DNA was constructed and screened with P-factor. DNAs from the P-factor-con-
taining phage were then hybr1d1zed in situ to wild type polytene chromosomes to identify
those phages which contained unique sequences from the 10C region. One phage was identified
which carried 11 kb of Drosophila DNA which included a 2 kb P-factor insert near one end.
Subcloned fragments of this DNA are being used to screen other libraries to obtain genomic
DNA sequences extending in both directions from the site of P-factor insertion. We plan to
use these cloned sequences to identify the protein-coding and control regions of the L5 locus
and to study P-factor insertion and excision.
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0815 Molecular Cloning of the E. ¢oli Genes for Translation Initiation Factor-3 and Two

Aminoacyl-tRNA Synthetases. ~I. Schwartz, D.Elseviers*, P. Gallagher*, L. Scinto and

B. Weinberg, Dept's. of Biochem. and Micro*, N.Y. Med. Coll., Valhalla, NY 10595.
In order to study the regulation of expression of E.coli genes for translational factors, the
molecular cloning of the 37 minute region of the chromosome, which contains genes for IF-3,
heRS and thrRS, was undertaken. Chromosomal DNA from wild-type E.co -
584 DNA were digested with EcoRI, mixed and recombined by DNKpliﬁhggl%igaéie:EF'S%agzigﬂzﬁﬁzf
DNA was used to transform E.coli NP37, a mutant with a temperature sensitive lesion inthe gene
for the a-subunit of the pheRS which grows normally at 30°C but not at 42°C. Transformants
(based on tetracycline resistance and chloramphenicol sensitivity) were screened for growth at
42°C, There were eleven such candidates from among 600 transformants. Redigestion of the iso-
lated plasmid DNA with EcoRI indicated that there were two classes of transformants, one with
an insert of 10.7kb and the other with an insert of 20.2kb. One candidate from each class was
chosen for further study to determine whether there was an overproduction of the translation
factors. The strain harboring the plasmid with the larger insert (pIF301l) produced increased
amounts of IF-3, pheRS and thrRS. In the case of IF-3 the overproduction is 8-10 fold. No
detectable overproduction of any soluble protein was observed with the other transformed
strain (pIF310). pIF301 DNA was used to program an in vitro transcription-translation system
and directed the synthesis of IF-3, pheRS and thrRS. The restriction maps of pIF301 and pIF310

are different thus ruling out the possibility that pIF310 DNA sequences are contained within
pir30l. To date a mechanism for the complementation of the temperature sernsitive lesion in
NP37 by gIFBlO has not been established. The genes for IF-3, gheRS and thrRS are being subcloned
from pIF301 DNA and these cloned DNAs will be employed to study the regulation of expresciun
of these genes, (Supported by NIH GM24576, GM29265 and the Sinsheimer Foundation.)

0816 MAXAMIZE, A DNA SEQUENCING STRATEGY ADVISOR » Rene Bach, Peter Friedland,

Doug Brutlag and Larry Kedes, Stanford University, Stanford, CA 94305
The MAXAMIZE advisory system determines from user-provided restriction maps an optimal
strategy to do nucleotide sequencing by methods involving end-labeled fragments. The maps
may be either simple linear restriction maps of fragments or complex circular maps including
restriction sites of a vector. The whole system is interactive and is written in the GENETIC
ENGLISH language provided by the GENESIS System, a molecular genetics knowledge representation
and manipulation package. In addition, MAXAMIZE provides bookkeeping facilities for
sequencing and offers advice on how to verify the newly obtained sequence data.

0817 F0MOLOGUES OF MITOCHONDRIAL GENES IN THE NUCLEAR GENOME OF S. PURPURATUS, Howard T.
Jacobs, James W. Posakony, John T. Grula, Eric H. Davidson and Roy J. Britten,
Division of Biology, California Institute of Technology, Pasadena, CA 91125.
Two non-cross-reacting clones, isolated from cDNA libraries prepared from cytoplasmic moly(A)+
RNA of S. purpuratus embryos, were found to hybridise strongly with mitochondrial DNA.
Extensive genome blotting, using as tracers restriction fragments from one of these clones,
showed hybridisation to bands that could not be accounted for by reaction with mtDNA. On
screening a s2a urchin genomic library with each of these cloned cDNAs, the identical set of
overlapping clones was independently selected. These were Judged to be of chromosomal origin
by the following criteria : (1l)various restriction fragments from them exhibited genome blot
and RNA blot patterns characteristic of low and high frequency dispersed repeats, (2) hetero-
duplexing and cross-blotting showed only very short regions of homology with cloned sea
urchin mtDNA, (3)fragments bordering the region of homology with mtDNA hybridised in genome
blots to bands whose sizes were compatible with the restriction site map of the clones.
Each of the two mitochondrial genes is represented only partially at the nuclear locus.
Furthermore, elements homologous to one of the c¢DNA clones map on either side of the
homologue of the other, in contrast to their organisation in mtDNA.

(0818 DNA SEQUENCE ANALYSIS OF AN IMMUNOGLOBULIN GENE PROMOTER REGION, Kathryn Calame, James
Berenson and Catherine Clarke, Dept. of Biol. Chem., UCLA, Los Angeles, CA 90024
Transcription of immunoglobulin genes appears to be regulated in at least two ways: 1) vari-
able regions are transcribed only after V(D)J joining and 2) transcription in antigen-
stimulated plasma cells is more efficient than in pre-B cells. In order to study both levels
of transcriptional regulation, we have cloned a phosphorylcholine binding heavy chain variable
gene segment, Vi, from DNA representing three developmental stages--germline, an IgM producing
hybridoma HPCM2 and several IgA producing myelomas. These clones are homologous by hetero-
duplex analyses for at least 5 kb 5' to the V1 coding region. We have mapped the transcrip-
tional start site of the V1 gene on the HPCM2 DNA using three techniques: 1) RNA blots of
poly (A+) nuclear RNA from HPCM2 cells, 2) S1 nuclease analyses of HPCM2 DNA hybridized to
u mRNA from HPCM2 cells and 3) primer extension and dideoxy sequencing of the 5' end of . mRNA
from HPCM2 cells. Our results show that transcription of V1 in HPCM2 cells initiates 60 bp 5'
to the coding sequence for the leader peptide. We have determined the DNA sequence in this
region and note an AT rich region at -31 bp. We are currently determining the DNA sequence
of this region in both germline DNA and IgA myeloma DNA. These results will allow us to show
whether sequence alterations in the region involved in transcription initiation are associated
with VDJ joining or antigen stimulation and class switching. This question is particularly
interesting with respect to antigen stimulation since it has recently been shown that somatic
mutations in the V1 coding region are correlated with that process.
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0819 NUCLEOTIDE SEQUENCE ANALYSIS OF THE RHO GENE IN E. COLI K-12, Jennifer L. Pinkhaml,
Stanley Brown“ and Terry Platcl, lyale University, New Haven, CT 06510, “Harvard

University, Boston 02115,
The rho gene g:s een clonEd into pBR322 on a 3.6 kilobagse HindIII-BglII restriction frag-

ment. We have determined the nucleotide sequence of the rho as well as flanking regionms.
This analysis has revealed the following structural features. The structural gene is encoded
within 1251 base pairs which allows for a polypeptide of 417 amino acid residues. The pro-
moter for the rho gene is located in a region 240-210 base pairs upstream of the initiating
AUG codon. The promoter sequence, shown below (a), has a nearly canonical -35 region spaced
the optimal 17 base pairs from the Pribnow box. The Pribnow box sequence has an A at the
invariant T position, but it otherwise strongly correlated to the TATAATG consensus sequence.
A 226 nucleotide leader mRNA is detectable by S1 nuclease mapping. The rho terminator is
located 15 nucleotides distal to a UAA stop codon and is a GC-rich region of dyad symmetry
followed by a series of T's characteristic of prokaryotic terminator regions. The stem and
loop is extremely stable (86 = -23.8 kcal/mole) and is shown below (b). The 3' end of the
mRNA has been S1 mapped to within the series of uridine residues.

(a) -35 -10
CTTAGTGTTGACTTAAACATACCTTATTAAGTTTGAA
(b)

TAAATTTGTCTTATGCCAAAAACGCCACGTGTTTACGTGGCGTTTTGCTTTTATATCT

0820 STUDIES ON THE TERMINATION OF TRANSCRIPTION WITH MOLONEY SARCOMA VIRUS-DERIVED RECOM-
BINANT DNA CLONES. Dino Dina and Eric Schaeffer, Albert Einstein College of Medicine,
Bronx, N.Y. 10461.

The 600 base pair repeats (LTR) found at the ends of retroviral genomes have been impli-
cated as sites of transcriptional control. DNA sequence data from the LTR has revealed a
typical Hogness bax found upstream from the 5' end of the viral RNA (capping site), and a
polyadenylation signal found 59 BP downstream of the capping site. A model has been proposed
to explain how readthrough of the left end LTR may be achieved, while proper termination at
the right end LTR can still occur. This model is based on the potential secondary structure
of nascent RNA transcripts, and involves the 70 BP region comprised between the Hogness box
and the poly A site (Benz, et al. Nature 288: 665-69, 1980).

As a means of testing the above hypothesis, two recombinant clones carrying the LTR DNA
have been constructed. These are P600-1 containing a single copy of the LTR, with flanking

"¢", and leader reglons; and P600-2, a tandem LTR clone with leader and "c" regions between

two 600 BP repeats.

Preliminary results have been obtalned from transfections of NIH 3T3 cells with P600-1
and P600-2. Transient expression of viral sequences has been demonstrated by molecular hy-
bridization of transcripts to specific DNA probes.

Work directed towards characterization of the transcripts synthesized in cells containing
the LTR clones is in progress.

0821 ALTERATION OF A SINGLE NUCLEOTIDE AT THE SPLICE SITE ELIMINATES AN
ADENOVIRUS EARLY mRNA, Craig Montell, Eric F. Fisher, Marvin H.
Caruthers and Arnold J. Berk, University of California, Los Angeles,

CA 90024

Early region IA of human adenoviruses encodes a function regquired for normal

induction of early viral genes and virus induced cell transformation. The

region is expressed at early times as two overlapping spliced mRNAs, 125 and

138, encoding closely related proteins. To differentiate the functions of

these proteins, a single U + G transversion was constructed which prevents

splicing of the 125 mRNA. This transversion, in the second base of the 128

mRNA intron, does not alter the protein encoded by the 135S due tc degeneracy

in the genetic code. Studies with this mutant demonstrated that only the 138

mRNA encodes the regulatory protein required for normal earlv gene expression.
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0822 REGULATION OF DIHYDROFOLATE REDUCTASE mRNA PRODUCTION IN MOUSE FIBROBLASTS,
Lee F. Johnson, Jin-Shyun Ruth Wu, Mark Collins and Sidney L. Hendrickson,
The Ohio State Umiversity, Columbus, OH 43210
We have used a DHFR-overproducing 3T6 cell line (MSOL3) to study the mechanism for
regulating DHFR mRNA production. The rate of production of cytoplasmic DHFR mRNA
relative to total mRNA Is about 4 times lower in serum-limited or amino acid-starved
cells than in exponentially growing cells. The rate increases to the growing rate
several hours following growth stimulation. The technique of DNA-excess filter
hybridization was used to determine the rate of labeling of DHFR hnRNA relative to
total hnRNA and to monitor the efficiency of processing of DHFR hnRNA into
cytoplasmic DHFR mRNA. 1In serum-limited, serum-stimulated, and exponentially
growing cells, we found a close correlation between the rate of DHFR hnRNA synthesis
and the rate of DHFR mRNA production. Furthermore, the efficiency of processing was
the same in serum-limited and exponentially growing cells. In coutrast, when
comparing amino acid-starved with amino acid-replenished or exponentally growing
cells, we found very little change in the relative rate of transcription, but a 3-4
fold difference in the efficlency of processing of DHFR hnRNA. These results
suggest that DHFR mRNA production may be controlled by altering either the rate of
transcription of the DHFR gene or the efficiency of processing of the mRNA
precursor, depending on the physiological state of the cell.

0823 DNA POLYMORPHISM LINKED TO O.1-ANTITRYPSIN DEFICIENCY AND PULMONARY EMPHYSEMA IN MAN,
savio L.C. Woo, T. Chandra, Robin Stackhouse, George Long*, Kotoku Kurachi* and Earl
W. Davie*, Howard Hughes Medical Institute, Baylor College of Medicine, Houston, TX
77030, and *University of Washington, Seattle, WA 98105
Alpha-l-antitrypsin is the major plasma protease inhibitor. Deficiency of ol-antitrypsin is a
genetic disorder that predisposes affected individuals to development of Chronic obstructive
pulmonary emphysema. The deficiency is characterized by the presence of a mutated al-anti-
trypsin gene which gives rise to a variant Z type protein instead of the normal M type pro~
tein, and is inherited by an autosomal recessive trait. The protein is a single polypeptide
of 45,000 daltons in molecular weight and is synthesized in the liver. We have constructed
an ol-antitrypsin cDNA clone from which the aminc acid sequence of the entire protein has been
deduced. The corresponding chromosomal gene was isolated from a human genomic DNA library.
The human chromosomal al-antitrypsin gene contains 3 intervening sequences and is approximate-
ly 5 Kb in length to code for a mature mRNA of about 1400 nucleotides. The entire gene re-
sides within a 9.6 Kb Eco RI fragment, which will facilitate the cloning of the chromosomal
gene from deficient individuals. Using the cloned human ql-antitrypsin gene as a specific
hybridization probe, genomic DNA isclated from leukocytes of a deficient individual of the 2
phenotype who is suffering from severe pulmonary emphysema was compared with that of a normal
individual by restriction endonuclease mapping and southern hybridization. Polymorphic DNA
patterns have been observed with certain restriction enzymes. If such polymorphic DNA pat-
terns can be verified by analysis of a number of individuals of the 2 phenotypes, they can be
used as a tool for prenatal diagnosis of recessive homozygotes.

Gene Expression

0824 PHENOTYPIC REVERSION AT THE HPRT LOCUS AS A CONSEQUENCE OF GENE AMPLIFICATION, David
W. Melton, John Brennand, David H. ledbetter, David S. Konecki, A. Craig Chinault,
and C. Thomas Caskey, Baylor College of Medicine, Houston, TX 77030.
A class of HAT-resistant revertants generated by ultra-violet mutagenesis of a 6-thioguanine-
resistant mouse neuroblastoma cell line (NB™) contained a variant HPRT protein with extreme
heat lability and reduced catalytic activity relative to wild-type mouse neuroblastoma (NB')
enzyme. In vitro translation studies showed that the amount of immunclogically detectable
HPRT protein produced in one of these revertants (NBR4) was 25 to 50-fold elevated over the
wild-type level. A cDNA bank was constructed in the plasmid vector pBR322 by reverse
transcription of NBR4 mRNA and G~C "tailing." CcDNA clones of the HPRT gene were identified
by mRNA selection assay and used to investigate HPRT mRNA levels and gene copy number in NBR4
cells. RNA blot hybridization showed that increased HPRT mRNA levels, rather than increased
translational efficiency, was the basis for HPRT protein overproduction and Southern analysis
indicated that this was as a consequence of gene amplification. NBR4 cells contained a marker
chromosome comprising three contiguous copies of the mouse X chromosome which was not present
in NB* or NB~ cells. In situ hybridization studies are in progress to localize the amplified
HPRT genes in the NBR4 karyotype. Thé sequence of the HPRT cDNA has been established and the
clones, which cross-hybridize with both the human and Chinese hamster HPRT genes, are being
used to investigate the nature of mutations at this locus and to probe the structure of mouse
HPRT genomic sequences isolated from lambda genomic banks.
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0825 UNPOLYMERI#ED TUBULIN LEVELS MQDULATE THE EXPRESSION OF#a—#AND B-TUBULIN. Don W.
Cleveland, Marc W. Kirschner, and Margaret A. Lopata, + The Johns Hopkins
University, School of Medicine, Baltimore, MD 21205, and University of California,
School of Medicine, San Francisco, CA 94143.

Although numerous studies have suggested ways in which the assembly of cytoskeletal proteins

can be regulated physiologically, less information has been generated on the regulation of

the synthesis of these proteins. Ben Ze'ev et al. [Cell 17, 319 (1979)] recently suggested
that the synthesis of tubulin in mouse 3T6 cells is affected by the state of assembly of
microtubules. We have investigated the level at which this apparent modulation of tubulin
synthesis takes place, using cloned cDNA probes for o~ and 8-tubulin mRNAs to measure the
amounts of tubulin mRNAs combined with immunoprecipitation of tubulin to wonitor the rate

of protein synthesis. We have found that in many [but not all] cell types tubulin synthesis

decreases very rapidly in response to microtubule inhibitors that increase the monomer pool.

This decline in synthesis is associated with a decline in the amounts of both a- and B-

tubulin mRNAs. Kinetic studies of tubulin protein synthesis and RNA levels suggest that

tubulin synthesis can be shut off quickly in the cell as a consequence of 1) transcriptional
modulation of the tubulin genes by the tubulin monomer pool and 2) the short half lives of
the tubulin mRNAs, which appear to be only 1-2 hours. These data suggest that the cell
exploits transcriptional modulation of tubulin genes combined with the instability of the
tubulin mRNAs as a means to regulate precise levels of the monomer-tubulin pool.

0826 TRANSCRIPTIONAL AND TRANSLATIONAL REGULATION OF RIBOSOMAL PROTEIN SYNTHESIS
IN YEAST, Jonathan R, Warner, Nancy J, Pearson, Chung Kim and Howard M. Fried, Albert
Einstein College of Medicine, Bronx, N, Y, 10441,
The isolation of genes for a number of ribosomal proteins of Saccharomyces cerevisiae has endbled us to ask
directly about the way in which the syntheses of these proteins is regulated. When yeast cells are shifted
from 23° to 36° the synthesis of ribosomal proteins is inhibited temporarily. Pulse labeling of RNA at inter-
vals after a temperature shift, followed by hybridization to cloned genes, revealed that transcription of
ribosomal protein genes drops nearly 90% within ten minutes, but recovers to normal values by forty minutes.
The transcription of non-ribosomal protein genes is relatively unaffected.

Transformation of yeast with an autonomously replicating plasmid containing a ribosomal protein gene leads
fo on imbalance of gene dosage for that gene. In cells carrying about five copies of a plasmid containing
the ribosomal protein gene, tcm, we find that the transcription of tem is approximately six times normal,
the concentration of MRINA derived from tcm is 3 to 4 times normal, and the synthesis of the tem gene
product is only 1.5 times normal. Thus maintenance of the equimolar synthesis of yeast ribosomal proteins
is due to effects at the level of translation and, perhaps secondarily, at the level of mRNA stability.

Therefore, unlike the apparent situation in E, coli, yeast appear to employ both transcription and trans-
lation for the regulation of the levels of ribosomal proteins. (Supported by NIH grant GM 25532.,)

0827 MECHANISM OF RNA POLYMERASE II-SPECIFIC INITIATION OF TRANSCRIPTION IN VITRU: ATP

REQUIREMENT AND UNCAPPED RUNOFF TRANSCRIPTS, O. Bunick, R. Zandomeni, S. Ackerman, and
R. Weinmann, The Wistar Institute, Philadelphia, Pennsylvania 19104 The ATP analog 5'-adenyl-
ylimidodiphosphate (AMP-PNP) inhibits transcription of specific genes by the RNA polymerase 11
contained in crude whole HeLa cell extracts. This inhibition of transcription occurs not onty
with promoters that contain A as the first nucleotide of the transcript, such as the major late
promoter of adenovirus 2, but also with promoters which initiate transcripts with G, such as
adenovirus protein IX, or U, as in adenovirus early region IV. Other imidodiphosphate analogs
can be used in vitro for elongation of transcription. In the whole cell extract, the analog
AMP-PNP probably acts at the level of initiation of transcription. It can be used only for
elongation by RNA polymerase II in isolated nuclei or in the whole cell extract, and by purified
HeLa cell RNA polymerase II both for initiation and elongation. In contrast, RNA polymerase III
in the crude system both initiates and elongates transcripts with AMP-PNP. Thus, the cleavage
of the g-y bond of ATP is an indispensable requirement for faithful and specific in vitro ini-
tiation by RNA polymerase II in the whole cell extract. In the case of the adenovirus early re-
gion IV, uncapped U-initiated transcripts were obtained in the presence of UMP-PNP, the imidodi-
phosphate analog of UTP. No capping can occur without cleavage of the g-y bond of the terminal
U triphosphate. The presence of the 5'-terminal imidotriphosphate at the same oligonucleotide
as the cap for U-initiated precursors, established that transcription initiation and capping
occur at the same site. Capping is not required for transcription by RNA polymerase Il in the
in vitro system, but is required for methylation of the 2' ribose of the initiating nucleotide,
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0828 ANDROGENIC CONTROL OF PROSTATIC BINDING PROTEIN EXPRESSION

Malcolm G. Parker, Imperial Cancer Research Fund, P.0.Box 123, Lincoln's Inn

Fields, London WC2A 3PX, U.K.
Prostatic binding protein contains three distinct polypeptides whose expression is stimulated
by androgens. Testosterone stimulates mRNA production within one hour, but, in contrast to
many steroid hormones, this appears to be due primarily to effects on turnover of nuclear RNA.
Evidence to support this conclusion come from analyses of nuclear RNA by Northern blotting
and measurements of RNA synthesis in 1solated nuclei. The 'rate' of 10K mRNA synthesis was
approximately 120 ppm in normal animals and 45 ppm in withdrawn animals;  these differences
are not sufficient to account for the difference in steady-state concentrations of 10K mRNA.

The organisation of the three genes, 9K, 10K and 11K, that code for prostatic binding
protein have been analysed in genomic clones by Southern blotting and electron microscopy.
The 9K and 11K genes are present in one copy per haploid genome whereas the 10K gene is
present in 2 copies per haploid genome. The most striking feature, however, is that the
9K and 11K genes share appreciable DNA sequence homology and from cDNA sequence analysis we
have found that the proteins contain a region in which 23/34 amino acids are identical. It
is likely that this region is the result of duplication of an ancestral gene that has then
undergone some divergence. In view of this it is likely that the 9K and 11K genes are
linked but inspection of genomic clones suggest that this cannot be within 10 Kb.

0829 DEVELOPMENTAL EXPRESSION OF DROSOPHILA ACTIN GENES, S. Tobin, F. Sinchez, U. Rdest, B.
McCarthy, University of California, Berkeley, CA 94720 and University of California,
San Francisco, CA 94143.
Drosophila actin genes are members of a dispersed multigenme family composed of six members,
one at each of the cytological loci 5C, 42A, 57B, 79B, 87E, and 88F. All of these genes have
been isolated by virtue of the conserved nucleotide sequences encoding actin amino acids. We
are examining the transcriptional characteristics of individual actin genes during development
with the use of gene-specific probes from the 3' transcribed but nontranslated regions of each
gene. These probes hybridize only to the actin gene (and its transcript) from which each was
derived. These gene-specific probes have been hybridized to RNAs isolated at different stages
of development and dotted onto nitrocellulose. The 79B and 88F genes (both of which appear
to encode muscle actin) exhibit parallel patterns of transcriptional activity until pupation,
after which they differ greatly, perhaps due to differential response to hormonal signals. 1In
contrast, the 5C gene (cytoplasmic) does not appear to be coordinated with either muscle gene.
Four sequence blocs which are conserved between the 79B and 88F genes have been found at their
5' ends, though the order and placement of these blocs differ. These blocs may be remnants of
the duplication events which are presumed to have led to multigene families and/or could be
involved in the apparent coordinate regulation of these genes. We will also present data deal-
ing with the putative eucaryotic control sequences for the 79B and 88F actin genes. Interest-
ingly, the 88F gene appears to encode transcripts of two different lengths, a 1.85 kb tran-
script (embryos) and a 1.95 kb transcript (larvae). The 5' end of the 88F gene contains two
sets of putative control sequences; the larval transcript maps to the more distal set.

m30 EXPRESSION OF NON-GLOBIN GENES DURING MOUSE RED BLOOD CELL DIFFERENTIATICN,
P. R, Harrison, N. Affara, P. S. Goldfarb, Q.-S. Yang, K. Kasturi, J. O'Prey,
E, Black, J. Fleming and R. Nichols, The Beatson Institute for Cancer Research,
Glasgow, U.K.

Red blood cell development involves the coordination of a series of unlinked genes respons-—
ible for creating the red blood cell phenotype such as those coding for the globins,
spectrin, glycophorin, carbonic anhydrase, etc. Our research concerns the structure and
regulation of such non-globin genes using cloned recombinant INA probes we have isolated
which contain cINAs transcribed from erythroblast non-globin mRNAs identified by hybridisa-
tion selection/translation experiments aided by immune precipitation with our monoclonal
antibodies against red blood cell markers. Genomic INA recombinants containing the genes
coding for some of these mRNAs have also been isolated.

Our current experiments concern the stage of expression of these RNAs during the
haemopoietic cell differentiation and whether they are regulated transcriptionally or
post=transcriptionally.
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m31 SYNTHESIS OF CAPPED ABORTIVE TRANSCRIPTS BY INTACT REOVIRIONS AND THE
EFFECT OF Gp,G AND SIMILAR CAP ANALOGS ON TRANSCRIPTION AND mRNA METHY-
LATION, Minoru Yamakawa, Yasuhiro Furuichi and Aaron J. Shatkin, Roche Institute of Molecular
Biology, Nutley, NJ 07110
Purified reovirus converted to cores by chymotrypsin digestion synthesized capped mRNA and a molar
excess of short oligonucleotides. These "initiator" oligonucleotides corresponded to the vjral mRNA 5'-
te.,minal &equence, G-C-U-A and included structures of the type ppG-C, GpppG-C, m GpppG-C and
m GpppG -C. The same oligonucleotides were made by intact virions. However, virion nascent trans-
cripts were not elongated, indicating that the RNA polymerase in virions is active but constrained at the
initiation site. The structural changes resulting from conversion to cores released these constraints and
allowed elongation, possibly by movement of genome template RNA within the particle. The results
indicate that caps are present on reovirus dinucleotide transcripts, consistent with cap formation during
initiation of transcription. To determine if preformed 5'-5' blocked structures can be utilized by reovirus
core-associated enzymes, NA and oligonucleotide synthesis and methylation were assayed in the pre-
sence of Gp, G (i.e. G” pppp G) and related compounds. Methylation of mRNA was inhibited differentially
(as compared to transcription) by Gp,A and Gp 4G, Gp.G and Gp6G but not by szG, Gp3G or Ap 4A.
Gp,G through Gp,G were incorporated into initiator oligonucleotides as preformed 5'-termini.’ In addition,
Gp,G was utilized for mRNA synthesis, and the products were full-length transcripts. The resulting
aberrant Gp,G 5'-termini were unmethylated. The effects of altered 5'-structures of the type Gp,G on
mRNA function is being studied.

0832 Deletion of the 3' Half of the Yeast tRNAI:},'eu Gene Does Not Abolish Promoter Function
in Vitro. G. P. Tocchini-Valentini, G. Carrara, G. Di Segni, and A. Otsuka*
Laboratorio d4i Biologia Cellulare Consiglio Nazionale delle Richerche, Rome, Italy 00196

The promoter function of the 3' and 5' helf tRNA sequences in the yeast tRNAI3'eu gene
hes been studied by in vitro transcription in Xenopus laevis germinal vesicle (GV) extracts.
Truncation of the DNA template within the tRNA intervening sequence by Hpa 1 abolishes
transcription. However, separation of the tRNA gene halves by insertion of a 300 bp DNA
fragment at the Hpa 1 site does not affect the promoter efficiency. Further, the complete
sequence of the 3' half of the tRNA is not necessary for promoter function, because
removal of the 3' half of the gene by cleavage with Pvu II, within the DNA inserted at the
Hpa 1 site, does not inhibit transcription.

#Present address: Department of Gehetics, University of California, Berkeley,
California 94720,

m33 REGULATION OF MHC GENE EXPRESSION DURING IN VITRO LcE, CELL MYOGENESIS: B. Nadal-
Ginard, Children's Hospital, Harvard Medical School, %oston, Ma., 02115

During differentiation of the L. myogenic cell line myosin heavy chain mRNA (MHC) accumu-
lates from 10 molecules per cell - in log growing myoblasts up to 40,000 molecules/cell equi-
valent in myotubes. This accumulation is initiated in the absence of cell fusion or with-
drawal from the cell cycle and it is reversible during the initail steps. Moreover, cell
mutants temperature sensitive for commitment, are able to accumulate MHC mRNA 1n-a reversi-
ble manner. In these mutant cells the induced stated is reversed upon cell division. In
order to determine the molecular mechanism(s) responsible for the induction of MHC mRNA, we
have determined its rate of cytoplasmic appearance, T1l/2, and transcriptional rate during
myogenesis using pulse labeling and chase techniques in combination with in vitro nucleic
transcriptional assays and DNA-excess filter hybridization. The synthesis of the embryonic
MHC gene which is expressed in L6E cells 1s induced at least 50 fold from undetectable
levels in log growing myoblast to 2-6 mol/cell/min. in myotubes. This increased tramscrip-
tional activity, in combination with the stability of MHC mRNA (>50h), is sufficient to ac-
count for the final MHC mRNA accumulation in the cell. In L6E cells these changes in trans-
scriptional rate are associated with changes in chromatin con?ormation, as detected by DNAse

I digestion. The transcriptional activation of the MHC gnee is produced by changes in the
cell cycle which can be dissociated from the commitment to terminal differentiation. These

results suggest that biochemical differentiation and irreversible withdrawal from the cell
cycle might be the result of two independent processes. The terminally differentiated pheno-
type can only be produced when the two programs develop in parallel.
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0834 ALLELIC EXTINCTION OF THE M1 SUBUNIT OF RIBONUCLEOTIDE REDUCTASE ACCOMPA -
CREASED EXPRESSION OF THE M2 SUBUNIT, David W. Martin, Jr., Ingrid W. Cagégf Eﬂghlz.
_ Gjerset and Buddy UlTman, University of California, San Francisco, California 94143.
R1bonug]eotide reductase consists of two non-identical subunits, M1 and M2. The M
subunit mediates allosteric regulation by nucleotides and we have isolated and characterized
mouse lymphoma mutants which are heterozygous for feedback resistant M1 subunits. When
these mutants heterozygous for M1 alleles are selected for resistance to hydroxyurea, an
inhibitor of M2 function, the resistant variants contain increased quantities of M2 activity.
Concomittant with the increased M2 subunit there is a loss of the expression of one of the
two M1 alleles, both of which were expressed in the hydroxyurea-sensitive parental hetero-
zygote. From some heterozygotes hydroxyurea-resistant clones can be isolated that express
either one or the other M1 allele; from other heterozygous mutants only clones that express
the single wild-type allele are viable. Thus the hydroxyurea-resistant clones contain
increased quantities of M2 but have become functicnally hemizygous for the M1 locus.
Hydroxyurea-resistant clones selected from cells homozygous for the wild-type Ml allele
also show increased M2 activity and are hemizygous for the wild-type allele. Some of the
mutants heterozygous for feedback resistant M1 subunit "revert" spontaneously to wild-type
ribonucleotide reductase. This event is not a true reversion but a spontaneous extinction
of the expression of the mutant allele, resulting in a cell hemizygous for the wild-type
allele and exhibiting a growth phenotype indistinguishable from the wild-type parent. These
observations suggest that the M1 gene and the M2 gene are linked and that allelic extinction
is a spontaneous event occurring in wild-type and mutant cultured T-lymphosarcoma cells.

0835 IDENTIFICATION OF DEFECTIIVE IN VIVO GLOBIN mRNA SYNTHESIS, J.A. Shapiro, Y. Chiang,

T. Ley, L. Killos, A.W. Nienhuls, and W.F. Anderson, NHLBI, NIH, Bethesda, MD 20205
M11X cells, formed by the fusion of mouse erythroleukemia cells (MEL) and human fibroblasts,
contain the gene for human g-globin. Upon induction with HMBA, 10S or longer mRNA tran-
scribed from the human B-globin gene is detected by Northern blot hybridization analysis.
However, no human B-globin translation product is found. Although transcription occurs, im-
proper initiation or processing of the transcript is therefore suggested. Similar data have
been obtained from mouse L cells which have been microinjected with a cloned human B-globin
gene. In addition, some patients with severe 8-thalassemia have been shown to have a defec~
tive mRNA. The mechanisms of these defects are being investigated by S mapping and sequence
analysis of the mRNA. DNA probes created by cloning various segments of the human 8~globin
gene into the bacteriophage M13 served as templates for the synthesis of radiolabeled probes
complementary to human f-globin gene transcripts. Differences between the control, MI11X,
and microinjected cells' human B-globin mRNA were mapped to the 5' region as determined by
the length of the portion of the f-globin probes protected from S; nuclease by the mRNA.
Synthetic DNA oligonucleotides complementary to portions of the human B-globin mRNA were
used to sequence directly the mRNA using reverse transcriptase and dideoxyribonucleoside
triphosphates. Studies are underway using a tridecanucleotide primer complementary to the
middle of the human 8-globin mRNA which allows sequencing through to the normal initiation
of transcription, in order to determine where defective initiation (or processing) of the
mRNA is occurring in the primary sequence.

0836 GENE DEFECTS IN THE 8 THALASSEMIAS, Arthur Bank, Sally E. Spence, Robert G.
Pergolizzi, Maryann Donovan-Peluso, Katherine A. Kosche and Carl S. Dobkin, Columbia
University, College of Physicians & Surgeons, New York, NY 10021.

The 8 thalassemias are a heterogeneous group of mutations in humans which affect B globin

synthesis. In the B® thalassemias, no B globin is produced, while in gt thalassemia, some

normal B globin is synthesized. In the B° thalassemias, defects have been defined which lead
to either deletion of parts of the B globin structural gene, changes in the splice junction
of the large intervening sequence(IVS 2)or termination codons at several positions within the

8 globin gene. In BV thalassemia, a single point mutation within the small intervening

sequence(IVS 1)of the B globin gene has been reported. We describe here another B globin gene

associated with the 8% thalassemia phenotype in which there are five changes in IVS 2, in

addition to a third base change at codon 2. The five changes in IVS 2 are 16, 74, 81, 666,

and 705 nucleotides from the 5' end of IVS 2. The change at position 16 h