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Molecular Biology of Development 

Cytoplasmic Localization In Early Embryos 

0841 LOCALIZATION AND DETEIMINATION I N  EARLY EMBRYOS OF C. ELEGANS. Wi l l iam 8. Wood, 
Einhard Schierenberg, and Susan Strome, Department rf m a r ,  Ce l l u la r  and 
Developmental Biology, Un ive rs i t y  o f  Colorado, Boulder, CO 80309 

become determined i n  C. e l e  ans embryos. Previous evidence from our laboratory  (1)  
i nd i ca ted  t h a t  a t  l e a h t h e s e  fates, t h a t  o f  the gut  l ineage. i s  governed by 
i n t e r n a l l y  segregating, cell-autonomous determinants (1). 
determinants are nuclear o r  cytoplasmic i n  experiments using l ase r  microsurgery t o  expose 
the  nucleus o f  one c e l l  t o  cytoplasm o f  another. The resu l t s  show t h a t  cytoplasm from a gut 
precursor c e l l ,  when introduced i n t o  a non-gut precursor c e l l ,  w i l l  cause the progeny o f  the 
r e s u l t i n g  hyb r id  c e l l  t o  express gut -speci f ic  d i f f e r e n t i a t i o n  markers, support ing the view 
t h a t  t he  determinants are cytoplasmic. 

t h a t  a re  segregated s p e c i f i c a l l y  t o  c e l l s  o f  the germ l i n e  ( P  l ineage) i n  ea r l y  cleavages, 
and are apparently present i n  a l l  germ l i n e  c e l l s  throughout the l i f e  cyc le  (2). 
obtained anti-P-granule monoclonal ant ibodies and used them t o  fo l l ow  segregation o f  t he  
granules t o  the pos te r io r  po le o f  the zygote p r i o r  t o  f i r s t  cleavage, dur ing migrat ion and 
meeting o f  the two pronuclei.  Observations on mutant embryos defect ive i n  various e a r l y  
events and wi ld- type embryos t reated w i th  spec i f i c  i n h i b i t o r s  o f  microtubule and 
microf i lament  func t i on  i nd i ca te  the  fo l lowing:  F e r t i l i z a t i o n  i s  requi red f o r  P-granule 
segregation. 
microf i lament  i n h i b i t o r s .  Conversely, P-granule segregation as well  as other e a r l y  
mani festat ions o f  embryonic asymnetry are blocked by microf i lament  i n h i b i t o r s  and not  by 
microtubule i n h i b i t o r s  (3 ) .  These r e s u l t s  suggest t h a t  P-granule segregation does not  
requ i re  e i t h e r  the sp ind le or  cytoplasmic microtubules, but  t ha t  t h i s  process as wel l  as 
generation o f  o ther  asymnetries do requi re cytoskeleta l  funct ions tha t  depend on a c t i n  
microf i laments. The nature o f  the P-granule antigens, now being invest igated,  and t h e i r  
poss ih le  r o l e  i n  development w i l l  be discussed. 
(1) Laufer, J.S., Bazzicalupo. P.. and Wood, W.B. (1980). Segregation o f  developmental 

po ten t i a l  i n  e a r l y  embryos o f  Caenorhabditis elegans. Cel l  19, 569-577. 
f2 )  Strome, S. and Wood, W.B. 119B2). Inunof luorescence v i s u a r z a t i o n  o f  qerm-line- 

We a re  studying the mechanisms by which the developnental fa tes o f  e a r l y  blastomeres 

We have asked whether the gut 

A poss ib le  candidate f o r  another determinant i s  the P granules, cytoplasmic components 

We have 

Pronuclear migrat ion i s  blocked by microtubule i n h i b i t o r s  but not  by 

. I  

s p e c i f i c  cytoplasmic granules in.embryos, larvae, and adu l t s  o f  Caenorhabditis 
e l e  ans. 

(1983). Generation o f  a s y n e t r y  and segregation o f  
Proc. Nat. Acad. Sci. U.S. 79. 1558-1562. 

(3 )  E - 5  rome S. and Wood. W.B. . .  
germ-line granules i n  ear1y.C. eiegans embryos. Ce l l  2. 15-25. 

MESSENGER RNA LOCALIZATION IN THE MUSCLE-FORMING CYTOPLASM OF ASCIDIAN EMBRYOS, 0842 William R. Jeffery, Richard D. Brodeur, and Craig R. Tomlinson, Center for Develop- 
mental Biology, University of Texas, Austin, TX 78712. 

The tail muscle and mesenchyme cell lineages of ascidian embryos arise from the myo- 
plasm, a specialized cytoplasmic region which is localized in the egg (1). Cytoplasmic shift 
experiments suggest that the myoplasm contains determinants that cause muscle-cell features 
to form in non-muscle cell lineages (2,3). The myoplasm is originally localized in the egg 
cortex. participates in ooplasmic segregation after fertilization, and is concentrated into a 
crescent-shaped localization in the vegetal region of the zygote where it is progressively 
segregated into the muscle and mesenchyme cell lineages during cleavage (1). The myoplasm 
contains yellow pigment granules that are histologically distinct in the eggs of the ascid- 
ian, Styela plicata. We exploited this attribute to map the distribution of mRNAs in this 
region during early development and to probe the mechanism of mRNA localization by in situ 
hybridization with poly(U) and cloned DNA (4). 
relative to histone mRNA and poly(A)+RNA at each stage of early development. ,Actin mRNA was 
concentrated in the egg cortex, remained associated with the myoplasm during its migration 
into the vegetal region of the egg, was localized in the myoplasmic crescent, and was prefer- 
entially distributed to the muscle and mesenchyme cell lineages during cleavage. The myo- 
plasm is estimated to contain about 45% of the total actin mRNA although it represents only 
about 10% of the egg by volume. Isolation of egg mRNA and analysis of its translation pro- 
ducts by 2D gel electrophoresis indicated that eggs contain translatable messages for only 
the cytoplasmic actin isoforms. The muscle actin isoform is first detected at gastrulation 
and its translation is directed by zygotic mRNA. The results suggest that cytoplasmic-type 
actin mRNA is localized in the myoplasm. 
during ooplasmic segregation suggests that these sequences may be associated with a structur- 
al framework present in this cytoplasmic region. To test this possibility we subjected 
Tritan X-100-extracted eggs and embryos to in situ hybridization. 
X-100-extracted eggs contains a cytoskeletal domain composed of F-actin and other cytoplasmic 
filaments (5). Actin mRNA was shown to exhibit the same spatial distribution in Triton 
X-100-extracted eggs as it did in intact eggs suggesting that this mRNA localization is medi- 
ated by an association with the myoplasmic cytoskeletal framework. 
1. Conklin, E.G. (1905). J. Acad. Nat. Sci. Phila. 12, lLll9. 
2. Whittaker, J.R. (1980). J. Embryol. Exp. Moyphol. 55, 343-354. 
3. Whittaker. J.R. (1982). Dev. Biol. 93, 463-470. 
4. Jeffery. W.R., Tomlinson, C.R.. and Eodeur, R.D. (1983). 
5. Jeffery, W.R., and Meier, S .  (1983). Dev. Biol. 96, 125-143. 

The myoplasm was enriched in actin mRNA 

The localization of actin mRNA in the myoplasm 

The myoplasm of Triton 

Dev. Biol. 99, 408-417. 
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MATERNAL mRNA AND DE!FD&ENATION IN SEA URCHIN AND XENOPUS EMBRYOG, Fred H. Wilt, 
Carey Phillips, and J. Akif U m ,  kpt. of Zoology, University of California, 

Berkeley, CA 94720. The egg of X. laevis is highly organized. In addition to the obviously 
arranged piglnent granules and nucleus, yolk platelets caw in several size classes, and 
particular regions of the egg may be characterized by the size of yolk platelets contained 
there and the density of their packing. These areas of yolk platelets remain coherent during 
early development, but shift relative to one another, indicating extensive cytoplasmic 
rearrangemnt. The redistribution patterns of yolk platelets also serve as reliable guide- 
posts for following changes in the localization of RNA durhg development. In situ hybrid- 
ization and autoradiography have been used to determine changes in the localization of 
poly A+ RNA and other RNA molecules during development. Poly A is especially concentrated 
in the cortex of the animal  pole prior to cleavage; as cleavage begins this localization 
disappears and a region of the vegetal cytoplasm becomes more heavily adenylated. There is 
a conspicuous increase in the amount of poly A present in one specific cytoplasmic region 
on the dorsal side of the blastocoel at stage 8; this is probably due to changes in the 
poly A tract length rather than fomtion of new transcripts. The very extensive changes 
in poly A concentration that occur in this defined area indicate that there is a post- 
transcriptional, cytoplasmic control of poly A content that is region specific. Manipulations 
of the egg which change the orientation of the fo- dorsal-ventral axis also cause changes 
in the distribution of various R NAs. 

The embryos of the sea urchin, Strongylocentrotus pquratus, show an increase in 
transcription at the 4th cell division, and this is also true of the early histone genes. 
Run-off transcription experiments show that the increase in transcription is probably 
due to loading of more polymerase. Cessation of early histone gene transcription after 
cleavage is accompanied by loss of initiation complexes from these genes. The timlng of 
the increase of RW synthesis in cleavage is apparently under control of molecules 
present in the egg. If the volume of cytoplasm is reduced before fertilization, the result- 
ant nucleated merogons divide and develop precisely on schedule, but the time course 
of increase in RNA synthesis is accelerated by one or two cell divisions. 

0844 THE ROLE OF AXIAL PROPERTIES DURING EMBRYOGENESIS, Gary Freeman, Department of 
Zoology, University of Texas a t  Austin 78712 

These symmetry propert ies  
can usually be described i n  terms of one or more axes. 
during development such a s  oogenesis or j u s t  a f t e r  f e r t i l i z a t i o n .  An a x i s  i s  not j u s t  a de- 
s c r i p t i v e  term, it is a physical  e n t i t y  with the property of po lar i ty .  I n  oocytes and ear ly  
embryos i t  serves  a s  a source of pos i t iona l  information tha t  plays a r o l e  i n  es tab l i sh ing  
where cytoplasmic components w i l l  be local ized and/or provides c e l l s  a t  d i f f e r e n t  pos i t ions  
along the a x i s  with information which they can use t o  d i f f e r e n t i a t e  i n  an appropriate manner. 
I n  this t a l k  the  r o l e  of a x i a l  p roper t ies  during ear ly  embryogenesis w i l l  be examined i n  two 
groups of animals: hydrozoans and echinoids. 

and pos te r ior  end. Pr ior  t o  gas t ru la t ion  any par t  of a hydrozoan embryo can regulate  t o  form 
a normal planula. Blastula  s tage hydrozoan embryos can be dissociated i n t o  s ing le  c e l l s  and 
the c e l l s  can be reaggregated. There i s  no sor t ing  out of c e l l s  i n  the  reaggregates. A l l  of 
these reaggregates develop i n t o  normal planulae. Polar i ty  can be entrained i n  an aggregate 
by graf t ing  a sheet of marked c e l l s  from an i n t a c t  embryo to  the aggregate. The posi t ion 
taken up by the marked sheet  of c e l l s  corresponds to  the pos i t ion  the  marked c e l l s  had i n  the 
donor embryo. I f  the sheet of c e l l s  from an i n t a c t  embryo i s  dissociated and reaggregated 
p r i o r  t o  graf t ing  i t  w i l l  not  en t ra in  polar i ty  (1). 

a l s o  regulate ,  however the  a b i l i t y  t o  regulate  is constrained as a consequence of local iza-  
t ions  of developmental po ten t ia l  which a r e  d is t r ibu ted  along the animal-vegetal a x i s  of the 
embryo (2).  It i s  possible  to  d issoc ia te  echinoid embryos i n t o  s ing le  c e l l s  and the c e l l s  can 
be reaggregated, however only a small proportion of these reaggregates form normal larvae (3). 
I f  a small g r a f t  of an i n t a c t  sheet  of marked c e l l s  from a normal b l a s t u l a  or gas t ru la  is 
graf ted t o  a reaggregate there  is  a dramatic increase i n  the proportion of normal larvae and 
the  posi t ion the g r a f t  i n  the  la rva  corresponds t o  the  pos i t ion  the  g r a f t  would have had i n  
the donor embryo. Graf ts  from the  animal and l a t e r a l  regions of donor embryos must be i n t a c t  
cel l  sheet i n  order t o  e n t r a i n  p o l a r i t y ,  but g r a f t s  from the vegetal  region w i l l  en t ra in  pol- 
a r i t y  a f t e r  the  c e l l s  have been dissociated and reaggregated. 

(1) Freeman, G. 1981. W. Roux's Arch. 190:168-184. 
(2) Hgrstadius, S. 1973. Experimental Embryology of Echinoderms. Oxford University Press. 
(3) Giudice, G. and Mutolo, V. 1970. Adv. i n  Morphog. 8:115-158. 

Most animals have a w e l l  defined s e t  of symmetry propert ies .  
These axes a r i s e  a t  an ear ly  period 

I n  hydrozoans the egg generates a r a d i a l l y  symmetrical planula la rva  with an an ter ior  

In  echinoids the  egg generates a b i l a t e r a l l y  symmetrical pluteus larva.  This embryo can 

Supported by N I H  grant GM20024. 
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DORSOVENTRAL AXIS DETERMINATION IN TEE XENOPUS EGG, Stanley R. Scharf, Jean-Paul 0845 Vincent, and John C. Gerhart, Dept. of Molecular Biology, University of California, 
Berkeley, CA 94720. In  the period between f e r t i l i z a t i o n  and f i r s t  cleavage the Xenopus egg 
undergoes a complex and developmentally c r i t i c a l  cytoplasmic reorganization. In the course of 
the f i r s t  c e l l  cycle, the egg cytoplasm becomes regionally d i f fe ren t ia ted  such t h a t  material 
i n i t i a l l y  opposite the point of sperm entry w i l l  give r i s e  to the future  dorsal  s t ructures  of 
the embryo. W e  have invest igated t h i s  ear ly  dorsal izat ion process and f ind tha t  it is 
comprised of a t  l e a s t  three d i s t i n c t  phases, a s  dis t iguished by changes i n  c o r t i c a l  and 
endoplasmic organization and d i f f e r e n t i a l  sens t iv i ty  to trea.tments inducing abnormal axis 
formation. Ihese phases are: ( 1 )  Ihe 8 rm a s t e r  phase. From 25 to 50 min pos t - fe r t i l i za t ion  
(p.f.,  f i r s t  cleavage equals 100 m T a 5 - e  sperm a s t e r  microtubule array grows to f i l l  
the  animal (upper) hemisphere. The interact ion of the a s t e r  with the animal hemisphere cortex 
is marked by a change i n  c o r t i c a l  organization, such t h a t  pigment granules become aligned 
toward the s p e r m  entry point, a process completed by 50 min p.f. In t h i s  in te rva l ,  but not a t  
any other t i m e ,  treatment with the microtubule s tab i l iz ing  agent D20 (705, 6 min) induces the 
formation of secondary and t e r t i a r y  axes. In D20-treated eggs, numerous cy tas te rs  a re  seen 
and the sperm a s t e r  is reduced i n  s ize .  (2) t ranslocat ion phase. We have found t h a t  
vegetal (lower) hemisphere pigment, a s  well a s  c o r t i c a l  and endoplasmic v i t a l  dye marks, 
abruptly begin to translocate  with respect to the egg surface a t  50 min p.f., i n  a direct ion 
which accurately predicts  the location of future  dorsal  s t ructures .  These movements a r e  
l i k e l y  to be equivalent to the c lass ica l ly  observed grey crescent formation. The extent  of 
movement is reduced i n  a dose-dependent manner by W i r rad ia t ion .  From 50 to 75 min p.f., but 
not  a t  any other time, the egg is sensi t ive t o  cold and hydrostat ic  pressure, treatments known 
t o  depolymerize microtubules (and i n  the case of pressure, microfilaments). Exposure r e s u l t s  
i n  a dose-dependent reduction and loss of dorsal  ax ia l  s t ruc tures  I l l .  Since vegetal 
hemisphere W i r rad ia t ion  during or pr ior  to t h i s  period also induces such ax is  deficiency, it 
is l ike ly  t h a t  a l l  of these treatments a f f e c t  a t ranslocat ion event required for  ax is  
determination. (3) Ihe mitot ic  phase. A t  approximately 75 min p.f., a s  mitosis begins, both 
pigment granule and dye spot  translocation end. Simultaneously, granules aggregate i n t o  
clumps which seem t igh t ly  connected to the egg surface. Coincident with t h i s  t rans i t ion ,  the 
egg becomes insensi t ive to axis  impairment by cold, pressure and W. Thus i n  these three 
phases, ( 1 ) .  the egg cortex is vector ia l ly  organized with respect to the sperm as te r ;  (21 ,  
following t h i s  d i rec t iona l  cue, the egg cortex.generates force i n  a unif ied manner and the 
endoplasm is shif ted;  and, ( 3 ) .  the cortex and endoplasm are  immobilized, s tab i l iz ing  the new 
egg organization. The l ike ly  consequence of t h i s  complex process is the local izat ion or 
regional act ivat ion of presumed "axis  determining agents", l a t e r  u t i l i z e d  i n  embryonic ax is  
formation. [ l l  Scharf, S. R. and Gerhart, J. C., Dev. Biol. 99, 75-87 (1983).  

Pattern Formation and Gene Expression 

ANALYSIS OF CELL SLIRFACE AND EXTRACELLULAR ElATRI ANTIGENS IN 
D.DISCOIDEIIM PATTERN FORMATION, Keith L.Williamsf,Yarwick N.Grant2, 

Marianne-Krefft3,Ludwig Voet and Dennis L.VJelker, Max Planck Institut fur 
Biochemie,D-8033 Martinsried bei Nunchen,Fed.Rep.Germany. Present addresses: 
l,Sch.Biol.Sci.,Macquarie Uni.,North Ryde,NSW 2113,Australia; 2, ICRF, 
London, UK; 3, Biochem.Dept.,Uni.Wupperta1,5600 Wuppertal 1, FRG _. .. 

The migratory "slug" stage of the simple eukaryote Dict ostelium discoideum 
is a cylinder of -105 cells enclosed in an extracellula: matrix,the slime 
sheath: The slug is formed in w15h by aggregation of starving vegetative 
cells and it exhibits a pattern of prestalk cells at the front and prespore 
cells in the rear. Components of the patterning system probably include 
morphogenetic signalling, cell surface interactions and cell-matrix (sheath) 
interactions. To investigate the roles of the cell surface and matrix,we are 
characterizing cell surface and slime sheath antigens using monoclonal 
antibodies. Monoclonal antibodies MUD1,~lUD50,MUD51,PIUD52,which recognize four 
different antigenic determinants on slime sheath, have been characterized (1, 
Grant 
surface of prespore (but not prestalk or vegetative) cells.One monoclonal 
antibody,MUDl, recognizes a single 32kd glycoprotein on prespores and in the 
slime sheath. Two size polymorphisms of this protein have been identified 
and the gene mapped to linkage group I (Grant et al.,In prep.).The other 
monoclonal antibodies recognize antigenic determinants that are present on 
more than one protein, and different proteins carry the antigenic 
determinants on prespore cells and slime sheath. A further monoclonal 
antibody,MUD9, recognizes a -40kd protein on the surface of vegetative and 
prestalk cells. This determinant is progressively lost from developing 
prespore cells. These results emphasize that differentiated cells have 
characteristic surfaces and some relationship hetween slime sheath and 
prespore cells is apparent. 
A quantitative pattern assay has been established using monoclonal antibody 
MUD1 and a flow cytometer (2,3).This makes possible studies on environmental 
and genetic factors which affect the pattern in D.discoideum slugs. 
l.Grant,W.N.& Williams,K.L. (1983)EMBO J.2,935-40. 
2.Krefft,M.,Voet,L.,Mairhofer,H.& Williams,K.L.(1983)Exp.Cell Res.x.235-9. 
3.Voet,L.,Krefft,M.,Mairhofer,H.a Milliams,K.L.(1984)Cytometry In Press. 

s.,In prep.).Three of these determinants are also found on the 
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FUNCTIONAL AND PHYSICAL CORRELATIONS AT THE ANTENNAPEDIA LOCUS OF DROSOPRILA 0847 MEJANOGASTER, Thomas C. Kaufman and Michael K. Abbott, Department of Biology, 
Indiana University, Bloomington, IN 47405.--Results of experimentation in this (1) and other 
laboratories (2, 3) have revealed that the function of the Antennapedia (Antp) locus is 
required to specify proper segmental identity in the thorax of the embryo= adult of 
DrosopNla melanogaster. lt~is function is similar to that found for the Ultrabithorax (Ubx) 
locus of the bithorax complex ( 4 ) .  However, unlike Ubx mutations, the structures into which 
thoracic elements are homoeotically transformed in &- anfmals are different in the embryo 
as compared to the adult. 
segments. all of which express a phenotype more characteGic of only the first thoracic 
segnent. 
transformation of legs into antennae (1, 5). 
portions of the dorsal mesothorax. 
affect these two transformations separately. 
leg-to-antenna transformation but exhibit normal embryonic development. 
produce the embryonic transformation previously described but have no effect upon leg 
development. Both types of lesions fail to complement presumed null alleles and deletions of 
Antp but complement one another to produce normal adult flies.--The recent molecular 
characterization of the DNA from the Antp locus (6) has allowed us to begin an analysis of 
these lesions at the macromolecular level. Mutations of the Antp locus are distributed over 
somewhat mre than 100 kb of DNA as are those regions of the locus which are transcribed. 
The lesions associated solely with the leg-to-antenna transformation, however, map to a 
discrete 1 kb region within the locus, wNle those lesions associated with the dominant 
antenna-to-leg transformations serve to dissociate this segment from the normal 5' end of the 
Antp transcription unit. 
subregions of the DNA of the locus may indicate the positions of differing functional domains 
within the gene. One interpretation of the complementation behavior of the various Antp 
mutations is that the function of each of these units is. to some extent,  autonomous^ 

Bmbryos lacking a functional Antp locus have three thoracic 

In adult flies, Antp- cells develop normally in the head and abdomen but cause 
Additional defects are produced in the anterior 

Thus, allelesxst which only cause the 
Other alleles 

We have now identified Antp mutations which apparently 

The correlation of specific functional defects with certain 

1) Kaufman, T.C. and M.K. Abbott, 1983. In "Molecular Aspects of Early Development," 
Plenum (in press). 2) Struhl, G.. 1982. Proc. Natl. Acad. Sci. USA 79:7380-7384. 
3) hncan, I., 1982. Genetics 100:s20. 4) Lewis, E.B., 1978. Nature 276-565-570. 
5 )  Strul, G.. 1981. Nature 292:635-638. 6) Scott, M., et al., 1983. Cell (in press). 
Supported by PHS-GI4 24299 and PHS-GM 29709. 

0848 REGULATION IN CIS AND TRANS OF THE BITHORAX GENE COMPLEX IN DROSOPHILA, E. B. Lewis, 
Division o f  Biology, California Institute of Technology, Pasadena, CA 91125 

The bithorax gene conplex in Drosophila (BX-C) exhibits many unusual regulatory features: 
(1) The direction o f  polar position effects seem to be opposite to the direction o f  
transcription (as determined in mpublished rmrk o f  Hogness and collaborators) suggesting 
that polarity is not of the usual translational type but involves another mechanism perhaps 
that controlling puffing or gene cmplification. (2) A recessive loss-of-function (LOF) 
nutant, such 88 bx3, show a slight cis-dominant gain of function (GOF) for the wild-type 
allele o f  a locus immediately proximal (namely: abx, in the case o f  bx3). Dominant WF 
mutants (such as Cbx) tend to act as we& LOF changes in genes located cis and distal 
thereto. The genes o f  the complex evidently produced substances which determine whether 
certain types o f  structures controlled by still other genes will be present or absent in a 
given seqmnt. In hich segment those structures first appear is assumed to be controlled by 
the activity of trans-regulatory loci acting upon cis-regulatory regions of the BX-C genes. 
A short film will use animation to present a model for the cis- and trans-regulation o f  the 
complex. 

Molecular Aspects of Oogenesis 

0849 THE CYTOPLASMIC REGULATION OF 5S, O M ,  AND ACTIN GENE TRANSCRIPTION IN XENOPUS 
OOCYTES AND EHBRYOS, J.B. Gurdon, E.J. Ackerman, Larissa Wakefield, S. Brennan, 
AND T.J. MOHUN. 

The rate of transcription of the oocyte- and somatic-types of 5s genes has been determined 
for full-sized oocytes and for developing embryos. Another class of genes ( O M ,  for oocyte- 
activated genes of Xenopus), like the oocyte-type 55 genes, are very abundant, and are 
transcribed by polymerase I11 primarily in oocytes. In sequence, however, they differ sub- 
stantially from the oocyte-type 5s genes. 
two classes of genes makes it possible to determine the extent to which their activation by 
oocyte cytoplasm depends on factors specific to each class (such as TFIIIA) or common to all 
genes transcribed by polymerase 111. 
Another class of genes subject to cytoplasmic regulation is that coding for actin in Xenopus 
laevis. 
description of the changing content of mRNAs coded by these genes in oocytes and embryos. 
The a-actin gene shows temporal regulation and the a-cardiac gene is regulated both 
temporally and cell-type specifically at an early stage in development. Transcription of the 
a-cardiac Gene is subject to cytoplasmic regulation, as shown both by nuclear transplantation 
experiments and by the culture of early embryo fragments. 

Comparison between the characteristics of these 

The use of cloned cDNAs for a-cardiac and y-cytoskeletal actins has permitted a 
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REGULATION OF TRANSLATION DURING OOGENESIS. 
M. A. Taylor.+ +Department of Biological Sciences, Purdue University, W. Lafayette, 
IN 47907 *Department of Biochemistry, University of Tennessee, Knoxville, Tenn. 
37996-0840. 

L. Dennis Smith+, J. D. Richter+, and 

Growing oocytes characteristically synthesize and accumulate mRNA far in excess of 
their imnediate needs. 
as 90 ng of poly(A) RNA, but less than 3 ng is located on polysomes. This same mass of poly 
(A) RNA is present as early in oogenesis as the onset of vitellogenesis ( t  size oocytes), 
but the amount of poly(A) RNA on polysomes in these oocytes is estimated to be an order of 
magnitude.lower. 
putative mRNA remains unknown, but three possibilities have been suggested: A) components of 
the translational apparatus other than mRNA are limiting, B) the structural organization of 
the mRNA prevents translation, and C) proteins associated with the mRNA prevent translaltion. 
These possibilities are not mutually exclusive. Thus, recent studies involving the injection 
of heterologous mRNAs into oocytes have demonstrated that translation in full grown oocytes 
is limited by availability of components of the translational apparatus (1). Furthermore, as 
much as 70% of the mass of poly(A) RNA in full grown oocytes displays an interspered sequence 
organization in which regions transcribed from single copy and repetitive sequences are 
covalently associated (2). This maternal poly(A) RNA is not translatable within the oocyte 
( 3 ) .  Finally, we present evidence that a certain class of oocyte-specific proteins extract- 
able from native RNPs may be reconstituted with mRNAs in vitro to form particles which re- 
semble native mRNPs. These proteins, which decrease in content during oogenesis (4), repress 
the translation of the mRNA with which they are reconstituted when tested both in vivo and 
in vitro. We suggest that in small oocytes in which the rate of protein synthesis is low, 
excess mRNA may be associated with proteins which prevent translation. 
es and protein synthesis increases, the need for such proteins decreases and limitations in 
the protein synthetic machinery regulate quantitative aspects of protein synthesis. At all 
stages, however, a significant fraction of the so-called maternal stockpile is not trans- 
latable without some structural modifications. Presumably such changes, if they occur, would 
take place after fertilization. 

1. Richter, J. D. and Smith, L. D. (1981) Cell 27, 183. 
2. Anderson, D. M., Richter, J. D . ,  Chamberlin, M. E., Price, D. H., Britten, R .  J., Smith, 

3 .  Richter, J. D . ,  Anderson, D. M., Davidson, E. H., and Smith, L. D. (1984) J. Mol. Biol., 

4. Richter, J. D. and Smith, L. D. (1983) J. Biol. Chem. 258, 4864. 

For example, the full grown Xenopus - oocyte contains as much 

The mechanism(s) which limits the ability of oocytes to translate all of the 

-- 
As oogenesis progress- 

L. D . ,  and Davidson, E. H. (1982) J. Mol. Biol. 155, 281. 

In press. 

REGULATION OF WNOPUS RIBOSOMAL GENE TRANSCRIPTION BY THE SPACER, Ronald R. 
Reeder, Sharon Busby, Marietta Dunaway, Paul Labhart, Judith Roan, Carry Morgan 
and Aimee Bnkken , Basic Sciences Division, Rutchinson Cancer Center, Seattle, 
WA 98104 and Zoology Department, University of Washington, Seattle, WA 98195 

Transcription of the ribosomal genes of Xenopus laevis is controlled by s promoter 
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located between nucleotides -142 t o  +6 relative t o  the site of transcription initiation 
(1). The frequency of activation of this promoter is influenced by repetitive sequence 
elements that are either 60 or 81 bp long and which are present in 20 to 50 copies 
further Out in the non-transcribed spacer. 
homology with a 42 bp region of the promoter which is essential for promter function. 
The 60 81 bp elements appear t o  act by attracting a factor which is essential for 
activating the promoter. Thus, a promoter attached t o  many of the 60181 bp element8 is 
transcriptionally dominant over s promoter attached t o  few of these elements when both 
are co-injected into oocyte nuclei (2).  The 60181 bp elements can influence a prowter 
in either orientation, from the 5' or the 3' side, and their influence can be 
transmitted through at least 1 kb of pBR322 sequence. 

eggs before first cleavage, they come under developmental control and do not begin 
transcription until the mid-blastula transition. The level of transcription obtained is 
dependant on the amount of spacer present upstream of the promoter ( 3 ) .  From this 
result we conclude that the spacer probably has a significant regulatory effect on 
ribosomal gene transcription throughout development. 

The 60181 bp elements share sequence 

We have also observed that when cloned ribosomal genes are injected into fertilized 

References 
1. Sollner-Webb, B . ,  Wilkinson, J.A.K.,  Roan, J. and Reeder, R.R. (1983). "Nested 

Control Regions Promoter Xenopus Ribosomal RNA Synthesis by RNA Polymerase I. Cell, 
in press, November. 

2. Reeder, R.H., Roan, J.G. and Dunaway, M. (1983). "Spacer Regulation of Xenopus 
Ribosomal Gene Transcription: Competition on Oocytes." Cell, in press, December. 

3. Busby, S.J. and Reeder, R.H. (1983). "Spacer Sequences Regulate Transcription of 
Ribosomal Gene Plasmids Injected into Xenopus Embryos." Cell, in press, October. 
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089 MULTIPLE GENETIC CONTROL OF DEVELOPMENTAL PATTERNS. Anthony P. Mahowald, 
L. Engstrom and N. Perrimon. Department of Develonmental Genetics and Anatomy. Case 
Western Reserve University, Cleveland, OH 44106 

A series of genetic loci produce a distinctive lethal embryonic phenotype as a result 
of a strict maternal effect'. 
small number (about 10) of cells fail to form at the posterior blastoderm, below the pole 
cells. During gastrulation both the anterior and posterior endodermal primordia fail to 
form. At segmentation the region of the forming larva posterior to the seventh abdominal 
segment remains undifferentiated, and eventually these cells become resorbed such that the 
last segment of the mature embryos is the seventh abdominal. In addition to finding up to 
ten female sterility loci producing this phenotype, we have discovered a pupal lethal which 
produces this sequence of defects when embryos are produced by homozygous germ line clones2. 
Finally, we have found-an allele at a collapsed egg locus which also produces this phenotype. 
Molecular analysis of one locus is underway. 

The initial defect occurs at the blastoderm stage when a 

References. 
1. Konrad. K.D. and Mahowald, A.P. (1983) Genetic and developmental a?proaches to under- 

standing determination in early development. 
(Eds. G.M. Malacinski and W.H. Klein). Plenum Press (in press). 

In: Molecular Aspects of Early Development 

2. Perrimon, N., Engstrom, L., and Mahowald, A.P. (1984) Analysis of the effects of zygotic 
lethal mutations on germ line functions in Drosophila. (submitted). 

0853 RNA PROCESSING IN MICROINJECTED XENOPUS OOCYTES AND EGGS, D . A .  Melton, 
Department of Biochemistry and Molecular Biology, Harvard University, 
7 Divinity Ave.. Cambridge, EIA 02138 

To analyze the signals important for RNA processing during development 
unprocessed pre-mRNAs are synthesized in vitro using a bacteriophage 
(SP6) promoter. The SP6 promoter has been fused to several eucaryotic 
genes and these DNA templates are used to direct the synthesis of large 
amounts of pre-mRNAs in vitro. 
thereof i s  analyzed by microinjection into Xenopus oocytes and eggs. 
Experiments on the regulation of RNA splicing, 3' processing, and local- 
ization demonstrate that these in vitro transcripts are biologically 
active in injected oocytes and eggs. 
virtually any structure allows for a direct analysis of RNA processing 
events during development. 

The activity of the pre-mRNAs and mutants 

The ability to synthesize W A S  of 

Molecular Approaches to Nerve Cell Differentiation 

08% GENE EXPRESSION IN  THE CENTRAL NERVOUS SYSTEM OF APLYSIA CALIFORNICA. R ichard  H. 
Sche l l e r ,  Anne C. Mahon, John R. Nambu, and Ronald Taussig, Department o f  B i o l o g i c a l  
Sciences, S tan fo rd  Un ive rs i t y ,  S tan fo rd  CA 94305. 

The abdominal gang l ion  o f  t he  marine mol lusc ,  Ap lys ia ,  governs a number o f  r e f l e x  and f i x e d  
a c t i o n  pa t te rns .  These s imp le  behaviors i n c l u d e  w i thdrawal  o f  t he  g i l l  and mant le  organs, 
i n k i n g  and egg l a y i n g .  Th is  c o l l e c t i o n  o f  2,000 neurons a l s o  main ta ins  the  i n t e r n a l  homeo- 
s t a t i s  o f  t he  animal by r e g u l a t i n g  a v a r i e t y  o f  v i s c e r a l  f unc t i ons  such as exc re t i on ,  
r e s p i r a t i o n  and ca rd iac  ou tpu t .  The l a r g e  s i z e  and rep roduc ib le  l o c a t i o n s  o f  t he  neurons 
has made i t  poss ib le  t o  i s o l a t e  cUNA and genomic c lones s p e c i f i c a l l y  expressed i n  t h e  bag 
c e l l s  as w e l l  as neurons R3-14, L11, and R15. These genes have been shown t o  encode the  
precursors  f o r  pept ides  used as e x t r a c e l l u l a r  messengers by these c e l l s .  The precursor  
p r o t e i n s  a re  p r o t e o l y t i c a l l y  c leaved i n t o  a number o f  components t h a t  a c t  independent ly  upon 
re lease.  These m u l t i p l e  neu roac t i ve  substances re leased fr'om a s i n g l e  neuron a re  thought  t o  
coord ina te  a c t i v i t i e s  on f u n c t i o n a l l y  r e l a t e d  y e t  d i s t i n c t . t a r g e t s .  I n  a d d i t i o n  these 
molecules may modulate independent i n p u t s  t o  a s i n g l e  t a r g e t .  ELH l i k e  pept ides  a re  
encoded by a smal l  f a m i l y  o f  genes t h a t  a re  d i f f e r e n t i a l l y  expressed i n  the  CNS and an 
exocr ine  gland. 20-30 KB t r a n s c r i p t i o n  u n i t s  g i v e  r i s e  t o  a v a r i e t y  o f  mRNAs rang ing  i n  
s i z e  f rom 1.0-1.4 KB. 
be ing  i nves t i  gated. 

The t i s s u e  s p e c i f i c  express ion  and the  pa t te rns  o f  RNA s p l i c i n g  a re  
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CELL RECOGNITION DURING NEURONAL DEVELOPMENT, Corey S. Goodman, 
Michael  J. B a s t i a n i ,  John B. Thomas, Department of B i o l o g i c a l  
Sc iences ,  S t a n f o r d  U n i v e r s i t y ,  S t an fo rd ,  CA 94305 

W e  h a v e  been  s t u d y i n g  t h e  d e v e l o p m e n t  of  t h e  i n s e c t  n e r v o u s  s y s t e m  i n  
o r d e r  t o  understand t h e  c e l l u l a r  and m o l e c u l a r  mechanisms unde r ly ing  neurona l  
s p e c i f i c i t y ,  i.e., how i n d i v i d u a l  n e u r o n s  f i n d  a n d  s y n a p s e  w i t h  t h e i r  
a p p r o p r i a t e  t a r g e t s .  The impor t an t  r e c o g n i t i o n  e v e n t s  occur l a r g e l y  a t  t h e  
g rowing  t i p s  of  e m b r y o n i c  n e u r o n s ;  w e  h a v e  f o c u s e d  on  t h e  c e l l  s u r f a c e  
i n t e r a c t i o n s  t h a t  mediate  t h e  s p e c i f i c  c h o i c e s  made by t h e  i n d i v i d u a l  growth 
c o n e s  a n d  t h e i r  f i l o p o d i a .  O u r  r e s u l t s  i n  t h e  g r a s s h o p p e r  embryo s u g g e s t  
t h a t  c e l l  r e c o g n i t i o n  d u r i n g  neurona l  development  is l i k e l y  t o  i n v o l v e  many 
d i f f e r e n t  m o l e c u l a r  s p e c i f i c i t i e s  t h a t  mediate  t h e  d i f f e r e n t i a l  adhes ion  of  
growth cones t o  pa r t i cu la r  c e l l  su r faces .  E a r l y  i n  development,  growth cones 
a r e  c o n f r o n t e d  w i t h  a s c a f f o l d  of  axon  f a s c i c l e s .  A l t h o u g h  numerous a x o n  
b u n d l e s  a r e  w i t h i n  f i l o p o d i a l  g r a s p , .  e a c h  g rowth  cone ,  a c c o r d i n g  t o  i t s  
l i n e a g e  and p r e v i o u s  i n t e r a c t i o n s ,  s e l e c t i v e l y  f a s c i c u l a t e s  w i th  a p a r t i c u l a r  
b u n d l e  of axons .  E x t e n s i v e  o b s e r v a t i o n s  of  i n d i v i d u a l  g rowth  c o n e s ,  and 
a b l a t i o n s  of p a r t i c u l a r  a x o n s ,  h a s  c o n f i r m e d  t h e  n o t i o n  t h a t  i n d i v i d u a l  
n e u r o n s  h a v e  a h i g h  a f f i n i t y  f o r  s m a l l  s u b s e t s  of  a x o n s  w i t h i n  t h e i r  
f i l o p o d i a l  environment.  Furthermore,  monoclonal a n t i b o d i e s  have  r e v e a l e d  
c e l l  s u r f a c e  a n t i g e n s  whose temporal and s p a t i a l  d i s t r i b u t i o n  i n  t h e  embryo 
c o r r e l a t e  w i th  t h e  p r e d i c t i o n s  of t h e  c e l l u l a r  s t u d i e s ,  namely, neurons whose 
a x o n s  f a s c i c u l a t e  t o g e t h e r  s h a r e  common s u r f a c e  a n t i g e n s .  I n  o r d e r  t o  
i s o l a t e  and c h a r a c t e r i z e  t h e  s u r f a c e  m o l e c u l e s  i m p l i c a t e d  by our  c e l l u l a r  and 
immunological s t u d i e s  us ing  t h e  grasshopper  embryo, w e  have  begun s tudy ing  
c e l l  r e c o g n i t i o n  i n  t h e  CNS of t h e  DrosoDhl 'la embryo. F o r t u n a t e l y ,  o u r  
recent c e l l u l a r  s t u d i e s  show t h a t  t h e  embryonic development of t h e  f l y  CNS i s  
i d e n t i c a l ,  a l b e i t  i n  a m i n i a t u r e  form,  t o  t h e  hoppe r  CNS i n  terms of  t h e  
i d e n t i f i e d  n e u r o n s  and  t h e i r  s e l e c t i v e  f a s c i c u l a t i o n .  The e a r l y  c e l l  
r e c o g n i t i o n  e v e n t s ,  p r e v i o u s l y  so w e l l  c h a r a c t e r i z e d  i n  t h e  h o p p e r ,  o c c u r  
between hour s  10-13 of f l y  development.  W e  can now i s o l a t e  100,000s of f l y  
CNS's f r o m  t h i s  3 h o u r  p e r i o d .  W e  h a v e  begun u s i n g  a v a r i e t y  of  m o l e c u l a r  
g e n e t i c  and immunological approaches i n  t h e  f l y  i n  an a t t empt  t o  i so l a t e  and 
s t u d y  g e n e s  e x p r e s s e d  i n  s m a l l  s u b s e t s  of embryon ic  n e u r o n s  d u r i n g  t h i s  3 
hour per iod.  
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Michael  Comb, Haim Rosen, and O l i v i e r  C i v e l l i ,  Department o f  Chemistry, U n i v e r s i t y  o f  Oregon 
Eugene OR 97403 

I n  the  p a s t  two decades a g r e a t  v a r i e t y  o f  smal l  pep t ides  have been d iscovered t h a t  
mediate s p e c i f i c  behav io ra l  responses i n  animals.  Many o f  these pept ides  a re  syn thes ized 
from l a r g e  p recu rso r  p r o t e i n s  t h a t  con ta in  more than one k i n d  o f  neu roac t i ve  pept ide .  
pept ides  must be c leaved o u t  o f  these precursors  ( c a l l e d  p o l y p r o t e i n s )  and undergo pos t -  
t r a n s l a t i o n a l  m o d i f i c a t i o n s  t o  acqu i re  a c t i v i t y .  
genera t ing  d i ve rse  b i o a c t i v e  substances i s  p a r t i c u l a r l y  ev iden t  i n  the  express ion  o f  t he  
o p i o i d  fam i l y  of  pept ides .  More than 16 o p i o i d  pep t ides  have been shown t o  be de r i ved  from 
3 po lyp ro te ins ;  p ro-op iomelanocor t in  (POMC) , pro-enkephal i n  and pro-dynorphin.  These po ly -  
p r o t e i n s  a re  very  s i m i l a r  i n  l eng th ,  arrangement o f  domains o f  b i o a c t i v e  pept ides  and 
sequences f l a n k i n g  the  b i o a c t i v e  domains ( p o t e n t i a l  p r o t e o l y t i c  c leavage s i t e s ) .  Sequencing 
o f  t he  genes t h a t  code f o r  these precursors  revea ls  a very  s i m i l a r  arrangement o f  exons and 
i n t r o n s .  
very  s i m i l a r  o rgan iza t i on  o f  exons and i n t r o n s  i n  these genes. The m a j o r e x o n i n  the  genes 
from each species codes f o r  7 copies o f  enkephal in.  
d i f f e rence .  The amphibian pro-enkepha l in  genes ( a  c l o s e l y  r e l a t e d  f a m i l y  o f  3 genes), code 
f o r  7 cop ies  o f  met-enkephal in whereas the  human and r a t  genes code f o r  6 cop ies  o f  met- 
enkepha l in  and one copy o f  leu-enkepha l in .  

Produc t ion  o f  b i o a c t i v e  pept ides  f rom p o l y p r o t e i n s  i nvo l ves  endopro teo ly t i c  cleavage a t  
. pa i r s  o f  bas i c  amino a c i d  res idues  f l a n k i n g  the  pep t ides  fo l l owed  by t r imming o f  bas i c  amino 
ac ids  f rom the  pept ides  w i t h  carboxypept idases. Very l i t t l e  i s  known about these enzymes. 
We have at tempted t o  i d e n t i f y  mRNA species t h a t  code f o r  p rocess ing  enzymes by us ing  recom- 
b i n a n t  DNA techniques. We have used genomic c lones t h a t  code f o r  a f a m i l y  o f  p r o t e o l y t i c  
enzymes known as k a l l i k r e i n s  ( k i n d l y  p rov ided by John Shine).  The k a l l i k r e i n  enzymes a re  
known t o  
cDNA c lone (a  cDNA l i b r a r y )  t h a t  codes f o r  a k a l l i k r e i n  enzyme i n  A tT -20 -D l6~  c e l l s  (mouse 
p i t u i t a r y  tumor c e l l s  t h a t  produce l a r g e  q u a n t i t i t e s  o f  p ro-op iomelanocor t in ) .  
a n a l y s i s  revea ls  t h a t  t he  mRNA t h a t  codes f o r  t he  species o f  k a l l i k r e i n  i s  p resent  a t  very  
h igh  l e v e l s  i n  these c e l l s  (20% the  l e v e l  o f  POMC mRNA). 
number of cDNA clones i n  the  l i b r a r y  i n d i c a t e s  t h a t  t he re  i s  o n l y  one species o f  k a l l i k r e i n  
enz e i n  these c e l l s .  
c e l e  and i t s  r e l a t i o n s h i p  t o  p rocess ing  o f  POMC pept ides  i s  be ing  s tud ied .  

GENERATION OF DIVERSITY I N  EXPRESSION OF GENES THAT CODE FOR NEUROENDOCRINE 
PEPTIDES, Edward Herber t ,  James D o u g l a s ,  Gerard Martens, L loyd  F r i c k e r ,  

The 

Use of the  p o l y p r o t e i n  mechanism f o r  

Sequencing o f  p ro-enkepha l in  genes from human, r a t  and Xenopus l a e v i s  revea ls  a 

However, t he re  i s  a very  impor tan t  

be i nvo l ved  i n  process ing  o f  growth f a c t o r s .  We have been ab le  t o  i d e n t i f y  a 

Nor thern  b l o t  

Furthermore, sequencing o f  a 

A carboxypept idase enzyme has a l s o  been i d e n t i f i e d  i n  A ~ T - E O - D I ~ ~  
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THE GZNETICS AND YOLECULAR BIOLOGY OF POTASSIUM CHANNEL GENES I N  DROSOPHILA, Mark 
A. Tanouye, C. A. kmb,  and Linda E. Iverson, Division of Biology, Cal i f .  I n s t .  
Tech., Pasadena, CA 91125 

Recent s tud ies  have shown t h a t  i n  the nervous system, d i f f e r e n t  c lasses  of K+ channels 
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play a decis ive r o l e  i n  the  d i f f e r e n t i a t i o n  of membrane e x c i t a b i l i t y .  
ing membrane e x c i t a b i l i t y ,  w e  study K+ channel genes i n  Drosophila. Our i n i t i a l  focus is on 
the  Shaker (Sh) gene complex. Electrophysiology experiments have suggested t h a t  s m u t a n t s  
e n c o z o & l  rr' channels o r  channel subunits. 
t i o n  poten t ia l s  i n  g mutant axons using i n t r a c e l l u l a r  microelectrcdes (1). The e channel 
blocker, 4-aminopyridine, nimicked the nutant  defect  when applied t o  normal animals but had 
l i t t l e  e f f e c t  when arp l ied  to  mutants. These r e s u l t s  a r e  i n  good agreement with other  phy- 
s io logica l  s tud ies  ( 2 , 3 ) .  Experiments using other  drugs have eliminated other  l i k e l y  expla- 
nat ions (eg. Na+, Ca" channel) f o r  the Sh defect  (1,Z). Voltage clamp analyses have ident i -  
f i e d  a f a s t ,  t rans ien t  voltage-sensitive-* current  s p e c i f i c a l l y  a l t e r e d  by 

tween sa l ivary  gland chromosome bands 16F1-6. The region contains about 100 Kb of DNA. Sh 
appears to  be organized in to  three  regions. Mutations i n  two f lanking regions give r i s e  to 
animals with 2 abnormalities. 
The l e f t  f lanking region contains about 50 Kb of DNA and has been character ized i n  the  great- 
e s t  d e t a i l  gene t ica l ly  (Ferrus & Tanouye, unpublished). The l i m i t s  of the region a r e  c lear ly  
defined by b r a c k e t h g  chromosomal breakpoints. 
have been ident i f ied  and mapped by recombination. 

Sh genet ics  provides the bas i s  f o r  i t s  molecular analysis .  
to  t h e  l e f t  flanking region of & by Southern and i n  s i t u  hybridizat ion ana lys i s  of i n t a c t  
and broken 3 chromosomes. 
b r a r i e s  of cloned Drosophila DNA segments. 
cloned and r e s t r i c t i o n  mapped. 

1. Tanouye, &. (1981) PNAS 78:6548-6552. 
2. Jan, gtt. (1977) Proc. R. SOC. Lond. B. 198:87-108. 
3. Salkoff and Wyman (1981) Nature 293:228-230. 
4. Wu, &. (1983) Science 220:1076-1078. 

A s  a model f o r  examin- 

For example, we have recorded abnormal ac- 

mutations(3,4). 
Genetic s tud ies  (1) have shown t h a t  % is  a complex locus located on the X-chromosome be- 

A c e n t r a l  region, when deleted,  r e s u l t s  i n  haplolethal i ty .  

Five puta t ive  & genes, defined by mutation, 

A cDNA clone has been mapped 

The cDNA clone was used a s  an hybridizat ion probe t o  screen li- 

Several s m u t a t i o n s  have been mapped i n  the cloned region. 
About 30 Kb of DNA i n  the  2 region have been 

INDUCTION OF ACETYLCHOLINE RECEPTOR CLUSTERS AT NEWLY FORHED NERVE-MUSCLE SYNAPSES 
G.D. Fischbach, L. Role, R. O'Brien, T. Usdin and D. Roufa. Washington University 
School of Medicine, St. Louis, Missouri 63110 

Dissociated chick c i l i a r y  ganglion neurons rapidly form synapses with chick myotubes grown 
i n  cel l  cul ture .  In  f a c t  growth cones of these neurons can release ACh even before they 
contact  t h e  t a r g e t  myotubes. This w a s  demonstrated using "patch-clamp" microelectrodes 
sea led  with out-side out  patches of ACh receptor  r i c h  myotube membrane. 
a f t e r  contact ,  t h e  neur i tes  induce several ,  high densi ty ,  c l u s t e r s  of ACh receptors. By 
loca t ing  tha receptor  patches with a monoclonal antibody t h a t  does not block receptor  
function, w e  have determined t h a t  more than 50% of t h e  receptor  patches a r e  associated w i t h  
rites of t ransmi t te r  release. Quant i ta t ive fluorescence measurements, i n  which receptors  
w e r e  "prelabeled" (before  synapse formation) w i t h  rhodamine-bungarotoxin and then "end- 
labeled" with f luorescein-ant i receptor  antibody, ind ica te  t h a t  more than 80% of t h e  
receptors a t  a newly formed receptor  patch have been synthesized and inser ted  i n t o  t h e  
membrane within t h e  preceding s i x  hours. 

Using two d i f f e r e n t  protocols ,  we have p u r i f i e d  t rypsin-sensi t ive mater ia l  from chick brain 
t i s s u e  t h a t  i s  capable of increasing the  synthesis  of myotube ACh receptors  by two to four  
fo ld .  Our assumption is t h a t  t h e  same mater ia l  is present  i n  embryonic motoneurons and t h a t  
it is responsible  f o r  the induction of receptor  synthesis  a t  newly formed synapses. In  t h e  
f i r s t  approach, the bra ins  a r e  extracted i n  t r i f l u o r o a c e t i c  ac id  (TFA) and pur i f ied  by ion 
exchange chromatography, semi-preparative reverse  phase high performance l i q u i d  
chromatography (RP-HPLC) and sequent ia l  a n a l y t i c a l  RP-HPLC using a Vydac C4 column developed 
with a gradient  of a c e t o n i t r i l e  i n  0.1% P A .  W e  have obtained a s ingle ,  sharp, symmetrical 
ODZlO peak t h a t  is bio logica l ly  ac t ive .  
sequence. It appears to be between 10 and 14 ki lodal tons i n  s ize .  In  the  other  approach, 
t h e  bra ins  a r e  ex t rac ted  i n  s a l i n e  a t  neut ra l  pH and a c t i v i t y  is prec ip i ta ted  with ammonium 
s u l f a t e ,  fur ther  p u r i f i e d  by preparat ive i s o e l e c t r i c  focusing i n  a sucrose gradient  and then 
by preparat ive SDS-PAGE gel  e lectrophoresis .  Act ivi ty  can be recovered from SDS and it 
appears to  be associated with molecules less than 10.000 k dal tons i n  size. Experiments are 
underway t o  determine t h e  r e l a t i o n  between the  a c i d  and s a l i n e  extracted mater ia l  and t o  
document the r e b a n c e  of both i n  t h e  i n t a c t  nervous system. 

Within 2-3 hours 

This peak y i e l d s  a s ing le  N-terminal amino a c i d  
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0859 The Structure and Expression of Human Actin and Muscle Specific Genes. 
Lamy Kedes.. William Bairis',', Choy-Pik Chiux, James Garrison.. Peter Gunning'. Adrien Minty, Sun-Yu Ng', PByll:s Poritc' and Helen 
Bbu,' Departments of Medicine' and Phannacologyx, Stanford Medical School, Stanford CA 94305: Robert Hickey and Arthur Skoultchi. 
Department of Cell Riology, Albert Einstein College of Medicine, Bronx NY 10461: Roger EUdy and Thomas Shows, Depnrtment of Human 
Genetics, Roswell Park Memorial Institute, Buffnlo, NY 10461: John Leavitt, Linus Pauling InstiIutc of Biolow and Medicine. Palo Alto, CA. 

Sputhern blot andysis of restriction digests of humdn genomic DKA reveals that the a- and cardieactin genes are single copy gnes, on 
chromosomes 1 and 15 respectively, whereas the cytoskeletal actin sequences are multicopy genes. Most of the membcix of the cytoskeletal 
multicopy family appear to be pseudogenes. We have cloned expressed b and 7 actin genes from human DNA using recombination vecton 
carrying the isotype specific 3' noo-translated segments of the corresponding cDNAs. I will discuss the evidencc thi idenufies these clones as 
bone fde actin genes. 

Expression Doring Myogenesh We have examined the expression of actin genes in human myogendsis usLig pure populations of human 
muscle ceils cloned from biopsies. Myoblasts synthesize large amounts of 8- and y-actins but only trace amoum cf a-actin. Sarmneric aclh 
synthecis was induced about 30-fold upon differentiation. The synthesis of 8- and yaains, on the olher hand. demead  substantially. fi  a?d y 
acrin mRNA levels also decrease steadily after differentiation. Both a and cardiac actin mRNA begin to awnmulate when differentiation is 
initiated and they reach a maximal level by 48 hours. An elevated mRNA level is mailrained at least 7 days in cultu:e and is at l e s t  20 fold 
greater than the initial values. Surprisingly, the cardiac actin mRNA is present at each lime p i n t  in excess over the a-act3 mRNA. We 
performed identical studies with the established mouse myoblast cell lure. C2, and obscrved that the only Uie cardiac actin gene is i n d u d  
during differentiation, not the skeletal muscle a-actin gene. 7hus cardiac actin may be activated in the proliferative phase of inanunalian 
muscle growth or repair. Results obtained from human biopsies demonstrates that the genes e n d i n g  skeletal a-actin and wdiac a-actin an 
arexpressed in both human skeletal muscle and heart 

The human cardiac actin gene has been inuoduced into mouse 
L-cells which do not normally express sarcomeric actins. We detect in these murine cells the accumulation of mRNA sequences that mniigrate 
with authentic sarcomeric actin mRNA and the production of human cardiac actin protein. The amount of cardiac actin synthesized is about 
one-third the synthesis Gf endogenous mouse fl-aclin but five fold more than the synthesis of mouse y-acun. .The human cardiac actin 
partitioned to the mouse cymkeletons to the same degree (-50%) as did the endogenous mouse 8 actin. Thus i? appears that a hewrologous, 
sarmmefic anin can participate with nonsanomeric actins in the formation of cytoskeletal microfdamenrs. 

Rat Myoblasts Correctly E x p m  the Human Cardiac Actin Gene During Differentiation. The human cardiac actin gene has also been 
invoduced into the rat myoblast cell line. L $ A significant number of transfectant clones accumulate the human cardiiic actin gene rnRNA 
only aRer the cells are switched to growth c&ditionq that permits their differentiation into myotubes. In no myoblant cell line wrying human 
cardiac actin genes have we yet detected its mnsututive expression. We esumau that none of the stably transformed cell lincs examined to dale 
cany fewer than M-50 copies of the human cardiac actin gene. 

Isolation of Additional Muscle Specific cDNAs. We have tised the plasmid library linearization method to isolate more than 60 of the mas( 

abundant cDNA clones from human skeletal muscle. In each case, the clones represented mRNAs that were present hi muscle 31 about 20.1% 
the amouot of actin mRNA. About half the clones are specific to skeletal and heart muscle or are greaUy upregolaled compared to fibroblast 
RNA. In several cases the RNA is only detected in skeletal muscle and not in heart muscle. In most cases the muscle specific clones were 
represented in one or only a few copies per genome. Several of the muscle specific genes appear to be on the X chromosome. 

Human Sarcomeric Actin Deposits in Mouse Fibroblast Cytoskektons. 

0860 

Departnent of Molecular Biolooy, Pasteur Ins t i tu te ,  25, rue du Dr. Roux, 75015 Paris, France. 
During the in i t ia l  formation of skeletal muscle fibres and the i r  subsequent maturation, 

different isoforms of the contractile proteins accumulate. 
transcripts coding for actins, myosin heavy chains and myosin alkali l igh t  chains have been 
characterized b o t h  a t  different stapes of foetal muscle development in the muse in v i v o ,  and 
a t  the onset of muscle fibre formation in a differentiatinp mouse muscle cell  l i n F 7 I i T t h e  
case of the actin and myosin l ioh t  chain multipene families transcripts of a pene expressed 
as a najor species i n  adult cardiac t issue accunulate durino skeletal muscle developnent, 
a l t h o u g h  not with the same kinetics. Transcripts codinp for adult cardiac actin co-accumulate 
w i t h  skeletal actin transcripts in la te  foetal mouse muscle, w i t h  subsequent dornmodulation of 
the cardiac mRNA a f t e r  birth.  Foetal l ight chain transcripts,  also ?resent in adult heart 
a t r i a ,  accumulate d u r i n g  early skeletal muscle fornation and are replaced by mRNAs encodinp 
the adult skeletal l i p h t  chains i n  l a te  foetal muscle. In contrast, the myosin heavy chain 
family has developmental isoforms specific t o  skeletal muscle ; a t  birth in the mouse, a 
foetal mRNA is  rapidly replaced by one encodinp adult myosin heavy chains. The strategy of 
gene expression d u r i n g  developnent i s  thus clearly different for  each of these multigene 
families. 

the mouse. Genes within the 
actin or ryosin l igh t  chain families are a l sc  not linked. The two alkali  l iyh t  chains of 
adult skeletal muscle are a special case, since they are encoded by a common 3' genomic region 
w i t h  two different contiyous 5 '  termini. Cardiac and skeletal muscle myosin heavy chain 
Genes nap on different chromsomes, b u t  there is evidence that the renes expressed within 
these t issues during development may be linked. 
trans acting, with possible sequential activation of nyosin heavy chain oenes in c i s ,  w i t h i n  
a developin: muscle. 
ential response t o  developwntal signals are under investigaiion. 
Buckingham, M. e: Minty, A. (1983) "Contractile protein penes in Eukaryotic Protein Genes 

Minty, A.J., Alonso,S., Guenet,J.L. & BuckinCham,Fl. (1983) J .  Mol. Biol. 167, 77-103 
Weydert,A., Daubas,P., Caravatti , M . ,  Minty,A., Bugaisky,G., Cohen,A., RobeXB. L Buckingham,M 

ACTIN AND MYOSIN GENES, AND THEIR EXPRESSION DURING MYOGENESIS IN THE IIOUSE. 
Marcaret E .  Buckinpham, Serpe Alonso, Paul Barton, Gabriele Bupaisky, Arlette Cohen, 
Philippe Daubas, Ian  Garner, Adrian Minty, Benoft Robert, Andre b!eydert. 

Usinp reconbinant probes, the 

The organization of the genes concerned has been investigated usinp a genetic approach in 
Genes expressed in the same muscle phenotype are not linked. 

These results indicate tha t  repulation i s  

The 5 '  upstream sequencesof the actin and myosin genes and the i r  differ-  

(MacLean, N . ,  Gergory, S. p1 Flavell, R .  Eds.) Buttetworths, London, I n  press 

(1983) J.B.C. (Nov)(In press). 
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0861 THE REGULATION OF CELL-TYPE-SPECIFIC GENES IN DICTYOSTELIUM, Mona C .  Mehdy, Depart- 
ment of Biology, University of California, San Diego, La Jolla, CA 92093 

We are using cloned probes of genes which are preferentially expressed in prestalk or pre- 
spore cells to examine regulation of cell differentiation in Dictyostelium ( I ) .  Members of 
each cell-type-specific group of genes that we are studying show coordinate regulation. 
prestalk specific mRNAs are low or absent in vegetatively growing cells, accumulate during 
aggregation, and require cAMP and a diffusible factor for their accumulation in culture. The 
induction of a cell-type-nonspecific gene having similar developmental kinetics as the pre- 
stalk genes requires only the diffusible factor. In contrast to the prestalk specific mRNAs, 
the prespore specific mRNAs accumulate much later in development and their accumulation may 
require cell surface interactions in addition to cAMP and the diffusible factor. The diffus- 
ible factor has different effects on gene expression than the previously reported regulatory 
molecules, DIF (Differentiation Inducing Factor) and NH3 ( 2 ) .  
these developmental genes; no effect is observed on the mRNA levels of actin and another gene 
transcribed in vegetative cells and throughout development. The cell-type-specific genes are 
regulated differently than genes whose expression is induced very early in development and 
then shut off. I n  culture, the levels of early mRNAs are increased by nanomolar cAMP pulses 
similar to in vivo cAMP pulsing during aggregation. Much higher levels of exogenous cAMP 
inhibit theaccumulation of early mRNAs while precociously inducing the cell-type-specific 
genes. 
their continued expression although the mechanisms of regulation are different. Dissociation 
of aggregates results in the rapid loss of both sets of mRNAs but not the cell-type nonspec- 
ific gene in the absence of exogenous CAMP. Addition of cAMP to disaggregated cell deprived 
of CAMP for several hours results in the rapid reaccumulation o f  the cell-type-specific mRNAs. 
Dissociation does not decrease these mRNAs in several rapidly developing mutants. Mainten- 
ance of mRNA levels may be correlated with the altered cAMP metabolism displayed by these 
mutants. The structures of the coordinately regulated prespore and prestalk genes are pre- 
sently being examined. It is hoped that the complementary studies of gene structure and reg- 
ulation by physiological inducers will clarify the structural features of genes involved in 
their differential regulation during development. 

(1) Mehdy, M. C., Ratner, D . ,  and Firtel, R. A. Cell 32, 763-771 (1983) 
(2 )  Gross, J .  D., Bradbury, J., Kay, R . R . ,  and Peacey, M. J. 

The 

Its effect is selective for 

Later in development, both groups of cell-type-specific genes require only cAMP for 

Nature 303. 244-245 (1983) 

CONTROL OF CELL TYPE BY THE YEAST MATING TYPE LOCUS, Robert Jensen, 
Katherine Wilson h Ira Herskowitz, Department of Biochemistry h Biophysics, 
University of California, San Francisco, San Francisco. CA 94143 

0862 

The mating type locus (MAT) determines the three yeast cell types. 5 @ and 
- a/@. Alleles of this locus, M a  and =@, encode regulators that control 
the expression of unlinked genes required for mating, sporulation and mating 
type interconversion (for review, see Berskowitz, 1983). MAT@ codes for two 
regulators, @1 and @2. @1 is a positive regulator required for the 
expression of "@-specific" genes (for example, the @-factor structural gene, 
- MF@l). @2 negatively regulates the expression of "a-specific" genes (for 
example, a gene required for 5 cells to mate, =).- %a codes for the a1 
protein which has no known role in  cells. However, i n  MATa/x@ diploid 
cells, the @ 2  product of MAT@ and the a1 product of MATa specify a third 
regulator- al-@2. a1 andztogether i n  some way negatively regulate a 
family of "haploid-specific" functions that include a gene that promotes 
mating type interconversion @). 

We are focussing on the mechanism by which the @ 2  protein controls the 
expression of two genes- STE6, representative of a class of genes that are 
negatively regulated by @2 acting alone, and representative of a class 
of genes negatively regulated by @2 acting i n  combination with the a1 
protein (al-@2). We have identified DNA sequences required for normal 
expression of STE6 and H0 and find that these sequences are located more 
than 100 base pairs upstream of the STE6 RNA start site and more than 250  
base pairs upstream of the H0 RNA start site. Experiments to determine 
whether these sequences are sufficient to confer cell-type specific control 
over heterologous genes are in progress. 

I n  addition, we are determining whether there are proteins that specifically 
interact with the STE6 or genes. For example, i n  DNA protection 
experiments, do extracts from @ cells contain proteins (perhaps the @ 2  
product itself) that bind to STEb DNA? 
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Dozens o f  adverse chemicals i n  the environment induce one or more forms o f  P-450 prote in ,  
the terminal oxidase i n  a membrane-bound mu1 ticomponent system. This system i s  responsible 
for  the metabolism o f  thousands o f  drugs, carcinogens, and o the r  fo re ign  chemicals. as wel l  
as s tero ids,  f a t t y  acids. prostaglandins and numerous o the r  endogenous substrates. How much 
d i v e r s i t y  e x i s t s  i n  each P-450 family, and how many P-450 gene fam i l i es  there are, i s  
present ly  no t  known. 
l e a s t  n ine exons, and are c lus te red  on muse  chromosome 7. 
polycyclic-aromatic-inducible genes i n  another fami ly :  the geAes appear 20 span 4 t o  7 kb, 
have a t  l e a s t  f i v e  exons, and are c lose ly  l i n k e d  on nous& chromosome 9. 
over ca. 1000 bp i n  the 5 '  p o r t i o n  e x i s t s  between P1-450 and P -450 cONA. 
induct ion,  po lycyc l  i c  aromatic compounds b ind  a v i d l y  t o  the cy?osol i c  Ah receptor  ( k  C. InM), 
the inducer-receptor conpl ex undergoes temperature-dependent t rans locanon  i n t o  the ducleus, 
the t r a n s c r i p t i o n  rates o f  the PI-450 and P -450 genes are markedly enhanced, a r i s e  i n  
i n t ra -nuc lea r  pre-mRNA can be found. cytoplasmic mRNA l e v e l s  are dramat ica l ly  increased, and 
the newly synthesized P -450 and P -450 prote ins can be inmunoquantitated i n  the endoplasmic 
re t icu lum, concomitant d i t h  dramatqc r i s e s  i n  benzo(a)pyrene and ace tan i l i de  metabolism, 
respect ive ly .  Mutant clones o f  nouse hepatoma Hepa-1 cu l tu res  have been characterized as: 
l a c k i n g  normal amounts o f  Ah receptor  ( r - ) ,  nuclear t rans locat ion- impai red (nt - ) .  and 
de fec t i ve  P -450 mRNA (nRNA7. New i n s i g h t  should be provided f o r  t h i s  i n t e r e s t i n g  system 
o f  gene exphession by t rans fec t i ng  the  appropr ia te DNB i n t o  a p a r t i c u l a r  Hepa-1 mutant 
c e l l  l i n e .  

CYTOCHROtlE P-450 GENES AN0 THEIR REGULATION, Daniel W .  Nebert. Frank J. Gonzalez. 
Shioko Kimura and Howard J.  Eisen, NICHO, NIH.  Bethesda t lD 20205. 

Phenobarbital- inducible genes appear t o  span 11 t o  15 kb. have a t  
P -450 and P -450 represent 

Extensive homology 
During P -450 

Gene Expression In Hematopoietic Cell Lineages 

0866 TOWARD A MOLECULAR BASIS FOR GROWTH CONTROL I N  T LYMPHOCYTE DEVELOPMENT. 
E l l e n  Rothenberg, Barry I. Csplan, J a m  P. Lugo, and Rochelle 0. Sai lor ,  
O i v j s i ?  o f  Biology, C a l i f o r n i a  I n s t i t u t e  o f  Technology, Pasadena., CA 91125 

A c e n t r a l  aspect o f  the imnune responsiveness o f  T lymphocytes i s  t h e i r  p r o l i f e r a t i o n  
when and only rhen they encounter a s p e c i f i c  m t igen .  The mature T c e l l  thus needs not only 
m ant igen-speci f ic  receptor but  a lso the molecular apparatus t h a t  transduces antigen b ind ing  
as a mitogenic signal. Recently, two key components o f  t h i s  apparatus have been 
i d e n t i f i e d .  One i s  the 1 -ce l l - spec i f i c  growth hormone, i n te r l euk in -2  (IL-2). The other i s  
t he  IL-2 receptor. Both molecules are expresaed only by mt igen -ac t i va ted  T c e l l s  and not  by 
r e s t i n g  ce l l s .  T h e  IL-2 receptor i s  expressed by a l l  ac t i va ted  T ce l l s ,  whereas IL-2 i s  
secreted by a p a r t i c u l a r  subpopulation c a l l e d  "helper" T cells. As long as IL-2 receptor 
expression i s  maintained, T c e l l s  need only IL-2 t o  sus ta in  t h e i r  p r o l i f e r a t i o n  (1). 

We have been study ing the r o l e  o f  t h i s  mitogenic mechanism i n  the thymus, the organ i n  
which the r a t e - l i m i t i n g  steps i n  T c e l l  d i f f e r e n t i a t i o n  take place. Thymic processing o f  the 
lymphocyte precursors inc ludes a phase o f  very r a p i d  c e l l  d i v i s i o n  fo l lowed by the 
des t ruc t i on  o f  moat o f  the newly-generated ce l l s .  These events may have imnunological 
s ign i f icance,  poss ib ly  e l im ina t i ng  autoreact ive T c e l l  clones and/or se lec t i ng  f o r  T c e l l s  
with p a r t i c u l a r  antigen-binding s p e c i f i c i t i e s .  We have inves t i ga ted  the d i f f e rences  between 
d i v i d i n g  thymic lymphoblasts, pos tm i to t i c  thymocytes, end pe r iphe ra l  T c e l l s  f o r  two 
reasons. F i r s t ,  the thymic lymphoblasts are precursors tha t  may s t i l l  lack c e r t a i n  mature 
functions. It i s  o f  i n te res t ,  f o r  example, rhether  or not the lymphoblasts i n  the helper 
l ineage can be t r i gge red  t o  secrete IL-2. Second, ne want t o  determine whether i n t ra thymic  
p r o l i f e r a t i o n  could be dr iven by antigen recogn i t i on  or rhether  i t  involves a mechanism tha t  
overr ides normal growth contro l .  . 

We have been able t o  enr ich extens ive ly  f o r  the p r o l i f e r a t i n g  thymic lymphoblssts and 
t o  resolve then i n t o  subpopulations o f  d i f f e r e n t  l ineages (2,3). Using s sens i t i ve  bioassay 
f o r  IL-2 production, we have found tha t  the competence t o  produce IL-2 i s  already present i n  
a p a r t i c u l a r  subset o f  these lymphoblasts. I f  these c e l l s  are t r i gge red  t o  secrete IL-2 i n  
response t o  se l f -ant igens i n  vivo, they could s t imulate both t h e i r  own growth m d  tha t  o f  
neighboring ce l l s .  To l o ~ ~ e v i d e n c e  o f  IL-2 product ion i n  the thymus, we have been 
working t o  clone the mouse IL-2 gene from a thymoma cDNA l i b r a r y .  Current RNA expression 
r e s u l t s  using this probe w i l l  be presented. 

1. Smith, K. (1980) I m n o l .  Rev. 51: 337-357. 
2. Rothenberg, E. (1982) J. Exp. m. 155: 140-154. 
3. Caplsn, 8. I. and Rothenberg, E. (lm submitted f o r  publ icat ion.  
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m65 LYMPHOCYTE SPECIFIC CELL SURFACE RECEPTORS. I r v i i  Weissm Roger Reichert, 
Michael Gallatin, Georg Kraal, Pamela Fink, Sophie Ezine, Robert Rouse, 3 Eugene Butcher. 

Department of Pathology, Stanford University School of Medicine, Stanford, CA 94305. 
The immune system reliably responds to foreign antigens utilizing clonally distributed monospecific 

antigen receptors on the surface of lymphocytes. The antigen specific receptors on B cells are 
immunoglobulins, whereas on T cells they represent a new class of molecules whose structure and 
function is still somewhat unclear. In addition to antigen specific receptors, lymphocytes also bear cell- 
interaction receptors necessary for cell-cooperation in immune responses, and other cell interaction 
receptors necessary for the morphogenesis and function of lymphoid organa Lymphocytes are mobile 
elements which normally recirculate from the bloodstream into lymphoid tissues and back to the blood. 
They normally carry on their surface cell membrane receptors that enable them to home to lymphoid 
organs vie recognition and binding to specialized endothelid cells (HEV) lining the pcstcapillery venules 
in these organs. We have demonstrated that lymphocytes possess at least two types of independent 
homing receptors, one to gain entry into the gut-msociated lymphoid tissues (such .as Peyer's patches), 
and the other to gain access to peripheral lymph nodes. We have prepared a monoclonal antibody (MEL- 
14) to the lymph node homing receptor which identifies a 80 kd glycoprotein found only on normal 
lymphocytes and lymphoma cells capable of binding peripheral node HEV. The MEL-14 antibody blocks & - -  vivo or in vitro binding and homing of cells to peripheral node HEV, but does not affect their binding or 
homing to Peyer's patch HEV. Following antigen activation, both B and T lymphocytes rapidly lose MEL- 
14 antigenic determinants. In vivo or in vitro activated antiimipecific T and B cells are therefore 
lmable to home to peripheralflyFhoid -upon release into the bloodstream. This seriously limits 
the enalpis of the in vivo function of antigen-activated T and B lymphoid populations or clones; and may 
prevent the use of m T  lymphocyte populations for therapy of antigen b e e  virus-imfected cells or 
tumor cells. Nevertheless, in vivo, progeny of these activated lymphocyte cells must regah expression 
of these receptors, 89 long-hTedemory cells do have the MEL-14 antigen and m able to home. 

T cells develop from rare bone marrow cells which seed to the thymus. The expression of the 
lymph node homing receptor is a late event in thymus cell maturation, and is normally limited to a subset 
of cells in the thymic cortex. All precursors of killer T cells present in the thymus are contained in the 
1-3% MEL-14 positive thymic cells. We have found that the bone marrow has two types of cells capable 
of clonogenic seedhg of the thymus: A population which gives rise to all cortical and a subset of 
medullary lymphocytes; and another subset whi&h appears to be m e d u l l a - l i m i t n e  development of 
medulterp cells i s  somewhat complex, and it is not known if theycontribute another subset of antigen- 
specific functional T cells. W e  shall d a r i b e  the appearance of these different thymic lymphocyte 
subsets duriw fetal development. 

0866 DEvBLoPbENTAL CONTROL OF CLOBIN GENE EXPRJZSSION, Earold Weintraub and Jonathan G. 
Izant, Butchinson Cancer Research Center, 1124 Columbia Street, Seattle, WA 98104 

We have found a supranucleosoma~ particle that is responsible for packaging-jnactpe genes. 
This structure may be responsible. in part, for the massive suppression (10 -10- or 
greater) of tissue-specific gene expression in non-expressing tissues (e.g., refs. 1 6  2) .  
In order to try to underatand the genetic circuits that regulate whether a given gene is 
expressed or not and whether it is or is not packaged into these supranucleosomes, ve have 
begun an analysis that attempts to turn-off the expression of a given gene -- in the ideal 
case, a "regulatory" gene - given the possibility that such a gene will be included within 
a pool of recombinant DNA clones derived by "plus-minus" screens of cDNA libraries from 
different tissues. The method depends on microinjection of a recombinant DNA plasmid where 
the anti-sense RNA is transcribed by a suitably placed promoter. As a model system, we have 
shorn that in the appropriate conditions an anti-sense Herpes T.K. construction prevents the 
expreasion of normal Eerpes T.K. activity, possibly due to the formation of RNA-RNA hybrids. 

1. Groudine, M. and Ueintraub, E. (1975) Rous Sarcoma Virus Activates Embryonic Globin Genes 
in Chicken Fibroblasts. Proc. Natl. Acad. Sci. USA 72, 4464-4468. 

2. Ivarie, R.D. ,  Schacter, B . S . ,  and O'Farrell, P.E. ( E 8 3 )  The level of expression of the 
rat growth hormone gene in liver tumor cella is at least eight orders of magnitude less 
than that in anterior pituitary cells. Molec. Cell. Biol. 2. 1460-1476. 
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0867 TRANSCRIPTION OF CLONED HUMAN a- AND B-GMBIN GENES IN ERYTHROID AND NONERYTHROID 
CELLS, Patrick Charnay, Pamela Mellon, Moses Chao, Richard Axel and Tom Maniatis, 
Department of Biochemistry and Molecular Biology, Harvard University, 7 Divinity 
Avenue, Cambridge, MA 02138 and Institute of Cancer Research, Columbia University, 
College of Physicians and Surgeons, 701 West 168th Street, New York, New York 10032. 

We have investigated the regulation of cloned human a- and B-globin genes introduced into 
mouse erythroleukemia (MEL) cells by DNA mediated gene transfer. The human 6-globin gene, 
as well as a hybrid mouse-human 6-globin gene, is appropriately regulated during MEL cells 
differentiation in culture (1,2). In approximately 80% of the lines examined, the addition 
of dimethylsulfoxide (DMSO) results in a 5 to 50 fold increase in the level of ~ R N A  tran- 
scribed from the exogenous genes. In contrast, the transcription of cloned a-globin genes 
introduced into MEL cells was not correctly regulated in 35 out of 36 cloned lines examined 
as well as in pools of independent colonies. Typically, the level of human a-globin mRNA 
remains constant upon DMSO induction. When both human a- and 6-globin genes are introduced 
on the same plasmid into MEL cells, the constifutive level of a-globin mRNA is greater than 
the induced level of B-globin mRNA. Based on these data and on the differential behavior 
of human a- and B-globin genes in nonerythroid cells (3,4), we postulate a model involving 
a fundamentally different regulation of a- and 6-globin gene expression in erythroid cells. 
To define the sequences required for transcription and transcriptional regulation of the 
mouse B-major globin gene in MEL cells, we have constructed a series of 5' deletions in the 
5' flanking region of the gene and of linker substitutions in the 110 bp region immediately 
upstream to the mRNA capping site. To date, we have shown that sequences upstream to -78 
are not required for regulation in MEL cells. The sequences required for efficient tran- 
scription appear to be the same in MEL and HELA cells and consist of the TATA and CAAT box 
regions and an upstream region located between -94 and -84. 

1. Chao, M.V., Mellon, P., Charnay, P., Maniatis, T. and Axel, R. (1983) Cell 32, 483-493. 
2. Wright, S., DeBoer, E., Grosveld, F.G. and Flavell, R.A. (1983) Nature 305, 333-336. 
3 .  Humphries, R.K., Ley, T., Turner, P., Moulton, A.D. and Nienhuis, A.W. (1982) Cell 30, 

4. Treisman, R., Green, M.R. and Maniatis, T. Proc. Nat. Acad. Sci. USA, in press. 
173-183. 

Molecular Aspects of Plant Development 

ORGANIZATION AND EXPPaSSION OF DEVELOPMENTALLY REGULATED GENES IN SOYBEAN, 

CA 90024. 
0868 Robert B. Goldberg, Department of Biology, liniversity of California, Los Angeles, 

Soybean seed protein genes represent an excellent model for the study of gene 
regulation during plant development. Mutant lines exist which are unable to 
synthesize specific seed proteins. Experiments will be discussed which provide 
insight into the molecular basis of several seed protein gene mutations. In 
addition, comparative DNA sequencing studies wil1,be presented which indicate 
that there is a short consensus sequence in the 5 upstream reeion of several 
different seed protein genes. 

0869 CONTROLLING ELFMENTS AND GENE EXPRESSION IN MAIZE, Peacock, W.J.. Dennis, E.S., 
Ellis, J.. Finnegan. E.J., Gerlach. W.L.. Llewellyn. D. and Sachs. M.M. 

The alcohol dehydrogenase genes of maize have provided us with a system to study plant gene 
structure and expression. The two genes have common ancestry, are unlinked, have tissue- 
specific expression, and are induced by anaerobic conditions. Sequence analysis has shown 
that both loci have nine intervening sequences, the introns being in identical positions 
but differing in length and sequence. 

We have identified sequences in the 5' and 3' flanking regions which may be important for 
the environmental and developmental control of gene expression, and which may influence the 
probability of recombination at the Adhl locus. Differences in the polyA addition signal 
of animals and plants will be discussed. 

The Adhl locus has also provided us with the opportunity of studying a Ds controlling 
element. The Ds element in the Adhl-Fm335 mutant is inserted between the transcription and 
translation start points and markedly modifies transcription levels and RNA processing. We 
have defined sequence events at Ac-induced insertion and excision of the Ds element and 
examined the effects of sequence perturbation on transcription of the Adhl gene. 

We will also describe other Ds elements isolated from the maize genome and will comment on 
the sequences of terminal and internal segments. 
of the Ac/Ds system will be discussed in relation to the molecular data. 

Genetic and developmental characteristics 
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0870 HORMONAL REGULATION OF EMBRYO-SPECIFIC STORAGE PROTEIN GENES IN BRASSICA NAPUS. 
Martha L. Crouch and Karen M. Tenbarge, Department of Biology. I ~ i ~ L I n ~ e ~ i t y .  
Bloomington, I N  47405 

Two major storage proteins ,  c ruc i fe r in  and napin, accumulate during embryo development 
i n  Brassica napus ( o i l  seed rape). Using ant ibodies ,  the proteins  can f i r s t  be detected i n  
embryos about 24 days a f t e r  f e r t i l i z a t i o n  ( 6 0  days - mature). They accumulate f o r  about 20 
u n t i l  the  embryo desiccates  and becomes quiescent. 
germination ( 1 ) .  

cul tured on medium containing the growth regulator  absc is ic  acid (ABA), they w i l l  show the  
normal increase i n  s torage protein accumulation observed i n  the  seed. Without exogenous ABA 
s torage protein synthesis  decl ines  t o  a low l eve l  and the embryos germinate precociously ( I )  
Therefore, we can experimentally modulate the leve l  of s torage protein synthesis  and d issec t  
the  process a t  the molecular level .  

them as  probes t o  show tha t  exogenous ABA acts a t  the leve l  of mRNA accumulation. By 
densi tometr ic  scanning of Northern b l o t s ,  we measured l e v e l s  of both c ruc i fe r in  and napin 
mRNAa r e l a t i v e  t o  ribosomal RNA i n  embryos cul tured f o r  d i f f e r e n t  lengths of t i m e  with or 
without ABA. The embryos were put i n t o  cu l ture  a t  26 d a f t e r  f e r t i l i z a t i o n ,  a t  which time 
the  leve l  of napin mRNA is already high and cruc i fe r in  mRNA i s  s t i l l  increasing. In  the 
presence of 5 x 
mRNA leve ls  increase a t  l e a s t  three-fold over 3 d i n  cul ture .  In cont ras t ,  on the  basal 
medium there  i s  a dramatic and rapid decrease i n  leve ls  of both mRNAa r e l a t i v e  t o  ribosomal 
RNA. After j u s t  2 h of cu l ture ,  c ruc i fe r in  mRNA leve ls  have decreased f ive-fold,  reaching a 
l e v e l  50-100 t i m e s  lower than i n  the s t a r t i n g  embryos by 6 h of cul ture .  Crucifer in  mRNA 
leve ls  s t a y  at t h i s  low leve l  f o r  a t  l e a s t  several  weeks i f  the embryos a r e  kept on basal 
medium. Napin mRNA leve ls  respond i n  a similar fashion. However, i f  the  embryos growing on 
basal  medium a r e  t ransfer red  t o  medium with exogenous ABA, the low storage pro te in  mRNA 
leve ls  a r e  res tored t o  high leve ls  within a day. Therefore, even though these embryos a re  
showing morphological signs of germination, they a re  expressing embryo-specific genes a t  low 
l e v e l s ,  and the genes a re  s t i l l  capable of responding t o  hormonal regulation. We are  i n  the  
process of determining the r e l a t i v e  contr ibut ions of synthesis  and turnover r a t e s  t o  the 
changes i n  mRNA leve ls ,  and studying cloned genes.. 

1 )  Crouch, M.L. and I.M. Sussex. Planta  153:64-74 ( 1 9 8 1 ) .  2 )  Crouch, M.L.. K.M. Tenbarge. 
A.E. Simon, and R. Ferl. J. Ebl. Appl. =.- ( 1 9 8 3 ) .  i n  press. 

Both proteins  disappear rapidly upon 

If  embryos are removed from the  seed a t  the  beginning of s torage protein synthesis  and 

W e  have made and character ized cloned cDNAs f o r  B. napus s torage proteins  ( 2 )  and used 

M ABA, napin mRNA l eve ls  remain a t  the same high l e v e l  while c ruc i fe r in  

0871 EXPRESSION OF STORAGE PROTEIN GENES DURING M A I Z E  ENDOSPERM DEVELOPMENT. 
B.A. Lark ins ,  H.D. Marks, L.Z. Horand, and K. Pedersen. Dept o f  Botany and P l a n t  
Pathology, Purdue U n i v e r s i t y ,  West La faye t te ,  I N  47907. 

Dur ing  development o f  a maize seed l a r g e  amounts o f  p r o t e i n  a re  syn thes ized and depos i ted  i n  
the  endosperm. 
pept ides  t h a t  a re  known as zeins.  When separa ted  by  2-dimensional  gel  e lec t rophores i s  ze ins  
a re  reso lved  i n t o  severa l  groups o f  po lypept ides  w i t h  apparent mol wts o f  27,000, 22,000. 
19,000, 15,000 and 10,000. These p r o t e i n s  a re  syn thes ized by  polysomes bound t o  rough 
endoplasmic r e t i c u l u m  (RER). and a re  t ranspor ted  i n s i d e  t h e  lumen o f  t h e  RER where they  
assoc ia te  An a n a l y s i s  o f  ze ins  
syn thes ized a t  d i f f e r e n t  stages o f  development i n d i c a t e s  s l i g h t  d i f f e rences  i n  t h e  i n i t i a t i o n  
o f  t h e i r  syn thes i s ;  however, t he  e'xpression o f  these genes i s  t i g h t l y  coord ina ted  th roughout  
t h e  p e r i o d  o f  seed f o r n a t i o n .  

Ue have used cDNA clones cor respond ing  t o  d i f f e r e n t  f a m i l i e s  o f  ze in  mRNAs t o  s tudy  t h e  
o rgan iza t i on  o f  these genes i n  the  maize genome and t h e i r  express ion  d u r i n g  seed development. 
Southern h y b r i d i z a t i o n  ana lys i s  i n d i c a t e s  t h a t  ze ins  a re  encoded b y  seve ra l  f a m i l i e s  o f  
genes. 
two f a m i l i e s  o f  Hr  19,000 ze in  genes w i t h  20  members each. 
H r  15,000 and M r  10.000 p r o t e i n s  appear t o  be encoded by  genes present  i n  one o r  two copies.  
From gene t i c  analyses i t  has been shown t h a t  genes encoding p r o t e i n s  o f  s i m i l a r  mol w t  a re  
c l u s t e r e d  on t h e  same chromosome. 
genomic c lones c o n t a i n i n g  m u l t i p l e  copies o f  H r  19,000 ze in  genes. 
arranged tandemly 5' t o  3 ' .  DNA sequence ana lys i s  i n d i c a t e s  t h a t  t he  genes a re  c l o s e l y  
re la ted ,  and one appears t o  be a pseudo gene s ince  i t  has a premature s top  codon i n  t h e  
cod ing  sequence. 

I n  c e r t a i n  mutant genotypes, such as opaque-2. ze in  syn thes is  i s  delayed severa l  days, and i t  
ceases midway th rough endosperm development. Th i s  r e s u l t s  i n  a 50% reduc t i on  i n  t o t a l  ze in  
p r o t e i n .  Al though a l l  c lasses  o f  ze in  po lypept ides  a re  reduced, t h e  M r  22,000 p r o t e i n s  a re  
n e a r l y  absent. 
gene t r a n s c r i p t i o n  o r  p o s t - t r a n s c r i p t i o n a l  processing. 

About h a l f  o f  t h i s  p r o t e i n  i s  conposed o f  a group o f  a l coho l - so lub le  po l y -  

and form dense i n s o l u b l e  masses c a l l e d  p r o t e i n  bodies.  

There appear t o  be 20-25 genes encod ing  t h e  Hr  22,000 zeins.  and t h e r e  a re  a t  l e a s t  
On t h e  o t h e r  hand, t h e  M r  27,000, 

I n  suppor t  o f  t h i s  data, we have i s o l a t e d  severa l  
These genes a re  

The reduced l e v e l s  o f  these p r o t e i n s  appears t o  r e s u l t  f rom a l t e r a t i o n s  i n  
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@n GENE SETS ACTIVE IN COTTONSEED EXBRYOGENESIS. Leon Dure 111, Caryl A. 
Chlan, Jean C. Baker and Glenn A. Galau, Department of Biochemistry, 
University of Georgia, Athens, GA 30602. 

The embryogenio development of cottonseed is characterized by the rise/fall 
in abundance of seven subsets of aSNA as shown by the examination of  the 2D 
electrophoretic patterns of proteins synthesized in vivo and in vitro from 
extracted RNA, both at time points during embryogenesis. The expression of 
each set appears to be regulated independantly in time. cDNA copies of 
several representatives of each set have been cloned, identified by hybrid 
selected and arrested translation, and used to follow more precisely the 
changes in levels of the mRNAs during development by dot and solution hybrid- 
ization. 

in that they are expressed in an all-or-nothing fashion during a specific 
phase of embryogenesis. e.g. The genes of the cottonseed storage proteins. 
Other sets appear to emanate from genes that are constitutively "on", but 
whose expression is upldown modulated during development. 

Genomic DNA containing genes represented in several of the sets has 
been isolated from a gene bank and sequenced in order to search for sequences 
involved in their developmental expression or in the up/down modulation 
of their constitutive expression. 

Several of these sets appear to be the products of developmental genes 

Transcription and Gene Expression in Embryos I 

@m SEX DETERMINING I N  DROSOPHILA, B.  Baker, M. Wolfner, J .  Belo te ,  Biology Department, 
Un ive r s i ty  of C a l i f o r n i a ,  San Diego, La J o l l a ,  C a l i f o r n i a  92093 
Sex de te rmina t ion  i n  eukaryotes  provides  one of t h e  most s t r i k i n g  examples of t h e  

d i f f e r e n t i a l  c o n t r o l  of gene express ion  du r ing  development. Although sex de te rmina t ion  i n  2. 
melanogas te r  w a s  one  of t h e  f i r s t  major developmental  p rocesses  demonstrated t o  be under gene- 
t i c  c o n t r o l  (Br idges ,  1921).  on ly  r e c e n t l y  have w e  begun t o  a p p r e c i a t e  and p i e c e  toge the r  t h e  
complex r e g u l a t o r y  h learchy  c o n t r o l l i n g  sexua l  devdlopment. The func t ions  t h a t  are r e s p o n s i b l e  
f o r  s e x  de te rmina t ion  can be  d iv ided  i n t o  t h r e e  c a t e g o r i e s ;  1) t h e  X:autosome (X:A) r a t i o ,  t h e  
primary de terminant  of sex and dosage compensation, 2) a set of regG1atory loci-(%, &, 
t ra ,  t ra -2 ,  i x )  whose express ion  i s  c o n t r o l l e d  by t h e  X:ra t io ,  which i n  t u r n  c o n t r o l  t h e  ex- 
p r e s s i o n  of 3) t h e  b a t t e r i e s  of genes encoding sex-speTif ic  d i f f e r e n t i a t i o n  func t ions .  The X:A 
r a t i o  appears  t o  a c t  e a r l y  i n  development t o  de te rmine  both  sex  and dosage compensation irrF-- 
v e r s i b l y  (Baker, i n  p repa ra t ion ) .  

sex de te rmina t ion  and c h a r a c t e r i z i n g  t h e  phenotypes of double  mutant combinations,  w e  have 
developed a model f o r  how t h e s e  gene p roduc t s  i n t e r a c t  t o  de te rmine  s e x  (Baker & Ridge, 1980). 
- dsx  is  a b i f u n c t i o n a l  l ocus  which can be expressed  i n  e i t h e r  of two ways: i n  male i n d i v i d u a l s ,  
dsxf f u n c t i o n s  t o  r e p r e s s  female  d i f f e r e n t i a t i o n ,  whereas i n  female  f l i e s ,  dsxf r e p r e s s e s  male 
=a1 d i f f e r e n t i a t i o n .  The tra+ and tra-2+ gene products  are thought t o  act  i n  chromosomally 
female  i n d i v i d u a l s  t o  ma in ta in  t h e  dsx+ gene i n  t h e  female  mode of express ion .  The product of 
t h e  ixf gene is  requ i r ed  i n  females  f o r  t h e  suppress ion  of male sexual  d i f f e r e n t i a t i o n .  In 
males t h e  tra+ and tra-2+ l o c i  are no t  expressed;  as a consequence dsx+ is  expressed  i n  t h e  
male mode. 

ing  and c h a r a c t e r i z i n g  t h e  r e g u l a t o r y  genes.  
w i t h  t h e  i n i t i a l  aim of unders tanding  t h e  molecular  b a s i s  f o r  t h e  a c t i v e  but  o p p o s i t e  r o l e s  
it p lays  i n  c o n t r o l l i n g  sex de te rmina t ion  i n  males and females  (Baker & Wolfner, i n  p rep . ) .  
The * l ocus  has been cloned and t h e  a n a l y s i s  of mutants  a t  dsx show i t  i s  a t  least 27kb. 
The DNA o rgan iza t ion  of *appears  t o  be t h e  s a m e  i n  both  sexes. 
shows that d i f f e r e n t  s i z e  t r a n s c r i p t s  homologous t o  dsx DNA a r e  found i n  m a l e s  and females .  

The a n a l y s i s  of t empera tu re - sens i t i ve  tra-2 alleles has  shown t h a t  t h i s  l ocus  i s  ex- 
pressed  throughout t h e  l a r v a l ,  pupal and a d u l t  pe r iods  and a c t s ,  even wi th in  s i n g l e  c e l l  l i n -  
eages ,  t o  de te rmine  d i f f e r e n t  a s p e c t s  of s ex  a t  d i f f e r e n t  times (Be lo te  & Baker, 1982).  The 
-- ts t ra -2  mutants  have  a l s o  been used t o  show t h a t  t h i s  l ocus  r e g u l a t e s  t h e  express ion  of t h r e e  
female-spec i f ic  s exua l  d i f f e r e n t i a t i o n  f u n c t i o n s  ( t h e  yo lk  p r o t e i n  (YP) genes) a t  t h e  t r an -  
s c r i p t i o n a l  l e v e l :  f u n c t i o n a l  tra-2 product i s  needed i n  t h e  a d u l t  bo th  t o  t u r n  on and t o  
ma in ta in  t r a n s c r i p t i o n  of t h e  YP genes (Be lo te  et  a l . ,  i n  p r e p a r a t i o n ) .  

By de f in ing  t h e  phenotypes of null muta t ions  a t  fou r  of t h e  r e g u l a t o r y  l o c i  c o n t r o l l i n g  

To extend our  knowledge of  t h i s  r e g u l a t o r y  h iearchy  t o  t h e  molecular  l e v e l ,  w e  are clon- 
Our i n i t i a l  e f f o r t s  focused on the dsx l ocus  

However Northern a n a l y s i s  
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0874 
Nakanishi, Department of Biochemistry h Biophysics, University of California, San Francisco, 
San Francisco, California 94143 

A GENETIC, DEVELOPMENTAL, AND MOLECULAR ANALYSIS OF THE ENGRAILED LOCUS. 
Thomas Kornberg, Zehra Ali, Barry Drees, Jerry Kuner, Patrick O'Farrell, and M. 

The best evidence indicating how genes control development is provided by the homeotic 
These mutations transform one body part into another, normal struc- mutants of Drosophila. 

tures appearing in abnormal locations. 
control the developmental pathway of the individual segment, each segment an independent 
experiment in evolution. There also exist genetic functions that initially set aside the 
cells that will construct each of the segments, the cells in which the homeotic gene func- 
tions will be expressed. We call these merismatic genes, from the Greek merismos, meaning 
to subdivide the whole into parts. We have subjected one such genetic locus, engrailed, to 
intensive genetic, developmental, and molecular analysis. 

It is believed that these genes have evolved to 

Mutations in the engrailed locus define a single complementation group in a region in 

Developmental and molecular analysis indicate a time dependent 
excess of 60 kb of DNA. 
defective in segmentation. 
and position specific requirement for engrailed locus expression. 

Animals deficient for engrailed function die during embryogenesis, 

HOW MOUSE EGGS PUT ON AND TAKE OFF THEIR EXTRACELLULAR COAT, 
Paul M. Wassarman, Je f f rey  M. Greve, Rosario M. Perona, Richard J. Roller, and George 
S. Salzmann, Depar tment  of Biological Chemistry,  Harvard Medical School, Boston, MA 
02115 

0875 

During a t w o  to t h r e e  week period, as mouse oocytes  grow f rom I 2  t o  85 pm in d iameter ,  a 
relatively thick (7 pm) extracellular c o a t  appears  t h a t  completely surrounds t h e  oocyte ' s  plasma 
membrane. This extracellular coat, called t h e  zona pellucida, serves impor tan t  functions during 
fert i l ization and ear ly  development,  and is not shed by embryos until  just prior t o  implantation (day- 
5 of embryonic development). In mice, t h e  zona pellucida is composed of th ree  d i f fe ren t  glyco- 
proteins, designated Z P I  (200 kd), ZP2 (120 kd), and Z P 3  (80 kd) (1). Since synthesis of these  
relatively abundant glycoproteins is str ingently regulated with respec t  t o  both ce l l  type and s t a g e  of 
development (2-5), they  a r e  a t t r a c t i v e  candidates for studies of t h e  regulation of gene  expression 
during ear ly  mammalian development. Furthermore,  since hatching of mouse embryos f r o m  t h e  zona 
pellucida involves a specific d i f fe ren t ia t ive  e v e n t  at a particular t i m e  during ear ly  embryogenesis, 
th i s  t o o  represents  an  a t t r a c t i v e  sys tem for study. I will discuss various aspec ts  of these  topics. 

1. Bleil, J.D., and Wassarman, P.M., Develop. Biol. 76: 185 (1980) 
2. Bleil, J.D., and Wassarman, P.M., Proc. Natl. Acad. Sci. USA 77: 1029 (1980) 
3. Greve, J.M., Salzmann, G.S., Roller, R.J., and Wassarmin, P.M., Cel l  31: 749 (1982) 
4. Salzmann, G.S., Creve, J.M., Roller, R.J., and Wassarman, P.M., EMBO J. 2: 1451 (1983) 
5.  Roller, R.J., and Wassarman, P.M., J. Biol. Chern. 258: in press (1983) 

Supported by t h e  National Insti tute of Child Health and Human Development 

0876 GENE ORGANIZATION AND INTERACTION IN WUSE t-HAPLOTYPES, Dorothea Bennett, Karen 
Artzt, Hee-Sup Shin, Laboratory of Developmental Genetics, Sloan-Kettering 
Institute, New York, NY 10021. 

Seven different, but functionally related [l], t-lethal mutations have been mapped 
and found to occure in 3 clusters distributed over 14 cM of chromosome 17. The largest 
cluster closely flanks the H-2 complex, h i c h  is rearranged and inverted in t-haplotypes 
[2,3]. In the two cases examined, mutations belonging to the same complmentat' n group 
map to the same location. The data suggest that the t-lethal factors o f  the tlj 
complementation group represent dual genetic lesions, rather than a single mutant site, 
and that there is significant interaction in cis anong the mutant sites of different 
lethal factors that determine the ultimate le%l phenotype. 

[l] Shin, H-S., McCormick, P. ,  Artzt, K., and Bennett, 0. (1983) Cis-trans test shows a 
functional relationship between non-allelic lethal mutations in the T/t-complex. Cell 

[2] Artzt, K., Shin, H-S., and Bennett, D. (1982) Gene mapping with the T/t complex of the 
mouse. 11. Anomalous position o f  the H-2 complex in t-haplotypes. Cell 28: 471-476. 

[3] Shin, H-S.. Flaherty, L., Artzt. K.. Bennett, D., and Ravetch J. DNA rearrangement of 
the H-2 complex in t-haplotypes o f  mice. Nature, in press. 

33: 925-929. 
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Human Development, National I n s t i t u t e s  o f  Health, Bethesda, MD 20205 

s u f f i c i e n t  mRNA t o  support p ro te in  synthesis a t  l eas t  through cleavage stages (1). 
g a s t r u l a t i o n  appears t o  requi re  t r a n s c r i p t i o n  o f  the embryonic genome, suggesting the 
existence o f  a set o f  gast ru la  RNA molecules t h a t  are not included i n  maternal RNA. 
egg and gast ru la  polyA RNA populat ions are very s im i la r ,  we u t i l i z e d  a se lec t i ve  cDNA 
c lon ing procedure t o  prepare a l i b r a r y  h igh l y  enriched i n  sequences t h a t  are present i n  
gast ru lae but absent i n  eggs, which we c a l l  DG RNAs (2). 
of several cloned sequences f r a n  t h i s  DG l i b r a r y .  

RNA), and disappears the rea f te r .  A fragment o f  t h i s  cDNA clone has been inse r ted  i n t o  a 
b a c t e r i a l  expression vector  (MR100, re f .  3). The fus ion p ro te in  produced i n  t h i s  way i s  
being used t o  ra i se  ant iserun t h a t  i s  expected t o  react s p e c i f i c a l l y  w i t h  the  natura l  DG 42 
prote in .  OG 42 genomic clones have a lso been i so la ted  and are being analyzed. Other cloned 
DG RNA molecules range fran undetectable t o  q u i t e  abundant i n  tadpole RNA, and the s p a t i a l  
d i s t r i b u t i o n  o f  several o f  these sequences i s  being studied by i n  s i t u  hyb r id i za t i on .  

1. Dawid, I.B., Kay, B.K., and Sargent, T.D. (1983). Symp. SOC. Dev. B io l .  x, 171-182. 
2. Sargent, T.O. and Oawid, I.B. (1983). Science 222, 135-139. 
3. 

GENE EXPRESSION DURING EMBRYOGENESIS I N  XENOPUS LAEVIS, Igor  8. Dawid, Milan 
Jamrich, Erszebet Jonas, Brian K. Kay, S e i j i  Miyatani, Thomas D. Sargent and J e f f r e y  
A. Winkles, Laboratory o f  b l e c u l a r  Genetics, National I n s t i t u t e  o f  Ch i l d  Health and 

The u n f e r t i l i z e d  egg o f  Xenopus l a e v i s  contains a supply o f  polyA RNA which inc ludes 
However, 

Because 

We are engaged i n  de ta i l ed  analys is  

DG 42 represents an mRNA t h a t  becomes q u i t e  abundant a t  gas t ru la t i on  (about 0.2% o f  polyA+ 

Gray, M.R., Colot, H.V., Guarente. L.. and R o s b s ,  M. (1982). Proc. Nat. Acad. Sci. 2. 
6598-6602. 

NUCLEAR ACTIVITY AND CELL CYCLE REGULATION IN THE XENOPUS EMBRYO, 0878 Marc W. Kirschner, John W. Newport*, and Douglass J. Forbes*, Univer- 
sity of California at San Francisco, San Francisco, California, 94143, and 
University of California at San Diego*, La Jolla, CA, 92093. 

Early embryogenesis in Xenopus is divided into two stages with respect to trans- 
cription. The first stage, which lasts from fertilization through 12 synchro- 
nous cleavages, lacks detectable RNA synthesis. In the second stage, trans- 
cription is abruptly activated, cells become motile, and cell division slows and 
becomes asynchronous (1). Among the major transcripts at this transition 
(termed the mid-blastula transition) are tRNAs and the small nuclear RNAs, U1, 
UZ, U4, U5, and U6 (2). It appears a specific factor is stored in the cytoplasm 
and inhibits transcription, until at the twelfth cleavage, titration of the 
factor by the replicating DNA allows the inhibition to be relieved and trans- 
cription to be activated (3). Although we originally thought that this factor 
might be binding directly to the DNA, recent experiments have caused us to 
reevaluate this conclusion. We have found that when bacteriophage lambda DNA 
is injected into Xenopus eggs, the DNA is assembled into synthetic "nuclei". 
These nuclei are structurally identical by a number of criteria to normal eukary- 
otic nuclei: they are bounded by a double bilayer membrane separated by a peri- 
nuclear space and interrupted by nuclear pores. The inner nuclear membrane 
is lined by a nuclear lamina composed of one or more of the lamin proteins, as 
judged by immunofluorescence. The synthetic nuclei respond to several cell cycle 
modulators in a way identical to that in which normal nuclei respond (4). We 
conclude that the Xenopus embryo contains a store of all the protein components 
necessary to form the nucleus and simple addition of DNA is sufficient to seed 
the assembly of these components into nuclei. Thus the factor that the DNA is 
titrating could be any molecule involved in the formation of the nucleus, from 
a DNA binding protein to a structural nuclear protein. To attempt to investigate 
the turn-on of transcription and the assembly of the nucleus at a more molecular 
level, we have begun to use the small nuclear RNA, U1 (a major product at the 
onset of transcription), both as a probe for transcriptional control and as a 
model molecule for examining nuclear functions such as transport and binding of 
nuclear molecules. 
1&3. Newport and Kirschner, Cell 30, 675-686 and 687-696 (1982). 
2. Forbes, Kornberg, and Kirschner. J.Cel1 Biol. 97, 62-72 (1983). 
3. Forbes, Kirschner, and Newport. Cell 34, 13-2371983). 

19 



Molecular Biology of Development 

a79 GENE EXPRESSION IN THE SEA URCHIN EMBRYO, Er ic  H. Oavidson, Rosemary J. Shot t ,  
Samuel J. Rose, 111, James J. Lee, Carlos  V. Cabrera,  Frank J. Calzone, Roy J. 

B r i t t e n ,  Division o f  Biology, Ca l i fo rn ia  I n s t i t u t e  o f  Technology, Pasadena, CA 91125. 
Patterns o f  gene expression i n  sea urchin embryos a r e  descr ibed,  as revealed by recent  
i n v e s t i g a t i o n s  on a number o f  clones represent ing poly(A) mAs. About 90% o f  t h e  non- 
mitochondria1 t r a n s c r i p t  spec ie s  i n  t he  l a t e  embryo cytoplasm, a t  a l l  prevalence l e v e l s ,  
a r e  a l s o  represented i n  t h e  RNA o f  t h e  u n f e r t i l i z e d  egg, and about 10% appear anew during 
development. Measurements o f  syn thes i s  and turnover r a t e s  have ind ica t ed  t h e  following: 
1) cytoplasmic turnover  is a major f ac to r  i n  determining embryo t r a n s c r i p t  prevalence; 2 )  
r a t e  of t r a n s c r i p t i o n  varies fran seve ra l  i n i t i a t i o n s  per min for  highly a c t i v e  genes t o  < 
1 per hr for genes coding for  rare cytoplasmic sequences;  3) t h e r e  is a d i f f e r e n t  point  i n  
development when maternal sequences are replaced by new t r a n s c r i p t s  for each t r a n s c r i p t  
s tud ied .  Contrary t o  previous assumptions, maternal t r a n s c r i p t s  o f  some spec ie s  p e r s i s t  
t o  t h e  end o f  embryogenesis. Expression o f  t h e  sea urchin a c t i n  genes has been s tud ied  
using probes s p e c i f i c  for each o f  t he  genes. There a r e  8 a c t i n  genes i n  t h e  5. u r  u r a t u s  
genome, o f  which at l e a s t  6 are a c t i v e .  This genome con ta ins  one muscle a c t T b  
remainder code for cy toske le t a l  actins. Each of t h e  a c t i n  genes d i sp lays  a unique 
pa t t e rn ,  being expressed i n  s p e c i f i c  e x t e n t s  a s  p a r t i c u l a r  c e l l  types,  and sometimes i n  
s p e c i f i c  s t a g e s  o f  t h e  l i f e  cycle.  

0880 
Unive r s i ty ,  Bloomington, I N  47405. 

NOVEL PROTEINS BELONGING TO THE TROPONIN C SUPERFAMILY ARE ENCODED BY A SET OF 
W A S  I N  SEA URCHIN EMBRYOS, W i l l i a m  Klein,  Department of Biology, Indiana 

The p rope r t i e s  of s eve ra l  cDNA clones r ep resen t ing  a family of mRNAs found i n  the  
embryonic ectoderm of Strongylocentrotus  purpuratus  a r e  descr ibed.  These mRNAs , termed Spec 
for Strongylocentrotus  purpuratus  ectodesm, accumulate i n  the presumptive do r sa l  ectoderm of 
post-cleavage s t age  embryos and code f o r  a group of 10 t o  12 low molecular weight a c i d i c  
p r o t e i n s  ( 1 ,  2) .  Using an t ibod ie s  r a i sed  aga ins t  t h e  major Spec p ro te in  we demonstrate t h a t  
t h e  p ro te in  i s  loca l i zed  i n  t he  cytoplasm of do r sa l  ectoderm c e l l s .  Hybridizat ion ana lys i s  
and DNA sequencing show t h a t  t he  mRNAs coding f o r  t h e  Spec p ro te ins ,  although a l l  r e l a t e d ,  
can be divided i n t o  two subfamil ies :  Spec 1 type mRNAs are 1.5 kb in l eng th ,  begin t o  
accumulate a t  the  b l a s t u l a  s t age ,  and code f o r  t h e  major Spec p ro te in ;  Spec 2 type mRNAs a r e  
2.2 kb in l eng th ,  begin t o  accumulate a t  t h e  g a s t r u l a  s t age  and code f o r  s eve ra l  of the minor 
Spec p ro te ins  (3 ) .  Comparison of t h e  t r a n s l a t i o n a l  reading frames of t he  Spec mRNAs with 
known p ro te in  sequences shows a s i g n i f i c a n t  homology with t roponin C-related p ro te ins ,  
e s p e c i a l l y  in t he  calcium-binding domains. Based on s t r u c t u r a l  cons ide ra t ions ,  the major 
Spec p ro te in  is more t roponin C-like and t h e  minor Spec p ro te ins  a r e  more calmodulin-like,  
a l though i t  i s  c l e a r  none of the  Spec p ro te ins  a r e  t roponin C o r  calmodulin. We suggest  t h a t  
t h e  Spec p ro te ins  are previously uncharacter ized members of t he  t roponin C superfamily and 
t h a t  they are involved in t he  changes in shape of do r sa l  ectoderm c e l l s  which occur during 
l a r v a l  development and metamorphosis. 

(1 )  Bruskin, A.M., Bedard, P.A., Tyner, A.L., Showman, R.M., Brandhorst ,  B.P., and Klein,  

( 2 )  Lynn, D.A., Angerer, L.M., Bruskin,  A.M., Klein,  W.H., and Angerer, R.C. (1983). Proc. 

(3)  Klein,  W.H., Spain,  L.M., Tyner, A.L., Anstrom, J., Showman, R.M., Carpenter,  C.D., 

W.H. (1982). Develop. Biol. 91:317-324. 

Natl. Acad. Sci. USA 80:2656-2660. 

Eldon, E.D.,  and Bruskin,  A.M. (1984). The Molecular Aspects of Early Development. 
G.M. Malacinski and W.H. Klein,  eds. Plenum Pres s ,  Inc. New York. 
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0881 SPATIAL AND TEMPORAL SPECIFICITY IN THE EXPRESSION OF CELL SURFACE 
ANTIGENS DURING DEVELOPMENT. 
Dept. of Zoology, Duke University, Durham, NC. 27706. 

David R McClay and Gary M Wessel, 

Ectoderm, mesoderm, and endoderm cell surfaces of the sea urchin embryo 
are shown to differ in a number of antigens as early as the gastrula stage. 
More than 108 monoclonal antibodies were found in a screen that selected for 
germ layer-specific expression at the cell surface. These antibodies were 
studied to establish the variety of patterns by which antigens reached the 
cell surface and became specific or selective to one germ layer. Many of the 
antigens were found in the egg. These were compartmentalized during 
development by a variety of patterns and at timetables that were unique for 
many of the antigens. Some of the antigens became localized to parts of a 
germ layer, or  were distributed in an area between two germ layers. Western 
blot analysis of the antigens indicated, that for those tested, the antibodies 
identified molecules with the same molecular weight throughout development. 
There were some apparent shifts, however, in antigen location by subcellular 
fractionation studies. 

Some antigens were detected de novo during development. One family was 
detected at the mesenchyme blastula stage. These appeared on the surface of 
primary mesenchyme cells at a very precise time for each of the +/-  38 
primary mesenchyme cel Is. About 38 min. later an endoderm-specific antigen 
appeared. This antigen ultimately became confined to the midgut and hindgut 
of the embryo. Again, Western blots showed these antigens to be the same 
throughout development. 

Other examples of antigens detected included an antigen with a gradient- 
like distribution, antigens that were localized to highly restricted areas of 
the embryo, appearance and later the loss of an antigen, and temporal 
differences in appearance of the same antigen in two species. These data 
demonstrate a dramatic change in cell surfaces at gastrulation and show that 
these changes can originate by a number of pathways. Supported by USPHS HD 
14483. 

0882 TRANSLATIONAL CONTROL OF GENE EXPRESSION I N  EARLY DEVELOPMENT, Joan V. Ruderman. 
Nancy M. Standart. Er ic T. Rosenthal, Department o f  Anatomy, Harvard Medical 

School, Boston MA 02115, and Tim Hunt, Department o f  Biochemistry, University o f  Cambridge, 
Caabridge. England CB2 I@.  

pool o f  mRNA. 
within 10 minutes a f t e r  f e r t i l i za t i on ,  those MNAs are released fnn polysomes and another, 
completely d i f f e ren t  subset o f  pre-existing m R N k  are t ranslat ional ly activated and 
recrui ted onto polysomes (1, 2). This translational switch leads to dramatic changes i n  
the kinds o f  proteins tha t  are made a t  f e r t i l i za t i on .  The act ivat ion o f  certain mRNAs i s  
essential f o r  development t o  proceed: i t  has long been known that, despite the possession 
o f  a large maternal stockpile o f  structural  proteins and enzymes, ongoing protein synthesis 
i s  absolutely required f o r  the d r y 0  to proceed through f i r s t  cleavage and beyond. What 
i s  responsible f o r  the t ranslat ion repression o f  one group o f  mRNAs and the act ivat ion o f  
another group r i g h t  a f t e r  f e r t l l  izat lon? What roles do these translat ional ly regulated 
proteins play? Why i s  i t  so important f o r  certain mRNAs to be kept inact ive u n t i l  
f e r t i l i za t i on?  Using cDNA clones complementary t o  mterna l  mRNA sequences, we have found 
tha t  the m R N k  act ive i n  the oocyte are poly(A)+ and lose the i r  polyIA) t a i l s  when they are 
released from polysomes a f te r  f e r t i l i za t i on ,  whereas nRNAs tha t  are stored i n  the oocyte i n  
an Inact ive fonn are poly(A)-deficient and gain a poly(A) tail when they are activated i n  
the enbryo. No other gross structural changes are detectable. The two nost abundant 
stored nRNAs, those encoding proteins cal led A and C, have been sequenced. Comparisons f o r  
potential translational regulatory sequences are underway. As t o  the functions o f  these 
proteins SOIR h in ts  are beginning to surface. 
synthesized continuously a f te r  f e r t i l i z a t i o n  and i s  destroyed a t  each cleavage d iv is ion  
(3). Protein C (40 kd) I s  hmlogous to a Herpes virus 39 kd early protein tha t  I s  closely 
associated w i th  ribonucleotide reductase. a key enzyme i n  DNA synthesis. 

1. Rosenthal, Hunt and Ruderman (1980) Cell 20, 487. 
2. Rosenthal, Tansey and Ruderman (1983) J. Mol. 6101. 166, 309. 
3. Evans, Rosenthal. Youngblom. Distel  and Hunt (1983) Cell 33, 389. 

The mature oocytes o f  most animals. including the marine clam Spisula. contain a large 
Before fe r t i l i za t i on .  Spisula oocytes translate a small subset o f  mRNAs; 

Protein A (53 kd). also known as cyclin. i s  
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Whole Organism Transformation I 

0883 
Wakimto, Department o f  Embryology, The Carnegie I n s t i t u t i o n  o f  Washington, 115 W. Un ive rs i t y  
Pkwy., Balt imore, MD 21210. 

During oogenesis, Drosophila ovar ian f o l l i c l e  c e l l s  s p e c i f i c a l l y  ampl i fy  and s e l e c t i v e l y  
express chor ion (eggshell)  genes contained i n  two separate gene c lus te rs .  The amp l i f i ca t i on  
o f  these genes and 80-100 kb o f  f l a n k i n g  sequences occurs by a chromosomal mechanism; 
repeated rounds o f  l o c a l  r e p l i c a t i o n  are i n i t i a t e d  a t  a s i t e  o r  s i t e s  w i t h i n  each c l u s t e r  
(1,2). I nd i v idua l  chorion genes are then expressed a t  s p e c i f i c  times dur ing the process o f  
eggshell  synthesis. We have used P element-mediated gene t rans fe r  ( 3 )  t o  i nves t i ga te  the 
l o c a t i o n  and s t ruc tu re  o f  presumptive a m p l i f i c a t i o n  o r i g i n s  i n  the v i c i n i t y  o f  the chor ion 
genes, and t o  def ine c i s -ac t i ng  sequences necessary f o r  developmentally regulated chorion 
gene expression. I n  the case o f  both gene c lus te rs ,  on l y  transposons conta in ing a s p e c i f i c  
cen t ra l  4-5 kb reg ion induced amp l i f i ca t i on .  Although the t i ssue -spec i f i c i  t y  o f  induced 
a m p l i f i c a t i o n  was unchanged, the behavior o f  o r i g in -con ta in ing  transposons was subject  t o  
p o s i t i o n  e f fec ts ,  and fewer rounds o f  r e p l i c a t i o n  usua l l y  occurred than normal. Chorion 
genes introduced i n t o  germ l i n e  chromosomes w i t h i n  transposons conta in ing vary ing amounts o f  
f l ank ing  sequences were a l so  analyzed f o r  t h e i r  a b i l i t y  t o  func t i on  w i t h  the appropriate 
t i ssue  and temporal s p e c i f i c i t y .  Regardless o f  whether a m p l i f i c a t i o n  occurred, mRNA was 
produced from the transformed gene according t o  i t s  normal developmental program. As l i t t l e  
as 1.3 kb o f  DNA conta in ing the 5 '  end o f  the gene was s u f f i c i e n t  f o r  t r a n s c r i p t i o n  t o  occur 
w i t h  i t s  c h a r a c t e r i s t i c  time and t i ssue  s p e c i f i c i t y .  The a b i l i t y  o f  def ined sequences t o  
program normal gene expression a l lows the const ruct ion o f  f us ion  genes which can s i m p l i f y  
the analys is  o f  gene regu la t i on  and funct ion.  

1. Spradl ing, A. (1981) Cel l  27, 193. 
2. Osheim, E. and M i l l e r ,  O.J. (1983) Cel l  33, 543. 
3. Spradl ing, A. and Rubin, G. (1983) Ce l l  34, 47. 

AMPLIFICATION AND EXPRESSION OF DROSOPHILA CHORION GENES, A l l a n  C. Spradl ing, 
Diane V. de Cicco, Laura J. Kalfayan, Joseph F. Levine, Suki Parks, and Barbara T. 

0884 white LOCUS DNA TRANSFORMATION IN DROSOPHILA: WSAGE COMPENSATION, INTERAC- 
TION AM) POSITION EFFECTS, Tulle Hazelrieg, Robert Levis, and Gerald 14. Rubin. De- 
partment of Biochemistry, University of California, Berkeley, Berkeley, CA 94720 

The expression of the white locus in Drosophila is regulated in several ways. First, it 

Third, 
We are using 

is located on the X chromosome and is dosage compensated. 
ject t o  transvection effects in an interaction which occurs with the = locus. 
the expression of the white locus is sensitive t o  genomic position effects. 
P-element mediated DNA transformation to define the DNA sequences of white which mediate 
these regulatory events. Transduced copies 0: an 11.7 kb segment of DNA, inserted at many 
different chromosomal sites, rescue the white phenotype, and are properly dosage-c pen- 
sated. These same transduced copies of - DNA show variable repression by zest,? Two 
transformants have novel patterns of eye pigmentation which appear to be due to position 
effects on the expression of the transduced white DNA. Recent results of transformation 
with constructs containing deletions of putative regulatory sequences of the white locus 
will be reported. 

Second, the white locus is sub- 
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0885 REGULATION OF EXPRESSION OF THE DROSOPHILA 68C GLUE GENE CLUSTER, E l l i o t  M. 

Meyerowitz, Madeline A. Crosby, Thomas E. Crowley, Mark 0. Garfinkel, Christopher H. Martin 
m d  Peter  H. Mathers, Division of Biology, Cal i fornia  I n s t i t u t e  of Technology, Pasadena, CA 
91125. 

The polytene chromosom puff found i n  the 68C region of  the  t h i r d  chromosome i n  
Dros h i l a  melan ester sal ivary glands contains the  genes for  th ree  coordinately expressed 
+ziii+-T ss ivary g l  secre ion proteins ,  696-3, 898-7 and sgs-8. These proteins  are par t  of the  
"glue" tha t  is secreted by t h i r d  i n s t a r  larvae j u s t  p r ior  t o  pupariation, and is used t o  
a f f i x  the puparial case t o  s s o l i d  surface for  the pupal period (1). The rnRNAa for  the  three  
pro te ins  are coded i n  a region of less than 5,000 base pa i r s ,  md are coordinately expressed 
in  both tiesue and t i m e  (2). While the s igna ls  tha t  i n i t i a t e  the expression of  these three  
RNAs are not known, accumulation of newly synthesized RNA from each of the glue genes is 
rapidly and d i r e c t l y  repressed by the s te ro id  hormone ecdysterone (3 ) .  One q u e s t i m  raised 
by t h i s  system is t h a t  of the coordination of expression of the three RNAs: is each RNA 
control led independently of the others ,  each with its o m  set of regulatory sequences, or is 
t h e r e  8 s ingle  control  region responsible for  puffing or expression of a l l  three genes? The 
DNA sequence of the  three genes and of t h e i r  flanking regions shows no c o r n  sequence 
elements upstream or downstream of the genes (4) ,  indicat ing tha t  s simple nude1 i n  which 
each gene has ident ica l  cont ro l l ing  sequences is untrue. The reintroduct ion of cloned 68C 
sequences t o  the f ly  g e n m  by P-factor mediated transformation has shown t h a t  the  Sgs-3 gene 
a c t s  autonomously; it expressas i n  the normal t i s sue ,  a t  its normal t im,  and i n  normal 
m u n t s  when integrated at locat ions other than 68C without the 5913-7 md Sgs-8 genes 
adjacent. So far ,  though, the Sgs-7 and Sgs-8 genes have not been found t o  expresa when 
reintroduced t o  the  f l y  genome without m adjacent Sgs-3 gene. In  these transformation 
experiments it is possible  t o  dis t inguish between the expression of introduced and resident  
Sgs-3 genes, because the two genes code for d i f fe ren t  wild-type length var ian ts  of the Sgs-3 
mRNA. No such var ian ts  are known for  Sgs-7 or Sgs-8, thus the introduced genea have been 
a l t e r e d  t o  change the  length of the RNAs they w i l l  express. I t  is possible  tha t  these 
a l t e r a t i o n s  have affected the s t a b i l i t y  o f  the RNAs.  Experimnts  now i n  progress w i l l  test 
i f  the  a l te red  Sgs-7 m d  Sgs-8 genes w i l l  express when reintroduced with the  596-3 gene 
adjacent . 
(1) Crowley, 1. E., Bond, M. W., and Meyerowitz, E. M. (1983) Hol. Cell. Biol. 2623-634. 
(2) Meyerowitz, E. M., and Hogness, D. 5. (1982) Cell 28:165-176. 
(3)  Crowley, 1. E. m d  Meyerowitz, E. M. (1983) Oevel.Tiol.,  i n  press. 
(4) Garfinkel, M. D., P r u i t t ,  R. E., and Meyerowitz, E. M. (1983) J. Hol. B i d .  x 7 6 5 - 7 8 9 .  

@86 TRANSFORHTION OF FSPERGILLUS NIDULPNS USING P TPPC PLASMID, W i l l i a m  E. Timberlake, 
11. l l e l an ie  Yel ton,  John E. Hamer and Edward J. Ful laney ,  Department o f  P l a n t  
Pathology, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, CA 92037 

We have cons t ruc ted  a ch imer i c  p l a s v i d  c a r r y i n g  a complete w i l d - t ype  copy o f  t he  t r i f u n c t i o n -  
a1 tr C gene from the  Ascomycete fungus As e r  i l l u s  n idu lans .  Th is  plasmid, des ignated  
pHY& r e p l i c a t e s  i n  I. c o l i ,  where i f  coFfe:s r e s i r n o  a m p i c i l l i n  and chloramphenicol  
and compl ements Isle have 
used pHY201 t o  t rans form an A. n idu lans  z- s t r a i n  t o  trpC+ a t  f requenc ies  o f  g r e a t e r  than 
20 s t a b l e  t rans formants  p e r  ug 
showed t h a t  pHY201 DNA had i n t e g r a t e d  i n t o  t h e  A. n idu lans  chromosomes i n  a m a j o r i t y  o f  
cases. t;ost o f  t he  i n t e g r a t i o n  events appeared-to-t t he  s i t e  o f  t h e  m- a l l e l e  o f  
t he  r e c i p i e n t  s t r a i n .  I n  severa l  ins tances ,  we have succeeded i n  recove r ing  pHY201, o r  
d e r i v a t i v e s  thereo f ,  f rom A. n idu lans  t rans formants  by r e s t r i c t i o n  d i g e s t i o n  o f  chromosomal 
DNA, l i g a t i o n  and t r a n s f o r m a t i o n .  c o l i .  Thus, pHY201 has p r o p e r t i e s  which suggest t h a t  
i t  may serve  as a va luab le  p r o t o t y p e - f o x e  development o f  more s o p h i s t i c a t e d  As e r q i l l u s  
c l o n i n g  vec tors .  P re l im ina ry  data i n d i c a t e  t h a t  t he  gene i s  appropriately- 
i n  t rans formants  regard less  o f  i t s  p o s i t i o n  i n  t h e  genome. 

m u t a n t s 1  a c k i  nq phosphor i  bosyl  an th ran i  l a t e  i somerase a c t i v i t y .  

Southern b l o t  a n a l y s i s  o f  DNA from t rans formants  
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ler+, Ann Depicker: 
Planck-Institut f k  ziichtungsforschung, D-5000 K6ln 30 
Large plasmids in Agrobacterium tumefaciens (Ti) and A.rhizogenes (Ri) are known to endow 
these bacteria with the capacity to transfer a defined DNA fragment (T-DNA) into the plant 
cell nucleus and to covalently integrate this T-DNA segment in chromosomal DNA, thus creating 
a new locus at a number of possible sites. Under normal circumstances only the T-region of 
the Ti-plasmid is inserted in the chromosomal DNA and thus stably maintained. No functions 
located within the T-region are required for either transfer or integration. The plasmid de- 
rived T-DNA was shown to consist of a number of well defined transcriptional units transcri- 
bed by the host polymerase I1 and coding for a number of different functions, i.e. enzymes 
involved in opine synthesis and functions involved in the inhibition of plant differentiation 
Thus separate shoot suppressing and root suppressing functions have been identified. By a cpm- 
bination of in vivo and in vitro recombinant DNA techniques it was possible to eliminate by 
deletion mutations each of the differentiation controlling onc genes, either singly or in va- 
rious combinations. - These studies indicated that the genes that code for shoot inhibition 
simultaneously code for a stimulation of root formation and that reciprocally the gene coding 
for root inhibition simultaneously stimulates shoot formation. Removal of all these tumor con- 
trolling genes does not affect DNA transfer or integration. Thus it was'possible to design mo- 
dified Ti-plasmids that can insert foreign genes in plant cells from which normal plants can 
be regenerated that express the foreign genes and transmit them sexually with normal mendelian 
segregation ratios. - Several foreign genes thus introduced in plants failed to be expressed. 
To test whether or not 5' upstream sequences of genes that are expressed in plants can be used 
to promote the expression of coding sequences of foreign genes, chimeric genes were'construct- 
ed and introduced in plants. Two promotor regions were used 
l o  the 5' promotor region of the nopaline synthase gene 
2' the 5' promotor region of the small subunit of RuBisCo. 
Different coding sequences were fused to these promotor sequences. Thus it was shown that the 
nopaline synthase promotor allowed the expression of neomycinephosphotransferase, of chlor- 
amphenicol transacetlyase and of a Mtx Resistant dihydrofolate-reductase of e. 
The RuBisCo promotor was shown to allow the light inducible expression of a chloramphenicol 
transacetylase coding sequence. These experiments open the way for a very detailed analysis 
of the regulation of gene expression in plants. - Similar experiments involving the use to 
chimeric genes constructed in vitro and introduced back in plants are being conducted to stu- 
dy the light regulation of the Chalcone synthase gene and to study organ specific expression 
in Potatoes. 

TRANSFER AND REGULATED EXPRESSION OF GENES IN PLANTS, Jeff Schell'' Marc Van Monta- 
gu*, Patripa zambryski*, Luis Herrera-Estrella', Lothar Willmitzer4, Fritz Kreuza- 

Laboratorium voor Genetika, Rijksuniversiteit Gent, B-9000 Gent, +Max- 

Whole Organism Transformation II 

0888 
C e l l u l a r  and Developmental Bioloqy. Un ive rs i t y  o f  Colorado, Boulder, CO 80309 

We are developing DNA transformation t o  study gene a c t i v i t y  dur ing embryogenesis i n  5. 
elegans. We have in jec ted  exogenous DNA i n t o  the syncyt ia l  ovary o f  C. e l e  ans and three 
generations l a t e r  detected the fore ign DNA by hyb r id i za t i on  t o  the pl&n&inally used 
i n  the  i n jec t i on .  By r e s t r i c t i o n  enzyme analyses, we found the fo re ign  DNA t o  be present 
i n  high copy number, tandem arrays. One plasmid conta in ing C. e l e  ans DNA sequences was 
found t o  have recombined w i th  the host genome by homologous Fec&ion. The s t a b i l i t y  
o f  transformed DNA not  conta in ing worm sequences was measured and i t  was found t h a t  5oX o f  
t he  DNA was l o s t  per generation; a l l  transformed worms contained the same concatameric 
array o f  DNA when analyzed w i th  r e s t r i c t i o n  enzymes i n d i c a t i n g  t h a t  loss o f  exogenous DNA 
was all-or-none. 
in tegrated i n t o  the genome or as extrachromosomal elements. 

Chimeric vectors have been constructed t o  assay f o r  expression o f  the transformed DNA. 
These vectors contain the 5'- and 3'-sequences o f  C. e l e  ans col lagen and a c t i n  genes 
f l ank ing  the Tn5 neomycin phosphotransferase gene.- h m a n t s  have been found and are 
being assayed f o r  expression based on resistance t o  the neomycin analogue, 6418. S imi lar  
chimeric vectors containing nematode col lagen and a c t i n  f l ank ing  sequences and the E. c o l i  

-glucuronidase gene have been constructed and used t o  transform mutant nematodes l a c k m  
-glucuronidase. Transformants are being screened v i s u a l l y  for  -glucuronidase enzyme 
c t i v i t y  which can be detected histochemical ly and f l uo romet r i ca f l y .  This vector w i l l  

a l so  be i n jec ted  i n t o  spec i f i c  blastomeres t o  measure l ineage-speci f ic  ac t i va t i on  o f  
nematode col lagen and a c t i n  gene contro l  sequences. We are a l so  attempting 
complementation o f  nematode developmental mutants by transformation w i th  p u r i f i e d  DNA. 

DNA TRANSFORMATION I N  C. ELEGANS. David Hirsh, Dan Stinchcanb, Jocelyn Shaw, 
Richard Jefferson, S t e F h e m a n d  Wi l l iam B. Wood, Department o f  Molecular, 

We do not know whether these transformants carry the exogenous DNAs 
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0889 DNA TRANSFORMATION IN THE SEA URCHIN, C. N. F lytzanis ,  A. P. McMahon, K. S. Kstula, 
B. R. Hough-Evans, E. M. Nolan, F. Teng, E. H. Davidson, Cal i forn ia  I n s t i t u t e  of 
Technology, Pasadena, CA 91125. 

DNA is microinjectsd i n t o  t h e  cytoplasm of unfer t i l i zed  Strongylocentrotua ur urs tua  
eggs. 
(four d a y s  p o s t f e r t i l i z a t i o n )  and then are fed s ingle  cell algae (Rhodunanas *) for  the  
next f ive  weeks. Metamorphosis occurs about s i x  weeka a f t e r  f e r t i l i z a t i o n  and the  juveni le  
s e a  urchins are t ransfer red  onto algae covered rocks. So?: of the  in jec ted  eggs survive 
without undergoing ac t iva t ion ,  and when f e r t i l i z e d ,  ha l f  of these complete development 
normally and become juveni le  w a  urchins. After t h i s  s tage  t h e  sea  urchins can be 
maintained i n  the lab  for  years with few i f  any losses. 

The f a t e  of the  injected DNA is followed by DNA dot-blots and gencnnic b l o t s  a t  d i f fe ren t  
s tages  throughout development. We have shown t h a t  when l inear ized  plasmid DNA6 a r e  
injected,  the  molecules are l iga ted  in to  high m l e c u l a r  weight concatimers. The m u n t  of 
DNA t h a t  we detect  ind ica tes  t h a t  the injected DNA undergoes aa much as 1OOX rep l ica t ion  
during ear ly  embryogenesis. Five weeks a f t e r  f e r t i l i z a t i o n ,  about 503; of the larvae r e t a i n  
the  in jec ted  DNA, some at very h i @  copy number and others  a t  about one copy per cell. 
Genomic DNA b l o t s  from two-month old poatlnetanarphic juveni les  revealed tha t  some of the 
animals contain injected DNA sequences tha t  migrate on gels  along with h i @  molecular weight 
genomic DNA. Microinjected supercoiled plasmid DNA6 are not found t o  be l iga ted  or 
amplified a t  the  ear ly  embryo s tages  and the DNA is not detected a t  a l l  i n  five-week o ld  
larvae. 

Following f e r t i l i z a t i o n  the  ambryas grow i n  sea  water up t o  the 1 a t e  p l u b  

08% 
Richard D.  Palmiter and Ralph L. Brinster 
*Department of Biochemistry, University of Washington, S e a t t l e ,  WA 98195 
#Department o f  Veterinary Medicine, University o f  Pennsylvania. Philadelphia, PA 19103 

Introduction of foreign DNA i n t o  the genome of mice by microinjection of DNA i n t o  f e r t i l i z e d  
eggs provides new approaches f o r  studying many fundamental problems of developmental biology. 
Several d i f f e r e n t  foreign genes have now been successful ly  introduced i n t o  mice. 
cases the foreign genes a r e  expressed i n  the t ransgenic  animals. 
the s a l i e n t  appl icat ions of this new technique. 
1. Analysis of DNA sequence requirements f o r  tissue spec i f ic  gene expression and regulation 

by exogenous agents. 
2. Analysis of mechanisms of DNA in tegra t ion ,  modification, and inheri tance.  
3. Analysis of the consequences of perturbing developmental, endocrine o r  metabolic pathways. 
4. I so la t ion  of new genes involved i n  developmental pathways. 
In addi t ion t o  these fundamental areas  of invest igat ion,  there  a r e  some prac t ica l  appl icat ions 
such as  correct ing o r  mimicing genet ic  disease and gene fanning. 

EXPRESSION OF GENES INTRODUCED INTO MICE BY MICROINJECTION 
* # 

In sane 
I wi l l  sumnarize sane of 

INSERTION OF RETROVIRUS INTO FIRST INTRON OF al(1) COLLAGEN GENE 
LEADS TO RECESSIVE LETHAL MUTATION IN MICE, Rudolf Jaenisch, 
Klaus Harbers, Michael Kuehn, Angelika Schnieke and Jurgen L6hler, 
Heinrich-Pette-Institut fur Experimentelle Virologie und Immunologie 
an der Universitat Hamburg, Martinistrasse 52, 2000 Hamburg 20, 
Federal Republic of Germany 

0891 

Experimental insertion of the Moloney leukemia virus into the germ line has 
resulted in an embryonic recessive lethal mutation in Mov-13 mice (1). In- 
tegration of the proviral genome occurred at the 5' end of the al(1) collagen 
gene blocking formation of stable mRNA ( 2 ) .  Sequence and SI mapping analyses 
were performed to characterize the position of the proviral genome in rela- 
tion to the transcriptional map of the mutated gene. The results indicated 
that the virus has inserted into the first intron 19 bp 3 '  of the intron-exon 
boundary. Sequence comparison showed a striking homology of exon sequences 
and sequences up to 215 bp 5' of the mRNA start between the mouse and the 
human al(1) collagen gene. This indicates that the sequences 5 '  of the mRNA 
start are highly conserved during evolution suggesting that this region has 
an important role in the control of tissue specific collagen expression. 

Embryos homozygous at the Mov-13 locus are arrested in development between 
days 11 and 12 of gestation (1). Histological examination of day-12 embryos 
revealed a general cell necrosis without obvious malformation. In vitro or- 
gan explantations are being performed for functionally testing the role of 
collagen in embryonic development. 

1. Jaenisch, R., Harbers, K., Schnieke, A., Lohler, J., Chumakov, I., 
Jahner, D., Grotkopp, D. and Hoffmann, E. 1 1 9 8 3 ) .  Cell 32, 209-216. 

2. Schnieke, A . ,  Harbers, K. and Jaenisch, R. (1983). Nature 304, 315-320. 
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Gene Structure I 
SINGLE-STRANDED REGIONS IN THE 5' FLANKING DNA OF THE DROSOPHILA HSP 70 G E N E .  Ronald 
L. Seale. Scripps Clinic and Research Foundation, La Jo l la ,  CA 92037. 

The hsp 70 gene of Drosophila nuclei was cleaved a t  two positions by single-strand 
endonucleases. The cleavage sites were i n  the 5' flanking region and were not identical to  
either the DNase I or micrococcal nuclease hypersensitive s i tes .  Plasmids containing the 
en t i re  coding region plus 1.5 kb of 5 '  flanking DNA were not cleaved a t  the positions 
recognized i n  chranatin; this was true of supercoiled plasmids, l inear plasmids, and DNA 
incubated under condl'tions tha t  induce Z-DNA fonnation. When nuclei were digested in 
progressive increments o f  ionic strength, the cleavage s i t e s  disappeared between 200 and 
300 mM NaC1. Thus,  presence o f  single-strand regions i n  the control region of h s p  70 is  
attributed to chranatin structure,  possibly due t o  non-histone proteins, or to  higher 
order configurations. 

0893 Analysis of the Glucocorticoid Receptor Binding Site i n  the LTR of Mouse Mamnary 
Tumor Proviral DNA. Magnus Pfahl , The Salk Ins t i tu te  for Biological Studies, 
Regulatory Biology Laboratory, P.O. Box 85800, San Oiego, CA 92138. 

Knowledge of the exact DNA sequence or sequences recognized by a steroid-receptor complex 
is necessary for a better understanding of the regulatory mechanism by which steroid hormones 
act .  We have therefore undertaken a detailed analysis of the DNA sequences to  which gluco- 
corticoid receptor when complexed w i t h  a steroid (agonist) binds on the LTR of MMTV and have 
also investigated the possibility of altered DNA structure i n  or near those s i t e s .  A 500 bp 
LTR fragnent previously shown to contain a specific receptor binding s i t e  or s i t e s  was cloned 
i n t o  t he  PsTI site of PBR322 and deletions were constructed extending from the  EcoRI s i t e  on 
FBR322 to  variaus degrees into t h e  cloned LTR fragment. 
500 bp fragnent and deletions extending t o  -139. -100 and +26 w i t h  respect t o  the RNA cap 
s i t e  were analyzed i n  the DNA-cellulose competition assay. 
prrified glucocorticoid receptor and cloned DNA fragnents were also carried out. Results of 
these and previous studies suggest that  the glucocorticoid receptor recognizes DE(A sequences 
200 t o  70 bp 5 '  of the RNA cap s i t e  and tha t  this binding region i s  composed o u t  of subsites. 
To investigate the possibil i ty that  an altered DNA structure, sensit ive to  S1 nuclease i s  
present in or near the receptor binding s i t e ,  a supercoiled plasmid carrying a LTR insert  was 
digested w i t h  S1 nuclease. 
detected by b l o t  hybridization. 

Binding characterist ics of the 

DNA footprinting studies using 

An S1 sensit ive s i t e  i n  the receptor binding region could be 

0854 A POSSIBLE FUNCTION FOR THE C I I I W N  CRl REPETITIVB DNA SEQUENCE PAHLLY, W i l l i r m !  E. 
Stulph. San Diego State Ilniversity, San Diego, CA 92182; !ling-Jer Tsai and Bert W. 
O'Mnlley, Baylor College of Medicine,' Houston, TX 77030. 

Bkmbers of the chidren C h  repeti t ive DNA sequence famlly are dispersed throughout the 
chicken genome and share hornlogy with the hman Alu and muse B1 repeti t ive DNA sequence 
families. Ua have analyzed in de ta i l  seven different CRl f d l y  members that a re  located 
i n  the proximity of three different s t ruc tura l  gene loc i  i n  the chicken genome. Thkee of 
these family rmbers flank the X, Y, ovalbumin gene cluster. 
f r a  a U1 gene, and the reaaining three C R l  sequences a re  present downstream from a 
calmo&lin-like gene. In a l l  cases examined, those CRI sequences that ex is t  on the 5' 
flanking side of nearby structural  genes have been found t o  exist in the same orientation 
aa those genes. In contrast, those CRI sequences tha t  ex is t  3' of nearby structural  genes 
have been found t o  be directed i n  the opposite orientation. It is also knoun that  the CRl 
Sequences tha t  flank the ovalbumin cluster a re  found i n  regions of the DNA where there is a 
transit ion from an active chromatin structure t o  an inactive chromatin structure i n  oviduct 
cell nuclei. These correlations (location. orientation, and position with respect to  a 
change i n  chromatin structure) could be indicating tha t  CRl sequences may play a role i n  
the e s t ab l i shen t  of "active' chromosomal domins around genes that are to  be expressed i n  
any given c e l l  type. 

One member ex is t s  upstream 
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ISOLATION OF cDNA CLONES FROM A DICTYOSTELIUM TRANSPOSABLE ELWENT. Stephen M. Cohen, 
Joe Cappello, Charles Zuker and Harvey F. Lodish. M.I.T.. Cambridge, MA 02139 0895 

hictyostelium intermediate repeat sequence l (DIRS-1) is present in about 40 copies in the 
Benome and appears to be a transposable element. 
has 375 bp inverted repeats. Each repeat contains a heat shock p r m t o r  and TATA boxes. 
there are about 160 additional DIRS-1 related sequences in the genome that probably represent 
deleted copies of the intact element. 
except under conditions of stress. such as heat shock or high cell density. These RNAs are 
transcribed during normal development. 
peterogeneous in size, with a major transcript of 4 kb (the size of the intact element). 
have isolated several DIRS-1 related cDNA clones from a library in the Xgtll expression vector 

One of these cDNAs appears to be full length 
' 4  kb transcript of DIRS-1. The cDNAs contain some restriction site polymorphisms with respecb 
to the eight cloned genomic copies of DIRS-1. 

None of the cDNAs that we have isolated produce a hybrid protein ir i hese hybrid proteins may help elucidate the functions of the DIRS-1 derived R N h .  

The intact element is 4.5 kb in length and 

DIRS-1 related RNAs are not found in vegetative cells 

The RNAs produced by DIRS-1 and related sequences are 
We 

repared using RNA from 8 hour developing cells. 

DIR$-1 related RNAs are polyadenylated and are 

However, examination of the DNA sequence of the 5' end of DIRS-1 sug- 
ssociated with polysomes. 
he expression vector. 
ests that translation of this region would not be expected. There are at least three long 
pen reading frames in DIRS-1. 
eading frames are in phase with the lac2 gene are in progress. 

Constructions to generate recombinants in which the open 
Antibodies raised against 

08% SEQUENCES OF EPIDERE(AL KERATINS CORRELATES WITH THEIR DEVELOPMENTAL EXPRESSIOH, Peter 
' M. Steinert and Dennis R. Roop, National Cancer Ins t i tu te ,  N.I.H.. Bethesda, HD 20205. 

Keratin filaments form the class o f  intermediate filaments i n  ep i the l ia l  cel ls.  A t  leas t  20 
d i f fe ren t  subunits have been ident i f ied,  but any given tissue usually expresses only 2-6 sub- 
units. I n  a complex epi thel iun such as the epidermis. the subunits expressed change durlng 
normal development and terminal d i f ferent iat ion.  To explore these changes, cDNA l i b ra r les  were 
prepared t o  mRNAs o f  terminally d i f fe ren t ia t ing  mouse epidermis (E) and undifferentiated muse 
epidermal basal ce l l s  (BC) grown i n  c e l l  culture. Clones t o  subunits o f  MW 67K and 59K I n  the 
E l ib ra ry ,  and subunits of MW 60K, 59K, 55K and 50K i n  the BC l i b r a r y  were sequenced t o  deduce' 
t he i r  amino acid sequences. A l l  subunits contained a central 300-residue domain tha t  forms a 
coi led-coi l  a-helical structure, o f  two d i s t i nc t  types:Type I, E59K. BC55Kand 50K; Type 11, 
E 67K. tlC 60K and 59K. Thus irrespective o f  t he i r  degree o f  d i f ferent iat ion,  e p i d e m l  ce l l s  
express a t  least  1 or 2 members of each type; tha t  i s .  assembly o f  kerat in f i l m n t s  i n  vivo 
requires one member o f  each type, an observation tha t  i s  consistent w i th  ea r l l e r  i n  v i t r o  
kerat in filament assembly experiments (JMB 108, 547, 1976). However. the non-a-helical amino- 
and carboxyl-terminal domains o f  the subun i r va r ied  widely i n  both size and sequence. The 
E 67K and 59K subunits contain numerous repeat sequences enriched i n  glyclnes, which may 
re f l ec t  t h e i r  interact ion i n  terminally d i f fe ren t ia ted  ce l l s  w i th  f i laggr in ,  an i n te r f i lmen t -  
ous matrix protein also containing glycine-rich sequences. 
sequences enriched i n  serines. The data suggests tha t  the properties and functions o f  the 
d i f fe ren t  sets o f  kerat in subunits expressed during d i f fe ren t ia t ion  i n  the epidennis are 

The BC subunits contain conserved 

differpnt te- +rnii~ncer- 

0897 POSSIBLE ROLE OF E"CER-LIKE SEQUENCES IN DIFFERENTIATION-DBPEENT CHRWTIN 
ALTERATIONS ALONG IgL GENES. Stephen M. Rose and William T. Garrard. The University 
of Texas Health Science Center, Dallas, Texas 75235. 

We have studied the nature of chromatin alterations along immunoglobulin light chain (IgL) 
genes during B cell development. Employing a chromatin fractionation procedure on 
micrococcal nuclease-treated nuclei, we demonstrate that transcriptionally active Y IgL 
chromatin lacks a canonical nucleoaomal repeat and exhibits a pronounced association with 
insoluble nuclear material. but is processed by nuclease to a soluble nucleosomal component 
that apparently lacks histone 81 and in enriched in raCG proteins. Furthermore. utilizing a 
variant plasmacytoma cell line that has transcriptionally inactivated one K allele via a 
promoter deletion, we demonstrate that transcription per is not responsible for these 
novel alterations. Finally. we show that the chromatin encompassing germline and 
transcriptionally silent h IgL alleles in K producing plasmacytomas exhibits some of the 
same alterations. These findings led us to propose a model that predicts B cell 
stage-specific alterations in IgL chromatin prior to gene rearrangement and transcription 
and that the IgL enhancer-like sequences may be responsible for these chromatin 
alterations. We are testing this hypothesis by reintroducing IgL genes with and without the 
enhancer-like sequences into lymphocytes at different stages of B cell development and 
examining the chromatin structure along these reintroduced sequences.(Supported in part by 
Grants from NIH. her. Heart Assoc.. Welch Foundation and the Leukemia Society of America). 
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ORGANIZATION OF THE BETA GLOBLN COHPLEX OF THE DEERHOUSE, PEROMYSCUS MANICULATUS, 
Richard W. Padgett, Daniel D. Loeb, Lee R.G. Snyder, Clyde A. Hutchison I11 and 
Marshall H. E d g e l l ,  University of North Carolina, Chapel Hill, NC 27514 

08% 

Recombinant clones containing 80 kb of the  beta  globin complex from the deer mouse, 
Perontyscus maniculatus, have been i so la ted .  Unlike o ther  mammals s tudied,  t h i s  rodent has 
three  adul t  genee, two of which appear t o  be a recent  dupl icat ion of 8.5 kb or less. 
P a r t i a l  sequence ana lys i s  reveals  no s t r u c t u r a l  abnormalities i n  these genes. A l l  th ree  
adul t  genes exhib i t  c h a r a c t e r i s t i c s  that a r e  beta- l ike and not de l ta - l ike  i n  sequence. 

Cenomic probings ver i fy  the  presence of pl and ph3 which have not  been i so la ted  i n  
clones. 
the  5 '  end of the  complex containing the  embryonic genes (y and ph0) i s  more s t a b l e  than 
the  3'  end containing the  adul t  genes. 
evolving more rapidly than the  funct ional  genes, and a t  l e a s t  p a r t s  of its sequence were 
present  ear ly  i n  rodent speciat ion.  However, PO, whose r o l e  i n  the  ontogeny of  mice i s  
unknown, hybridizes s t rongly,  suggesting its presence predates  rodent speciat ion and the  
gene is functional. 
product. 

our understanding of t h e i r  regulat ion and function. 

Comparisons of  t h i s  complex with t h e  laboratory mouse (65 MY separat ion)  ind ica te  

Weak homology with ph3 ind ica tes  t h i s  pseudogene i s  

Studies  a r e  underway t o  determine i f  t h i s  gene produces a protein 

By examining the evolutionary h i s t o r p  of  sequences i n  the complex, we hope t o  increase 

OiARACTERIZATION OF DNA SEQUENCES WHICH ARE REREPLICAIED I N  A SINGLE CELL CYCLE 
0899 AFTER m m  WXRI AGENTS WHIa FACILITATE CENE AWLIFICATION 

T-D-TlSty M d  R.T.Schimke 

Ouc Laboratory has been studying the m l e c u l a r  evencs vhicri l e a d  to the a n p l i f i c a t i o n  
vf the dihydrofolate  reductase (DWR) gene in response to  methotrexiate ( m X )  se lec t ion  
We nave found that agents ,auch as W radiation and hydroxynrea, which t r a n s i e n t l y  
inhibit DNA synthesis  f a c i l i t a t e  the emergence of Mp( r e s i s t a n t  colonies and t h a t  a 
l a r g e  proport ion of these colonies  wre found to have an increased gene copy number of 
the DWR genes (i.e. gene aupl i f ica t ion) .  Using the dendi ty  labe l ,  browdeoxyuridine, 
m d  the Fluoresceace Activated C e l l  Sorter, recent  work from t h i s  laboratory has  iden- 
t i f i e d  the i n i t i a l  event of this prncers  as a mult iple  rep l ica t ion  of  a s e t  of DNA 
sequences within a s i n g l e  cel& cycle. Analysis o f  the rerep l ica ted  sequences shows t h h t  
the DHFR gene is not  the  only sequence to increase i n  gene copy number. 1 n . a  synchronized 
population Of CHO Kl cells the majority of  sequences which are rep l ica ted  tn  a Semi- 
conservative manner ear ly  i n  t h e  S phase, before the i n i t i a t i o n  o f  the  DNA synthe t ic  
block, are rerep l ica ted  vhen the block is released. W e  a r e  now i n  the  procefs  of char- 
ac te r iz ing  the subset of  DNA sequences vhich are rerep l ica ted  under these condi t ions 
in M e f f o r t  to determine the  c r i t e r i a  necessary to t a r g e t  gene amplification. 

GENOMIC CHICKEN MYOGLOEIN GENES, David A. Konkel, Gregory Alsip. and Amanda McWatters, 
Un ive rs i t y  o f  Texas Medical Branch, Galveston, TX 77550 

Myoglobin (mb) i s  a heme-binding g lob in  superfamily member synthesized i n  s low-twi tch (red), 
but  not  white muscle. It i s  o f  i n t e r e s t  from an evolut ionary standpoint, and as a marker t o  
study regu la t i on  of gene expression dur ing neuromuscular i n te rac t i on .  The genomic myoglobin 
gene(s) must be i s o l a t e d  and characterized t o  address both these issues. A heterologous probe 
conta in ing the h igh l y  conserved middle exon o f  t he  genomic seal mb gene was used t o  screen a 
genomic chicken phage l i b r a r y  a t  low str ingency. One s t rong ly  hyb r id i z ing  (ACM 13.1) and f o u r  
p a r t i a l l y  overlapping, weakly hyb r id i z ing  clones were i so la ted  (A ls ip  e., 1983. J. Ce l l  
E io l .  97, 133a). 
whi le  study o f  t he  pu ta t i ve  pseudogenes has been deferred. 
Res t r i c t i on  mapping, Southern b l o t t i n g ,  and pre l iminary DNA sequence analys is  conf i rm i so la -  
t i o n  of mb-specific sequences, and suggest t h a t  there a re  a t  l e a s t  two homologous genes i n  the 
clone. Whether these are two expressed genes, an expressed gene and a pseudogene, o r  even two 
pseudogenes awaits completion o f  t he  DNA sequence analysis. This question w i l l  be examined 
f u r t h e r  by northern dot  b l o t  hyb r id i za t i on  analys is  o f  RNA i so la ted  from d i f f e r e n t  types and 
developmental stages of muscle and non-muscle t issue. 
We have used homologous probes derived from the ACM 13.1 clone t o  i s o l a t e  add i t i ona l  over- 
lapping clones. 
attempt t o  es tab l i sh  l inkage o f  t h e  e n t i r e  mb gene c lus te r .  This work i s  supported by N IH  

r a n t  NS17426. 

Further analys is  has focused on the s t rong ly  hyb r id i z ing  ACM 13.1 clone, 

These a re  being analyzed t o  i d e n t i f y  add i t i ona l  mb fam i l y  genes, and i n  an 
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THREE DIFFERENT FIBRONECTIN mRNAs ARISE BY ALTERNATIVE SPLICING. John W. Tamkun, 
Jean E. Schwarrbauer and Richard 0. Hynes, M.I.T., Canbridge, MA 02139 0901 

13a have isolated a nunber of cDNA clones for fibronectin fran a r a t  liver library constructed 
i n  the expression vectorXgtl1. The DNA sequence of these clones establish the sequence of 
the C-tennfnal 35% of ra t  fibronectin, covering the cell-, heparin-, and fibrin-binding do- 
mains. The amino acid sequence of the cell- and heparin-binding regions suggest interesting 
potential relationships between the two activities. The nucleotide sequence of overlapping 
clones, together w i t h  S1 nuclease mapping, demonstrate the existence of a t  least three dif- 
ferent fibronectin mRNAs in rat  liver which differ i n  coding potential. Furthermore, the se- 
quences of the different clones suggest t h a t  they arise fran a single gene and are products 
of alternative splicing events. i n  whtch one of three different splice acceptor sites i s  uti- 
lized by a single splice donor site, allowing for the inclusion of an additional 95 or 120 
anino acid residues within a fibronectin subunit. 
lation and partial sequencing of fibronectin clones fran a rat genanic library constructed 
i n  the vector EMBL 3B. Continuing sequence analysis of genanic clones i s  yielding substan- 
t ia l  information concerning the organization of the fibronectin gene. Therefore, different 
foms of fibronectin(probab1y cellular and plasma) arise by differential splicing, suggesting 
that cell-type specific regulation of splicing plays a role in generating different fonns 
o f  this developmentally important protein. 

This model has been confirmed by the iso- 

BACTERIAL EXPRESSION OF TEE NAlVRAL AND PROCESSED GENES FOR CHICKEN CWODULIN, Osee J.A. Putkey & A.R. Means, Dept. Cell Biol., Baylor Coll. Fled., Rouston, TX 77030 
he have reported the isolation of two genomic clones for chicken calmdulin (CaM). One 
d o n e  (CL-1) contains multiple introns and encodes authentic chicken CaM with 148 amino 
acids (JBC 258. 11869-11870). The second gene (CX-1) also encodes a protein with 148 amino 
rcida, 19 of which are different than the corresponding amino acids in chicken CaM (PNAS 
5 6985-6989). CM-1 has no introns, is in open reading frame and seems to be expressed in 
a tissue specific manner. To investigate the characteristics of the protein product of CM- 
1 (-1 protein) we have COnStNCted bacterial expression plasrnids which harbour either the 
CSn cDNA or Cn-1. The properties of bacterially synthesized (24-1 protein were compared to 
bacterially synthesized chicken Can and py+ified rat testis CaM. CM-1 protein codgrates 
rith CaM on SDS gels in the absence of Ca and is recognized by a monospecific CaM anti- 
body. In the presence of Ca*. the electrophoretic mobility of CM-1 protein in an SDS gel 
ds increased. However, this increased mobility is only half that observed for CaM in the 
premence of Ca*. Similar to CaM. the a - 1  protein will bind to phenothiozine-sepharose in 
the presence of Ca* and can be eluted with EGTA. The presence of two cys residues in CM-1 
allow it to bind to thiol-sepharoae while COH will not. These results predict the ex1 t 
en- of a novel CaM-like protein which. although similar to CaM, exhibits altered Ca': 
binding characteristics and therefore pay have limited CaM-like regulatory functions. The 
physicochemical properties of the bacterially-produced CX-1 protein are currently being 
exploited to demonstrate the presence of this protein in chicken tissues. 

0903 

We have recently reported the isolation of a "pseudo" calmodulin gene ((241) from a chicken 
gene library (PNAS (1983) E:6485). Even though CM1 appears to be a processed copy of the 
authenic calmodulin gene (CL1) (JBC (1983) =:11864), it is expressed in chickens in a 
tissue-specific manner. We have undertaken a structural analysis of CM1 to determine the 
basis for its tissue-specific expression. CM1 contains no introns, has a 74% sequence homo- 
logy to the exons of CL1. and is flanked on either side by a 9 bp direct repeat, GTGCTTCCT. 
It contains at least one TATA box sequence in the 5' flanking region, an intact coding se- 
quence, and a poly (A) addition signal near the 3' direct repeat. The 3' flanking region 
also contains 2 copies of CR1, a middle repetitive sequence possfily involved in maintenance 
of open chromatin structure around expressed chicken genes; a 5' flanking analysis is now 
underway. Northern gel analysis demonstrates a CM1 transcript, smaller than the multiple CL1 
mRNAs, in cardiac and skeletal muscle. The pseudo calmodulin (CaM) coded for by CM1 has 19 
aa differences from other vertebrate CaMs, located mostly in the center of the 1st and 4th 
Ca*-binding subdomains, indicating that pseudo CaM probably has only 2 functional Ca*- 
binding domains. Expression plasmid constructs of both genes have been prepared to examine 
the basis of the tissue-specific differences in expression of CL1 and CM1, as well as the 
role these two genes play in the differentiation of embryonic chick cardiomyoblasts. 

STRUCTURAL ANALYSIS OF AN EXPRESSED CALMODULIN PSEUDOGENE, J.P. Stein, Univ. of Texas 
Health Science Center at Houston, Houston, Tx. 
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0901 CONTROLS OF SARCOMERIC MYOSIN HEAVY C H A I N  DURING DEVELOPMENT I N  PRIMARY CHICK 
CELL CULTURE, JEFFREY ROBBINS, UNIVERSITY OF MISSOURI. COLLEGE OF MEDICINE, 
COLUMBIA, MO 65212 

An analys is  o f  t h e  mechanisms o f  con t ro l  o f  gene expression o f  t he  myosin 
heavy chain fami ly  has been ca r r i ed  out using primary cu l tu res  derived from embryonic 
ch ick breast muscle. Control o f  t he  process a t  t he  l eve l  o f  t r a n s c r i p t i o n  has been 
analyzed i n  terms o f  poss ib le  genanic rearrangements dur ing terminal d i f f e r e n t i a t i o n ,  
promoter s t ruc tu re  and f l ank ing  sequences, as wel l  as i d e n t i f i c a t i o n  o f  t he  p a r t i c u l a r  
members o f  t h e  myosin gene fami ly  which are expressed dur ing the  process. 

Possible po in ts  o f  post - t ranscr ip t ional  cont ro ls  have a l so  been studied. i n  
terms o f  c o r r e l a t i n g  
t h e  protein. 
o f  myosin mRNA which i s  under u t i l i z e d  i n  p ro te in  synthesis. 
i n  the  ea r l y  stages o f  myotube development. 

myosin heavy chain mRNA l eve l s  w i t h  t h e  r a t e  o f  synthesis o f  
We confirm t h a t  i n  t h i s  c u l t u r e  system, the re  ex is tsa t rans ien t  pool 

This pool o f  mRNA ex i s t s  

0905 MYOSIN LIGHT CHAIN 1 6 3 PWEINS ARE ENCODED BY A SINGLE GENE. M. Periasamy, E.E. 
Strehler, N. Ruiz-Opazo, B. Nadal-Ginard, Dept. of Pediatrics, Harvard Medical School, 
Dept. of Cardiology, Children's Hospital, Boston, MA 02115. 

Myosin light chain (LC) 1 6  3 are proteins associated with the thick filament in vertebrate 
adult fast muscle fibers. LC1 6 3 have complete sequence homology for the first 141 aminoacids 
(aa) from their COO-end, but they differ in length and aminoacid sequence at their NH3+ ends 
(LC1=49aa, K3=8aa), and they are translated from different ~ A S .  During rat muscle develop- 
ment LC1 appears before K3. It has been our interest to know whether LC1 6 K 3  are the 
products of a single gene and, if so, how the differential expression of the two IllRNAs is 
regulated. TO approach this question, we have isolated cDNA clones corresponding to LC1 & 3. 
DNA sequence analysis revealed that LCl  & 3 W A S  are identical for the entire common coding 
and 3 '  untranslated regions but differ in their specific coding and 5 '  untranslated regions. 
Using the cDNAs as probes we have isolated the gene for E l  6 3 in 4 overlapping genomicclones 
spanning over 25kb. The sequences coding for the c o m n  body (141aa) and 3 '  untranslatedregion 
are split into at least 3 exons and clustered in a 4.5kb region. The E3-specific exon(s) are 
5kb apart from the comon body, while the El-specific exon(s) lie about lOkb further upstream, 
Thus, the ratio of coding to non-coding sequences in this gene is roughly 1:20, one of the 
highest reported so far. Alternative splicing must play a role in the production of the two 
mature messenger RNAs. In addition, the presence of two different 5' untranslated regions for 
zC1 & 3 suggests the existence of two different promotors. 

0906 PURIFIED OLUCOCORTICOID RECEPTOR BINDS TO A HUMAN GROWPA HORMONE GENE INTRON 
David D. Moore, Andrew R. Marks, Doug I. Buckley, Howard M. Goodman Dept. of 
Molecular Biology. Massachusetts General Hospital, Boston, MA 02114 

We have investigated the mechanism of glucocorticoid hormone regulation of gene expression 
by examining the interaction of purified glucocorticoid receptor protein with a variety of 
DNA sequences. 
specifically to a unique site in the first intron of the human gmth hormone gene, 
approximately 100 base pairs downstream from the start of transcription. 
indicate that the receptor interacts symmetrically with two halves of a short inverted repeat 
the centers of which are 10 base pairs apart. This complex is strikingly similar in 
general anatomy to the complexes of procaryotic transcriptional regulatory proteins with 
their cognate sites. 

We have shown that the hormone receptor complex binds tightly and 

Chemical probes 
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ISOLATION OF THE CHICKEN CARBONIC ANWDRASE I1 GENE, Corinne M. Yoshihara. Mark 
Federspiel and Jerry B. Dodgson. Michigan State University, E. Lansing, HI 486261101 0907 

We have isolated and begun characterizing the chicken carbonic anhydrase I1 (CA 11) gene. 
The recombinant plasmid containing the chicken CA I1 cDNA clone was isolated by screening 
the non-globin clones of a chicken red blood cell cDNA library with a 300 bp 5'-end 
fragment of a mouse CA I1 cDNA clone (Curtis (1983) .  JBC 258,  4459) .  The identity of the 
chicken clone was confirmed by DNA sequence analysis. 
from the nucleotide sequence shows extensive homology with the known amino acid sequences 
of human and rabbit CA 11. 
at the 5'-end of the CA I1 mRNA from amino acids 7 to 86. 
used to isolate phage from a X Charon 4A chicken genomic library. d e  phage which 
hybridized to the cDNA clone presumably contain the chicken CA I1 gene. 
clones are presently being characterized by restriction enzyme analysis. 
experiments include subcloning and DNA sequence analysis of the gene-containing region 
and flanking regions to try to understand the relationship betwen the structure and 
organization of carbonic anhydrase genes and carbonic anhydrase gene expression. 

The amino acid sequence predicted 

The chicken cDNA clone contains sequence from the coding region 
The chick n cDNA clone has been 

These recombinant 
Further 

0908 

have been mapped by ind i rec t  end label ing.  DNAse I c u t s  the  ac t ive ly  t r d d  
genes 5' t o  and within t h e  coding region. 
through s tarvat ion,  the  coding region s e n s i t i v i t y  t o  DNAse I is l o s t ,  while the  5' site re- 
mains. DWe I can therefore  dis t inguish changes i n  chromatin which occur i n  response t o  
changes i n  physiological a s  well as developmental s t a t e s .  
huclease c u t s  5s gene chromatin from growing and starved cells s imilar ly .  

CHANGES I N  CHROMATIN S'fRUCTURE AC- OF 5s 
TETRA!IY?GtL4. 
'of Rochester, Rochester, N.Y. 14627 

David S. kderson  and Martin A. Gorovsky, Department of Biology, 1hiv. 

The nuclease sens i t ive  regions of a c l u s t e r  of 5s ribosomal genes i n  Tetrah M t h e m  h i 1  

When t h e  r a t e  of 5s gene t ranscr ip t ion  is reduced 

In  cont ras t ,  Staphylococcal 

Gene Expression I 

0909 EXPRESSION AND MODULATION OF THE HUMAN CA 
Andree deBustr0s.l Charles L. Berger,l Bernie A. Roos !fSusan S. Leong,3 and Stephen B. 

Lca~lm,~ Johns Hopkins Oncology Center, Baltimore, MD 21205;l' Case Western Reserve University, 
Cleveland, OH 44106;z Roswell Park Memorial Institution, Buffalo, NY 14263.3 
The RNA transcript for calcitonin (CT), a polypeptide hormone produced by the C-cells of the thyroid, 
has been shown to be subject to  alternative processing in the rat (Amara et al, Nature 298:240-244, 
1982). Little is known about regulation of human CT gene transcription 0 r f i T A  processing. Human 
C-cell tumors (medullary thyroid carcinoma, MTC) usually contain high CT concentrations; however, 
some human MTC tumors, usually rapidly growing with high metastatic potential, have low CT content 
and a heterogeneous cellular distribution for CT. In order to study human CT gene expression and its 
modulation in MTC, we are using a cell line derived from human MTC. This cell line maintains a high 
level of CT production, and the rate of CT production is inversely related to growth rate. From mRNA 
from these cells, we have isolated three cDNA clones for calcitonin. We have treated these MTC cells 
with various agents which modulate differentiation or expression of other genes. We have been able 
t o  increase concentrations of CT 2- to  4-fold by Qeatment with 12-0-tetradecanoyl phorbol 13-acetate 
(TPA). Using our cDNA clones, we have found that this increased CT concentration is accompanied by 
a similar increase in CT-specific mRNA. The effect is evident a t  the mRNA level within 6 hrs and 
is maximal at TPA concentrations of 10-loM to 10-8M. No increase in CT mRNA is seen when the 
MTC cells are treated with phorbol esters which are biologically inactive as tumor promoters. Studies 
are in progress to examine the basis of these and other possible regulatory events in human CT 
production. 

ITONIN GENE, Barry D. Nelkin,l 
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INVARIANT TEMPORAL ORDER OF REPLICATION OF THE FOUR ACTIN GENE LOCI DURING 
S-PHASE OF MITOTIC CYCLES OF PHYSARUM POLYCEPHALUM Gerard Pier ron and Helmut W. 

Gauer. Texas AM Univers i ty ,  College Station, r' 
fhe chronology o f  r e p l i c a t i o n  o f  the fou r  un l inked a c t i n  l o c i  ard A,&,C,D has been 
established. U t i l i z i n g  (1) BUdR incorporation, preparat ive separation o f  HL newly r e p l i -  
cated f ra LL l a t e  rep l i ca ted  DNA, Hind I11 digestion, gelelectrophoresis. Southern 

l o t t i n g  and hyb r id i za t i on  w i t h  a n ickt rans lated spec i f i c  a c t i n  probe from sea urch in o r  P 2) 'gene dosage" determination f ra hybr id i za t i on  i n t e n s i t i e s  o f  a c t i n  r e s t r i c t i o n  frag- 
writs, it i s  shown t h a t  l o c i  C and D r e p l i c a t e  before 8 min. locus B a t  8-10 min and locus 
A a t  80-90 min o f  S-phase, i.e. a t  times when 5, 5-6 and 73-75% o f  t he  genane has r e p l i -  
tated. The chronological order o f  a c t i n  gene r e p l i c a t i o n  remains constant i n  2 consecu- 
t i v e  m i t o t i c  cycles i n  a s ing le  plasmodium, and dur ing a t  l e a s t  s i x  months i n  continuous 
tu l t u re .  
EM spreads from e a r l y  S-phase (a t  10% genome r e p l i c a t i o n )  reveal act ivated t r a n s c r i p t i o n  
l r n i t s  (TUs) predominantly i n  newly rep l i ca ted  chromatin. 
rep l i ca ted  chromatin are symnetr ica l ly  t ranscr ibed and the r e p l i c a t i o n  o r i g i n  i s  located 
i t h i n  the  TUs. 
nvar iant  chronological order o f  r e p l i c a t i o n  and evidence f o r  repl icat ion- t ranscr ipt ion-  I oupl ing i n  Physarum may r e f l e c t  an endogenous c e l l  cyc le  program and shed new l i g h t  on 
 cell^^^ 

Typical ly ,  both segments o f  

DICTYOSTELIUM DIFFERENTIATION: SEQUENTIAL INDUCTION OF CELL-TYPE SPECIFIC mRNAS IS 0911 
Barklis and Harvey F. Lodish, Department of Biology, Massachusetts Institute of Technology. 
Cambridge, MA 02139 

We have characterized the induction of a large number of developmentally regulated mRNAs, most 
of which are expressed in a specific cell type (prestalk or prespore cells) and the induction 
of developmentally regulated cell surface components. This analysis suggests that the Dictyo- 
stelium developmental program can be explained by a small number of dependent sequences. each 
mediated by specific surface molecules. Progression through at least four dependent stages is 
required for Dictyostelium amoebae to complete the aggregation stage of their developmental 
cycle. 
amino acids and placing the cells at a high cell density. 
genes specific for prestalk cells (prestalk I) and also the cell surface CAMP receptor. 
appearance of the CAMP receptor enables the cells to undergo chemotaxis, a process mediated by 
cell-cell signalling of extracellular CAMP. Binding of CAMP to cell surface receptors induces 
synthesis of the second class of prestalk cell-specific mRNA (prestalk 11) and one class of 
prespore cell-specific mRNA (prespore I). Cyclic AMP also induces the expression of cell sur- 
fact molecules necessary for the formation of cohesive cell contacts. The step in the devel- 
opmental cascase following chemotaxis is the formation of multicellular aggregates. Cell-cell 
contact induces the expression of a large class of genes, the second class of prespore mRNAs 
(prespore 11). 

MEDIATED BY DEVEL0F"TALLY REGULATED CELL SURFACE PROTEINS, Rex L. Chisholm, Eric 

Two factors are involved in initiating the developmental program: starvation for 
Starvation induces one class of 

The 
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ORGANIZATION OF X-LAEVIS GLOBIN GENES AND EXPRESSION IN OOCYTES,R.K.Patient,T.Enver, 
D.R.Greaves,M.E.Walmsley,King's College,London University,LONDON WC2R 5LB and M.M. 
Bendig & J.G.Williams,Imperial Cancer Research Fund,Mill Hil1,LONWN NUS. 

0913 
In X.laevis the a- and 6- globin genes are linked. During development a switch inexpression 
occurs from tadpole globins (aT,6T) to adult globins (a,6). The tadpole globin genes are 
linked to the adult genes in the order aT-a-6-BT. Two globin loci have been detected which are 
expressed at different levels and therefore referred to as major and minor. The two loci are 
thought to have arisen as a result of duplication by tetraploidization. The distances between 
the aT and 0 genes differ at the major and minor loci (5kb and 11.5kb respectively). We show 
that this is due to at least two separate insertionldeletion events. In addition, the 
distances between the UT and a genes seem to differ in two alleles of the major locus, again 
as a result of insertionldeletion events. The nature of these insertedldeleted segments will 
be presented. Sequences from the aT1 and aT2 genes will also be presented. J.Herbert Taylor's 
group have isolated a fragment of X.laevis DNA which exhibits enhanced efficiency of replica- 
tion when injected into the Xenopus egg. We show that there are regions of homology to this 
fragment in between each of the globin genes in the major locus. In the major locus we are 
mapping templates for transcription by RNA polymerase 111. We are also studying transcription 
of the various globin genes by microinjection into Xenopus oocytes. a1 and 61 are transcribed 
very inefficiently compared to the Herpes tk gene or relative to their own efficiency during 
erythropoiesis. There is much more non-specific initiation than specific and the inefficiency 
does not appear to be due to rapid methylation by the oocyte. We shall discuss our attempts t d  
stimulate specific transcription by DNA titration and coinjection of red cell extracts. 

0914 
versitl di Roma,Italy,University of North Carolina.Chape1 Hill and Laboratorio di Biofisica, 

p-LIKE GLOBIN GENES EXPRESSION DURING EARLY DEVELOPMENT IN MOUSE, M.G.Farace,B.A.Brod 
G. Raschelll,J.Alexander.A.Fantoni,S.C.Hardies,C.A.Hutchison 111, and M.H.Edgell.Uni- 

EA, Italy. 
e mouse globin locus W b  contains seven p-like genes closelylinked within 65 Kbpairs.8-like 
obin sequences are arranged in this order:S' y-Jh@-Jhl-phZ-ph3-)1-J32 3' and they have all 
een sequenced. B1 and 82 are expressed in the adult mouse, whereas y, ph0 and phl areexpresseu 
uring embryonic development.Our recent results (M.G.Farace et al. ,manuscript in preparation) 
how that phl codes for the embryonic p-like globin Z .  Dot-blot hybridization experiments are 
eported here which demonstrate thatphl istranscribedmostly during early stages of yolk sac 
rythroid cell differentiation, that is in the cours'e of the early primitive erythropoiesis of 
0 and 1 1  day embryos. Conversely, the concentration of y globin gene transcripts increases 
ith mouse fetal development up to day 14. phO is also transcribedin 10 day embryos, as shown 
y S1 analysis, with kinetics of expression similar tophl. phO transcripts 
old less abundant than phl transcripts as estimated from band intensities of S1 nuclease 
rotected fragments and specific activities of the probes. We were unable to demonstrate 
ranslatability of the ph0 M A  due to its low abundance, but we feel that the most likely role 
or the gene is to code for a minor globin with kinetics of expression similar to phl. 

are at least five 

0915 TRANSIENT PARALYSIS BY WT-SHOCK OF HORMONAL REGULATION OF GENE EXPRESSION 
Alan P. Wolffe. Andrew J. Perlman and Jamshed R. Tata 
M.R.C., Nat. Inst. Med. Res., Mill Hill, London, NU7 IAA. U.K. 

We have used heat-shock to induce a transient and reversible paralysis of the 
hormonally regulated expression of the vitellogenin genes in Xenopus laevis primary hepato- 
cyte cultures. 

causes a cessation of vitellogenin gene transcription and a destabilisation of vitellogenin 
M A .  On return to normal incubation temperatures in the presence of estrogen, vitellogenin 
mUAlaccumulation rapidly recovers. 

protracted lag-period before vitellogenin mRNA begins to accumulate, on return to normal 
tempratures in the presence of estrogen. 

We correlate this paralysis df estrogen responsiveness to heat-shock induced in- 
activation of estrogen receptor,in both naive and estrogen-stimulated hepatocytes. 

These studies present a'nev aspect of the role of thermal stress or heat-shock 
proteins in the regulation of transcription and translation. They represent the first evidencq 
that heat-shock can reversibly paralyse the hormonally regulated expression of a specific 
gene important in development. 

In estrogen-stimulated cells, heat-shock at temperatures greater than or equal to 34% 

In naive male cells, having had no prior exposure to estrogen, heat-shock leads to a 
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I N  VITRO STUDY ON THE PROMOTER ACTIVITY OF DICTYOSTELIUM ACTIN GENES, Masaki Iwabuchi, 
Shigeharu Takiya, Kazuhiro Takahashi and Yoshiaki Sazuki , Hokkaido Univers i ty ,  
Sapporo, 060, Japan and National I n s t i t u t e  f o r  Basic Biology, Okazaki, 444, Japan 

0916 

We constructed various k inds o f  the chimeric genes from Oictyostel ium a c t i n  and silkworm f i b -  
r o i n  genes and examined the i n  v i t r o  e f f i c i e n c y  o f  t ransc r ip t i on  o f  these chimeric genes 
the c d l - f r e e  system conta in ing HeLa c e l l  ex t rac t  by the t runcate assay method. I n  the t e s t  
of the chimeric gene (pFA5) i n  which the reg ion upstream from the t r a n s c r i p t i o n  i n i t i a t i o n  
po in t  of the a c t i n  5 gene was jo ined  a t  various pos i t i ons  t o  the corresponding reg ion i n  the 
f i b r o i n  gene, there was no change i n  the e f f i c i e n c y  o f  f a i t h f u l  t ransc r ip t i on  as compared w i t h  
t h a t  o f  the a c t i n  gene. However, the pFA5 gene which lacked the TATA box o r  i n  which the seq- 
uence a t  the i n i t i a t i o n  reg ion o f  the a c t i n  gene was a l te red  caused no f a i t h f u l  t ransc r ip t i on .  
S im i la r  r e s u l t s  were obtained w i t h  the reverse type o f  the chimeric gene (pA5F). which con- 
s i s t s  o f  the upstream region i nc lud ing  the TATA box o f  the a c t i n  5 gene and the downstream i n -  
c lud ing the t ransc r ip t i on  i n i t i a t i o n  p o i n t  o f  the f i b r o i n  gene. I n  t h i s  case, however, the 
t ransc r ip t i on  e f f i c i e n c y  o f  the pA5F gene reached a l eve l  comparable t o  t h a t  o f  the f i b r o i n  
gene. Thus, we can conclude t h a t  the extremely low e f f i c i e n c y  o f  t ransc r ip t i on  o f  t he  a c t i n  
gene i n  the c e l l - f r e e  system i s  no t  due t o  the upstream sequence o f  the t ransc r ip t i on  i n i t i a -  
t i o n  s i t e  and t h a t  the nuc leot ide sequence surrounding the t r a n s c r i p t i o n  i n i t i a t i o n  p o i n t  
plays c e r t a i n  important r o l e s  i n  r a i s i n g  the t ransc r ip t i on  e f f i c i ency .  
which the promoter a c t i v i t y  o f  the a c t i n  5 and 6 genes was compared i n  v i t r o  using two chime- 
r i c  genes, pA5F and pA6F. the 5 gene had the stronger promoter than the 6 gene. 

i n  

I n  the experiments i n  

0917 c-AMP-DEPENOENX+PROTEIN KINASE DURING DEVELOPMENI OF 0. discoideum. B.H. he icht l ing* ,  

Jewish Hospi ta l  & Research Center and ' Univ. of Colorado School o f  Medicine, Denver, C080208 
K. L. Schal ler  , I .  H. Majerfeld*, C. Woffendin and H. V.  Rickenberg*+, National 

During development o f  t he  c e l l u l a r  s l ime mold 0. discoideum mRNA complexity increases 
approximately two-fold. Lodish, F i r t e l  and Rafner showed t h a t  most o f  t h i s  increase occurred 
a t  t he  end of aggregation. The accumulation of a l a rge  subclass o f  t h i s  developmental mRNA, 
a f te r  the formation o f  sustained c e l l - c e l l  contacts, appeared t o  depend on CAMP inso fa r  as 
disaggregation o f  t ipped aggregates resu l ted  i n  the l oss  o f  t h i s  subclass o f  mRNA which was 
prevented o r  reversed by exogenous CAMP. This CAMP-dependent subclass o f  mRNAs accumulated 
on ly  i n  the prespore (poster ior )  c e l l s  o f  the migrat ing slug. 
We p a r t i a l l y  p u r i f i e d  the CAMP-dependent p ro te in  kinase (CAMP-d PK) from D. discoideum and 
studied i t s  behavior dur ing development. Both the  regulatory  and c a t a l y t r c  subunits o f  the 
kinase were found i n  vegetative amoebae; the a c t i v i t i e s  o f  both subunits increased i n  para l -  
l e l  approximately four- fo ld  dur ing development. The increase represents de novo synthesis of 
t he  kinase and d i d  not  requ i re  sustained c e l l - c e l l  contact. 
occurred dur ing aggregation, p r i o r  t o  the  accumulation of the prespore speci f ic  mRNAs. Pre- 
spore c e l l s ,  separated by cen t r i f uga t ion  through a Percol l  grad ient  from presumptive presta lk  
ce l l s ,  had approximately fou r  times as much CAMP-d PK as d i d  the presta lk  c e l l s .  These f ind- 
ings are compatible w i t h  a r o l e  o f  CAMP and the CAMP-d PK i n  the  accumulation o f  prespore 
s p e c i f i c  mRNAs o f  0. discoideum. 

The peak of K n F a c t i v i t y  

0918 REGULATION OF THE TYPE I1 PROCOLLAGEN GENE DURING CHICK LIMB CARTILAGE DIFFERENTIA- 
TION, W i l l i a m  B. Upholt, Dean Kravis, Linda J .  Sandell, and Val C. Shef f ie ld ,  
Un ive rs i t y  o f  Chicago, Chicago, I L  60637 

Expression o f  t h e  type I1 procol lagen gene dur ing ch ick l imb  c a r t i l a g e  d i f f e r e n t i a t i o n  has 
been analysed by c e l l - f r e e  trans1 ation, Northern b l o t  analysis, quan t i t a t i ve  so lu t i on  
hybr id izat ion,  nuclear t r a n s c r i p t i o n  studies, and DNA methy lat ion analysis. These 
experiments show t h a t  the major mechanism o f  regu la t i on  o f  the type I1 procol lagen gene 
dur ing l imb  developpent i s  t ransc r ip t i ona l .  Steady s ta te  l e v e l s  o f  type I 1  procol lagen 
mRNA increase approximately 90- fo ld  dur ing the d i f f e r e n t i a t i o n  o f  stage 24 l imb  mesenchyme 
to c a r t i l a g e  i n  cu l ture.  
present  i n  stages 20-24 chicken l imb  p r i o r  to inmunological ly detectable synthesis o f  
type I1 collagen. A l a r g e  po r t i on  o f  t h i s  RNA i s  associated with polysmes. Although a 
p a t t e r n  o f  decreased methy lat ion i s  cha rac te r l s t i c  o f  the type I1 procol lagen gene i n  
t issues producing l a r g e  mounts o f  type I 1  col lagen such as s ternal  or epiphyseal 
ca r t i l age ,  t h i s  change i n  methy lat ion i s  no t  necessary f o r  expression o f  the gene dur ing 
l imb c a r t i l a g e  d i f f e r e n t i a t i o n  i n  cu l tu re .  
Grants HD-09402. tD-04583, Gn-7543, GM-07281. and HO-07009. 
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I n  g. discoideum, the  choice between 2 morphogenetic pathways can be con t ro l l ed  by environ- 
mental condit ions, i nc lud ing  the ambient pH. For instance, a f t e r  aggregates fonn ( i n  the 
dark) on a subst rate conta in ing NH3 a t  a low pH (6.0-6.4), they const ruct  f r u i t i n g  bodies 
d i r e c t l y  a t  t h a t  s i t e .  However, aggregates formed on a subst rate conta in ing NH3 a t  high pH 
(7.2-7.5) assemble migrat ing slugs which m v e  t o  another s i t e .  These slugs are c y l i n d r i c a l  
masses o f  c e l l s  w i t h  narrow a n t e r i o r  t i ps ,  which can be induced t o  form f r u i t i n g  bodies by 
low ambient pH o r  overhead l i g h t .  
c i s i o n  as we l l  as CAMP s igna l l i ng ,  Sussmansand Schindler (Di f feren.  l O : l ,  1978) proposed a 
model o f  morphogenesis which makes predic t ions about developmental changes i n  pH. Using micro- 
electrodes, I have measured the pH i n  both m ig ra t i ng  and induced slugs. Wi th in  15 uninduced 
slugs, there was no d i f f e rence  i n  mean pH between the t i p ,  middle, and back regions. However, 
i n  17 slugs which were induced t o  f r u i t ,  the mean pH i n  the  t i p  decreased by about 0.4 pH 
uni ts ,  and i n  the middle by about 0.15 pH uni ts ;  t he  pH i n  the back d i d  no t  decrease s i g n i f i -  
cant ly .  These changes occurred w i t h i n  10 minutes o f  induction, whether slugs were induced w i t h  
overhead l i g h t  alone o r  by t r a n s f e r  t o  a low pH b u f f e r  i n  add i t i on  to the l i g h t .  The pH d i f -  
ference between the t i p s  and backs w i t h i n  i nd i v idua l  induced slugs was -0.50 f 0.15 pH un i t s .  
The pH o f  the t i p  remained low dur ing f u r t h e r  development t o  the Mexican h a t  stage. 
g r a t e f u l  to Maurice Sussman i n  whose laboratory  these experiments were conducted. 

REGIONAL CHANGES I N  PH FOLLOWING THE INDUCTION O F D T W -  
SLUGS TO FORM FRUITING BODIES. Katherine Deml Rand, Dept. o f  B io log i ca l  Sciences, 
Un ive rs i t y  o f  Pit tsburgh, Pit tsburgh, PA 15260 

Eased upon the e f f e c t s  o f  pH and NH3 on the s l u g / f r u i t  de- 

I am 
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and Robert V. Storti. University of 11. Health Sci. Ctr., Chicago, 11. 60611 

We have identified three tropomyosin (Tm) genes clustered in an 1 8  kbp 
region of Drosophila melanogaster (Dm) DNA. Two of these genes, mTmI and 
mTmII encode muscle forms of Tm, whereas the third encodes a cytoplasmic form. 
The mTmI gene expresses a major transcript of 1.3 kb and lesser amounts of a 
1.6 kb transcript during muscle development in early embryos. In the adult 
thoracic muscle however, the mTmI gene expresses parallel levels of a 1.6 kb 
and a 1 . 8  kb transcript. The switch in mRNA expression of the mTmI gene in 
these different muscle tissues is reflected by the appearance of a new mTm 
isoform. The mTmII gene expresses a single 1.4 kb transcript in both em- 
bryonic and thoracic muscle. 

termined, and the deduced amino acid sequence of the mTmI protein shows a high 
degree of homology with rabbit skeletal muscle alpha tropomyosin. The ex- 
pression of the different embryonic and thoracic transcripts has been ana:yze 
by S1 nuclease mapping. Both sets of transcripts share identity at the 5 
of the gene but exhibit differences in the 3'end of the gene. This results i 
differences in the C-terminal portions of the two muscle Tm isoforms. 

Thus in Drosophila a single gene encodes different muscle Tm isoforms 
in different muscle tissues during development. 

STRUCTURE AND EXPRESSION OF A DROSOPAILA TROPOMYOSIN GENE: A SINGLE 
GENE ENCODES DIFFERENT MUSCLE ISOFORMS, Guriqbal S. Basi, Mark Boardman 

The DNA sequence of the mTmI gene and flanking regions has been de- 

en! 

0921 ACTIVATION OF A SILENT HPRT 
Ia in  Farrance, & Julie Morris, Molecular and Population Genetics, University of 
Georgia, Athens, GA 30602 

I N  HELA CELLS BY 5-AZACYTIDINE, Robert Ivarie, 

HeLa H23 cells are a mutant female human tumor c e l l  l ine  resistant to  6-thioguanine (Milman 
e t  al. 1976. Proc. Nat. A d .  Sci. 22,4589). They harbor defective hypoxanthine phosphoribo- 
sy l  transferaae (WRT) as t% resul t  of a mutation that a l so  shifts the 1 3 e l e c t r i c  point of 
the enzyme. Spontaneous HAT revertants arise at a frequency of about 10 . Such revertants 
contain both mutant and wild type HPRT polypeptides when assayed by immunoprecipitation and 
two-pens iona l  gel electrophoresis1 thus, they appear to  result from activation of a s i l en t  
WRT a l l e l e .  
H23 ce l l s  were treated with various concentrations of the DNA hypomthylating agent, 5-aza- 
cytidine (azac). and revertants scored by HAT selection. 
reversion frequency was increased up t o  &-fold over the spontaneous rate. 
induced revertants have been shown t o  produce both mutant and wild type HPRT polypeptides1 
they also contaig active WRT. 
of a s i l e n t  HPRT a l l e l e .  
and reverted to  6-thioguanine r e s i p n c e  a t  about 10 
inactivation of the wild type HPRT a l l e l e  because expression of the wild type, but not the 
mutant, enzyme was los t .  
plays a central rule i n  mammalian X chromosome inactivation. 

To determine whether such revertants arose via hypomethylation of genomic DNA, 

A t  an optimal dose of 5 pM, the 
Two of the azaC- 

ThUs, the azaC revertants appear to have arism via activation 
Like the spontaneous HAT p v e r t a n t s ,  azaC revertants were unstable 

frequency. Rereversion results f r o m  

These observations support the hypothesis tha t  DNA methylation 
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EXPRESSION OF LATE HISMNEVARIANTS IN LYTECHINUS pictus, Jim Knwles and Geoff 
Childs, Albert Einstein Collage of Medicine, Bronx, NY 10461 

The sea urchin senome contains several different multigene families which encode temporally 
regulated and tissue specific histone proteins. The best characterized histone gene family 
contains clustered sequences encoding all five histones repeated in about 500 nearly 
identical tandem arrays. These tandemly repeated histone genes (early genes) have been shown 
to encode the histone mRNAs found in the early blastula stage of development. 
tone gene family (late genes) haqrecently been isolated (Childs et. al. 1982, Cell 31:383; 
Maxson et. al.. Nature 301:120). 
genome, and unlike their early gene counterparts, are not tandemly repeated. 

We have studied the temporal expression of the late histone variants H3 and H4 in 
developing embryos of Lytechinus pictus. Using S1 analysis, lnRNA for both histones was found 
in maternal RNA in approxiplately 2000 copies per egg. The genes are activated at blastula 
and reach a m a x h u m  concentration of 100-500 times that present in the egg, at 24 hours post- 
fertilization. Both genes are expressed in a similar.thpora1 fashion, that ditfers from that 
of the early genes. Additional studies with elongation of nascent transcripts in isolated 
nuclei show transcription from the early genes to decrease 21-fold between 7 and 15 hours 
post-fertilization. while late gene transcription increases 6.5-fold. Late gene transcripts 
continue to be generated at 24 hours, far after early gene transcription has ceased. 

Another his- 

These genes are repeated 8-10 times in the sea urchin 

0923 CELL TYPE-SPECIFIC EXPRESSION OF PGK ALLELES I N  W L I A N  TESTIS DEMONSTRATED BY 
I N  SITU CYTOHYBRIDIZATION. J.R. McCarrey, M.W. Welsing. D.H. Keith, A.D. Riggs, 
Beckman Research I n s t i t u t e  o f  t he  City o f  Hope. Duarte, CA 91010. 

The c e l l  t ype -spec i f i c i t y  o f  expression o f  two a l l e l e s  o f  phosphoglycerate kinase (PGK-1 and 
PGK-2) i n  m a m l i a n  t e s t i s  was studied by i n  s i t u  cytohybr id lzat ion using a PGK-1 cDNA clone 
and a 25-bp synthet ic  o l igonucleot ide as probes. Mouse t e s t i s  was analyzed a f t e r  e i t he r  quick 
freezing and cryostat  sectioning or p l a s t i c  embedding and microtome sectioning. Sections were 
probed with e i the r  the PGK-1 cDNA clone which i s  known t o  crosshybridize with PGK-2 sequences 
or w i t h  the synthet ic  25-mer which i s  homologous t o  a reg ion i n  the  5'-untranslated region o f  
t h e  PGK-1 RRNA and hybr id izes s p e c i f i c a l l y  t o  t h i s  a l l e l e  under condi t ions o f  high stringency. 
PGK-2 expression was ind icated i n  those c e l l s  t h a t  were l abe l l ed  by the former but not the 
l a t t e r  probe. These r e s u l t s  i nd i ca te  t h a t  there i s  a dramatic increase i n  the number o f  PGK-2 
t r a n s c r i p t s  per c e l l  a t  t he  elongated spermatid stage or l a t e r  i n  spermiogenesis. This repre- 
sents the  f i r s t  analys is  o f  PGK expression i n  m m l i a n  t e s t i s  based d i r e c t l y  on detect ion o f  
spec i f i c  RNA sequences. This i s  important i n  d i s t i ngu ish ing  between modulation o f  gene expres- 
s ion  a t  the t ransc r ip t i ona l  versus post - t ranscr ip t ional  levels. Thus it can now be concluded 
i n  t h i s  case t h a t  the prev ious ly  reported increase i n  PGK-2 enzyme a c t i v i t y  i n  postmeiotic 
spermatogenic c e l l s  i s  t he  r e s u l t  o f  de novo PGK-2 t r a n s c r i p t i o n  i n  these ce l ls .  The occur- 
rence o f  postmeiotic, haplo id  expression o f  genes i n  m a m l s  has been the  subject of a great 
deal o f  debate based on both developmental and evolut ionary considerations. These resu l t s  
corroborate e a r l i e r  analyses o f  PGK-2 expression ca r r i ed  out a t  the post - t ranscr ip t ional  l eve l ,  
thl lc P- a vPrv stro- of the  occurrence o f  haDloid t ranscr io t ion.  

0924 DNA SEQUENCES CONTROLLING TRANSCRIPTION OF SV40 PROMOTERS. AND THEIR DIRECT INTER- 
ACTION WITH A CELLULAR PROTEIN, Ulla M. Haansen'. Phillip A. Sharp2. and Alison A. 
Bertuchl, 1)Lab of Eukaryotic Transcription, Dana-Farber Cancer Institute, Boston, MA 
02115, 2)Center for Cancer Research, HIT. Cambridge, MA 02139 

A series of deletion mutants of SV40 were tested for early and late promoter activity &I 
vitro in a transcription extract prepared from HeLa cells (liansen and Sharp (1983) EMBO J. 2, 
in press). 
cription in vitro from both the SV40 early and late promoters was strongly dependent on an 
upstream region of DNA that contains six direct GC repeats. 
of these repeats stimulated transcription in a bidirectional fashion, at initiation sites 
between 50 and 200 base pairs away from the repeats. 
ating the activity of a SV40-specific transcription factor. 
With this in mind. we have developed a nitrocellulose filter-binding assay for use in the 
purification and 
of the SV40 promoters containing the GC repeats. 
and therefore ideal for use in purification. 
to the SV40 DNA is detected in whole cell extracts. 
repeats is required and apparently sufficient for the binding. We are presently examining 
other cellular and viral promoters for interactions with this cellular protein, since it is 
likely to be involved in promoting transcription of a class of cellular genes. 
transcription factors would provide an attractive means of regulating stages in development. 

These mutants had previously been characterized for expression in vivo. Trans- 

Sequences spanning two or more 

These sequences may function by medi- 

characterization of a cellular protein which specifically binds the region 
The assay is rapid and readily quantitated, 

A cellular protein with extremely high affinity 
The region of DNA containing the GC 

Class-specifia 

36 



Molecular Blology of Development 

0925 AN WZYME ACTIVITY WITE ANALOGIES TO TOPOISOHERASE I IS ASSOCIATED WITE TEE REGULATORY 
REGICXS OF rFNA GENES IN TFrmABYMerA, Bjarne J. Bonven, Elmar Gocke and Ole Wester- 
gaard, Department of Molecular Biology and Plant Physiology, University of Aarhus, 
DK-8000 Arhus C, Denmark. 

The chromatin structure of developentally regulated genes undergoes profound alterations in 
connection with gene activation. A key feature of "activated", transcriptionally competent 
chromatin is the presence of DNAse I hypersensitive sites at the 5' and 3' regulatory regions 
of the genes. 
We have recently demonstrated DNAse I hypersensitive sites on actively transcribing rRNA genes 
from Tetrahymena. Three hypersensitive sites, each spanning approx. 100 bp, are centered at 
-100, -600 and -1000 bp with respect to transcription initiation. An additional site is found 
ear the terminator of the gene. Tlle DNA at each of the hypersensitive sites is associated witH 
endogenous activity, which for the reasons outlined below has been tentatively categorized 

s a topoisomerase I: (i) SDS-treatment of r-chromatin causes site-specific cleavage of the 
DNA; (ii) the cuts are single-stranded (confined to the non-coding strand); (iii) the protein 
inds covalently at the 3' end generated in the cleavage reaction. By these criteria, the 
rotein-DNA complexes are analogous to the reaction intermediates trapped by SDS-treatment Of 
opoisomerase I bound to its DNA substrate. Sequencing studies indicate that the putative to- 
oisomerase recognizes an oligonucleotide appearing in tandem repeats around the hypersensitive 
ites. Our present goals are direct identification of the enzyme and clarification of its role i regulation of transcription. 
0926 CYCLOHEXIMIDE INHIBITS THE STEROID STIMULATED ACCUMULATION OF YOLK POLYPEPTIDE 

TRANSCRIPTS I N  DROSOPHILA. John H. Postlethwait,  Un ive rs i t y  o f  Oregon, Eugene, OR 
97403 

Yolk polypeptides are synthesized by the f a t  body c e l l s  o f  female insects, secreted i n t o  
the blood, and sequestered i n t o  the  oocytes t o  form yo lk .  
s t e r o i d  hormone ecdysterone s t imulate the accunulat ion o f  y o l k  polypeptide (YP) t r ansc r ip t s  
i n  female f a t  body ce l l s ,  and t h i s  s t imu la t i on  can be mimicked i n  males by i n j e c t i n g  the 
hormone. The question i s  whether the hormone acts  d i r e c t l y  on the YP genes o r  i n d i r e c t l y ,  
mediated by the t rans la t i on  o f  some regulatory  p r o t e i n  whose synthesis i s  d i r e c t l y  con t ro l l ed  
by ecdysterone. To t e s t  t h i s  p o s s i b i l i t y ,  cycloheximide was used t o  block the incorporat ion 
o f  l a b e l l e d  amino acids i n t o  p r o t e i n  e i t h e r  i n  animals t rea ted  w i t h  horniune o r  i n  controls, 
and the quan t i t y  o f  YP t r a n s c r i p t  was assessed using Northern b l o t s  probed w i t h  l a b e l l e d  
DNA sequences homologous t o  the YP genes. 
s u f f i c i e n t  t o  block p r o t e i n  synthesis, the l eve l s  o f  YP t r a n s c r i p t  were a l so  extremely low, 
w i t h  o r  wi thout  the add i t i on  o f  hormone. It i s  concluded t h a t  p r o t e i n  synthesis i s  necessary 
t o  pe im i t  most o f  the hormonally s t imulated increase i n  YP t ransc r ip t .  

I n  s m  species, i n j e c t i o n s  of the 

I t was found t h a t  a t  l eve l s  o f  cycloheximide 

0927 SHORT NUCLEOTIDE SEGMENTS I N  NOI-CODING REGIONS OF COORDINATELY EXPRESSED MUSCLE 
GENES ARE LOCATED I N  A SINGLE LOW-MOLECULAR-WEIGHT REPETITIVE GENE TRANSCRIPT. 
M.A.Q. Siddiqui,  Chandrika Saidapet, Pramod Khandekar, Ana-Maria Zarraga, Channaine 
Mendola and Diannuid Nicholson, Roche I n s t i t u t e  o f  Molecular Biology, Roche Research 
Center, Nutley, New Jersey 07110 

It has been proposed t h a t  eukaryotic gene expression can be con t ro l l ed  by the network o f  
r e p e t i t i v e  DNA. Repet i t ive DNA i s  known t o  be t ranscr ibed and i s  represented i n  both nuclear 
and cytoplasmic RNAs. 
the e a r l y  chick embryonic cardiac muscle t issue.  The 7s RNA sequence was subsequently cloned 
i n t o  Escherichia c o l i ,  s t r a i n  RR1. and characterized. The hyb r id i za t i on  o f  75 s p e c i f i c  
cloned DNA ( p S S & m  chick genomic DNA suggests t h a t  75 RNA i s  the product o f  r e p e t i t i v e  DNA 
and has a r e p e t i t l o n  frequency o f  300-fold i n  the haplo id  chick genome. 
pSS48 DNA a lso  hybr id izes w i t h  high s p e c i f i c i t y ,  t o  the chick cardiac muscle genes f o r  myosin 
heavy (MHC) and l i g h t  chain (MLC), and poss ib ly  t o  o the r  coord inate ly  expressed genes f o r  
muscle prote ins.  
i nd i ca ted  t h a t  sho r t  nuc leot ide stretches c m o n  t o  7s RNA res ide i n  the non-coding regions 
o f  the respect ive genes. 
and RNA from several sources d i d  no t  hybr id ize t o  pSS48 DNA. 
sequence(s) appear i n  the chick blastodennal c e l l s  p r e f e r e n t i a l l y  e a r l i e r  than the onset of 
t ransc r ip t i on  o f  genes fo r  major muscle proteins. These resu l t s ,  taken together, suggest an 
important r o l e  f o r  7s RNA i n  regu la t i on  o f  expression o f  muscle genes dur ing e a r l y  ch ick 
develooment. 

Recently, we have i s o l a t e d  a low molecular weight RNA, 7s RNA, from 

Under low str ingency, 

The sequence analysis of.  recombinant plasmids s p e c i f i c  f o r  MLC and MHC 

The 7s RNA sequence appears t o  be h igh l y  t i ssue  speci f ic ,  since DNA 
Furthermore, the 7s RNA-like 
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SYNTHESIS AN0 PROCESSING OF LlPOVlTELLiN I N  TROPICAL ANOLINE LIZARDS. OQL8 M r a l e s ,  Carmen Baerga and Anabel Hernandez. Un ive rs i t y  o f  Puerto Rico, Rio Piedras, 
P.R. 00931. 

I n  non mamnalian vertebrates, v i t e l l o g e n i n ,  synthesized i n  the l i v e r ,  i s  the precursor o f  the 
major egg yo l k  prote lns.  
the egg o f  the t r o p i c a l  l l z a r d  Anolls u l c h e l l u s  and the hormonal regu la t i on  o f  i t s  synthesis 
i s  being studied. We have s h o w ~ ~ 7  B es t rad io l  s t lmulates the synthesis o f  a v l t e l l o -  
gen in - l i ke  p ro te in  i n  both female and male explants ((A.M. Va118s. Master Thesis 1981. UPR) 
This induct ion i s  prevented by 1 mg/mlY-amani t in  ( R .  Osuna. Master Thesis 1983). Even 
though v i t e l l ogenes is  i n  t r o p i c a l  l i z a r d s  appears to f o l l o w  the general scheme described f o r  
amphibians, SDS-PAGE molecular weight analys is  o f  the lmnunoprecipitated p ro te ins  ind icates 
t h a t  the newly syntheslzed p ro te ln  has a s l m l l a r  mol.  welght as the egg component (110- 
120,000 d) Instead o f  the expected 200-240,000 d. 
higher molecular weight precursor does not  occur i n  t r o p i c a l  Anol is  o r  t ha t  i t s  s i t e  of  
cleavage i s  the l i v e r  Instead of the f o l l i c l e .  I n  order  t o  d i s t i n g u i s h  between these tw 
p o s s i b i l i t i e s  we have analyzed the p r o t e i n  synthesized and secreted by the l i v e r  a t  d i f f e r e n t  
i n t e r v a l s  a f t e r  the inJect lon o f  2 q C i  o f  3H-leucine. 
the label  I s  i n  the l i v e r  and i s  detected mainly In the 110-120,000 mw region and i n  several 
o the r  bands o f  h igher  m o l .  weights. A f t e r  one hour a dramatic decrease occurs I n  the I n t r a -  
c e l l u l a r  labeled prote ins,  concurrent ly  with a s i g n i f i c a n t  increase o f  labeled p ro te ins  i n  the 
serum. This suggests tha t  a v i t e l l o g e n l n  precursor i s  cleaved a t  the s i t e  o f  synthesis. 

Magda H. 

A 1 l p o v I t e l l i n - l i k e  p ro te in  has been p u r i f i e d  and characterized from 

This observation suggests e i t h e r  t h a t  a 

The resu l t s  i nd i ca te  tha t  up t o  60 min 

REPLICATION AND REMETHYLATION AT PTECIFIC SITES IN CHROMATIN, Mark A. 
Marchionni, Richard L. Cate and Walter Gilbert, Harvard University, 
Cambridge, MA 02138 

0929 

We have used rat hepatoma tissue culture(HTC) cells to examine the timing of 
insulin and fibrinogen gene replication and subsequent methylation at partic- 
ular sites in chromatin. We synchronized HTC by replating mitotic cells and 
density-labelled newly-replicated sequences with 5-BrdUrd in serial cultures. 
We then analyzed their DNAs by restriction enzyme digestion, isopycnic CsCl 
centrifugation and Southern blots. Results of probing such blots showed that 
all three fibrinogen genes replicated during the middle of S, as did insulin 
11. Insulin I, however, replicated at the very end of S. Furthermore, we 
have examined remethylation of the single HpaII site (resides on a 1300 bp 
SacI-PvuII fragment) upstream of insulin I. We hybridized SacI-PvuII digest- 
ion products with excess recombinant M13 phage DNA and analyzed the reaction 
by HpaII digestion. Daughter strands that remained unmethylated at the time 
of harvest generate a HpaII cleavage site. However, sites that were already 
remethylated are not cut. Hence, this assay can be used to measure the time 
lag between replication and remethylation. Results of our initial experiment 
indicate that remethylation occurred within 1 hour of replication at this sit1 

0930 METHYLATION LEVELS AT CG DINUCLEOTIDES IN THE RAT INSULIN I1 GENE 
DETERMINED BY SEQUENCING, Richard L. Cate, Harry Nick, George M. Church, 
and Walter Gilbert, Harvard University, Cambridge, MA 02138 

We have employed the technique of genomic sequencing developed by Church and 
Gilbert to measure the level of methylation at a cluster of CG dinucleotides 
in the rat insulin I1 gene. This procedure allows one to determine the level 
of methylation at all CG dinucleotides, not just those that reside in restric- 
tion enzyme sites. 
third exon of the insulin I1 gene was analyzed in the DNA of five tissues. 
All five CG dinucleotides were completely methylated in spleen and thymus. 
The level of methylation at these sites in liver, kidney, and an insulin- 
producing tumor was variable, ranging from 0 to 80%. In these tissues, 
genomic sequencing revealed a much lower level of methylation at a Hha I 
site, than was previously indicated by conventional enzyme analysis. We 
are currently examining the reasons for this discrepancy, and are also 
analyzing a cluster of CG dinculeotides near the promoter of rat insulin I. 

A cluster of five CG dinucleotides spanning 40 bp in the 
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0931 ACTIVE TRANSCRIPTION OF REPEAT SEQUENCES DURING DMSO-INDUCED DIFFKRENTIATIOII OF 
HL-60 CELLS. Chuan-Chu Chou, Richard C. Davis, Janet P. Slovin, Glenn Yasuda, 
Sunil Chada and Winston Salser, UCU, Los Angeles, CA.90024 

cDNA clones for genes regulated during terminal differentiation of DMSO-treated EL-60 cells 
*re selected using differential screening techniques and then probed using nick-translated 
total human DNA to detect the presence of repeat sequences. It is remarkable that not only 
do more than 50% of the cDNA clones contain repeat sequences but also, the repeat 
sequence-containing mRNAs are regulated during terminal differentiation of HL-60 cells. 
Examples of mRNAs containing one copy, two copies or a partial copy of Alu repeats have been 
found. 
cross-hybridized poorly in dot blot tests. 
BLUR 2 probe and little hybridization with a human total DNA probe. 
other repeats that have no sequence homology to the Alu repeat is one which gives as strong a 
signal vith a bulk human DNA probe as any Alu repeat ye have tested (signal corrected for 
repeat sequence length). We hope that further studies will clarify why the appearance of 
mRNAs with repeat sequences is correlated vith terminal differentiation in these cells. 

The Alu sequences in these cDNAs are sufficiently diverged that some of them 
One gives undetectable hybridization vith the 

Conversely, among the 

0932 

Ribosomal RNA t r a n s c r i p t i o n  i s  regulated by a s tab le modi f icat ion o f  RNA polymerase I (RNAP 1)- 
rRNA t r a n s c r i p t i o n  i s  down regulated i n  response t o  s ta rva t i on  i n  Acanthamoeba. This regula- 
t i o n  can be reproduced i n  an i n  v i t r o  t r a n s c r i p t i o n  system capable o f  f a i t h f u l  i n i t i a t i o n  a t  
the homologous rRNA s t a r t  s i t e :  m e x t r a c t s  f r o m  vegetative c e l l s  a c t i v e l y  t ranscr ibe rRNA 
whi le  ex t rac ts  from starved c e l l s  cannot unless they are supplemented w i t h  RNAP I u r i f i e d  
from vegetative c e l l s .  The l e v e l s  o f  both the t r a n s c r i p t i o n  i n i t i a t i o n  fac to r ( s )  FTIF-I] and 
the l e v e l s  o f  RNAP I assayed on nonspecif ic templates ( i .e. c a l f  thymus DNA) are constant, 
bu t  the RNAP I from the starved c e l l  cannot s p e c i f i c a l l y  i n i t i a t e  t ransc r ip t i on .  This prop- 
e r t y  i s  re ta ined i n  RNAP I p u r i f i e d  t o  near homogeneity from the starved c e l l  even though i t s  
s p e c i f i c  a c t i v i t y  on c a l f  t h y w s  DNA matches t h a t  o f  the vegetative polymerase. RNAP I f r o m  
starved c e l l s  has the  same subunit composition as t h a t  f r o m  vegetative, but  i s  5X more heat 
l a b i l e  than vegetative enzyme. BAL 31 de le t i on  mapping has shown t h a t  the sequence from -46 
t o  about +16 i s  necessary and s u f f i c i e n t  t o  promote rRNA t r a n s c r i p t i o n  - no f a r  upstream 
sequence requirement can be detected i n  v i t r o .  This sequence reg ion has been shown t o  con- 
t a i n  the  b ind ing s i t e  f o r  TIF- I  and t o  be s u f f i c i e n t  t o  demonstrate regu la t i on  i n  v i t r o .  
Therefore, t he  steps i n  t r a n s c r i p t i o n  i nvo l v ing  t h i s  DNA sequence and RNAP I a r e i m e d  by 
the modi f icat ion o f  t he  enzyme from starved c e l l s .  Supported by N IH  GM26059 and GM22580. 

DEVELOPMENTAL REGULATION OF RIBOSOMAL RNA TRANSCRIPTION: MOLECULAR MECHANISM AND 
TEMPLATE SEQUENCES INVOLVED, M.R. Paule. P. Kownin, C. I i da .  0. Knoll  and S. Brown- 
Shimer. Colorado State Univers i ty ,  Fo r t  Col l ins ,  CD 80523. 

0933 GENE EXPRESSION IN DEVELOPMENTAL MUTANTS OF DICTYOSTELIUM DISCOIDEUM, C.L. Saxe i l l ,  
and R.A. Firtel, University of California, San Diego, La Jolla, CA 3093 

Previous work in this laboratory has included the description of a series of deve1opme.n- 
tally regulated genes that display differential expression in either prespore or prestalk 
cells. The patterns of prespore and prestalk-speciflc gene expresslon have been examined 
in the rapidly developing mutant of Dict ostellum discoideum, Fr17, and a derivative strain, 
JC-5, which is temperature-sensitive-esion late In development. In Fr17 and 
JC-5 the timing o f  several aspects of prespore gene expression is accelerated relative 
to that of the wild type strain, NC-4. 
period of maximal expression is also accelerated relative to NC-4. However, in contrast 
to prespore expresslon, the timing of initial expression is unaffected in the mutants. The 
possible role(s) o f  cell cohesion in the expression of these developmnt?llly regulated genes 
was studied by performing temperature shift experiments on JC-5. 
standard filter development, the loss of specific cell contact does not appear to affect 
any aspect of the expression of the genes examined in this study. Experlments involving 
development in liquid shake culture are being performed to address the question of whether 
nonspecific cell contacts are necessary or sufficient to malntain the pattern of  gene 
expression seen on filters. 

In the case o f  the prestalk-speciflc genes, the 

Under the conditions of 
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REGULATION OF EARLY GENE EXPRESSION IN DICTYOSTELIUM DISCOIDEUM, Sandra K, 0. Mann 
and Richard A. Firtel, University of California, San Diego, La Jolla, CA 92093 @34 

We are examining a set of genes expressed early in the developmental cycle of Dictyo- 
stelium. These genes are not expressed in vegetative cells and transcripts are first 
detectable at 2.5 hours during normal development on filter pads. The complementary 
mRNA levels peak between 5 and 7.5 hours and then decrease. The expression of these 
genes is stimulated by pulsing cells with low levels of CAMP, a conditim sthat mimics 
the in vivo pulsing during aggregation (4 to 6 hours into development). Expression is 
i n h i E t n y  high, continuous levels of CAMP, a condition found later in the develop- 
mental cycle at a time when expression of these genes decreases in vivo. 

We are currently examining the structure of these genes, p a r t E u m y  sequences at 
the 5' end, in an effort to identify regions of homology thaz may be involved in their 
regulation. 
tion of these regions. 

We hope to use DNA- mediated transformation to better determine the func- 

REGULATION OF HEAT SHOCK GENES IN DICTYOSTELIUM, Elliot Rosen, Annegrethe Sivertsen, 
Wolfgang Nellen and Richard A. F i r m t y  of California, San Diego, La Jolla, 
California 92093. 

0935 

Using in kivo labelled RNA from heat shocked cells we have isolated three heat shock 
Inducible g e n e m m  Dictyostelium. The first hybridizes to two mRNAs of -2.5kb. The larger 
message is induced greater than 50 fold by heat shock while the'smaller one disappears. DNA 
sequence analysis indicates that this fragment encodes the hsp7D gene of Dict ostelium and 
shows that the amino acid sequence of the Dlct ostelium and Droso hila hs* -70% 
homologous. The second heat shock i n d u c i b l h y b r i d i z e s  !o an-2.5kb mRNA which is 
different from the hsp70 gene. In addition we have' isolated a 4.9kb transposon. Tdd-1, which 
encodes a 0.9kb heat shock inducible transcript. Using these cloned,genes we have examined 
heat shock gene expression. Heat shock transcripts are induced by 20 minutes after the 
temperature shift, reach maximal expression by 3 hours, and then begin to disappear. In 
contrast, actin and four other non-heat shock messages which have been examined, are rapidly 
lost following the temperature shift. Examination of polysmes indicates that the hsp70 
transcript is associated with large polysomes by 20 minutes after heat shock. We have begun 
studying the effects of heat shock during Dict ostelium development. Heat shock causes the 
rapid disintegration of cell aggregates du-t twelve hours of development. In 
contrast, the integrity of later developmental structures is maintained after heat shock and 
the cells complete development upon return to 22.C. 

0936 ADULT aCARDIAC ACTIN IS THE MAJOR SARCCnERIC ISOFORM EXPRESSED IN EMBRYONIC CRICKEN 
BREAST MUSCLE, Juanita D. Eldridge, and Bruce M .  Paterson, Laboratory of Biochemistry, 
National Cancer Institute, NIH, Bethesda, MD 20205 

During myogenesis, synthesis of the beta cytoplaamic actin isoform is greatly reduced whereas 
expression of the alpha sarcomeric actins commences with the onset of differentiation. We 
have isolated and characterized three different actin genes in the chicken: the beta cyto- 
plasmic gene, the alpha cardiac gene, and the alpha skeletal gene. The genes have been unam- 
biguously identified on the basis of nucleotide sequence and the amino acids encoded by the 
amino terminal exon. Utilizing a specific restriction enzyme fragment from the 5' portion of 
each gene as a primer, we have developed a primer extension assay that is  diagnostic for the 
steady state transcript level from each of the actin genes. This aasay has been used to 
determine the level of expression of each actin isoform in embryonic chick breast muscle 
during myogenesis in tissue culture, and muscle formation in vivo. The results reported here 
demonstrate the adult alpha cardiac actin is the predominant sarcomeric isoform expressed in 
15 day embryonic chick breast muscle, in vitro and in vivo. Low levels of the adult skeletal 
actin mRNA are detectable in fused cultures. embryoi&=ast muscle, and in one day post 
hatch cardiac muscle. 
breast muscle but low levels of beta actin mRNA are still present. At this stage, adult 
alpha skeletal actin mRNA is the only detectable sarcomeric actin transcript. 
primer extension assay, no sarcomeric actins are expressed in embryonic chick brain tiasue 
although beta actin is abundantly expressed. 

At five weeks post hatch there is no detectable alpha cardiac mRNA in 

Based upon the 
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0937 POST-TRANSCRIPTIONAL CONTROL OF THE SYNTHESIS OF a-TUBULIN AND A 94 000-DALTON 
PROTEIN DURING DIFFERENTIATION OF EMBRYONAL CARCINWA CELLS, Chin C: b e ,  

and 6. Chr i s t i an  Overton, The Wistar I n s t i t u t e  o f  Anatomy and Biology. 
Pennsylvania 19104 

hanges I n  the expression o f  the genes encoding a - tubu l i n  and a 94.000-dalton p ro te in  
p e c i f i e d  by a PYS-2 cDNA clone. p4-30, were examined i n  a d i f f e r e n t i a t e d  teratocarcinoma- 
e r i ved  p a r i e t a l  endoderm c e l l  l ine,  PYS-2, and an und i f f e ren t i a ted  embryonal carcinoma 
e l l  l ine, F9. Relat ive t o  other prote ins o r  nRNA species, t he  ra te  o f  the u - tubu l i n  and 
4-30 p ro te in  synthesis as we l l  as the  leve ls  o f  t h e i r  corresponding cytoplasmic MNAs are 
aver i n  PYS-2 than i n  F9 ce l ls .  S imi lar ly ,  induct ion o f  d i f f e r e n t i a t i o n  o f  F9 c e l l s  by 
e t i n o i c  ac id  and d ibu ty ry l  c y c l i c  AMP resu l t s  i n  reduced r e l a t i v e  leve ls  o f  the 
ytoplasmic MNAs f o r  these proteins. 
he nucleus o f  PYS-2 c e l l s  are a l so  l a t e r  than those I n  F9 ce l l s .  However, the r e l a t i v e  
umbers o f  u - tubu l i n  and p4-30 gene copies as we l l  as the  apparent r e l a t i v e  ra te  o f  RWA 
ransc r ip t i on  are s i m i l a r  i n  both c e l l  types. These data suggest t ha t  the r e l a t i v e  leve ls  
f the  u - tubu l i n  and p4-30 RNAs i n  the  nucleus and cytoplasm depend on the  r e l a t i v e  
t a b l l i t y  o f  t he  two RNAs and not on the  r e l a t i v e  ra te  o f  t ranscr ip t ion.  This i n te rp re ta -  
i o n  i s  supported by the f a s t e r  disappearance o f  the two RNA species r e l a t i v e  t o  other 
NAs from act inoayc in D-treated PYS-2 ce l l s .  

The r e l a t i v e  l eve l s  o f  a - tubu l i n  and p4-30 RNAs I n  

09% 
In order o e e ne t e structural features which influence gene expression, comparisons 
have been made between Immediate-Early(1E) and Delayed-Early(DE) genes from Herpesvirus. 
These structural features include poly A site, removal of splice sites, influence of enhancirg 
elements, formation of hybrid proteins and upstream putative control elements. In order to 
normalize the system, the structural gene fbr human 6 interferon(1FN) was inserted after the 
IE/DE herpesvirus promoters. Whereas the thymidine kinase(Tk)-IFN construction (HSV-DE) syn- 
thesizel90U/ml 6 IFN after microinjection into oocytes, the IE175-IFN (HSV-IE) and the 
IE94-IFN (CMV-IE) hybrid constructions synthesized 2000and lE.OOOU/ml IFN, respectively. Con- 
stitutive synthesis of 6 IFN in Ltk+ cells transfected with these hybrid genes does not cor- 
relate with the expression observed in oocytes, suggesting that either genomic integration or 
cellular factors effect expression. However, all three hybrid genes are inducible after super 
infection with wild-type HSV-1, (Tk-IFN, lOOOU/ml; RSV IE175-IFN, 3500U/ml; CMV IE94-IFN, 
1350U/ml). IE175-IFN is inducible by pre-IE factor whereas the Tk-IFN requires expression of 
IE genes. The mechanism of induction of CMV IE94-IFN is still to be determined. Removal of 
SV40 enhancing elements from QlV IE94-IFN demonstrated little effect on expression in oocytes. 
whereas removal of the splice site in the 5' leader sequence, construction of a plasmid with- 
out formation of a hybrid protein and changing the poly A site from SV40 poly A to the CMV 
endogenous poly A in CMV IE94-IFN results in a 10-fold enhanced expression of 6 IFN in 
oocytes when compared to the unmodified CMV IE94-IFN. 

WCTERIZATION OF PROMOTER STRENGTH h INDUCIBILI'MBY HYBRID GENE CONSTRUCTION, J.D. 
Mosca, K-T. Jeang, G.S. Hayward and P.M. Pitha, The Johns Hopkins Un. School of Med., 
Ba$tirfehy 2fi205 

Gene Structure I I  

0939 BOVINE ESTROGEN RECEPTOR BINDS CHROMATIN AT PRE-EXISTING NKLEASE HYPERSENSITIVE 
SITES, Karen Prat t ,  James V. Wierowski, Russell H i l f  and Robert A. Bambara, Dept. 

o f  Biochemistry and Cancer Center, Un ive rs i t y  o f  Rochester Medical Center, Rochester, 
N.Y. 14642 and Laboratory o f  Molecular Carcinogenesis, National Cancer I n s t i t u t e ,  NIH,  
Bethesda, M) 20205 

P a r t i a l l y  p u r i f i e d  estrogen receptor prepared fran h e i f e r  u t e r i n e  cytosol, and labe l l ed  
I n  v l t r o  w i t h  t r i t i a t e d  es t rad io l ,  was used t o  l oca te  receptor b ind ing s i t e s  i n  t a r g e t  
a n d t a r g e t  nuc le i  f r a n  various bovine tissues. Nucle i  were digested to various 
extents  w i t h  bovine pancreatic deoxyribonuclease 1. micrococcal nuclease. o r  endogenous 
nuclease and then assessed f o r  t h e i r  a b i l i t y  t o  b ind charged estrogen receptor. A f t e r  
very b r i e f  d igest ion wi th  DNase I ,  such t h a t  on l y  hypersensit ive s i t e s  were cleaved, 
c a l f  uterus nuc le i  were no longer able to bind estrogen receptor. B r i e f  d igests  w i t h  
micrococcal nuclease o r  endogenous nuclease, such t h a t  most DNA was s t i l l  o f  polynucleo- 
soma1 length, e l iminated the binding a b i l i t y  o f  a l l  nuc le i  types assqyed. These r e s u l t s  
suggest t h a t  estrogen receptor binds t o  pre-exi s t i n g  nuclease hypersensi t ive s i t es .  
Since nuclease hypersensit ive s i t e s  occur i n  regulatory  regions o f  a c t i v e l y  t ranscr ibed 
genes, i nc lud ing  estrogen induc ib le  genes, b ind ing o f  estrogen receptor a t  these s i t es ,  
i n  vivo, may be pa r t  o f  the mechanism by vhich t r a n s c r i p t i o n  i s  Induced. 

- 

-- 
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NUCLEOPR0TEIN:DNA HYBRIDIZATION AS A METHOD FOR ISOLATING SPECIFIC GENES AS CHROMATIN. 0940 John P. Langmore and Jerry L. Workman, University of Michigan, Ann Arbor, MI 48109. 
Singie lukaryotic genes can be isolated as discrete high molecular weight chromatin fragments, 
based upon the fact that the termini of such target fragments are able to hybridize to comple- 
mentary DNA. Firat, a piece of the desired genetic element is a) cloned, b) cut with a re- 
striction endonuclease, c) trimmed with a 3 '  specific exonuclease in order to  expose a few 
hundred specific bases and d) wrcurated. Then the chromatin is prepared by a) efficiently 
restricting the nuclei with the same endonuclease used t o  prepare the probe, b) prefractionat- 
ing the solubilized restriction fragments according to size on a glycerol gradient and c) di- 
gesting the prefractionated chromatin with a 5' specific exonuclease. This chromatin is then 
incubated with an excess amount of mercurated probe for several hours at 37OC in O.IM NaCl in 
order t o  hybridize the termini of the targets with the complementary termini of the probe. 
The probe and probe:target hybrids are subsequently immobilized on a sulfhydryl Sepharose 
column and specifically eluted with Z-raercaptoethanol. The techniques have been developed us- 
ing SV40 minichromosomes as a model eukaryotic target. lOOOX purification of minichromosomes 
from a mixture with embryonic chicken chromatin has been achieved. The nuc1eoprotein:DNA hy- 
bridization step alone provided 150X enrichment of Rinichromosomes. 

The early histone genes of S. purpuratus are now being isolated. erefractionation on gly- 
cerol gradients have achieved about 22X enrichment of the 6.5 kb histone repeat. 
t i o n  of these fragments with mercurated probe should be capable of yielding 100 ng quantities 
of histone gene chromatin for study of the regulation of these genes during embryogenesis. 
Single-copy regulatory proteins on such fragments should be detectable. 

Eybridiza- 

0941 
The multigene family which codes for the mouse major urinary proteins (MUPs) 
consists of about 35 genes. Most of these are members of two different 
groups, Group 1 and Group 2 ,  which can be distinguished by nucleic acid 
hybridisation. The mouse genome contains approximately equal numbers (15) of 
Group 1 and Group 2 genes and most, if not all, of these are located on 
chromosome 4 .  Here we describe the chromosomal organisation of the MUP gene 
complex. We show by 'chromosome walking' that Group 1 and Group 2 genes are 
linked to each other in a head to head fashion, with 13 Kb of DNA between the 
two 5' ends of the genes. We also show that MUP genes are linked to each 
other in a tail to tail fashion, and that there is approximately 24 Kb 
separating the 3 '  ends of two genes. Overall the MUF' gene cluster(s) accounts 
for at least 650 Kb of mouse chromosomal DNA. 

CHROMOSOME ORGANISATION OF THE MOUSE MAJOR URINARY PROTEIN GENE COMPLEX 
A.J. Clark and J.O. Bishop, University of Edinburgh, Edinburgh EH9 3JN 

0942 
Joramiatigorsky, Laboratory of Molecular and Developmental Biology, National Eye Institute, 
National Institutes of Health, Bethesda, MD 20205 
The crystallins comprise four families (a, 6, y and 6) of proteins in the eye lens. The 
6-crystallins are confined to birds and reptiles while the a-crystallins are ubiquitous. In 
the chicken, &-crystallin gene expression begins at lens induction and ceases 3-5 months 
after hatching; by contrast, a-crystallin gene expression begins later in development and 
continues during lens maturation. Moreover, the spatial distributions of 6- and a-crystallin 
differ within the lens and change during development. We have characterized the &-crystallin 
gene locus and one of the a-crystallin genes in the chicken. There is one 6- and one d-crys- 
tallin locus per haploid genome. The 6-crystallin locus has been analyzed by blot hybridiza- 
tion, R-looping and partial DNA sequencing over a continous stretch of 50 Kb. There are two 
&-crystallin genes, 4.2 Kb apart, which are 6.2 Kb (61, upstream) and 9.0 Kb (62, downstream) 
in length. Both genes have a similar polarity of transcription and a similar structure with 
at least 18 exons and 17 introns. Four 6-crystallin restriction polymorphisms have been 
isolated from three different sources of chicken DNA. Analysis of b-crystall in cDNAs estab- 
lished that 61 produces mRNA.No direct evidence has been obtained yet for the production of 
62 mRNA. The d-crystallin gene has been isolated on a 20 Kb stretch of DNA and analyzed as 
61 and 62. Particular attention is being given to the 5' flanking regions of these two gene 
loci in order to gain insight into the basis of their sequential and developmental regulation. 

6- AND a-CRYSTALLIN GENES OF THE CHICKEN: STRUCTURE OF TWO DEVELOPMENTALLY REGULATED 
GENE LOCI, James W. Hawkins, John M. Nickerson, Teresa Borr&, Charles R. King and 
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INSERTIM OF AN INTEBPEBED SHORT REPETITIVE SEQUENCE IN A GENE OF ME SEA URCHIN 
S. DRCBAMIENSIS, Steven A. Johnson, E r i c  H. Davldson. Roy J. E r l t t en ,  Ca l l f o rn la  
I n s t i t u t e  o f  Technology. Pasadena, CA 91125 

0943 

h p a r l s o n  has been made o f  t he  M A  between the  sea urchlns Strongylocentrotus purpuratus (Sp.?) 
and Strongylocentrotus drobachlensls (Sd.) f o r  t h e  reglon o f  a gene (Sp88)  whlch Is 
t ranscr ibed t o  y l e l d  a rare-class message I n  maternal RHA. A sho r t  r e p e t l t l v e  sequence Is 
present I n  Sd. bu t  absent f ra Sp. near the 5' terinlnus o f  t he  t ranscr lbed reglon. 
I m e d l a t e  reglon was sequenced I n  both specles. An 8 nucleot lde S. purpuratus sequence Is 
p e r f e c t l y  duplicated a t  both ends of t h e  repeat I n  S. drobachlensls, suggestlng t h a t  t h e  
repeat Is moblle and was Inser ted I n  the  Sd. genae. Other members o f  t h l s  faml ly  of 
repeated sequences occur I n  many Interspersed locations I n  the  g e n m s  o f  both specles. 

The 

SERUM AMYLOID A GENE STRUCTURE AND EXPRESSION; GENE CONVERSION, C l i f fo rd  Lowell and 0944 John Morrow, The Johns Hopkins Univ. School of Medicine, Baltimore,  MD 21205 
Serum amyloid A (SAA) is a plasma l i p o p r o t e i n  produced by the  l i v e r  i n  response t o  
inflammatory s t r e s s  (endotoxemia o r  tissue i n j u r y ) .  In mice, plasma SAA l e v e l s  i nc rease  a t  
least 50 f o l d  within 24 h r s  a f t e r  induct ion while l i v e r  SAA mRNA inc reases  500 fo ld .  To 
s tudy SAA t i s s u e  s p e c i f i c  expression and induc t ion ,  we have obtained genomic clones fo r  t h e  
t h r e e  genes,  and a pseudogene, t h a t  make up t h e  murine SAA gene family.  Two of the genes are 
96% homologous over t h e i r  e n t i r e  l eng th  (2.5kb), including in t e rven ing  sequences (IVS), with 
a s imi l a r  degree o t  homology extending 300bp 5' and 420bp 3' t o  the  genes. This extensive 
homology i s  probably the r e s u l t  of gene conversion between these tw SAA genes. The 3rd SAA 
gene has t h e  same intron/exon s t r u c t u r e  as the converted pair, but is only 73% homologous in 
t he  coding r eg ions ,  and has nonhomologous 5'13' un t rans l a t ed  r eg ions  and IVS. Using probes 
constructed from 3' un t r ans l a t ed  r eg ions ,  we have found t h a t  a l l  t h ree  genes a r e  expressed to 
approximately the  same l e v e l  and with similar k i n e t i c s  in response to induct ion.  Mature SAA 
mRNA appears  i n  the  l i v e r  3 hrs a f t e r  i nduc t ion ,  peaks a t  12 h r s  (1% of p l y  A+ RNA) and 
begins to  decay 24 h r s  post-induction. Comparison of the upstream sequences of t he  
homologous genes with the  d i s t a n t l y  r e l a t e d  gene r e v e a l s  a 16bp homology, which may play a 
r o l e  in t he  coordinate  expression of t hese  genes. SAA mRNA l e v e l s  a r e  under t r a n s c r i p t i o n a l  
c o n t r o l ,  as measured by t r a n s c r i p t i o n  in i s o l a t e d  l i v e r  c e l l  nuc le i .  The t r a n s c r i p t i o n a l  
response is exceedingly r ap id ,  reaching a peak 3 h r s  post-induction ( 9  h t s  before  mKNA l e v e l s  
peak) and f a l l i n g  a t  9 hrs .  All t h r e e  genes are t r ansc r ibed  w i t h  t he  same e f f i c i ency .  We 
are using nuclear  t r a n s c r i p t i o n  to  i n v e s t i g a t e  the mechanism of SAA i n d u c t i s  

ow5 YEAST MEAT SKOCK GENES ARE SUBJECT TO SEVERAL TYPES OF REGULATION, Thomas J. 
McGarry, Stephen E. Kwtz ,  Lawrence Petko, and Susan Llndqulst.  The Un lve rs l t y  o f  
Chlcago, Chlcago. 1 I I l n o l s  60637. 

In  yeast, a temperature s h l f t  fran 25°C t o  38OC causes t h e  coordlnate Induct lon 
of a smal I number o f  protelns, t h e  heat shock protelns. w h l l e  the synthesls o f  most 
o ther  p ro te lns  Is dlmlnlshed. Although s l m l l a r  heat shock responses have been des- 
c r l bed  I n  many organisms, the  exact funct lon o f  t he  heat shock prote lns Is unclear. 
We have found t h a t  t h e  heat shock genes a re  a lso  developmental ly regulated and are 
expressed a t  25OC d u r l n g  c e r t a l n  s tages  o f  t h e  y e a s t  I I f e  cyc le .  A n a l y s l s  o f  
p u r l f l e d  RNA by Lo u l i m  t r a n s l a t l o n  and N o r t h e r n  b l o t s  showed l n d u c t l o n  o f  h e a t  
shock p r o t e l n s  d u r l n g  t h e  s t a t l o n a r y  phase o f  v e g e t a t i v e  growth and d u r i n g  
s p o r u l a t l o n .  I n  c o n t r a s t  t o  t h e  h e a t  Induct lon,  spo ru la t l ng  cel Is syntheslze t h e  
v a r l o u s  p r o t e l n s  I n  a d e f l n l t e  tempora l  order, sugges t lng  t h a t  each h e a t  shock 
p ro te ln  Is Independently regulated. We have I s o l a t e d  g e n a l c  c lones f o r  t h e  yeast 
heat shock protelns. Recanblnant lambda-phages conta Ing Inse r t s  o f  yeast DNA were 
screened by d l f f e r e n t l a l  p laque  h y b r l d l r a t l o n  t o  jS-P l a b e l  l e d  cDNAs fran h e a t  
shocked and contro l  ce l  Is. Subclones fran the  heat-Induclble phages were used t o  
p u r l f y  h e a t  shock mRNAs by h y b r l d l z a t l o n  s e l e c t l o n ,  and t h e  p r o d u c t s  o f  t h e s e  
messages were l d e n t l f l e d  by lo rLtrp We are uslng the  c lones t o  create 
mutatlons I n  t h e  heat shock genes I n  order t o  c l a r l f y  t h e l r  role I n  normal growth and 
development. 

t rans la t l on .  
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CHARACTERIZATION OF A TRANSCRIPTION FACTOR ISOLATED BY EQUILIBRIUM DNA AFFINITY 
COLUMN CRROMATOGRAPHY USING PROMOTER DNA, Ming-Jer Tsai, Michael A. Sanzo, Sophia Y. 
Tsai and Bert W. O'blley. Department of Cell Biology, Baylor College of Medicine, 
Houston, TX 77030. 

A DNA affinity column containing a concatemer of the 5'-flanking sequence of the ovalbumin 
gene was used to purify a transcription factor from partially fractionated total chick ovi- 
duct cellular extracts [Tsai %&., J. Biol. Chem. 256:13055 (198111. We have identified a 
fraction which bound specifically to this promoter DNA column. This fraction showed a clear 
preference for the cloned 5'-flanking sequence of the ovalbumin gene as compared to pBR322 
sequences when examined by nitrocellulose filter binding assays. When this fraction was 
used in an in vitro transcription assay using a truncated ovalbumin DNA template and 
reconstitutedRe~11 transcriptional components it stimulated the specific initiation of 
synthesis of ovalbumin RNA. The stimulating activity was found to be heat stable but 
sensitive to trypsin digestion. Therefore, a protein factor presumably is responsible for 
the stimulatory activity. The stimulation factor is not specific for the ovalbumin gene 
promoter since it also enhanced chick globin gene transcription. Finally, this stimulation 
factor also increased total RNA synthesis by calf thymus RNA polymerase when native chick 
DNA was used as a template. These results demonstrate that we were successful in using DNA- 
affiaity column to purify a DNA-specific binding protein which maintained a functioning 
transcriptional activity. 

0946 

MULTIPLE TROPONIN T PROTEINS ENCODED BY A SINGLE GENE. DEVELOPMENT AND TISSUE-SPECIFIC 0947 mGUuTION BY DIFFERENTIAL M A  SPLICING. H.T.Nguyen, R.M. Medford, A.T. Destree, N. 
Ruiz-Opazo, E. Summers and B. Nadal-Ginard, Dept. of Pediatrics, Harvard MedicalSchool 
Dept. of Cardiology, Children's Hospital, Boston, MA 02115. 

Troponin T (TnT) is one of the major regulatory proteins of the striated muscle apparatus. 
Immunological studies and peptide mapping analyses indicate that there are several tissue- 
specific isoforms of TnT. Two forms of TnT are found in skeletal muscle. We used thetechniques 
of S1 nuclease mapping and DNA sequencing of TnT lambda genomic and TnT cDNA clones to deter- 
mine precisely the nature of TnT polymorphism in skeletal muscle. From S1 nuclease mapping, 
two isofoms of TnT, differing in an internal peptide near the COOH-terminus, are identified 
in rat skeletal muscle. The expression of these two isofoms is tissue-specific and develop- 
mentally-regulated. Southern blotting analyses, however, show that there is only a single TnT 
gene in the rat genome. Analysis of the isolated TnT gene shows that within a 3kb region of 
the TnT gene, termed the isotype switch regiOn(1SR). there are two separate exons (wand B - ) ,  
that code for structurally distinct peptides covering the same region of the TnT protein. 
These results represent the first demonstration of the interchangeability of exons contribu- 
ting to the heterogeneity of a protein. Moreover, a unique type of "choice-discard'' mechanism 
of differential RNA processing must be invoked to account for the developmentally-regulated 
formation of mature ci- or 8- TnT mlUiA. The NHZ-terminus of TnT exhibits even greaterstructural 
heterogeneity. 4 classes of TnT cDNA clones were isolated, each encoding a different NH2-ter- 
minal peptide sequence. The mode of regulation of the developmentally-controlled-expression of 
these TnT isofoms is under analysis. 

094 TXR SlBIlcToBE AND EVOLIJTION OF 'IBE DROSOPHILA HSP82 GENB, Ronald K. Blachuan 
and Matthew Meselson, Harvard University, Cambridge, MA 02139 

We have sequenced the gene encoding the 82,000 dalton heat shock protein (hsp82) from 
four species of Drosophila: melanogaster, simulans, pseudoobscura, and virilis. Alto- 
lether, 14,000 nucleotides were identified. In the distantly-related Drosophila species 
pairs. 30% of the codons contain nucleotide substitutions although the mino acid sequences 
have diverged by only 1.1-3.2%. 
amino acid region which lies within an unusually polar domain of-the hsp82 protein. n o  
closely-related species, melanogaster and simulans. have identical amino acid sequences. 

oonaerved in all fonr species. Within this region is the TATA motif and, of great interest 
a conserved sequence of 28 bp which contains multiple dyad symmetries. 
includes the 14 bp element which regulates the heat-induced expression of the hsp7O gene 
(Pelham and Bienz. EMBO J., 1, 1473, 1982). In pseudoobscura, the -130 to -20 region is 
directly repeated with 90% fidelity at positions -830 to -720. However, the TATA motif of 
this repeated element has been changed at three of its seven positions and there is no evi- 
dence for an additional transcription unit in this region. The other three species do not 
contain repeats of this sequence. Another transcription unit, designated 63BC-T3, lies 
about 650 bp from the 5 '  end of the hsp82 gene in melanogaster and simnlans. This gene is 
not induced by heat shock and is transcribed divergently from the hsp82 gene. 

Half of the amino acid changes have occurred within a 15 

The DNA sequence between the start of transcription and nucleotide -130 is generally 

This DNA sequence 
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SITE-SPECIFIC PHASING IN THE N@iXiECRIBED REGIOm OF ?HE rIJM (3IROMATIN OF 
DIClYETELIUM DISCOIDELM. 
Cf California, sari 3 iego, La Jolla, CA 92093 

C.A. Edwards and R.A. Firtel, Department of Biology, Univ. 

TheCN.4 in Dict ostelim is organized in linear, extrachromosomal, palindromic dimers with 
2 coding regio-repeat. The dimers are repeated about 90 t m s  per haploid genome. 
Using indirect end-labeling, we have mapped micrococcal nuclease and DNase I-sensitive sites 
in both coding and noncoding regions. 
observe specific phasing of nuclease-sensitive sites relative to the underlying DNA sequence. 
Canparison of the sites in chromatin with those in naked DNA reveals a striking pattern: the 
sites in naked DNA that are most readily attacked by both nucleases are precisely the sane 
sites that are most protected in chromtin. 
repeating pattern much like that observed for bulk chromatin. 

We have also examined the effect of increasing salt concentration on nucfease-sengitive 
sites in chromatin. 
data are consistent with the presence of nucleosnnes. 
phasing in spacer regions in which the sequence preferences of micrococcal nuclease and Dkse 
I may be useful tools in predicting nucleosome lacement. We are currently examining the 
chromatin organization in other regions of the kkctyostelium genome. 

In at least 40 kb of the nonccding spacer region, we 

The coding region shows a regular, 180 bp 

Although not all of these exhibit a regularly repeating pattern, these 
These results support a model for 

STRUCTURE AND ORGANIZATION OF HUMAN y CRYSTALLIN GENES. 09% TSUI, Genetics Department, Research I n s t i t u t e .  
Department of Medical Genetics, University of Toronto, Toronto, Ontario M5G 1x8 Canada. 

Crys ta l l ine  c o n s t i t u t e  about 90% of t h e  soluble  pro te in  of t h e  ver tebra te  eye lens  and are 
developmentally regulated.  
i n t o  3 c lasses ,  a ,  6. and y, each of which comprises severa l  c lose ly  r e l a t e d  polypeptides. We 
have used a mouse y-crys ta l l in  cDNA (Shinohara e t  a l ,  1983) t o  i d e n t i f y  and charac te r ize  cor- 
responding members of t h e  human y-crys ta l l in  gene family. Using t h e  mouse cDNA as a probe, 8 
EcoRI fragments were detected in s b l o t  ana lys i s  of human DNA. Five of these fragments were 
subsequently recovered i n  recombinant phages following screening of a human XCMA l i b r a r y .  
Detailed phage analyses  revealed tha t  these  5 EcoRI fragments encompassed 5 very s imi la r  but 
d i s t i n c t  y- genes. Three of these  genes were contained i n  overlapping phages spanning approx- 
imately 25  kb, ind ica t ing  c lus te r ing  within t h e  gene family. Sequence ana lys i s  of one of t h e  
genes revealed that it consis ted of a short  5' exon followed by 2 major exons, each of which 
encodes 2 of t h e  4 re la ted  s t r u c t u r a l  motifs  of t h e  predicted polypeptide. Furthermore. this 
y-crystal l in  shares  extensive amino ac id  sequence homology with a human 6-crystal l in  (our 
unpublished d a t a ) ,  although t h e  genes encoding these  2 pro te ins  a r e  considerably d i f f e r e n t  i n  
s t r u c t u r e  and nucleot ide sequence. 
6 and y c r y s t a l l i n  genes evolved from a colomon ances t ra l  sequence by divergent pathways of 
exon duplicat ion.  However, comparison of t h e  human 6 and y-crystal l in  genes has revealed 
conserved sequences which might be important f o r  expression of these  lens-specif ic  genes. 

Martin Breitman and Lap-Chee 
The Hospital f o r  Sick Children and 

I n  mamals, these  evolut ionari ly  conserved pro te ins  are divided 

These observations a r e  consis tent  wlth a model i n  which 

0951 

We have obtained a partial anino acid sequence of highly prified hrman erythrcpoietin 
(Epo). miorrs suitable for synthesis of DNA p m k s  were identified and mixed 
oligomcleotide probes correspodirg to these mgiom were prepared. Kidneys &tained 
fmn nrmkeys treated with phenyltydrazine were used as a m r c e  of Epo mmA. 
analysis, usirg antibodies directed qlairrst hrman Epo, demmtrated a high level of EPO in 
the senm of pheryltydrazine treated nonkeys. 
described h e ,  was performed on kidney poly A+=. 
IhlA was extracted fran the anaic mrtkeys induced to produce ER) hut not fran control 
monkeys. 
d a 20 mclectide probe. 

CL(1NIffi CF 'IHE MDN(EY EWTHRXQIETIN GENE. F.K. Lin, C. H. Lin, P. t i .  Lai, J. 
Egrie, G. Goldwasseer, F. F. warg and M. Castro, h G e n ,  Thousand Oaks. California. 

RIA 

Northern analysis, using the probes 
Positive results w e r e  obtained when 

A mnkey cDElA library was prepared and screened with a mixture ,of 128 sequences 
several putative Epo clones have been identified. 
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APPLICATION OF A DIRECT GENOMIC SEQUENCIIIG METHOD TO MOUSE Osr IMMUNOGLOBULIN GENE METHYLATION AND DNA-PROTEIN INTEWCTIONS . 
George  M .  C h u r c h ,  H a r r y  N i c k ,  a n d  Walter G i l b e r t ,  Bioloqical L a b o r a t o r i e s ,  
H a r v a r d  U n i v e r s i t y ,  C a m b r i d g e ,  MA 02138. 

Direct s e q u e n c i n g  o f  genomic  DNA allows d e t e n r i n a t i o n  o f  c y t i d i n e  
m e t h y l a t i o n  b y  h y d r a z i n e  r e a c t i v i t y  a n d  s i tes  o f  DNA c o n t a c t  w i t h  p r o t e i n s  
u s i n g  d i m e t h y l  s u l f a t e  t r e a t m e n t  o f  i n t a c t  cel ls .  A d e n a t u r i n q  g e l  
separates by s i z e  m i x t u r e s  o f  u n l a b e l e d  DNA f r a g m e n t s  f rom complete 
r e s t r i c t i o n  a n d  p a r t i a l  c h e m i c a l  c l e a v a g e s  o f  t h e  e n t i r e  genome. T h e s e  
l a n e s  o f  DNA a re  t r a n s f e r r e d  a n d  W - c r o s s l i n k e d  t o  n y l o n  memtranes .  
H y b r i d i z a t i o n  w i t h  a s h o r t  32-P l a b e l e d  s i n g l e - s t r a n d e d  probe p r o d u c e s  
t h e  image  o f  a DNA s e q u e n c i n g  l a d d e r  e x t e n d i n g  f r o m  t h e  3 '  o r  5 '  e n d  o f  
one r e s t r i c t i o n  s i t e  i n  t h e  genome. Numerous d i f f e r e n t  s e q u e n c e s  c a n  be 
o b t a i n e d  f r o m  a s i n g l e  membrane b y  r e p r o b i n q .  S e q u e n c e  d a t a  f o r  mouse 
i m m u n o g l o b u l i n  h e a v y  c h a i n  g e n e s  f rom several d i f f e r e n t i a t e d  cel l  t y p e s  
w i l l  b e  p r e s e n t e d .  

0953 A UNIQUELY CONSERVED POLYPEPTIDE BETWEEN COWS AND BLOWFLIES SUGGESTS HORIZONTAL 
TRANSFER OF GENETIC INFORMATION, Alan Thorpe, London University, London E l  4NS, T i m  
Hunkapiller and Lee Hood, Cal i fornia  I n s t i t u t e  of Technology, Pasadena, CA 91125 

A 32-residue peptide i so la ted  from the  pancreas has been i so la ted  and sequenced from 
various mamala (human, cow, sheep and pig)  as well ae a possibly re la ted  sequence from 
chickens. The mammalian sequences d i f f e r  one t o  two residues between any two example and 
t h e  chicken sequence is about 45% s imi la r  t o  t h e  mammalian. The function of pancreat ic  
polypeptide (PP) is unknown, but it appears t o  have regulatory e f f e c t s  on gastroaecretory 
functions. Using a bovine PP-specific en t i se ra ,  an ant igenical ly  s imi la r  peptide was 
detected i n  the heads of blowflies. When i so la ted  and sequenced it was found t o  be 
ident ica l  t o  bovine PP. Such conaervation is surpr i s ing  given the  divergence between the  
mammalian and avian sequences and the extreme evolutionary dis tance between c o w  and 
blowflies. This conservation along with the  p a r a s i t i c  re la t ionship  of blowfl ies  t o  bovines 
suggests the s t rong p o s s i b i l i t y  of a bovine t o  blowfly horizontal  t r a n s f e r  of genet ic  
information along with its regulated expression. Using synthe t ic  oligonucleotide probes 
derived from the  possible  PP coding sequences, we are  now attempting t o  i s o l a t e  the  
a p p r q x i a t s  genes from cow and blowfly. Comparisons a t  the  DNA leve l  should answer the  
question of horizontal  t r a n s f e r  and, i f  pos i t ive ,  perhaps ind ica te  something regarding the  
sequences tha t  were involved. 

THE CONSTRUCTION OF NUCLEOSOMES FROM DEFINED DNA SEQUENCES OF REGULATORY INTEREST, 
Gad Yagil and Roni Seger, Department of Cel l  Biology, The Weizmann I n s t i t u t e  of 09% 

Science, Rehovot 76100, I s r a e l  
There i s  increasing evidence t h a t  DNA sequences recognized by regulatory molecules may have a 
reduced tendency t o  form nucleosomes under appropriate physiological conditions. 
a r i ses  whether t h i s  is  because these regulatory DNA sequences have an innate  reduced a f f i n i t y  
t o  his tone octamers, o r  whether more s p e c i f i c  proteins  d isp lace  the  his tone cores from the  
DNA sequences. To examine t h i s  quest ion,  we have recons t i tu ted  n u c l e w m e  cores f r a o  severa: 
defined pieces  of prokaryot ic  and eukaryotic DNA, including the  or ig ins  of  rep l ica t ion  o f  
both PBR322 and SV40 u t i l i z i n g  t h e  salt gradient  procedure of Tatchel l  and Van Holde. A l l  
the  defined pieces examined do form nucleosomes, as manifested by t h e i r  sedimentation r a t e  
through sucrose, and t h e i r  DNAse I digest ion pat terns .  The y ie lds  a r e  however low compared 
with t h e  nucleosome cores recons t i tu ted  from 146 bp c a l f  thymus DNA and chicken erythrocyte  
core his tones;  t h i s  is probably connected with r e l a t i v e l y  low concentration of t h e  defined 
sequences employed. 
long) ind ica tes  hmvever t h e  regulatory DNA regions do not have a reduced tendency t o  be 
packaged i n  nucleosomes . 

The question 

The equal y ie lds  from a l l  DNA sequences examined (between 141 and 175 bp 
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Gene Expression I! 
ESTRADIOL INDUCES DNA SYNTHESIS WHICH IS REQUIRED FOR MAXIMAL PRODUCTION OF 
VITELLOGENIN I N  XENOPUS LIVER PARENCHYMAL CELLS. Barry S.  Aprison and Lawrence J .  
Wangh, Department of Biology, Brandeis Un ive r s i ty ,  Waltham, MA 02254 

m5 
Primary c u l t u r e s  of p u r i f i e d  a d u l t  male Xenopus l i v e r  parenchymal c e l l s  were e s t a b l i s h e d  and 
maintained f o r  more than one week i n  a s e r u n r f r e e  medium. 
v i t e l l o g e n i n  i n  response t o  e s t r a d i o l  at concentrat ions g r e a t e r  than 10 M. Cultured c e l l s  
a l s o  synthesized DNA i n  an es t rogen  dependent manner. As revealed by autoradiography an 

of t h e  cel s i n  c o n t r o l  c u l t u r e s  and 29.1? 0.9% of those  i n  e s t r a d i o l  
t u r e s  had H-thymidine l a b e l l e d  nuc le i .  Within 48 hours  of adding t h e  
-thymidine inco rpora t ion  i n t o  DNA measured 4 fo ld  and t h e r e  w a s  a 20% 

i n c r e a s e  i n  t h e  t o t a l  amount of DNA p e r  c u l t u r e .  S t e r o i d  enhancement of DNA s y n t h e s i  i s  
e s t rogen  s p e c i f i c ,  s i n c e  proqesterone and 54-dihydrotestosterone f a i l e d  t o  inc rease  'H- 
thymidine inco rpora t ion .  Tamoxifen, an an t i e s t rogen .  i n h i b i t e d  e s t r a d i o l  dependent DNA 
syn thes i s  and a l s o  i n h i b i t e d  t h e  induc t ion  of v i t e l l o g e n i n .  Cytosine arabinoside(araC) 
blocked a l l  DNA syn thes i s  in t h e s e  c u l t u r e s ,  but  d id  not i n h i b i t  e s t r a d i o l  i nduc t ion  of 
v i t e l l o g e n i n .  However, t h e  amount of v i t e l l o g e n i n  produced i n  t h e  presence of araC w a s  
reduced by 50%. Southern b l o t  ana lys i s  of genomic DNA showed es t rogen  d i d  no t  induce 
ampl i f i ca t ion  of t h e  v i t e l l o g e n i n  Al gene. Therefore ,  DNA s y n t h e s i s  is no t  required f o r  
i n i t i a l  i nduc t ion  bu t  is required f o r  maximal product ion of v i t e l l o g e n i n  i n  cu l tu red  
Xenopus l i v e r  parenchymal c e l l s .  

These cultureqOproduced 

4 

09% ANTI-SENSE TRANSCRIPTS DIMINISH THYMIDINE KINASE G!3NE EXPRESSION, 
Jonathan G. I z a n t ,  Fred Hutchinson Cancer Research Center ,  S e a t t l e ,  WA 98104. 

The p o t e n t i a l  of ant i -sense DNA s t r and  t r a n s c r i p t i o n  to  i n h i b i t  gene a c t i v i t y  by RNA duplex 
formation is  being inves t iga t ed  as a novel gene t i c  t o o l  f o r  i d e n t i f y i n g  and analyzing t h e  
c e l l u l a r  funct ions a s soc ia t ed  with cloned DNA sequences.  Excis ion of t h e  coding port ion of a 
cloned gene and r e i n s e r t i o n  of t he  same fragment i n  r eve r se  o r i e n t a t i o n  w i l l  r e s u l t  i n  t h e  
normal (o r  any o t h e r )  promoter d i r e c t i n g  t h e  t r a n s c r i p t i o n  of t he  nonsense DNA s t r a n d ,  thereby 
producing complementary sequence mRNA. When such f l i pped  gene cons t ruc t ions  of the Herpes 
Simplex v i r u s  thymidine k inase  (HSV TK) gene a r e  co-microinjected with the  wild type gene at  a 
1 O C : l  r a t i o .  t he re  i s  a r educ t ion  in  t h e  extent  and e f f i c i e n c y  of t r a n s i e n t  TK expression i n  
TK mouse L c e l l s :  The proport ion of v i ab le  c e l l s  with demonstrable TK a c t i v i t y  24 o r  48 
hours following i n j e c t i o n  drops to  an average of 9% as compared to  45% f o r  neighboring c e l l s  
co- injected with the  HSV TK gene and a 100 f o l d  excess  of con t ro l  plasmid containing e i t h e r  
promoter a lone ,  coding sequence a ne,  o r  pBR322. Futhermore, autoradiography of t h e  c e l l s  
e t i l l  expressing TK shows t h a t  'H-thymidine incorporat ion is  reduced. No desrease in  
v i a b i l i t y  i s  de t ec t ed  in  c e l l s  containing t h e  pu ta t ive  RNA duplexes.  TK- ,APRT L c e l l s  
cotransformed v i t h  APRT and f l i pped  TK gene cons t ruc t ions  have a reduced capac i ty  t o  express  
subsequently microinjected TK genes, suggest ing t h a t  t he  phenomenon is  due t o  a t r ans -  
i n h i b i t i o n  of TK, and is probably not  an a r t e f a c t  of rearrangements following microinject ion.  
Whereas, t he  presence of HSV TK anti-message has no e f f e c t  on the  expression of t he  
non-crosshybridizing chicken TK gene, prel iminary evidence suggests  t h a t  analogous ant  i -sense 
cons t ruc t ions  of the  chicken TK gene i n h i b i t  chicken but not HSV TK expression.  

0957 CHANGES I N  KERATIN GENE EXPRESSION DURING HORMONE INDUCE0 DIFFERENTIATION, Dennis R. 
Roop, NCI/NIH, Bethesda, F(D 20205. Mark S. Kronenberg and James H. Clark, Department 
o f  C e l l  Biology, Baylor College o f  Medicine, Houston, TX 77030. 

cDNA clones corresponding t o  t h e  major kerat ins synthesized i n  mouse epidermis, t h e  50, 5% 
and 60 kd ke ra t i ns  (synthesized i n  p r o l i f e r a t i n g  basal c e l l s )  and t h e  55, 59 and 67 kd kera- 
t i n s  (synthesized i n  te rm ina l l y  d i f f e r e n t i a t i n g  c e l l s )  have been used t o  study the expression 
o f  k e r a t i n  genes i n  vaginal epithelium. This ep i the l ium i s  o f  i n t e r e s t  because t h e  s ta te  o f  
d i f f e r e n t i a t i o n  and thus t h e  degree o f  ke ra t i n i za t i on  i s  hormone dependent and t h i s  al lows 
t h e  induct ion o f  k e r a t i n  gene expression t o  be studied i n  ovariectomized animals a f t &  
exposure t o  est rad io l .  
exposure t o  es t rad io l  i s  t h i n  and t h e  very low leve l  o f  expression o f  both subsets o f  k e r a t i n  
genes i n  these c e l l s  i s  cons is tent  w i t h  the  l o w  degree o f  ke ra t i n i za t i on  observed morpholog- 
i c a l l y .  There i s  a dramatic induct ion o f  t he  k e r a t i n  genes expressed i n  p r o l i f e r a t i n g  epi- 
dermal c e l l s  ( t he  50. 55b and 60 kd k e r a t l n  genes) w i t h i n  24 h r  a f t e r  exposure t o  est rad io l  
and t h i s  co r re la tes  w i t h  t h e  onset o f  p r o l i f e r a t i o n  i n  the vaginal e p i t h e l i a l  ce l l s .  The 
expression o f  t h e  k e r a t i n  genes expressed i n  d i f f e r e n t i a t i n g  epidermal c e l l s  ( t he  55, 59 
and 67 kd k e r a t i n  genes) on ly  becanes pronounced 48 h r  a f t e r  exposure t o  es t rad io l  and t h i s  
corre la tes w i t h  t h e  observation o f  s t r a t i f i c a t i o n  and ke ra t i n i za t i on  i n  t h e  epi the l ium a t  
t h i s  time. 
corre la ted w i t h  the  d i f f e r e n t i a t i o n  s ta te  o f  e p i t h e l i a l  c e l l s  and t h a t  there i s  a coordinate 
induct ion o f  t he  55, 59 and 67 kd k e r a t i n  genes dur ing terminal d i f f e r e n t i a t i o n .  

Vaginal ep i the l ium i so la ted  from ovariectomized animals p r i o r  t o  

These r e s u l t s  i nd i ca te  t h a t  expression o f  these subsets o f  k e r a t i n  genes i s  
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09% TISSUE-SPECIFIC EXPRESSION OF TYPE I COLLAGEN GENES. Sherrill L. Adams, Eileen S. 
ATT&ach and Richard J. Focht, University of Pennsylvania, Philadelphia, PA 19104 
The collagens are a large family of closely related extracellular matrix proteins 

whose synthesis is regulated in a tissue-specific way. For example, Type I collagen is 
synthesized at very high levels in bone and tendon, intermediate levels in skin, low 
levels in smooth muscle, and not at all in cartilage. We have examined the basis for 
this tissue-specific variation, using highly purified populations of primary cell 
cultures from tissues of chick embryos and have found that there are several parameters 
which determine this wide range of synthetic rates. (1) RNA levels differ considerably 
among the various cell types, indicating that the Type I collagen genes are probably 
transcribed at different rates. However, there is not a strict Correlation between the 
amount of mRNA and the rate of protein synthesis. (2) The Type I collagen mRNAs differ 
qualitatively from one cell type to another, due at least in .part to selection of 
alternative polyadenylation signals, giving rise to RNAs which differ by hundreds of 
nucleotides in the length of the 3' untranslated region. There is a very strong 
correlation between the type of transcript present and the translatability of the mRNAs. 
both in vivo and in vitro, implying that the 3' untranslated region may determine 
transFtionalefficKncy.3) In at least one type of cell we have examined, the Type I 
collagen mRNAs are present and can be translated in vitro; however, no synthesis of Type 
I collagen is observed in the intact cells, i n r c a m  that there may also be cell- 
specific factors required for recoqnition of the mRNAs. 

0959 TISSUE-SPECIFIC EXPRESSION OF TYROSINE AMINOTRANSFERASE, Lisa A. Balogh. hi-Lin Lee 
and Francis T. Kenney, Univ. Tenn.-Oak Ridge Grad. Sch. Biomed. Sci. and Biol. Div.. 
Oak Ridge Natl. Lab., Oak Ridge, TN 37330. 

Previous studies have shown that tyrosine amlnotransferase (TAT) activity is detected almost 
exclusively in the liver, but low levels of TAT are also reportedly present in kidney, brain, 
and heart. With the development of more sensitive methods for detection of enzyme and the 
isolation of a cDNA clone it has recently become possible to InvestiRate the mechanisms where- 
by TAT is expressed in one tissue and not another. 
of tissue-specific expression of TAT: liver (a known expresser), kidney (a proposed expresser) 
and testis (a proposed non-expresser). Using 2 parameters, presence-of'eRzpe=and transcripts, 
as our basis for study we have the following results: (1) Using the Briggs' assay for TAT we 
found the highest activity in liver, 20 to LO fold less activity in kidney, and barely detect- 
able activity in testis homogenates. (2) Utilizing western blot analysis of partially puri- 
fied TAT from each tissue we were able to detect TAT only in liver. (3)  Hybridot measurement 
of TAT sequences in total RNA showed sequences present in kidney nearly to the extent detected 
in liver, whereas a low level was detected in testis. (4) Northern blot analysis demonstrated 
that sequences detected in dot blot analyses were the same size as sequences in liver. (5) 
Hybridot measurement of sequences in total cytoplasmic RNA, however, indicated that the level 
of sequences in kidney was far below that seen in liver. while the level in testis was low as 
seen before. 
(Supported by NIH CA 09104 and U.S.D.O.E. under contract W-7405-eng-26 with Union Carbide Corpp 

We have selected 3 tissues for the study 

These data suggest several mechanisms for tissue-specific expression of TAT. 

0960 CYCLIC AMP INDUCTION OF TYROSINE AMINOTRANSFERASE: TRANSCRIPTIONAL OR TRANSLATIONAL 
REGULATION, Leslie A. Stringfellow, Kai-Lin Lee, and Francis T. Kenney, Univ. of Tenn. 
Oak Ridge Grad. Sch. of Biomed. Sci. and Biol. Div., Oak Ridge Natl. Lab., Oak Ridge, 

Cyclic AIW (CAW) increases the functional level of rat liver tyrosine aminotransferase (TAT), 
as assayed by in translation. This increase in mRNA activity could be due to either 
increased tranTation of an unchanged quantity of mRNA (by an increase in the rate of 
initiations/mRNA or an increased rate of elongation) or an increase in mRNA levels (either by 
'increased transcription or release of mRNA from arnon-translatable ~001). 
experiments which appear to rule out translational regulation of TAT by cA!Ip. 1. The 
translation elongation rate of TAT mRNA is unchanged by CAW treatment. We have not 
examined the rate of initiation. 
and thus does not appear to cause the movement of TAT mRNA from R I  particles into the 
polysome fraction. 3. cAtQ causes an increase in hybridizable TAT mRNA in total cellular RNA. 
cytoplasmic poly(A+) RNA, and nuclear Rt& preparations, which is concurrent with and 
completely accounts for the increase in translational activity of TAT mRNA. 
increases the quantity of TAT transcripts rather than improving their translational efficiency 
(Res. supported by NIH grant CA 09336 and by U.S. Dept. of Energy under contract W-7405-eng- 
26 with Union Carbide Corp.) 

TN 37830. 

We have performed 

2. C A R  increases TAT mRNA in all. cytoplasmic compartments 

Thus, CAW' 
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0961 
and Developmental Biology, National Eye Insti tute,  National Insti tutes of Health, Bethesda,MD. 

&Crystallin comprises 7040% of the protein synthesized i n  the developing chicken lens. 
6-Crystallin mRNA begins t o  accumulate during lens induction, is the predominant lens mRNA du- 
ring embryogenesis and dissappears 3-5 months a f t e r  hatching. There a re  two similar polypepti- 
des present in a ra t io  1:3 in the lens, and there are two linked &crystall in genes. The basis 
for  the different expression of the d-crystallin genes i s  not known. Here we present the fu l l -  
length sequence o f  a &crystall in cDNA and the sequence of the 5' regions of the d-crystallin 
genes. Interestingly, the &-crystall in cDNA has two possible translation in i t ia t ion  s i tes .  
Striking alterations i n  the ra t io  of synthesis of the two &-crystall in polypeptides as a func- 
tion of ion concentration, leave open the unconventional possibil i ty tha t  both AUG codons have 
the capacity to  in i t i a t e  translation. A 1.3 Kb fragment containing the promotor region of 
&-crystall in gene 1 has been sequenced. Characterization of th i s  region includes a CCAAT box, 
a TAAA box, the cap s i t e ,  and two exons, 34 and 63 bp respectively, separated by a 100 bp i n -  
tron. Translation i s  in i t ia ted  from sequences encoded i n  the second exon of the gene. Other 
interesting features of the &crystall in promotor include enhancer-like core sequences and 
stretches of alternating pyrimidines and purines. In i t ia l  sequences of the promtor region of 
gene 2 show many similari t ies t o  tha t  of gene 1. In v i t ro  transcriptional studies are being 
performed to  compare functional properties of the two &crystall in gene promtors. 

&-CRYSTALLIN GENE EXPRESSION IN THE EMBRYONIC CHICKEN LENS, Teresa Borras. John M. 
Nickerson, Jim W .  Hawkins, Gokul Das and Joram Piatigorsky, Laboratory of Molecular 

0962 DEVELOPENTAL OOKIROL OF ~-MANNosIDASE-l SYNTESTS D DISC[1IDEUn, 
George P. L i v i ,  James A. Cardelli,  Robert C. Hierendorf and Randall L. Dimond, 
University of Wisconsin, Hadison, WI 53706. 

The lysosanal enzyme h n n o s i d a s e - 1  (d_)uw) is one of the ea r l i e s t  deve lopn ta l ly  control- 
led gene products in pI discoidellll. h c c l o n a l  antibodies prepared against purified 4lW 
were used t o  analyze different enzyme forms synthesized &I YLVp (Hiererniorf e t  al., L 
BieL Ghem. 5878-5884, 1983) and to s tudy  developnental regulation of enzyme synthe- 
sis,  processing and s tab i l i ty .  d44Ah' is f i r s t  Synthesized as a large (140K) precursor 
protein which is modified and proteolytically processed to m t u m  enzyme with subunits of 
58K and 60K. The developnental increase in cellulardM!d ac t iv i ty  results fran an increase 
in  the relative r a t e  of Pe. EQYQ enzyme synthesis, which is subject t o  pre-translational 
control. Aggregation-def ic ien t  (AM?) &ants prematurely terminate the deve lomnta l  
accunulation of 4MAN activity indicating tha t  normal enzyme expression requires the propor 
f m t i o n i n g  of many developentally essential genes. This defect results from an enhanced 
r a t e  of enzyme inactivation which correlates with the fa i lure  t o  induce a developerentally 
controlled change i n  the post-translational modification system, affecting seve ra l  lysosc+ 
nml enzymes. A d i r e c t  screening f o r d m - d e f i c i e n t  m t a n t s  has genorated A G G  s t ra ins  with 
reduced rates of enzyre synthesis. One s t ra in  synthesizes no d e t e c t a b l e d m  protein and 
lmks fhc t iona l  &IAN mlwL. These mutants define a small nunber of very early develop 
mentally controlled genes required for  the induction of d&AN biosynthesis, same of which 
a m  involved i n  the post-translational modification or processing of the enzyme precursor. 

0963 THE STRUCTURE AND EXPRESSION OF A QUAIL TROPONIN C GENE, Peter C. Maisonpierre and 
Charles P. Eraerson, Jr., Dept. of Biology, Univ. of Virginia, Charlottesville. 22901 

Troponin C (TnC) is the calcium-binding subunit of the troponin complex in vertebrate stri- 
ated muscle. Where many contractile proteins are represented by different, muscle-type-speci- 
fic isoforms. TnC in cardiac and slow skeletal muscle has the same amino acid sequence - lead- 
ing Wilkinson (Eur. J. Biochem. 103. 179) to suggest that there is a single slow/cardiac TnC 
gene, We find that in quail there is indeed a single slow/cardiac TnC gene. This implies that, 
unique among other contractile protein genes, this TnC gene is subject to a means of dual 
regulation whereby it is expressed during the development of both heart and skeletal muscle. 
In order to examine the basis for this dual regulation we have used a 420 bp embryonic quail 
breast muscle cDNA (cC111). encoding a major portion of the slow/cardiac TnC. to isolate an 
homologous 13.8 kb quail genomic clone. This clone, X24B. has been partially sequenced. re- 
vealing three exons which are co-linear with corresponding regions in cClll and account for 
codons 19 through 140 of the 161 that encode the slow/cardiac TnC. So far, four introns have 
been found in the gene. Their relative size and placement within the codons for the well-de- 
fined calcium-binding domains show interesting similarities and differences with that describ- 
ed for a calmodulin gene. (Putkey =&. J. Biol. Chem. 258. 11864) We are now sequencing the 
promoter region ofA24B and comparing the sequence of cardiac- versus slow-TnC mRNA 5' non- 
translated regions in order to determine whether promoter structure, or more specifically. 
the choice between a separate cardiac- and a slow-specific promoter, serves as a basis for the 
dual activation of this TnC gene in developing heart and skeletal muscle. 
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DEVELOPMENTALLY LINKED TRANSCRIPTION OF THE SEX-LINKED ACTIN GENE IN DROSOPHILA 0%5 HEUNOGASTER, Ann Sodja. and Rasheeda S. Zafar. Department of Biological Sciences, 
Wayne State University. Detroit, Michigan, 47202. 

Actins perform a number of diverse and important functions in the development and life cycle 
of an organism. As a major component of nicrofilaments. actin influences the distribution of 
hnformational molecules during early development. Because of our interest in euksryotic gene 
regulation and how it influences a developing system, we have chosen t o  examine more closely 
the sex linked actin (5C3-4) expressed in embryogenesis and the sequences which surround it. 
pn order to establish how much of the actin mRNA is actually used in translation and to 
lletermine the unit(s) of transcription at 5C, we have analyzed by Northern blotting/hybridi- 
kations the poly A+ mRNA isolated from polyribosomes. We observe that the 3' end probe from 
6C gene which contains some transcribed but untranslrted actin specific sequences as w e l l  as 
8' adjacent sequence hybridizes in addition to the 2kb actin mRNA from which it is 
transcribed, to a smaller poly A$ BNA. This putative transcript does not cross-react with 
bctin coding probe. Hybridizations with the 3' end strand specific probe have shown that as 
expected, the transcript shares same orientation as the actin gene. The sequence appears to 
be unique on the genome. We are intrigued by its extreme vicinity t o  the actin gene and its 
Lpparent temporal coexpression with the 5C actin gene. We are mapping it more precisely on 
the DNA by S1 nuclease and are sequencing to locate putative regulatory signal sequences. We 
blan t o  test its translatability in an in vitro system. Ultimately. genetic analysis of the 
tegfon will be used to determine whether the short transcript plays a role in temporal and/or 
rpatial specificity of the particular actin gene. 

ORGANIZATION AND REGULATION OF THE ACTIN HULTIGENE FAMILY OF DICTYOSTELIUH DISCOIDEUM. 
Patricia Romans and Richard A. Firtel, UCSD, La Jolla, CA 9 2 0 7  0966 

Actin gene expression in the cellular slime mold Dictyostelium discoideum is differentially 
regulated during vegetative growth and throughout normal development as well as under a vari- 
ety of other physiological conditions. These genes constitute a family of approximately 20 
members, only a few of which are closely linked. 
been isolated and sequence analysis of the 5' and 3'non-translated flanking regions indicates 
subfamily homologies among them. 
rest, only two contain substitutions altering the predicted amino acid sequence in the regions 
examined. 
palindromic sequence families located in the region 100 to 200 base pairs 5' to the methionine 
initiation codon. 
actin gene may have zero, one, or two of these specific sequences whereas they have not been 
found associated with any of the other developmentally regulated genes examined in our labora- 
tory. The patternof expression during developmentof several of the actin genes has been exam- 
ined previously (1.2). Individual genes are differentially regulated both with respect to the 
timing and extent of expression. We are presently examining the expression of the remainder 
of the cloned genes during development and during prespore and prestalk cell differentiation. 
We will correlate specific expression patterns with the unusual conserved5' upstreamsequencer 
I. H. HcKeown and R.A. Firtel (1981). Cell 24, 799-807. 
2. M. McKeown and R.A. Firtel (1982). CSHSOB 46, 495-505. 

Genomic clones of I5 family members have 

Only tw or three of the 15 are pseudogenes, while of the 

The most unusual feature of the 5' flanking regions is a series of short G-C rich 

Overall, thls region has a base composition averaging 16% G-C. A given 
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0967 PATTERNS OF KERATIN GENE EXPRESSION ARE TISSUE S P E C I F I C  FOR DIFFERENT STRATIFIED 
SQUAMOUS EPITHELIA DURING FETAL AND NEONATAL DEVELOPMENT Charles F. Shuler,  Rajesh 
Aggarwal, Stephen A. Schwartz, The U n i v e r s i t y  o f  Chicago, Chicago, I L .  60637. 

K e r a t i n  gene express ion  serves as a s p e c i f i c  parameter o f  e p i t h e l i a l  c e l l  d i f f e r e n t i a t i o n .  
The 67kd k e r a t i n  has been proposed t o  be a s p e c i f i c  marker f o r  s t r a t i f i e d  squamous e p i t h e l i u m  
(SSE) te rm ina l  d i f f e r e n t i a t i o n .  However, t he  p a t t e r n  o f  temporal k e r a t i n  express ion  i n  s imp le  
p rena ta l  e p i t h e l i a  du r ing  f e t a l  SSE growth  and d i f f e r e n t i a t i o n  i s  unknown. The k e r a t i n s  frm 
4 SSE types were cha rac te r i zed  d u r i n g  p r e  and pos t -na ta l  developnent.  Backskin, footpad, p a l -  
a t a l  and tongue e p i t h e l i a  were i s o l a t e d  from 13-17 days(d)  i n  u te ro ,  I d  neonatal ,  and a d u l t  
r a t s .  The k e r a t i n s  were canpared w i t h  t h e  corresponding h i s t o l o g y  o f  t h e  r e s p e c t i v e  t i ssues .  
Backskin and foo tpad ep idermis  f r a n  13-17d i n  u t e r o  had s imp le  pa t te rns  o f  4-6 k e r a t i n s  w i t h  
mo lecu la r  we igh ts  (MW) between 48 and 58kd.-l- u te ro ,  and e s p e c i a l l y  pos tna ta l  backsk in  
and footpad, d i sp layed  an abundance o f  3 k e r a t i n s y i w  g rea te r  than 6Dkd i n c l u d i n g  one 
o f  67kd. I n  backsk in  and foo tpad the  appearance o f  t he  h ighe r  MW k e r a t i n s  co inc ided w i t h  t h e  
developnent o f  t he  s t ra tum corneum, imp ly ing  t h a t  67kd k e r a t i n  i s  syn thes ized i n  t e r m i n a l l y  
d i f f e r e n t i a t i n g  c e l l s .  However, p a l a t a l  and tongue e p i t h e l i a  had 6 and 7 k e r a t i n s  r e s p e c t i v e l j  
rang ing  i n  MW f rom 50 t o  68kd. I d e n t i c a l  k e r a t i n s  were present  a t  a l l  r e s p e c t i v e  stages o f  
embryogenesis and e p i t h e l i a l  d i f f e r e n t i a t i o n .  K e r a t i n  phenotypes frm p a l a t e  and tongue d i d  
n o t  c o r r e l a t e  w i t h  the  t i s s u e  h i s t o l o g y  u n t i l  t he  a d u l t  when sane o f  t he  k e r a t i n s  inc reased 
p r o p o r t i o n a l l y  t o  t h e  th i cken ing  o f  t h e  s t ra tum corneum. There fore ,  i n  c o n t r a s t  t o  r e c e n t  p ro-  
posals,  i t  i s  apparent  t h a t  a l l  SSE do n o t  progress th rough i d e n t i c a l  programs o f  k e r a t i n  
qene express ion  d u r i n q  e p i t h e l i a l  d i f f e r e n t i a t i o n .  

0968 REGULATION OF A C T I N  ,GENE EXPRESSION AFTER DIFFERENTIATION AND ADENOVIRUS 
INFECTION. K. K h a l l l l ,  C. C. Howe and R. Weinmann, The Wis ta r  I n s t i t u t e  o f  

m y  and B io logy ,  Ph i l ade lph ia ,  Pennsylvania 19104 

We have s tud ied  the  p l u r i p o t e n t  F-9 te ra tocarc inoma c e l l  l i n e  and i t s  d i f f e r e n t i a t e d  coun- 
t e r p a r t  PYS t o  understand the  lower l e v e l s  o f  a c t i n  p r o t e i n  syn thes is  i n  the  l a t t e r .  We 
have mon i to red  t h e  r a t e  o f  a c t i n  RNA b iosyn thes i s  w i t h  human genomic probes p r e v i o u s l y  
cha rac te r i zed  ( K h a l i l i  and Weinmann, Gene, 1982). The ana lys i s  revea ls  t h a t  a l though the  
r a t e  o f  a c t i n  RNA syn thes is  i s  i d e n t i c a l ,  t he  s t a b i l i t y  o f  t he  hnRNA precursor  i n  nuc le i  
i s  markedly reduced on d i f f e r e n t i a t i o n .  Thus, t he  lower l e v e l  o f  t r a n s l a t a b l e  a c t i n  rrRNA 
i n  t h e  cytoplasm o f  PYS c e l l s  can be exp la ined  by the  d i f f e r e n t i a l  i n s t a b i l i t y  o f  t h e  
nuc lea r  hnRNA precursor .  
Another case we analyzed f o r  t he  r a t i o n a l e  f o r  d i f f e r e n t i a l  express ion  o f  a c t i n  genes was 
t h e  adenovirus- induced s h u t o f f  o f  c e l l u l a r  gene expression. I n  t h i s  l a t t e r  case we found 
t h e  r a t e  o f  a c t i n  RNA t r a n s c r i p t i o n  and accumulat ion o f  nuc lear  p recursors  was unaf fec ted .  
S ince  the  cy top lasmic  l e v e l s  o f  a c t i n  MNA were una l te red ,  we s tud ied  the  de fec t  a t  t h e  
t r a n s l a t i o n a l  l eve l .  A t  l e a s t  p a r t  (one-ha l f )  o f  t he  a c t i n  nRNA i s  s h i f t e d  t o  sma l le r  
polysomes and becomes un t rans la tab le .  Furthermore, c e l l - f r e e  t r a n s l a t i o n a l  e x t r a c t s  f rom 
i n f e c t e d  c e l l s  d i s c r i m i n a t e  aga ins t  c e l l u l a r  a c t i n  rrRNAs. Since these. e f f e c t s  a re  o n l y  
observed i n  adenovi r u s - i n f e c t e d  ce l  I s ,  we sugyest t h a t  these a l t e r a t i o n s  are  v i r u s -  
induced. 

DEVELOPMENTAL REGULATION OF ALBUMIN AND a-FETOPROTEIN (CKP) OENE 

The University of Chicago, Chicago, IL 60637 
0969 EXPRESSION IN T M  RAT, Joa@ph Locker and Louis tluglia, 

Albumin and AFP are major serum proteins of similar structure, tran%cribed 
from closely linked genes. They comprise a developmentally-regulated gene 
family with four distinct modes of expression: CI frtal l i v u  d o .  Both 
genes are transcribed at maximal levels; both show intermediate DNA 
methylation and high chromatin sensitivity to DNaseI. A frtal yolk u c  mode. 
AFP is transcribed at maximal levels while albumin is tranacribed at very 
low levels. The AFP gene is unmethylated and showm high chromatin 
sensitivity; while the albumin gene is generally methylated but has a 
demethylated region near the 3'-end, and intermediate chromatin sensitivity. 
An adult liver d o .  Albumin is transcribed at maximal levels while CKP is 
transcribed at very low levels. The albumin gene is unrethylated and shone 
high chromatin sensitivity, while the AFP gene is generally methylrted but 
has two denethylatcd regions near the 3'-end and intermediate chromatin 
Sensitivity. An inrctivr mocb (e.9. adult kidney). Neither gene is 
transcribed, and both have very high DNA methylation and low chromatin 
sensitivity. The g r n i  witching of fetal liver involves a gradual reduction 
of AFP but not albumin mRNA that begins about 16 day6 gestaticm and precedes 
the rise in serum albumin by 2 to 3 davs. 
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0970 PARTIAL PURIFICATION OF THE AOENOVIRUS EARLY 1 A  (ElA) PROTEIN. A EUKARYOTIC 
TRANSCRIPTIONAL REGULATOR. Ann Tsukamoto and Arnold J. Berk, Molecular Biology 
I n s t i t u t e  and Department of Microbiology, U.C.L.A., Los Angeles, CA 90024 

Studies wlth adenovirus ear ly  region 1A (EIA) mutants have shown that  the 289 amino acid 
protein encoded by t h i s  region i s  a posit ive regulator o f  transcription because i t  Is 
required f o r  normal induction of the other adenovlrus ear ly region genes. Transcriptlonal 
act ivat ion by t h i s  protein i s  not l imi ted  t o  these adenovirus ear ly  genes since act ivat ion 
has been demonstrated f o r  the r a t  insu l ln  gene and the rabbit  8-globin gene. We w i l l  
describe the p a r t i a l  pur i f ica t ion  o f  the 289 a i n o  acid E1A protein from adenovirus 2 
Infected human cel ls .  I n  addltion, the  assay which Will be used t o  demonstrate the 
funct ional i ty  o f  the pur i f ied  protein w i l l  be presented. 

DNA SEQUENCES COMPLEMENTARY TO SPORULATION-SPECIFIC INDUCED TRANSCRIPTS ARE HOT 
NECESSARILY ESSENTIAL FOR DIFFERENTRATION, El izabeth G o t t l i n  Ninfa,  Larry Feldberg and 
David B .  Kaback, Dept. of Microbiology, UMDNJ-New Je r sey  Med. Sch. ,  Newark, N . J .  07103 

Cu l tu re s  of yeast  heterozygous f o r  mating type (MATa/MATa) can be induced t o  undergo synchronous 
meiosis  and spore formation. 
ing c e l l s  have a l s o  been found i n  vege ta t ive  and asporogenous c e l l s .  Thus only a l imited number 
o f  DNA sequences a r e  complementary t o  spo ru la t ion - spec i f i c  expressed t r a n s c r i p t s .  To i s o l a t e  
t hese  genes,  a yeas t :  A607 recombinant DNA l i b r a r y  con ta in ing  2-4 kb i n s e r t s  was constructed 
and screened by d i f f e r e n t i a l  plaque f i l t e r  hybr id i za t ion .  The small  i n s e r t s  minimize the pos- 
s i b i l i t y  t ha t  adjacent  t r a n s c r i p t s  found i n  both vege ta t ive  and sporu la t ing  c e l l s  w i l l  obscure 
t h e  d i f f e r e n t i a l  hybr id i za t ion  s i g n a l  from a spo ru la t ion - spec i f i c  t r a n s c r i p t .  So f a r ,  four 
unique DNA sequences complementary t o  spo ru la t ion - spec i f i c  induced t r a n s c r i p t s  have been i s o l a t e d .  
To determine t h e i r  r o l e  i n  spo ru la t ion ,  these genes.were d i s rup ted  i n  the yeast  chromosome by 
i n s e r t i n g  a nonspec i f i c  DNA fragment i n t o  the  middle of the t r ansc r ibed  region.  So f a r ,  homozygous 
i n s e r t i o n  mutants of t h ree  genes appeared t o  both spo ru la t e  normally and give 4 v i a b l e  spores  
suggest ing these spo ru la t ion - spec i f i c  expressed sequences a r e  not ob l iga to ry  fo r  d i f f e r e n t a t i o n .  
In r e l a t e d  experiments ,  we examined the expression of cloned vega ta t ive  genes thought 
nonessen t i a l  fo r  spo ru la t ion .  i s  a gene required fo r  m i t o t i c  growth but not  spo ru la t ion .  
Su rp r i s ing ly ,  spo ru la t ing  c e l l s  contained 10 fold more t r a n s c r i p t  than e i t h e r  vege ta t ive  
o r  asporogenous ( a / a n n d  a )  c e l l s .  Higher l e v e l s  o f  t r a n s c r i p t s  complementary to the inducible  
ga l ac tose  catabol~c-genes-(GAL7,10,1), which serve no apparent  funct ion i n  spo ru la t ion ,  were 
a l s o  found i n  spo ru la t ing  c e l l s .  These r e s u l t s  suggest  t h a t  genes p r e f e r e n t i a l l y  expressed 
du r ing  c e l l u l a r  d i f f e r e n t i a t i o n  may not always be e s s e n t i a l  f o r  the process .  

0971 

A t  l e a s t  95% of t h e a n s c r i p t s  t ha t  have been found i n  spo ru la t -  

mn REGULATION -OF THE YEAST STEb GENE BY THE MATING TYPE LOCUS, 
Kather ine Wilson and Ira Herskowitz, Un ive r s i ty  of C a l i f o r n i a ,  San 
Francisco,  CA 94143 

The mating type l o c u s  (MAT) of the  y e a s t  Saccharomyces c e r e v i s i a e  codes 
f o r  r e g u l a t o r y  p r o t e i n s  wh ich  c o n t r o l  t h e  e x p r e s s i o n  o f  u n l i n k e d  g e n e s  
r e q u i r e d  f o r  ma t ing  and s p o r u l a t i o n .  One of t h e s e ,  encoded by t h e  
gene, is  a n e g a t i v e  r e g u l a t o r  of a f ami ly  of genes ( t h e  "=-specific" genes): 
STE6, STEZ, STE14, BARl, and t h e  5 - f ac to r  s t r u c t u r a l  gene. 

To determine the  mechanism by which the (2 pro te in  r e g u l a t e s  t h i s  gene 
family,  we have cloned t h e  STE6 gene to use as a probe f o r  =expression.  
We f i n d  t h a t  S R N A  i s  not d e t e c t a b l e  i n  s t r a i n s  which h a v e  w i l d t y p e  @2 
func t ion ,  but is o n l y  d e t e c t a b l e  i n  s t r a i n s  where @2 p r o t e i n  i s  absent  (as 
i n  =a s t r a i n s )  or d e f e c t i v e  ( a s  in =@2 mutan t s ) .  @2, t h e r e f o r e ,  
i n h i b i t s  t h e  p r o d u c t i o n  o f  s t a b l e  STE6 RNA. In a d d i t i o n ,  a n a l y s i s  of a -- STE6-lac2 fus ion  has  r e v e a l e d  a region. l oca t ed  approximately 100 basepa i r s  
u p s t r e a m  o f  t h e  t r a n s c r i p t i o n  i n i t i a t i o n  s i te .  which is n e c e s s a r y  for @2 
c o n t r o l  ove r  m. In o t h e r  words, d e l e t i o n s  which remove t h i s  region a l l o w  - STE6 expression even in the presence of @2. We are determining whether t h i s  
p u t a t i v e  @2 c o n t r o l  r e g i o n  is s u f f i c i e n t  t o  c o n f e r  c e l l - t y p e  s p e c i f i c  
r e g u l a t i o n  o v e r  heterologous genes. I n  add i t ion ,  we a r e  determining whether 
p r o t e i n s  from crude e x t r a c t s  of @ c e l l s  bind t o  DNA i n  DNA p ro tec t ion  
s tud ie s .  
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0973 S-E ORGANIZATION AND DEVEIX)FMENTAL MPRESSION OF AN I!iTERSPERS!D, REPETITIVE 
E W  WITH EMA"N-LIKE CXARACI'ERISTICS I N  DICTYOSTELIU4. 
NIADDK, Bethesda, MD 20205 

Alan R. Khnel, LCDB, 

We have examined the genomic organization and developmental expression pattern of a short, 
1% of the poly(A)+RW from 
The complementary RNA is 

A series of genomic 

interspersed repeat element and associated single-copy sequences. 
vegetative.cells contain sequences which hybridize to this repeat. 
heterogeneous ia size and 90% of its mss hybridizes to single-copy DNA. 

repeat. Comparisons of the various genomic and cDNA sequences indicate that (AAC/GTT), but in 
100 short (-35 to 150 bp) tandem blocks per genome interspersed with single-copy 9%. DNA and 
RNA blot hybridizations with probes from regions adjacent to this elentent or probes specifi- 
cally deleted of (AAC/GTT) 
poly(A)+RNA species. The ?AA?GTT), is asymnetrically transcribed with only (AAC), sequences 
represented in RU. k e  stretch has been localized 70 bp 5' to transcription initlatlon of a 
particular gene. 
clones. The (AAC)n gene family is expressed witR"a specific developmental pattern. Individ- 
ual AAC-containing RNAs have a pattern of expression during development suggestive of coordin- 
ate expression of many AAC gene family members. 
position independence and pattern of expression. 

and cDNAs derived from poly(A)+RNA have been isolated which are complementary to the 

s uences hybridize to unique restriction fragments and unique 

While in other cases the M4 re at lies toward the S'-end of isolated cDNA 

The M4 repeat is enhancer-like in its sequence, 

0974 YEAST RIBOSOMAL PROTEIN GENES AND YEAST GENES NECESSARY FOR PRE-mRNA PROCESSING, 
John L. Woolford, John C. Larkin, Robert L. Last, and Mitch 0. Rotenberg, 
Carnegie-Mellon University, Pittsburgh, PA. 15213 

We are investigating the mechanism whereby the yeast ribosanal protein genes are coordinateb 
expressed, using several cloned rp genes. None of six cloned rp genes are clustered with other 
rp genes in the yeast genane; sane of these rp genes are single copy and sane are duplicated. 
DNA sequence analysis of four of these genes has revealed sane sequence motifs in c m o n  5' to 
the genes. 
phenotype, resistance or sensitivity to the antibiotic cryptopleurine. Gene doseage studies 
indicate that the expression of this gene is balanced with that of other rp genes by a post- 
transcriptional regulatory mechanism. Nucleic acid sequences involved Sn the expression of th' 
gene in vivo are being detennined by assaying the cryptopleurine phenotype of yeast transforme! 
with K t z i z e d  copies of the gene. We are examining the duplicated rp39 genes in order to 
detenine whether a special mechanism exists for balancing their expression with that of sing@ 
copy rp genes. The rp39 genes are similar but not identical in sequence,and both are expressed 
- LacZ gene fusions with the 5' sequences of the rp39a gene have been constructed whose ex- 
pression in yeast is regulated like that of the intact rp39a gene. Mutations have been 
isolated that affect the expression of this rp39a gene fusion in vivo. 

splicing in yeast. 
against them in order to determine their subcellular localization and biochemical orooerties. 

We are studying one particular single copy rp gene with a readily assayable 

We have cloned three yeast genes, RNAZ, RM3, and RNAI1. that are necessary for pre-mRNA 
We are identifyingthe-oducts r t h e s e  genes and isolating antibodies 

PROTEINS I&OLVED IN THE DEVELOPMENTALLY REGULATED IN VITRO TRANSCRIPTION OF 5s RNA 0975 
Ins t i tu t ion  of Washington, Department of Wryo logy ,  BaltimDre, Md. 21210 

There a re  40,000 copies of the oocyte-type and 800 copies of the somatic-type 5s RNA gene per  
diploid genome i n  Xenopus laevis .  Both types of 5s RNA genes a re  transcribed i n  v i t r o  from 
pur i f ied  genomic DNA. Chromatin purif ied from somatic cells, however, supports the synthesis 
of only somatic-type 55 RNA i n  vitm. We present  evidence t h a t  the  somatic-type genes in  
chromatin a re  present  i n  s tab le  t ranscr ipt ion complexes lacking only RNA polymerase 111. This 
chromatin can be perturbed by a var ie ty  of means i n  v i t r o  so t h a t  the oocyte-type 5s RNA genes 
become ac t ive  when they are  incubated i n  complete t ranscr ibing extracts .  In each case, the 
act ivat ion of the oocyte-type genes cor re la tes  with the removal of histone H 1  from the 
chromatin template. The act ivated oocyte-type genes can be re-repressed by reconst i tut ion 
with pur i f ied  H1 a t  a r a t i o  of about 1 H1 molecule per  nucleosome. Other histones a t  greater  
concentrations can a l so  re-repress the oocyte-type genes. When mcyte-type genes i n  act ivated 
chromatin are  programmed i n t o  act ive t ranscr ipt ion complexes i n  v i t r o ,  they become refractory 
t o  H1 addition. This leads us t o  a model of the d i f fe ren t ia ted  s t a t e  of 5s gene expression 
which consis ts  of act ive genes t h a t  a re  packaged i n  s tab le  t ranscr ipt ion complexes and 
repressed genes t h a t  have no factors  associated with them. The inact ive genes are  inaccessible  
to added factors  because they a re  complexed i n  a chromatin s t ructure  containing histone H1.  

GENES FROM A CHIIOMATIN TEMPLATE, Mark S. Schlissel  and mnald D. Brown, Carnegie 
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0976 STRUCTURE OF SOME OEVELOPHENTA LY REGULATED GENES IN 
S. Datta. R. Hernandez, and R . k  Firtel, University 0- ornia an Oiego. 

C. Reymond, 

We are presently investigating a series of genes preferentially expressed in prestalk 
cells late in Dict ostellum development which appear to be coordinately regulated under 
a number of de-onditions. Transcription from these genes is first detectable 
in mid-aggregation, at the time physiological levels of CAMP are rising. Thelr mRNAs can 
also be induced precociously in shaking culture by cAHP. When late developing aggregates 
are dissociated, the level of complementary RNA decreases rapidly; addition of C M P  to 
these cultures causes a rapid reaccumulation of the mRNAs to their original levels. These 
results suggest that the expression of these genes is modulated by CAMP (I). 

Genomic clones for these mRNAs have been isolated and are currqntly being characterized. 
Two of the clones hybridize to 2 transcripts of different molecular weights, even thou'gh 
the corresponding genes are unique. 
result fran differential splicing. 
development as well as sequence comparisons of their possible 5' regulatory regions will 
be presented. 
function of such regions. 

( I )  Hehdy, H.C., Ratner. 0.. firtel, R.R. (1983). Cell 3.& 763. 

Preliminary evidence suggests that this may be the 
In depth studies of the expression of these genes during 

The goal is to use DNA mediated transformation to determine the biological 

0 9 ~  EXPRESSION OF A TRANSPOSON OURING HEAT SHOCK AND DEVELOPMENT I N  DICTYOSTELIUH. 
Annegrethe Slvertsen,Elliot Rosen and Richard A. Flrtel. 
University of California San Diego.La Jolla,CA 92093. 

We have identifled a 4.9kb transposable element.Tdd-1,containing 313 base pair inverted 
repeats.There are-50 complete copies and 150 partial copies of the element in the genome. 
Tdd-l hybridizes to two sets of transcripts: one is induced durlng development and the other 
I s  induced by heat shock. The developmentaiiy regulated transcripts are heterogeneous In size 
and of the same polarity. With the exception of the inverted repeats all subfragments of Tdd-I 
hybridize to this set of transcripts. Due to the presence of partial Tdd-l elements we do not 
know the orlgln of heterogeneity in this set of transcripts. Induction of the developmental 
transcripts occur coordinately during aggregation. Heat shock of Oict ostelium induces 
synthesis of a 0.9kb transcript from Tdd-l whlch has the opposite-the develop- 
mentally regulated ones. induction of the heat shock message occurs yithin 30 minutes and 
expression is maximal at 2-3 hours. In order to study the heat shock Inducible transcript 
from a single element we have cloned parts of Tdd-l In yeast. We have identified a heat shock 
inducible RNA In yeast transformants that has the same polarity as the heat shock Inducible 
message hybridizing to Tdd-l in Dlct ostellum. This would suggest that the cloned Tdd-l 
sequence includes regulatory s e q h e d  for heat shock induction in Dictyostel ium 
and that these are being recognized in the heterologous yeast system. 

REQUIREMENTS FOR PROMOTER ACTIVATION IN TWO HUMAN CELL LINES. D. Lewis, S. Fu and J. 
Manley, Dept. of Biol. Sci. Columbia University, New York, NY 0978 

We are examining the function of the cloned adenovirus type 2 (Ad2) late promoter in two human 
cell lines, HeLa and 293 (293 cells are human embryonic kidney cells transformed by, and which 
constitutively express, Ad5 early region IA and IB). The Ad2 promoter (-403 to +33bp relativeto 
the late mRNA start site) was fused to SV40 T antigen encoding sequences to monitor expression. 
The promoter is not active in transient expression assays in HeLa cells unless an enhancer ele- 
ment (the SV40 72 base pair repeat) is present in *, consistent with the results of others. 
However, this same promoter is expressed efficiently in 293 cells in the absence of an enhancer 
sequence. These results establish that this promoter can be activated by two distinctmechan- 
isms; i.e., through the presence of either a *-acting enhancer element in HeLa cells, or else 
a (presumably) =-acting factor in 293 cells. 

two cell types. In both 293 and HeLa cells, wild-type levels of transcription are obtained with 
5' deletion mutants terminated at -&bp from the mRNA start site, although further deletions 
result in dramatic decreases in expression. Deletions which impinge upon the promoter from the 
3' site, however, have quite different effects in the two cell types. Deletions to position -2 
have no effect on promoter function in HeLa cells. In 293 cells, deletion to +7 reduces expres- 
sion greater than ten fold, while deletion to +5 or -2 essentially abolishes initiation. Inter- 
estingly, these deletions destroy a sequence, first noted by Ziff and Evans, capable of forming 
a stem-loop structure. We speculate that this sequence may form a recognition signal for a fac- 
tor required for promoter activation in 293 cells, but not in HeLa cells. 

We have also mapped the boundary of the nucleotide sequences required for expression in the 
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0979 
Biol. Sci., Columbia University, New York, NY, 10027 

both the viral late and early region transcripts, and the synthesis of capsid proteinsVP-land 
VP-3. as well as the large and small tumor antigens. As observed during the late phase of in- 
Eection in permissive monkey kidney cell. late-region transcripts are present in approximately 
ten-fold excess over early transcripts. However, unlike the infected monkey cell, oocytes do 
hot replicate SV40 DNA, and their choice of RNA splicing pathways differs considerably from 
that observed in infected or transformed mammalian cells. 
types regulate expression of exogenously added genes by alternate mechanisms. 

To investigate the role of snRNP particles in RNA processing, serum of several SLE (lupus) 
patients containing antibody to U1-RNP were coinjected into the oocyte nucleus along with SV40 
PNA. The presence of antibody resulted i n  a virtual complete inhibition of late mRNA splicing. 
Although unspliced RNA was found i n  t‘he cytoplasm, synthesis of VP-1 was virtually abolished. 
While all antisera tested affected late RNA splicing and VP-1 synthesis, some had no detectable 
effect on early RNA splicing and protein synthesis. However, some antisera resulted i n  a dras- 
tic inhibition of large T antigen, but not small t antigen, synthesis. In fact, in no case has 
an effect on the small t antigen splice been detected. These results suggest that not only do 
Ul-RNPs play a crucial role in RNA splicing, but also that SV40 early and late pre mRNAs have 
different requirements for processing. 

ANTIBODIES TO SMALL NUCLEAR RNPs INHIBIT SV40 RNA SPLICING IN XENOPUS LAEVIS OOCYTES: 
A. Fradin. R. Jove. C. Hemenway, T. Michaeli, J.L. Manley, and C. Prives, Dept. of 

Microinjection of SV40 DNA into Xenopus laevis oocyte nuclei results in the expression of 

This suggests that different cell 
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0980 SEXUAL REGULATORY GENES I N  DROSOPHILA MELANOGASTER. Deborah J. Andrew, UCSD. La J o l l a  
CA 92093 

Sex determination i s  one o f  the most dramatic examples o f  the d i f f e r e n t i a l  con t ro l  o f  gene ex- 
pression dur ing development. The past few years have witnessed subs tan t i a l  progress i n  elu- 
c i d a t i n g  the regu la to ry  h ierarchy c o n t r o l l i n g  sexual d i f f e r e n t i a t i o n  i n  Droso h i l a  melano as- 
t e r .  Genetic funct ions a t  three l e v e l s  have been i d e n t i f i e d .  These inc*he p r i i r y  
determinant o f  sex: the X chromosome t o  autosome r a t i o ;  (2)  regu la to ry  genes (e.g. *, t r a ,  
tra-2, i x )  whose act ions are se t  i n  response t o  t h i s  r a t i o  and whose funct ions are t o  con t ro l  
t h e c t E n s  o f  ( 3 )  terminal sexual d i f f e r e n t i a t i o n  genes. Recent work i n  our l a b  focused on 
the  genet ic  cha rac te r i za t i on  of regu la to ry  genes i n  t h i s  hierarchy. To begin t o  t e s t  models 
der ived from genet ic  s tud ies as we l l  as t o  e luc ida te  the molecular bas is  o f  sex determtnation. 
our l a b  has cloned & and i s  we l l  along i n  the c lon ing  o f  both tra and E. Since near l y  
a l l  known genes t h a t  f unc t i on  i n  the regu la t i on  o f  sex determination have been found f o r t u i t -  
ously, t he  major t h r u s t  o f  my work i s  a molecular search f o r  add i t i ona l  genes t h a t  f unc t i on  
w i t h  t ra .  t ra -2  dsx and i x  i n  the con t ro l  o f  sex determination. My approach has been t o  
i so laFgenomi ’ s&nces  E m l o g o u s  t o  the cloned dsx gene. 
i s o l a t e d  and t h e i r  cy to log i ca l  pos i t i ons  determined. Genetic screens o f  these r e g i y s  are 
being done as we l l  as molecular assays f o r  sex s p e c i f i c  t r a n s c r i p t s .  Moreover, one dsx cog- 
nate” sequence hybr id ized c lose t o  the cy to log i ca l  p o s i t i o n  o f  t r a  and another c l o s e t o  -. 
These sequences are being used i n  the c lon ing  o f  these two g e n e r  

Several sequences have been 

0981 
pK19m4. 

Variegation in Drosophila occurs primarily in adult diploid tissues, yet the compaction 
of variegating genes is manifest in the polytene nuclei of the larval salivary gland. We 
have evidence for a salivary gland specific marker which variegates in a translocation stock 
called T ( I ; ~ ) W ~ ~ ’ ~ - ~ ~ .  The marker chosen was the gene sgs-4 which encodes a glycoprotein 
specific for the larval salivary gland. A cloned probe specific for the sgs-4 structural 
gene (pacDml513) was utilized, thus permitting measurement of sgs-4 transcript levels and 
the extent of polytenization for the sgs-4 locus as a function of variegation permissive 
(17°C) and variegation restrictive (29OC) temperatures. 

T(1;4)wm258-21 larvae raised at 17OC accumulated approximately 50% less sgs-4 tran- 
script than larvae raised at 29OC as determined by FXA dot blot and Northern blot analysis. 
Control larvae showed no dramatic temperature effect. These results are consistent with 
measurements of sgs-4 protein levels on polyacrylamide gels. 
increase in the percentage of salivary gland nuclei compacted at the sgs-4 locus in 

A SALIVARY GLAND HARICER FOR VARIEGATED POSITION-EFFECT IN Drosophila melanogaster. 
J. Stephen Kornher and Stuart A. Kauffman. University of Pennsylvania, Philadelphia, 

This data correlates with an 

larvae raised at 17OC when compared to 29OC. 
Whole genome Southern analysis of salivary gland DNA from this strain suggests that 

Thus reductions in sgs-4 protein the sgs-4 locus is less polytene at 17OC than at 29OC. 
and transcript levels are correlated with increased con action and less polytenization of 
the sgs-4 locus in salivary gland nuclei of T(1;4)wm258-21 larvae raised at 17OC. 
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0982 DISPROPORTIONATE REPLICATION OF THE HISTONE GENES DURING THE DEVELOPMENT OF 
DROSOPHILA MELANOGASTER. Linda D. Strausbaugh, Genetics and C e l l  Biology Sect ion,  
The University of Connecticut, S t o r r s ,  C t .  06268. 

The his tone genes of Drosophila melanosaster are a tandemly repeated multigene family of 
approximately 100 repeats  per  haploid genome. 
and 5.0 kb., and each repeat contains one gene f o r  each of the  f i v e  h is tone  pro te in  subtypes. 
The vast  majority of the  his tone repeats  are c lus te red  a t  a s i n g l e  site on the l e f t  arm of 
chromosome 2. a t  cytogenetic pos i t ion  39DE. These tandemly repeated h is tone  genes a r e  shown 
t o  undergo a disproport ionate  rep l ica t ion  when present  i n  a s i n g l e ,  ra ther  t h a t  the usual 
double dose. This deficiency f o r  tho his tone locus occurs i n  individuals  which a r e  genetic- 
ly  constructed t o  be heterozygous f o r  the chromosome Df(2L)161, a deficiency chromosome with 
breakpoints a t  38A6-B and 40A4-Bl on 2L. which de le tes  the e n t i r e  his tone:cluster .  Quantita- 
t i v e  dot hybridizat ions and genomic b l o t s  with reconstruct ion controls  r e l k a l  t h a t  there  is  
a s u b s t a n t i a l  increase i n  h is tone  repeats  i n  DNA samples from adul t  deficiency he teroygotes .  
This amplif icat ion of his tone DNA has occurred during the ontogeny of the f l y  i n  a s ingle  
generation. Results from nitrocelluloset b l o t s  of fragments generated using a nunber of 
d i f fe ren t  r e s t r i c t i o n  enzymes show t h a t  both major repeat types a r e  included i n  the  increased 
copies i n  adul t  DNA. A hemizygous genet ic  s t a t e  f o r  t h i s  h i s tone  region is  aIso shown t o  
delay development t o  climbing l a r v a l  s tages  and t o  delay adul t  eclosion t i m e s ,  suggesting 
tha t  the combination of amplified copies and delayed development may compensate f o r  a his tone 
deficiency. Experiments a r e  i n  progress t o  address possible  t i s sue  s p e c i f i c t y  of the 
amplif icat ion event. Supported by pHS grant  1 RO1 GM28680 and the YnFU. nf Cann, Reseaxch 

These repeat ing uni t s  occur i n  two s i z e s  of 4.8 

0983 CELLULAR DEFECT? IN TS EMBRYOGENSSIS MUTANTS OF THE NEMATODE CXNORHABDITIS ELEGANS, 
Randall Cassada , Kenneth Denich , Edoardo Isnenghi & Einhard Schierenberg-, 1 ZOO- 

logy, University of Freiburg. West Germany; 2 Genetics, University of California, Berkeley; 
3 MCD Biology, University of Colorado, Boulder. 
To analyze the genetic program for embryogenesis in this simple metazoan, we have isolated 
temperature sensitive lethal mutants defining 30 "emb" genes, essential for embryogenesis. 
Ten emb genes map together on chromosome 111 in a possible cluster. We estimate there will 
be 2 m O O  total emb genes from complementation data for 54 such genes so far known (Cas- 
sada et al., 1981; Hirsh et a1 . , 1977; Miwa et a1 . , 1980; Wood et al., 1980). The maternal 
genome plays the dominant role in embryogenesis, since for most emb genes maternal expres- 
sion can be shown to be necessary or sufficient (or both). We can order the 30 mutants 
according to temperature sensitive period and arrest stage. 
The cellular anatomy and lineages in living embryos in the normal 12-hour, 550-cell embryo- 
genesis are now known (Sulston et al., 1983). Before the 100-cell stage, we see some defect- 
ive cell process(es) microscopically in most emb mutants, e.g., in meiosis (polar-body 
formation), pronuclear migration & fusion, e g g e l l  formation, morphology and behavior of 
mitotic spindles or cell membranes, timing or orientation of cell divisions. Timing de- 
fects include changes in the cell cycle clock (a 3 x reduction for all cells, or alteration 
of the slope of the anterior-posterior gradient of division rates or division as if both 
poles were posterior) or alteration of the order of division relative to other develop- 
mental events, e.g. migration in gastrulation. Defects may be related to histone defects 
in some of the hprp  ! r a r t w  

0984 
Although the foundation of our understanding of gene regulat ion comes from s tudies  of the bio- 
chemical genet ics  of enzymes i n  a v a r i e t y  of metabolic pathways i n  prokaryotes and lower eu- 
karyotes, most of the  gene systems studied i n  metazoans have been non c a t a l y t i c  s t r u c t u r a l  
genes which are terminal d i f f e r e n t i a t i o n  products. The 57B.C region on the  l e f t  arm of 
chromosome I1 i n  Drosophila contains  a c l u s t e r  of genes which a f f e c t  c u t i c l e  formation and a t  
l e a s t  three genes which a f f e c t  catechol  and biogenic amine metabolism d i rec t ly .  A t  l e a s t  one 
of these genes (dopa decarborylase, E) must go through f i v e  cycles  of expression and repres- 
eion i n  response t o  developnental cues. Genetic evidence has loc*ted t h e  l(2)amd locus adja- 
cent  t o  the Ddc locus and suggested t h a t  i t  may show a s imi la r  pa t te rn  of control .  We have 
i d e n t i f i e d  clones containing the & gene by p-mediated gene t ransfer  and transformation com- 
plementation and have analyzed the  expresssion of  t h i s  locus i n  r e l a t i o n  t o  Ddc expression. 
We have a l s o  analyzed the expression of 1 5  new transformation induced chromosomal locat ions of 
the  && gene with respect  t o  t i s s u e  and temporal regulation. A l l  i n s e r t s  ident i f ied  show a 
q u a l i t a t i v e l y  normal pa t te rn  of expression although several  i n s e r t s  show abberant l e v e l s  of 
expression a t  p a r t i c u l a r  s tages  which may r e s u l t  from t h e i r  new chromosomal locat ion.  The i m -  
p l ica t ions  of these posi t ion e f f e c t s  e r e  discussed and transformation with modified genes is 
described. 

ANALYSIS OF NORMAL AND TRANSDUCED GEnES OF CATECHOL METABOLISM I N  DROSOPHILA 
DEVELOPKEBT, J. Lawrence Marsh, U.C. I rv ine ,  I rvine,  CA 92717 
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0985 ISOLATION OF COSMIDS FROM THE t COMPLEX OF THE HOUSE USING HomlLOGOUS RECOMBINATION 
I N  E. COLI, m a - M a r i a  Frischauf, Annemarie Poustka, Hans R.  Rackwitz, Bernhard 
Herrmann, E l l i o t  Eh r i ch  and Bans Lehrach, European Molecular Biology Laboratory, 
Heidelberg, FRG 

Cosmids from the  proximal half o f  chromosome 17 from w i l d  type qnd t complex bearing mouse 
genomes have been i s o l a t e d  by screening,of cosmid l i b r a r i e s  by hpnolo&us recombination 
i n  E. c o l i .  
o f  i n d i v i d u a l l y  c u t  metaphase chrombsomes (D. Rdhme, 8. Fox, B. @errmann,.A.-M. Frischauf, 
J.E. EdstrBm, P. Mains, L. Si lver ,  €I. Lehrach, submitted f o r  pubf icat ion) .  
a s i d  l i b r a r i e s  were constructed i n  vectors  having an R6K o r i g i n  and no homology t o  pUC9. 
In  addition, cosmid vectors were designed t o  a l low chromosome w a l k i n g  using homologous 
recombination techniques. Handling and t ransfer  o f  cosmid stocks r e l i e d  l a r g e l y  on iA uivo 
packaging of cosmids i n t o  phage lambda p a r t i c l e s  by i nduc t i on  of a res iden t  lysogen. 

The probe plasrgids were cloned DNA fragments i n  pUC9 derived,by microcloning 

0986 STRUCTURE AND REGULATION OF THE YELLCM GENE OF D R O S O R I I I A ,  Harald Biessmann 
Department o f  Blochemlstry and Biophysics, Univ. o f  Ca l i f o rn ia ,  Son Franciso.CA94143 

The yel low gene, located a t  the t i p  o f  the X c h r m s a e  (y: 1-0.0) i s  one o f  many genes whose 
normal f unc t i on  i s  regulated t o  produce a prec ise spa t ia l  pat tern.  i t s  product Is required 
t o  synthesize o r  deposit b lack melanin pigment i n t o  the c u t i c l e  o f  t he  developlng f l y  dur ing 
the second h a l f  o f  the pupal stage. Deposit ion o f  melanin Is f i r a t  v i s i b l e  I n  the dorsal 
b r l s t l e s  o f  head and thorax-io 70 hrs o l d  pupae and continues f o r  the next 20 hrs  i n  a deflned 
sequence. To study the underlying p r inc ip les  o f  t i ssue  specl f  i c  Ocpressfon and devalopnental 
cont ro l ,  I have i so la ted  sane 70 kb o f  DNA from the  y gene region. The s t ruc tu ra l  gene could 
be loca l ized t o  a 4 kb DNA fragnent by mapplng the breakpoints o f  11 d i f f e r e n t  a l l e l e s  o f  the 
y l - t ype  which g i ve  r l s e  t o  a t o t a l l y  mutant ( y e l l w  body co lo r )  phenotype. With t h i s  DNA 
fragnent I could i d e n t i f y  a polyA mRNA transcr+pt present I n  e a r l y  pupae but not In ambryps, 
l a t e  pupae or adu l t s .  It appears t h a t  the y gene i s  t ranscr ibod dur ing the f i r s t  two days 
o f  pupal develoyent ,  p r i o r  t o  t h  onset o f  v i s i b l e  melanin deposit lon i n  the c u t l c l e .  
I n  contrast  t o  y -type a l l e l e s ,  yq-type a l l e l e s  u t h l b l t  d ls t lnguishable pat terns o f  c u t i c l e  
co lo ra t i on  which i s  t y p i c a l  f o r  every a l l e l e  and resides i n  the  yellow locus i t s e l f .  By 
genmic Southern analys is  I have mapped the breakpolnts o f  8 d i f f e r e n t  o f  thosa pa t te rn  muta- 
t i ons  and found t h a t  they map very c lose t o  the coding region, w i t h  one notable uteption(ybg) 
which maps s m e  20 kb away. Fur ther  analysls o f  these breakpoints and i nse r t i on  sequences 
w i l l  be done t o  es tab l i sh  a co r re la t i on  between the various DNA lesions and the r e s u l t i n g  
t i ssue  s p e c i f i c  mutant phenotypes. 

m7 
Los Angeles, CA 90024. -- Ta i l l ess  i s  a uniquely i n t e r e s t i n g  gene because i t  i s  the only  
known zygot ic  l e t h a l  gene w h i c h e c t s  both the an te r io r  and the pos te r io r  o f  the embryo 
pat tern,  wi thout  a f f e c t i n g  the middle segments. We bel ieve t h a t  the t a i l l e s s  gene acts e a r l y  
and i s  invo lved i n  maintenance and/or e laborat ion o f  t he  maternal o r g m n  o f  the 
anter ior -poster ior  ax is  of the embryo. -- Hanozygws t a i l l e s s  enbryos have I defect ive head 
and l a c k  the  te lson and the  e igh th  abdominal d e n t i c l e r T h e s e  mutant embryos never hatch 
from the chorion. 
t h e  l o s s  o f  the te lson and associated e ighth den t i c le  be l t ,  which contr ibute a t  l e a s t  t en  
percent t o  the body length o f  a normal embryo. 
t o  be achieved by an increase i n  l eng th  o f  t he  remaining abduninal den t i c le  be l ts .  
contrast, there i s  a ran ie 'in seve r i t y  o f  the head phenotype I n  t a i l l e s s  embryos, which i s  
probably due t o  an a r res t  a t  various times dur ing the  process o f  head involut ion.  Eleven 
maternal e f fect  mutants, o f  which o lehole Is an example, w i t h  an embryonic l e t h a l  mutant 
phenotype appear s im i la r  t o  t a i l l ~ ~ a h o w a l d .  pers. cams.). -- The t a i l l e s s  gene maps t o  
the chromosmal reg ion 100A. 
appear, fran pre l iminary resu l t s ,  t o  have an exaggerated phenotype. Work i s  contlnuing t o  
character ize the phenotype more f u l l y  by SEM and t o  obta in  addi t ional  t a i l l e s s  a l l e les .  
cunbining olehole and t a i l l e s s  i n  a double mutant embryo we w i l l  l e a r n  w a r e s u l t s  when t h e  
c o n t r i b u t i b e  organizatfon f r a n  both the maternal and zygot ic  g e n a e r i s  defective. 

A ZYGOTIC GENE WHICH SPECIFIES DETERMINATION OF SEGFlENTS I N  THE DROSOPHILA BLASTODERM 
Teresa R. Strecker. Jud i th  A. Lengyel and John R. Merriam. Un ive rs i t y  o f  Ca l i f o rn ia ,  

The overa l l  l eng th  o f  the body does not appear to be shortened, despi te  

The body 1ength.of the mutant embryo appears 
I n  

Def lc lenc ies o f  the reg ion which uncover the t a i l l e s s 1  a l l e l e  

By 
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RECESSIVE DEVELOPMENTAL MJTATIONS EXPRESSED FOLLOWING HEAT SHOCK, Nancy S. Petersen 
and Herschel K. Mitchell, Div is ion o f  Biology, Caltech, Pasadena, CA. 91125 

Heat treatment of Drosophila pupae at speci f ic  stages o f  development causes defects which 
resemble mutant phenotypes. This has led t o  the suggestion that the heat induced develop- 
aental defects or phenocopies are due to  fa i lu re  o f  gene expression at a speci f ic  stage i n  
development. Recently we have found that we c m  uncover a recessive mutant phenotype by heat 
Ereatlnent at the appropriate developmental stage. This shows that some phenocopies at least 
Bre due t o  fa i lu re  o f  8 speci f ic  gene t o  be expressed. We have worked w i t h  two recessive 
nutants, forked *ich affects b r i s t l es  md nu l t i p le  wing hair, which affects heir  ce l l s  all 
Over the body. We have bean able t o  define sensitive periods when pupae which are hetero- 
rygous for the recessive nutant gene m d  a wild-type gene cen be heated, and the resul t ing 
bdults show the .mutant phenotype. The sensitive period for uncovering the recessive 
phenotype i s  di f ferent for d i f ferent parts of the animal, allowing ua t o  use heat shock t o  
determine the t im o f  germ action i n  speci f ic  tissuee. Furthermore, the a b i l i t y  to  define 
the u t a n t .  gene rasponsibre for a phenocopy apens the way for mlecu ls r  analysis o f  the 
mechanian o f  phenocopy induction. 

0989 CELLULAR HORPHOGENESIS IN THE YEAST CELL CYCLE, J.k. Pringle, K. Coleman, A. Adams, 
S. L i l l i e ,  B. Haarer, J. Robinson, C. Jacobs, C. Evans, and P. Shiels. Division o f  
Biological Sciences, The University o f  Michigan, Ann Arbor, M I  48109 

We are studying the morphogenetic events of the yeast ce l l  cycle using three main approaches. 
(1) Biochemical and morphological analyses o f  known cytoskeletal proteins. For example, v is-  
ual izat ion o f  ac t in  and tubul in i n  wild-type yeast and rnorphogenetic mutants using fluores- 
cent probes reveals spat ia l  correlations suggesting tha t  both cytoskeletal elements may be 
involved i n  generating the polar izat ion o f  growth and cel l -wal l  depostit ion tha t  occurs i n  
these cells. However, elimination o f  the microtubules wi th the i nh ib i t o r  nocodazole does not 
prevent e i ther  the emergence or  the selective growth o f  the bud, although i t  does prevent the 
migration o f  the nucleus t o  the mother:bud neck tha t  nbrmally occurs p r i o r  t o  nuclear d i v i -  
sion. Presently we aye focusing on 
the analysis o f  second-site suppressors of available t s  or cs cell-cycle (cdc) mutants wi th 
morphogcnetic defects. To date, extragenic suppresso~  havebeen i s o l a t e d T r  e, lo. ll. 
12 24. and 42 mutations. It appears tha t  s a w  of  the suppressors o f  cdclO mutations are a l -  
Eies  of  C D C T  and vfce versa. (3) Ident i f i ca t ion  o f  the products o f  m O C  genes involved 
i n  mrphog-sis. We are iso la t ing  the genes of in te res t  on recanbinant pKmids .  construct- 
ing  fusions o f  the genes t o  the E. co l f  lacZ gene, rais ing antibodies against the fusion pro- 
teins, and using these antibodiez t o e n t t f y  and local ize the COC gene products. To date, 
CDC24-lacZ fusions have been obtained, C D C l l  and 12 have been i s a t e d  and unequivocally 
fdcntlm, and plasmids complementing =and lbmutat ions have also been obtained. 

(2) Continuing mta t i ona l  analyses of cell-cycle events. 

0990 
Department of Biology, The Johns Hopkins University, Baltimore MD 21218. 

and maternal effect lethality. 
die during the pupal stage. 
complete development and become fertile adults. When these mutant adult females are shifted 
to 27'. the eggs they produce fail to hatch, even when fertilized by non-mutant males. 
Furthermore, the eggs produced by mutant females at 27' show gross defects in egg structure, 
nuclear migration, and in formation of the syncytial blastoderm. These embryos cease develop- 
ment at the time of cellularization. Proteins synthesized in mutant ovaries and in mutant 
imaginal wing discs were examined by two-dimensional gel electrophoresis. At 27'. altera- 
tions in the synthesis of a small group of abundant 45-50k proteins was seen. Four of the 
affecsed proteins can be grouped'into two pairs. The members of each pair differ in isoelec- 
tric point, but hav'e the same molecular weight. In wild type tissue at 20' and 27" and in 
mildnt tissue at 20'. synthesis of the acidic member of the pair is high and synthesis of the 
basic member is reduced or absent. In the mutant at 27", the situation is reversed. Partial 
proteolytic digests show that each pair represents one protein species. The alterations in 
isoelectric oint are probably due to a post-translation modification, Thus, the mutation 
l (3 )  c21RRw630 could produce a mutant modifying enzyme. The zygotic lethality and maternal 
effect lethality could be the result of improper modification of specific proteins. 

ALTERATIONS IN PROTEIN MODIFICATION IN A DROSOPHILA MUTANT SHOWING ZYGOTIC LETHALITY 
AND MATERNAL EFFECT LETHALITY, Clarissa M. Cheney, Kathryn G .  Miller and Allen Shearn, 

The temperature-seneitive Drosophila mutation, l(3) c21RR*630, causes zygotic lethality 
At the restrictive temperature, Z O O ,  homozygous mutant larvae 

At the permissive temperature, 20°C, homozygous mutant larvae 
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0991 ANALYSIS OF THE IAB-2 REGION OF THE BITHORAX COMPLEX. Barbara Weiffenbach and 
Welcome Bender, Harvard Medical School, Boston, MA 02115 

The genes of the bithorax complex of Drosophila are involved in determining the 
developmental pathway of the thorax and abdomen. Mutants of this complex transform 
structures of one segment into those of another segment. We are examining the 
phenotypes of several abdominal mutants in various combinations. We hope to define 
the individual bithorax gene products by transforming segments of the bithorax complex 
genes into mutant embryos. We are concentrating on one region, Iab-2, which 
specifies the normal development of the second abdominal segment. We chose Iab-2 
because its function appears to be contained within 30kb -- a small region by bithorax 
complex standards. We have built a cosmid vector for P element transformation which 
can carry inserts of foreign DNA between 25 to 35 kb. Because this plasmid carries 
the att site of phage lambda it can be stably maintained by integration into the 
chromosome of an E. coli strain carrying a special lambda prophage (constructed by M. 
Gottesman and B. Howard). In addition, this cosmid carries the Droso hila alcohol 
dehydrogenase gene ( @+ ) as a marker to identify Drosophila transf:rmants. Cosmids 
containing the Iab-2 region will be injected into Adh . iab-2 homozygous embryos and 
the progeny screened for *+ and =+ transformas: - 

HX&CUUR ANALYSIS OF THE ABDcLIlIhJAL REGICS OF TIiZ BITHORAX W L E X  IN D t & i . h  
-, Francois Karch and Welcome, W. Eender Ekrvard Kedical School, 250 
Longwcd av. n%sto:::l 02115 Itass. 
The products of the  bithcrax complex (BX-C) in p. --direct the fate of ail 

the segments posterior t o  t.he second tnoracic segmnt (TZ).. The genes wnich UlYfc t  tnG 
developnent of the third thcracic and f i r s t  atx3omiml segmnts S& and b a ,  have beea 
extensively studied a t  the q c ~ e t i c  and molecular level. Hmec-er, t h e  genes vhich control 
the second t o  the eighth abdominal sqnents (the i& genes), are less be l l  characterized 
and are now the f m s  of our molecular studies. We have extende&the chrom.osom1 walk t o  
collect the DNA of the j& genes and have localized the breaks of m y  chrcsrjscmii 
rearrangemnts causing recessive loss of function. ks expected from t h e  genetic &tar t!!e 
DPSL lesions for j&& i&=5 and nutations are in the sam order 5s the seqents ciiey 
affect. The aWominal region of the Bx-c is huger he hwe isolattd mre than Mo kb of DNA 
a d  we just reached a break which defines the j.&=.B qene, la0 kb away from the iab-2 
region. We have started to  zfialyze the transcriptional orcjanization of these genes ar.d have 
isolated cDM clones cmplemntary t o  genoinic wgrents derived frcm the iab-2 r-ion. We 
f m d  at least cwo kinds of CUNA, and one of t h e m  appears t o  be spliced over 25 kb of DNA. 
Cur mjor  interest is t o  define what is the smallest functional unit of particular 
genes. 

0993 
Segmntal identity in Drosophila is controlled by selective expression of selector genes, 
principally those comprising the bithorax complex (BX-C)and Antenna edia c 
appropriate pattern of e x p r e s s i o n m e  two complexloci A e h g  -0- 

POSITIVE AN0 NEGATIVE CONTROL OF THE BITHORAX AND ANTENNAPEDIA GENE COMPLEXES 
IN OROSOPHILA. P.W. ingham. imperial Cancer Research Fund. London. England. 

lex (ANT-C). The 

genesls and maintained throughout the proliferation of imaginal cells. 
to be involved in the regulation of expression of the BX-C and ANT-C. Mutatlons of the 
s ~ ~ c o m b s  (sFb) locus result in the homeotic transformation of- body segments by causing 
t e imappropriate expression of BX-C and ANT-C genes. 
and Pol comb (Pc) appears to be fnvolved m e  negative c m C 1  of the BX-C. 
t h a t h e r n a l l y  derived scb activity is sufficient for normal lasva4~elopment 
( i i )  zygotic & expression axpression is essential for normal adult dayeLdpnent. 
requirement for scb differs from both esc, required only maternally early in development, 
and &, requi redFgotically thrwghoutevelopment. Analysis of animals mytant for both - scb and bx or pbx, suggest the latter mutation identifies a regulatory function within the - EX-C. Thrtrithorax (trx) gene is required for the positive regulation of 
genes. 
embryogenesis results in a reduction in BX-C expression. The phenotype of esc; trx double 
mutants suggests that the two genes prob- act independently. - BX-C and A)(T-C loci are regulated by a network of genes expressed both maternally and 
zygotically. 

Several genes appear 

Thus scb, like extra sex combs (z) 
I have found 

Thus tbe 

the BX-C and ANT-C 
Whilst it funzons primarily during imaginal proliferation, its absencering - 

It is c o n c m e d T a t  the 
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09% MOLECULAR ANALYSIS OF THE 3 LOCUS WITBIN THE BITHORAX COMPLEX OF DROSOPHILA. 
Debra A. Peattie, Department of Biochemistry, Stanford University, Stanford CA 94305 

There is a specific class of mutations in Drosophila that affects the developmental fates of 
cells within the different body segments of the fly, partially or entirely transforming one 
type of body segment into another. These homeotic mutations lead to such oddities as flies 
with four wings instead of two or vith legs in the place of antennae, and such mutations define 
genes that direct cells along different and specific developmental pathways. 
gene cluster regulates developmental gtrategies vithb the thoracic and abdominal segments of 
the fly. and my work concentrates.on the bitho axold,(&) mutants vhich possess s first abdom. 
inal segment identical to the prec6eding third'thoracic segment. Extreme @ mutants possess 
eight legs rather than six, and, like the other bithorax mutations, this phenotype can be ex- 
plained by the absence or inactivation of a gene product necessary for specif ic .differentiat iod.  
Genetic and molecular analyses indicate that the 
DNA sequence determination of this locus has begun. 
(Goldschmidt-Claremont, unpublished data), 1.2, and 1 T k b  have been found, and hybridization 
analysis of three bxd-specific cDNA clones indicate there are at least four exons within the 
'b& region. 
another cDNA library is being constructed, and experiments are being done to determine 
khether or not the functional= gene product 1s actually a protein. To date, all data rele- 
want to bxd function and to the knovn effects of other bithorax alleles on this locus are 
compatible with the possibility that the functional gene product is an RNA or RNA-protien com- * 

T$e bithorax 

locus is approximately 20 kb in size. and 
bxd-specific poly-(A)+ RNAs of 0 . 9  

The DEsequences of these cDNAs reveal no significant open reading frames, so 
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0995 INHERITANCE OF FUNCTIONAL FOREIGN GENES IN PLANTS, Robert B. Horsch, Robert T. Fraley 
and Stephen G. Rogers, Monsanto Co., 800 N. Lindbergh Blvd., S t .  Louis, MO 63167 

A robacterium tumefaciens, the causative agent of crown gall disease is  capable of 
trans- segment (T-DNA) located between specific border sequences from i t s  tumor- 
inducing plasmid (Ti plasmid) into the nuclear DNA of infected plant cells .  Expression of 
T-DNA encoded tumor genes in the transformed cell  provides a selectable marker for recogni- 
tion of those ce l l s  i n  culture: the ab i l i ty  to  grow on medium without added phytohormones. 
Unfortunately this t r a i t  interferes w i t h  regeneration of normal, f e r t i l e ,  transformed p lan t s .  

Recently, we and others have obviated the need for  the tumor genes for  identification of 
transformants by construction of chimeric genes that function as dominant selectable markers 
in plant cells .  Our chimeric gene contains the coding sequence of the bacterial gene for  
neomycin phosphotransferase 11 joihed t o  the 5' and 3' regulatory regions of the nopaline 
synthase gene which is known t o  be expressed constitutively in higher plant cells .  We have 
shown t h a t  petunia and tobacco ce l l s  transformed with th i s  chimeric NOS/HPTII/NOS gene are 
readily selected and a re  highly resistant tekanamycin. 

and Petunia hybrida ce l l s  transformed w i t h  an A. tumefaciens s-t-smid 
carrying a chimeric kanamycin resistance gene.- The regenerated plants contain a functional 
chimeric gene as demonstrated by Southern hybridization analysis and the ab i l i ty  of leaf 
segments to  caiilus on media containing kanamycin. Progen derjved from several transformed 
plants have been shown to  inherit  the foreiqn qene i n  a dndel3an manner. 

Morphologically normal plants have beem regenerated from Nicotiana lumba in i fo l ia  ce l l s  

DEVELOPMENT OF INJRANUCLEAR MICROINJECTION INTO PLANT PROTOPLASTS, Terry J. Reich. 
Larry A.  Holbrook , Srian L.  A. f!iki ,  and V .  N .  Iyer. 0996 Carleton University and 
Agriculture Canada, Ottawa, Ontar io ,  Canada 

The technique of intranuclear microinjection of plant protoplasts for the purposes of genetic 
transformation is  currently being developed. Protoplasts of kd ica  o sativa,  are attached 
t o  grid patterns photoengraved on cover s l ips  a f t e r  nuclei have bee: stained w i t h  fluorescent 
dyes. A specially-designed syringe system can start and stop the flow of DNA a f t e r  micro- 
pipettes are inserted i n t o  the nucleus. The entry of OF!A is visualized by the swell of the 
nucleus. 
division. Single cell analytical techniques for following the short term fate of injected 
Ti-plasmid of A. tumefacieas are:under development. An environmental chamber that controls 
humidity, temperature and  s t e r i l i t y  enclosed the microinjection a p p a r a t u s  and  ensures long- 
term survival of protoplasts after' injection. 

As compared t o  controls, 90% of the injected protoplasts go into f i r s t  cell  
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EMBRYONIC AND POSE-EMBRYONIC REGULATION OF RuBPCASE. JUNE MEDPOFD AND IAN SUSSEX. 0997 
We are studying embryonic and ear ly  post-embryonic regulatory mechanisms i n  the bean, 
-- PKasedlus vulgari's using t h e  geneticexpression of RuBPCase (r ibulose 1.5-bisphos~hate  
carboxylase oxyqenase). Immunological quant i ta t ion  shows the pro te in  changes during 
ear ly  embryogeny, reaching a peak a t  20 days and subsequently decreases i n  the la t ter  
p a r t  ofembryogeny. 
a t  a leve l  SX t h a t  of embryogeny. Quantitation of mRNA ( for  both the chloroplast  encoded 
large subunit and the nuclear encoded s m a l l  subunit of RuBPCase) is cur ren t ly  i n  proqress 
and is ewwcted to reveal  similar expression. 
found i n  the cotyledon tissue r e f l e c t s  t ranscr ip t ion  i n  two d i f f e r e n t  developmental s tages  
t h a t  are separated by a period i n  which there is M DNA synthesis  or cell divis ion.  W e  
w i l l  present  data  which suggests t h a t  RuBPCase, i n  cont ras t  t o  most o ther  systems where it 
has been s tudied,  does not require  a l i q h t  stimulus f o r  expression. 
data  ind ica te  RuBECase expression i n  bean cotyledons is retarded by a b s i s i c  acid,  a known 
regulator  of l a t e  embryonic developmental proqrams. 
nuclear encoded small subunit qene family is i n  progress. Hybridization of mRNA under 
s t r ingent  condi t ions w i l l  allow discr iminat ion of expression from d i s t i n c t  family members. 
Such discr iminat ion of expression of individual  family members should allow us to  examine 
s igna ls  responsible f o r  embryonic and post-embryonic expression. 

w p t .  of B i o l .  Yale univ. New Haven m. 06511 

The prote in  then reappears i n  the same t i s s u e  following seed germination 

This p a r t i c u l a r  pa t te rn  of expression 

In addi t ion  preliminary 

I so la t ion  of  a l l  members of the 

0998 CALCROPLAST KFYEIRANE PROTEIN'; A I D  C ' I M P L A S M I C  MALE STERIL.lTY,LI J i g e n g ,  
L i  J I a - y a n g . I n 8 t i t u t e  o f  Genet ics ,kcademia S in i ca ,Re i j ing ,Ch ina .  

U201A and WOlB of s u g a r  b e e t s  and 3197A and 3197F of 6orghum were used b6 
expe r imen ta l  materials i n  t h i s  s tudy .  'A'means s te r i le  l i n e , a n d * B ' m a i n t ~ i n e r .  

P r e p a r b t i o n  o f  c h l o r o p l a s t  and memorhne p r o t e i n s  was performed a~ pre- 
v i o u s l y .  Kembrane p r e p a r a t i o n  was l y s e d  by NP-40 <ma SDZ and s e p a r a t e d  by 
e l e c t r o f o c u s .  Secona d imens icna l  e l e c t r o p h o r e s i s  was run i n  SDS-PAGE. S l i b s  
sere s t a i n e d  wi th  s i l v e r  nethoo.  

ob to inec  by one dimensions1 e l e c t r o p h o r e s i s  o f  e i t h e r  e l e c t r o f o c u s  or LCS- 
FAGE between A and B o f  suga r  beets.HoTever,under t h e  two dimensional  e l ec -  
t r o p h o r e s i s  c o n s i s t i n g  of t h e s e  two lrethods.  obv ious  d i ~ t i t c t s  *ere reved-  
ed between t h e s e  two 1 i n e s . h  comfiarison wi th  B ,ode ' cpo t  of qbout 43kd pro- 
t e i n  i n  A ses  moved t o  t l k e l i  diract1on.T.o s p o t s  18 t h e  rt:nge.of 38-42kd 
u t  pS5-6 occur red  s l i g h t  but a c c u r b t e  ch.n;es i n  &heir y o s i t i o n s .  S i u i l a r  
v x i a t i o : l  were alec obcerved in s e p s r e t i o n  pi t t ' i rnr .  Getween A -nd 3 o f  sor- 
ghum.In t h e  r-nge o f  pH5-6,five s l o t 6  in A were more b i g g e r  and h e u v l e r  i n  
color than  t h a t  i n  B.In t h e  r e g l o n  n e a r  p116 t h e r e  w3s one s p o t  i n  2. which 
188 absen t  in B,and t n  t h e  same pH r e g i o n  twd3pots of about. 1lOkd on ly  pre- 
seat in A also. 

These r r o u l t s  ehowed t h a t  c h l a r o p l a o t  membrme p r o t e i n s  may be r e l a t e d  
to the  p o l l e n  f e r t i l i t y  i n  h i g h e r  P l a n t s .  

lo o i g n l f i c a n t  d i f f e r e n c e s  were obr.erved i n  t h e  s e p a r a t i o n  p a t t e r n s  

0999 THE ORGANIZATION AND EXPRESSION OF 'IIJBULIN GENES I N  HIGHER PLANTS, M.J. Guiltinan, 
R. Cyr, M. Bustos and D.E. Fosket, University of Cal i fornia ,  I rvine,  CA 92717 

A-Soy6ean genomic l ib rary  i n  lambda was screened with Chlamydomonas a- and 8-tubulin r D N A s .  
Forty-five clones containing sequences hybridizing t o  the 8-tubulin probe and four hybrid- 
iz ing t o  the a-tubulin probe were ident i f ied  and isolated.  Restr ic t ion fragments of the 
lambda inser t s  which hybridized to the probes were subcloned in PUC 13 for  fur ther  analysis. 
Restr ic t ion mps  of the cloned fragments were constructed for  a l l  four a-clones and eight  
of the 8-clones. A comparison of these maps indicate  that  four of the 8-clones represent 
d i f fe ren t  genes while three of the a-clones appear to be d i f fe ren t .  Southern hybridiza- 
t ion t o  res t r ic ted  soybean genomic DNA with e i ther  the Chlamydomonas c-DNAs or the homolo- 
gous cloned probes suggested tha t  the soybean genome contains four each of a- and 8-tubulin 
genes. In contrast ,  Southern hybridization t o  res t r ic ted  tomato DNA gave addi t ional  bands 
of hybridization to  the labeled probes. W e  ver i f ied  tha t  the .genornic clones contained 
tubulin gene sequences by using them to hybridization-select soybean poly  A + RNA which 
was t ranslated in a wheat germ cel l - f ree  system. The t rans la t ion  products were shown t o  
react with antibodies spec i f ic  for  higher plant tubulin. 
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COORDINATE INCREASE IN MAJOR TRANSCRIPTS FROM THE HIGH P I  aAMYLASE MULTIGENE FAMILY 
IN BARLEY ALEURONE CELLS STIMULATED WITH GIBBERELLIC ACID (GA).  John C. Rogers. 

otsantrrgton Univ.. St. Louis, MD 63110. 
tem f o r  studying developmental and hormonal regulat ion of gene expression. Aleurone c e l l s  
form a layer  surrounding the  s tarchy endospenn i n  barley seeds. During germination of the 
seed, t h e  d r y 0  secretes t h e  plant hormone GA which s p e c i f i c a l l y  induces the previously 
quiescent aleurone c e l l s  t o  secrete la rge  amounts of a w l a s e  as well as  other  hydrolases. 
This response is  developmentally regulated because the embryo does not synthesize amylase i n  
response t o  GA. and it i s  h o m n a l l y  regulated because the aleurone c e l l s  make no amylase i n  
the absence of GA. 70 study this system we have cloned and sequenced a fu l l - length  cDNA f o r  
amylase from aleurona c e l l s  ( J B C  123. 4567, 1983). 
t h a t  t h i s  cDNA corre  Southern b lb t  data. l o c a l i z e  the 
gene f o r  t h i s  clone T a  s'lngle,HindIII fragment and ind ica te  t h a t  there  may be'as many as  6 
more homologous genes. Primer extension experiments used as  a primer the  terminal 5 '  coding 
sequence from our cDNA clone;  th is  primer would not c ross  hybridize w i t h  l ow $I aamylase 
t ranscr ip ts .  Two major t r a n s c r i p t s  were ident i f ied  t h a t  were coordinately induced by GA. 
These shared a conserved 23 base sequence inmediately 5' t o  the ATG s t a r t  codon, but a C-G 
transversion and 3b de le t ion  were present therein. An unusual 8bp GC palindrome imnediately 
preceded the ATG i n  both. 
I t  is  l i k e l y  t h a t  t h e r e  are t r a n s c r i p t s  f r m  2 separate  genes. These data  ind ica te  t h a t  
there i s  a high PI aamylase multigene family w i t h  a t  l e a s t  2 ac t ive  members, both of which 
are regulated i n  m e  manner by the plant  hormone. GA. 

Barley aleurono cells provide an extraordinary sys- 

Protein sequence da ta  from others show 
nds t o  the high-pI a&ylase isozyne. 

Distal t o  the  conserved sequence there was no apparent homology. 

lml 
Brassica narms has two types of embryo-specific s torage proteins ,  napin and cruc i fe r in .  

These s t r i c t l y  regulated genes a re  expressed a t  high leve ls  during seed development. 
possible  t o  experimentally modulate the leve l  of napin and cruc i fe r in  expression i n  cul tured 
Brassica embryos. 
mid-maturation leve ls  of storage proteins. We are studying napin and cruc i fe r in  genes w i t h  
t h e  ul t imate  goal of exploi t ing th i s  experimental system t o  def ine DNA sequences involved i n  
t h e i r  developmental regulation. Genodc Southern b l o t s  reveal  that  both napin and cruc i fe r in  
are coded by famil ies  of genes. 'i6e napin family has at l e a s t  12 hybFidizihg bands in Eco R1 
diges ts .  This enzyme does not cut  t h i n  any of the cloned napin genes. These bands span a 
range of 2.1 t o  18 Kbp. Several o f T h e  bands $ve i n t e n s i t i e s  corresponding t o  2 copies. 
Similar  experiments done with a c r u c i f e r i n  probe show 3 hybridizing bands between 9 and 10 
Kbp. Two of these bands have nulti-copy i n t e n s i t i e s .  W e  have constructed a genomic l i b r a r y  
f o r  Brassica napus, an a l l o t e t r a p l o i d  w i t h  4N - 3.2 pg. 
diges ts  were cloned i n  the lambda vector EMBL 4. The l i b r a r y  has been probed with napin and 
c r u c i f e r i n  cDNA clones. Comparison of r e s t r i c t i o n  pat terns  of napin genes with a napin cDNA 
clone ind ica tes  no in t rons  a re  present within the t rans la ted  portion of the gene. Crucifer in  
phage hare been detected but have not been iao la ted ,  appnrently due t o  an i n s t a b i l i t y  
probler. 

ANALYSIS OF BRASSICA NAPUS STORAGE PROTEIN GENES, Steven Scofield and Martha Crouch, 
Indiana University, Eloomington, I N  47405 

It is  

Rnbryos cul tured on 10-6 M ABA or high osmoticm synthesize normal 

PragPlents from Sau 3A p a r t i a l  

lm ORGANIZATION AND EXPRESSION OF THE COMPLEX HOR 1 AND HOR 2 LOCI I N  DEVELOPING BARLEY 
GRAIN, Brian G. Forde, Martin Kreis, Sadiq Rahmen, Richard P. Fry, Martin S .  
Williamson, Hilary M. Lewis, Jacqueline P y w e l l ,  Peter  R.  Shewry and Benjamin J. 
Miflin, Biochemistry Department, Rothamsted Experimental S ta t ion ,  Harpenden, U.K. 

Over 90% of the  s torage proteins  ( 'horde ins ' )  i n  the  barley endosperm a r e  encoded by two 
genet ic  l o c i  (Hor 1 and Hor 2) about 8 centimorgans apart  on t h e  shor t  arm of chromosome 5. 
Each locus con= of a t s t  10-15 genes and spec i f ies  a heterogeneous group of 
polypeptides. 
The coordinated, t issue-specif ic  expression of the  two l o c i  is modulated by temporal and 
n u t r i t i o n a l  fac tors  and by a t r a n s  act ing ' regulatory '  gene. Each of these secondary 
cont ro ls  have been found t o  a m d i f f e r e n t i a l l y  on t h e  two l o c i  and even d i f f e r e n t i a l l y  on 
two sub-families of genes within the  
revealed t h e  occurrence of shor t  repeated sequences a t  both l o c i  and s i m i l a r i t i e s  between 
these  repeats  a t  t h e  two l p c i  suggest the  p o s s i b i l i t y  of a common evolutionary or ig in  f o r  
t h e  two gene Pamilies. 

We have s tudied the  expression of these gene famil ies  during seed development. 

locus. Sequence ana lys i s  of cDNA clones has 

62 



Molecular Biology of Development 

1003 

Cloned chloroplast  DNA fragments were used as  hybridizat ion probes t o  ident i fy  t h e  i n  vivo 
t ranscr ip t iona l  products of the chloroplast  genome t h a t  a r e  present during the  development of 
the  chloroplast  in the  C4 photosynthetic plant  pear l  m i l l e t  (Pennisetum americanum). RNA w a s  
i so la ted  from e t i o l a t e d  plants  that were exposed t o  l i g h t  f o r  varying periods of time and 
from mesophyll and bundle sheath c e l l s  of p lan ts  t h a t  contained f u l l y  d i f fe ren t ia ted  
chloroplasts .  The d i f f e r e n t  RNAs w e r e  Size fract ionatedrby irlectrophoresis in denaturing 
ge ls  and Northern b l o t s  werb prepared. 
DNA fragments were hybridized t o  the  immobilized P.NA. The s t a b l e  RNAs in the  chloroplasts  
were i d e n t i f i e d  on the  b a s i s  of t h e i r  s i z e  and t h e i r  o r i g i n  on t h  chloroplast  genome. The 
s t a b l e  t r a n s c r i p t s  i n  the chlo+opl8st were regulated i n  severa l  ways during the  development 
of the  chloroplast .  One, the  majority of the  t r a n s c r i p t s  were cons t i tu t ive ly  expressed in 
both the  dark and the  l i g h t  as  wel l  i n  both types of c e l l s .  
increased i n  concentration when dark grown p lan ts  were placed in t h e  l i g h t .  Three, a t  l e a s t  
3 t r a n s c r i p t s  decreased in concentration when dark grown p lan ts  w e r e  placed i n  t h e  l i g h t .  
Four, severa l  t r a n s c r i p t s  appeared t o  be c e l l  spec i f ic .  Of par t icu lar  i n t e r e s t  is  t h e  f a c t  
t h a t  t h e  gene f o r  the la rge  subunit of r ibu lose  1,5-bisphosphate carboxylase is represented 
as 2 s t a b l e  t r a n s c r i p t s  i n  bundle sheath c e l l s  and a s i n g l e  s t a b l e  t r a n s c r i p t  i n  mesophyll 
cells. 
and the  NSF (PCM-8200949). 

DIFFERENTIAL EXPRESSION OF THE CHLOROPLAST GENOME IN A c4 PHOTOSYNTHETIC PLANT. 
Betty J .  Wood and James R. Y .  Rawson, Botany Department, University of Georgia, 
Athens, GA 30602 USA. 

32P-labeled plasoida h n t a i n i n g  specif  i c  chloroplast  

Two, severa l  t r a n s c r i p t s  

Supported in p a r t  by grants  from t h e  USDA Competitive Grants Program (80-CRCR-1-0489) 

1004 
Application of auxin t o  soybean hypocotyls r e s u l t s  i n  a massive accumulation of pro te in  and 
RNA. 
auxin (2,4-dichlorophenoxy) a c e t i c  acid (2.4-0) t h e  leve ls  of t rans la tab le  cytoplasmic 
ribosomal pro te in  (RP) mRNAs are increased &fold above those i n  non-treated t i s sue .  
thoroughly inves t iga te  the  e f f e c t s  of auxin on RP gene regulat ion we  have i so la ted  RP cDNA 
clones. Of t h e  
approximately 150 clones screened by hybrid select ion-translat ion.  we have i d e n t i f i e d  2 t h a t  
contain cDNA capable of hybridizing mRNA coding f o r  s m a l l  subuni t  p ro te ins  and 7 t h a t  
hybridize mRNA coding f o r  la rge  subunit proteins .  
t h a t  poly(A)RNA iso la ted  from 2,4-D t rea ted  hypoeotyls contains approximately 10-fold more 
RP mRNA than does poly(A)RNA iso la ted  from non-treated t i s s u e .  
cur ren t ly  being used t o  fur ther  inves t iga te  the regulat ion of t h e  soybean RP genes. 

REGULATION OF RIBOSOMAL PROTEIN mRNA LEAVES I N  AUXIN-TREATED SOYBEAN HYPOCOTYLS. 
J. Stephen Gantt and Joe L. Key, University of Georgia. Athens, GA 30602. 

W e  have shown t h a t  24 hours a f t e r  treatment of soybean seedl ings with t h e  synthe t ic  

To more 

cDNA w a s  made t o  poly(A)RNA iso la ted  from auxin-treated hypocotyls. 

Preliminary h y b r i d i z ~ t i o n  dtudies  show 

These cDNA clonea a r e  

1005 EXPRESSION OF CHLOROPLAST GENES DURING EMBRYOGENESIS, Katyna E. Borroto, 
James R.Y. Rawson, Leon Dure 111, University of Georgia, Athens,GA 30602 

The expression of chloroplast genes during cotton embryogenesis was 
followed by measuring the dot blot hybridization of total mRNA to different 
chloroplast cDNA clones. RNA was extracted from cotton embryos at different 
stages of development ranging from "young embryo" (5 mg) to the mature dry 
seed. and seeds germinated for several days. This represents a 25 fold increase 
in embryo size and was comprised of 19 dots. Among the clones used in the 
hybridization reaction were those for RUBP carboxylase LSU, chloroplast rDNA 
and the "photo gene 32". All of these are products of the chloroplast genome. 

The results of these experiments show that these genes are expressed 
constitutively during embryogenesis ahd that this expression increases up to 
ten fold during germination. In some cases it appears that these genes are 
expressed at a higher level in very young embryos than in more mature embryos. 
These results are surprising since these embryos are not exposed to light 
during embryogenesis and are not green. 

during germination is a result of increased chloroplast genome per cell rather 
than enhanced expression of the gene was tested by hybridization of the clones 
to total DNA from different developmental stages. 

The possibility that the increased expression of these genes observed 
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In maize leaves, cell divisions occur primarily in the leaf's basal meristem, older cells 
being displaced by younger cells below them. 
of cell ages along the length of a young leaf. 
leaf development is somewhat complicated by the differentiation of bundle sheath cells; a 
photosynthetic cell type of maize leaves in addition to the leaf mesophyll. 
tion" of cellular dimorphism is interesting because the two cells functionally cooperate in 
the multi-step scheme of CO fixation called C photosynthesis. Maize uses two CO -fixing 
enzymes (PEPCase and RuBPCale) which are locatid exclusively in mesophyll and bundle sheath 
cells, respectively, of the plant's leaves. I have found that PEPCase and RuBPCase mRNAs are 
also restricted to these respective cells types in mature leaf tissue. 
of the leaf positional gradient to compare changes in gene expression involved in C 
thesis with leaf morphological development monitored using light microscopy. Accdlation of 
RuBPCase (large and small subunit), PEPCase and chlorophyll a/b binding protein (a component 
of the "light reaction" of photosynthesis), and that of the mRNAs associated with these pro- 
teins, increases dramatically as bundle sheath cells become morphologically differentiated. 
Measurable quantities of all four mRNAs are, however, found in the relatively undifferen- 
tiated basal portion of the leaf. 
to determine whether RuBPCase mRNAs are present in the entirepopulation of basal cells or 
exclusively in cells predetermined to become bundle sheath cells. 

CELLULAR DIFFERENTIATION AND PHOTOSYNTHETIC GENE EXPRESSION IN DEVELOPING MAIZE 
LEAVES, Belinda Martineau, University of California, Berkeley, CA 94720 

This process results in a positional gradient 
This simple basipetal pattern of graminaceous 

This "complica- 

I have taken advantage 
photosyn- 

I am currently using in situ hybridization techniques 

1007 

Maize mutants which accumulate carotenoid precursors are arrested early in plastid develop- 
ment.' A subset of these carotenoid mutants are vikiparous (possess altered seed dormanc 
Analogous chlorophyll biosynthetic mutants arrest at later stages of plastid development. 
We find that certain maize carotenoid mutants which accumulate colorless precursors (e.g., 
phytoene) also fail to accumulate nonnal levels of nucleus-encoded mRNAs for chlorophyll- 
binding proteins, ribulose bisphosphate carboxylase small subunit, and other light-regulated 
photosynthetic proteins. 
protein which is thought to mediate most light effects on transcription in leaves. The 
effects of carotenoid deficiency on mRNA accumulation can also be generated by blocking 
carotenogenesis with inhibitors such as norflurazon. 
thetic enzymes from wild type and mutant leaves. 
associated with chloroplast membranes and can be solubilised by sonication. 
products apparently affect both the accumulation of photosynthetic mRNAs and proteins and 
the synthesis of earlier enzymes in the carotenogenic pathway. Lack of these products in 
mutants may be the source of blocks in plastid development. 

CAROTENOID BIOSYNTHESIS INFLUENCES EXPRESSION OF PHOTOSYNTHETIC GENES IN 
DEVELOPING MAIZE LEAVES, Timothy M. Nelson, Stephen P. Mayfield, and William C. 
Taylor, University of California, Berkeley, CA 94720 

3) * 

The same mutants have normal levels of phytochrome, the pigment- 

We have purified pigments and biosyn- 

The carotenoid 
The carotenogenia activrties are loosely 

1. DS Robertson (1975) J. Heredity 66, 67-74. 
2. P Mascia and DS Robertson (1978)Tlanta 143, 207-211. 

INDUCIBLE EXPRESSION OF THE VIRULENCE GENES OF THE A6 AGROBACTERIUM TUMEFACIENS 

Washington, Seattle, WA 98195 
'OO8 TI-PLASMID. Scott Stachel. Gynheung An, and Eugene Nester. University of 

- A. tumefaciens is able to transfer a specific segment of plasmid DNA from itself to 
plant cells. The transferred DNA becomes integrated into the plant nuclear genome and 
expressed. and this expression results in the phenotypic transformation of plant 
cells. The genes responsible for the transfer and integration steps are not contained 
on the DNA which i s  integrated, but are located on a separate thirty kilobase region 
of bacterial plasmid DNA designated the virulence (s) region. 
expression and regulation of twelve separate & loci. 
generated throughout the region by employing a Tn3:LacZ system. and the expression 
of these fusions was determined in Agrobacterium under a variety of grwth conditions. 
Both actively growing dicot and monocot plant cells produce a h a l l  molecular weight 
factor that induces =gene expression. A regulatory & &ocus has been tentatively 
Identified. We are currently characterizing the molecular chamges that occur within 
induced bacteria as part of the virulence process. 

We have analyzed the 
fusions were randomly 
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A casein agar- ind icator  gel assay was optimized f o r  quan t i t a t i ve  measurement and 
screening o f  p lan t  protease a c t i v i t i e s  present i n  organ explants, t i ssue  cu l tures 
and t i ssue  extracts. Using t h i s  assay method, we have s tud ied the  developmental and 
d i f f e r e n t i a l  expression and biochemical proper t ies o f  a s p e c i f i c  protease a c t i v i t y  
present i n  corn. 
ex t race l l u la r l y ,  and i t s  expression i s  regulated i n  t h e  ea r l y  sporophytic 
development o f  corn. 
course o f  expression were detected among d i f f e r e n t  genotyp.es tested. 
s i m i l a r  protease a c t i v i t i e s  were a lso detected i n  unutganired c a l l u s  t i ssue  cu l tu res  
derived from corn scute l la ,  but l i t t l e  t o  no a c t i v i t y  was expressed i n  the  organized 
o r  regenerating ( ie .  shooty o r  rooty)  c a l l i  o f  corn'?issue cu l tures.  
co r re la t i on  between seed germination/seedling v igor  und expression o f  t h e  s c u t e l l a r  
protease a c t i v i t y  was observed. Biochemically, t he  enzyme exh ib i t s  t he  fo l l ow ing  
cha rac te r i s t i cs :  molecular weight = 94000. A broad pH optimum between pH 4 t o  6, 
c m p l e t e l y  res i s tan t  t o  soybean t r y p s i n  i n h i b i t o r s  and r e a d i l y  degrade high 
molecular weight maize s c u t e l l a r  proteins. Attempt w i l l  be made t o  i s o l a t e  gene(s) 
coding f o r  t h i s  protease and t o  characterize t h e  regulatory  sequences involved i n  
t h e  expression o f  t he  enzyne. 

EXPRESSION OF TISSUE SPECIFIC EXTRACELLULAR PROTEASE A C T I V I T I E S  I N  CORN SCUTELLA AN@ 
B F ~ a ~ ~ ? o ~ L i L ~ Y R E S 3 5 6 1 i n g - S u n  Yang. James Burmester, C o l l i n  Park, Cetus Madison Corp.. 

This enzyme i s  t i ssue  (scutel1um)-specif ic. secreted 

Readily d is t inguishable d i f ferences i n  t h e  l e v e l  and t ime 
These o r  

Pos i t i ve  

DEVELOPMENTAL AND HORMONAL REGUWTION OF GENE EXPRESSION IN PLANTS, Joe L. Key, John 
Walker and Phi l ip  Kroner, University of Georgia, Athens. GA 30602 '010 

We are inves t iga t ing  the  regulat ion of gene expression in seedl ing t i s s u e  of soybean using 
cloned cDNh t o  genes whose expression is regulated both during normal development (i.e.. 
progressing from zones of c e l l  divis ion,  t o  cell elongation and f i n a l l y  t o  mature f u l l y  
d i f f e r e n t i a t e d  c e l l s )  and t o  the  hormone auxin when appl ied t o  one of those t i s sues .  One 
set of two cloned sequences is expressed maximally in elongating c e l l s ,  depletes  rapidly upon 
excis ion,  and in t reases  rapidly upon auxin addi t ion t o  t h e  growth medium. These sequences 
seem t o  be a c lose ly  l inked component o f  t h e  auxin-regulated c e l l  elongation process. Another 
set of t h e  sequences are non-abundant i n  dividing c e l l s  and reach high abundance (up t o  1% 

Auxin addi t ion  t o  these cells causes these 
sequemes t o  deple te  to  .01% o r  less of the  t o t a l  poly(A) RNA. 
is present  i n  dividing cells i n  one mature s i z e  and increases in size during the  t r a n s i t i o n  
t o  mature cells; a w i n  treatment rapidly s h i f t s  the  mature form back pr imari ly  t o  t h e  smaller  
s ize .  Physiological and molecular s tud ies ,  including sequencing of genomlc clones, t o  t h i s  
set of developmentally auxin-regulated gene products are continuing. 
by NIB grant  GM30317. 

aach of t h e  t o t a l  poly(A) RNA) i n  mature cells. 
Another poly(A) RNA sequence 

This work is supported 

1011 A B. MELILOTI LOCUS THAT REGULATES SYMBIOTIC NITROGEN FIXATION GENES, Wynne Szeto, 
Lynn Zimmenman, Venkatesan Sundaresan 6 Frederick Ausubel, Harvard Medical School, 
Boston, MA 02114 .  

Symbiotic ni t rogen (N ) f ixa t ion  between Rhizobium m e l i l o t i  and a l f a l f a  is a complex process 
control led by both bae ter ia  and p lan t  gen-r-nderstand t h e  molecular mechanisms 
underlying t h e  reciprocal  s igna l l ing  which culminates in symbiosis, t h e  r o l e  of Rhizobium in 
t h e  developmental process was f i r s t  s tudied.  By s i te -d i rec ted  mutagenesis (using transposon 
Tn5) of cloned R. m e l i l o t i  DNA, severa l  gene regions e s s e n t i a l  f o r  symbiosis have been ident i+  
f l e d .  To inves t iga te  t h e  ac tua l  funct ions of these  l o c i  during symbiosis, a series of str?+nd 
car r ing  Tn5 inser t ions  i n  d i f f e r e n t  symbiotic regions were used t o  induce indf fec t ive  (Fix ) 
nodules i n  a l f a l f a .  
and analysed. 
ni t rogenase ( n l f )  operon was found t o  be  e s s e n t i a l  f o r  n i f  production: s t r a i n s  carrying muta- 
t ions  in t h i s r e t i o n  d i f f e r e n t i a t e  in to  bacteroids  w h i c h 0  not  accumdate de tec tab le  amounts 
of nif RNA nor n i f  polypeptides. 
a f f e c t s  not o n l y h e  expression of nif RNA, but a l s o  t h a t  of another symbiotic operon adjacent 
t o  t h e  nif locus. 
Rhlzobium synbiot ic  genes. 
gous t o  t h e  regulatory pro te in  (n i f  A protein)  which cont ro ls  t h e  e n t i r e  N 
in Klebsiel la  neumonlae, an organism which f i x e s  N in t h e  f ree- l iving st t te.  This suggests 
that a t  l e r e t  :ome aspects  of t h e  N f i x a t i o n  apparagus among divergent organisms are conserved. 
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Speci f ic  proteins  as w e l l  a s  RNA were pur i f ied  from these  Fix- nodules 
Using t h i s  approach, a DNA region approximately 5 ki lobases  upstream of the  

Further RNA hybridizat ion s tudies  showed that t h i s  locus 

Other experiments ind ica te  that t h i s  locus codes f o r  an a c t i v a t o r  of 
In addidion, t h i s  ac t iva tor  has some proper t ies  which a r e  analo- 

fixation pathway 
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1012 STUDIES OF PLANT DEVELOPMENTAL GENES USING TI PLASMID VECTORS, Robert  B. 
Simpson, Uias A. Shahin, Thomas D. McKnight, Linda Margossian and Marcella Lillis, Molecular 
Biology Group, A R C 0  Plant Cell Research Institute, 6560 Trinity Court, Dublin, CA 94568. 

W e  a r e  developing techniques to genetically transform tomato cells with DNA inserted into 
non-tumorigenic ("disarmed") Ti plasmids, so t ha t  t h e  cells can regenerate "normal", fert i le plants 
containing the  new DNA. The basic plan is to co-cultivate tomato protoplasts with A robacterium 
tumefaciens containing modified Ti plasmids. A series of modified vectors have been d e m  
purpose and are at various stages of development. W e  believe tha t  we  have efficiently transformed 
tomato cells with a disarmed vector and regenerated plantlets from those cells. This conclusion, based 
on octopine synthesis by t h e  plantlets, must be confirmed by analysis of t he  DNA of t h e  plantlets. 

The modified vectors a r e  being used to introduce developmentally regulated gene's into plants 
and study their  ability to function in organized and unorganized, plant tissue. One example ,is the Small 
subunit (55) of ribulose- 1 ,Misphosphate carboxylase, a nuclear gene whoZe expression is regulated both 
developmentally and environmentally (photoinduction). We a r e  identifying transcriptional control 
sequences using chimeric genes composed of t he  SS promoter DNA and terminator DNA fbsed to t h e  
coding region for neomycin phosphotransferase from 1115. The mechanisms of SS protein synthesis, 
transport  and processing a r e  being studied by introducing the  ent i re  SS gene from pea into other plants 
where the  endogeneous protein is distinguishable from the  pea SS. W e  have also introduced the DNA for 
Robertson's Mutator, a transposable element from corn, into tobacco cells and a r e  currently testing 
whether the mutator can transpose in this new environment. 

1013 INDUCIBLE ZBANSCRIWION AND PUFFING OF JiEAT SIIOCK GphlBS l"SF0RMRD INTO DBOSOPBILA. 
Robert Cohen and Matthew Meselson. Harvard University. Cambridge, MA 02138 

A cloned hap70 heat shock gene w i t h  various amounts of 5' DNA was introdnced into the 
The hsp7O gene contsined genome of p. melanoraster by P element-mediated transformation. 

about 100 bp of 3' flanking DNA and was marked by substituting a 1.05 kb segment of b a t  
teriophape Z DNA for the hsp7O region from +89 to +2027 (where +1 is the start of tranrcrip- 
tion), Genes with S' DNA extending to -195, -146 and -70 are transcribed with essentially 
wild-type efficiency under faithful heat shock oon t ro l  to gids a 1.6kb polyA+ hsp70-2 hybrid 
EM. Sl mapping indicates that these transcripts initiate at thepornal hsp7O start rite. 
When only 51 nucleotides of 5' DNA are present, ttanscri&s of the correct size and st8rt 
rite are induced by heat #hock, but the amount observed is only about 1 percent offthe wild 
type 18~01. 
ing only 44 or 25 nucleotide pairs of S' DNA. The hrp7O gene extending to -195 produces a 
salivary gland chromosome puff at the site of integration in response to heat shock. 

blished. Th. introdnced gene is transcribed in response to heat shock. Its developmental 
control in the absenoe of heat shock is being investigated. 

No transcripts are seen in heat shocked flies transformed with hap70 genes hav- 

Several fly liner ttanaformed with a marked hsp26 heat shook gene have also been esta- 

Developmental Expression of Immunoglobulin Light  Chain mRNAs i n  Balb/c (normal) and 
SJL (A1 d e f i c i e n t )  Mice. Sharon Ogden and Ursula S to rb ,  University of Washington, 
S e a t t l e ,  WA 98195 

Mice of t h e  S J L  and r e l a t e d  s t r a i n s  produce about lOOX less A 1  Immunoglobulin than nor- 
mal mice. We have found t h a t  t h e  d e f e c t  is  g e n e t i c a l l y  l inked t o  a s i n g l e  basepa i r  s u b s t i t u -  
t i o n  i n  t h e  C x 1  gene which r e s u l t s  i n  an amino a c i d  change i n  t h e  cons t an t  region of A 1  (Arp 
et al . ,  Nature 298:184-187, 1982). Other x 1  gene exons and f l ank ing  sequences known t o  be 
involved i n  g e n e e a r r a n g e m e n t  are normal i n  SJL mice (op. c i t . ) .  
determine whether t h e  observed change i n  Cx1 or an as y e t  unknown regu la to ry  locus  i n  t h e  
v i c i n f t y  of t h e  gene were t h e  cause f o r  t h e  r l  de f i c i ency  i n  SJL mice, we have analyzed t h e  
development of A 1  mRNA l e v e l s  i n  SJL mice. 
l i g h t  chain gene expression p a r a l l e l  s t u d i e s  were conducted on 11 and a.mRNA l e v e l s  i n  normal 
Balb/c mice and i n  t r ansgen ic  mice ca r ry ing  a f u n c t i o n a l ,  rearranged I( gene. The fol lowing 
r e s u l t s  will be presented and discussed:  1 )  Normal f e t u s e s  have a 1 O X  h ighe r  X ~ / K  mRNA r a t i o  
than adu l t s .  2) Whlle SJL a d u l t s  have exceedingly low I1 nANA l e v e l s  corresponding t o  t h e i r  
low A 1  p ro t e in  levels, SJL fetuses and newborns have normal l e v e l s  of A 1  mRNA. 3) Transgenic  
mice expres s  a microinjected K gene a t  a high r a t e  i n  lymphoid c e l l s ,  but  no o t h e r  c e l l s  
( B r i n s t e r  e t  a l . ,  Nature, i n  press; S to rb  and Br ins t e r ,  unpubl ished)) .  
mRNA a r e  normal. The presence of a rearranged K gene o r  o f  i t s  products  does thus not appear 
t o  exert a feedback i n h i b i t i o n  on x 1  gene expression.  
and DE 02600. S.O. is  supported by 67-4655. 

In o rde r  t o  begin t o  

Furthermore, t o  ob ta in  a n  ove ra l l  p i c t u r e  of 

The i r  l e v e l s  of A 1  

Supported by NIH g r a n t s  CA/AI 25754 

66 



Molecular Biology of Development 

1015 HERBICIDE RESISTANCE IN PLANTS: AN EXAMPLE OF GENE AMPLIFICATION, Howard M. Goodman, 
Edmund Tischer, and Guenter Donn. Department of Molecular Biology. Massachusetts 
General Hospital, Boston, MA 02114 

A variant line of alfalfa tissue culture cells has been isolated which are resistant to the 
experimental herbicide L-phosphinothricin, a mixed competitive inhibitor of glutamine 
synthetase (GS). 
than wild type cells. 
partial amino acid sequence determined from a cyanogen bromide cleavage. fragment. X cDNA 
clone coding for GS has also been isolated and its nucleotide sequence determined. 
hybridization analysis indicates that herbicide resistance is due to the amplification of 
one of the structural genes for alfalfa GS. 

The variant cell line contains approximately ten fold more GS activity 
GS from the variant line has been purlfie4 to homogeneity and a 

Southern 

1016 
A comparison has been made of the secondary product accumulation in intact tissues versus that 
of newly-established and long-established tissue cultures of Paul's Scarlet rose. The phenols 
of rose stems and stem-derived cell suspensions have been analysed using reversed-phase WLC. 
The major phenols found in stem tissue were gallic acid, epicatechin, the procyanidin dimer 
epicatechin-catechin, epigallocatechin gallate and an unidentified gallotannin (I). In 
contrast, cell suspension cultures which were started from stem and which have been maintained 
for over 20 years contained only gallic acid and epicatechin-catechin. A newly established 
suspension culture cell line of Paul's Scarlet rose contained gallic acid, epigallocatechin 
gallate, epicatechin gallate, ferulic acid and a procyanidin polymer as major phenolic con- 
stituents. 
wt in the 20 year old cell line to 130-170 umol/gr fr wt in the stem tissue, with the newly 
established cell line containing an intermediate amount (35 umol/gr fr wt). 
long-established cultures of plant cells to accumulate secondary products may reflect either 
a lack of gene expression or a loss of genetic capabilities during long periods of culture. 

PHENOL SYNTHESIS IN INTACT PLANTS VERSUS CULTURED CELLS, John S. Fletcher and Michael 
J .  Muhitch, University of Oklahoma, Norman, OK 73019 

The total phenol contents of the various rose extracts ranged from 0.5 pmol/gr fr 

The inability of 

Embryogenesis and Oogenesis 

1017 ISOLATION AND CHARACTERIZATION OF MOUSE GENOMIC DNA CLONES OF AN EARLY DIFFERENTIAT~ON 
MARKER : ENDO A. M. Vasseur. C. Marle, P. Bralet and F. Jacob, Unit€ de G&n€tique 

cellulaire du CollGge de France et de 1'Institut Pasteur, 25 rue du Dr Row, 75015 Paris. 
The expression of a cytoskeletal protein, endo A. which is recognized by the monoclonal anti- 
body TROMA-I is differentially regulated during muse early embryogenesis and embryonal car- 
cinoma cell differentiation. 
(Bralet and Jacob, PNAS, 79, 2328, 1982), detects a specific 18s mRNA in trophoblastoma but 
not in embryonal carcinoma-cells which directs the in vitro synthesis 
by TROMA-I in a pattern undistinguishable from En& A. This cDNA hybridizes with two speci- 
fic DNA bands of 2.5 and 2.3 kb on a southern blot of genomic mouse DNA digested with EcoRI. 
We have screened a muse DNA library and isolated two kinds of genomic DNA clones : A34 type 
contains the 2.3 kb EcoRI fragment and type A24 the 2.5 kb fragment. mRNA mapping indicates 
that in the clone A34 the gene is 'restricted to the only 2.3 kb fragment whether in A24 it 
is encoded by a 9kb long fragment. Subcloning of the genomic clones has revealed that these 
two genes were closely linked with two different types of short repetitive interspersed 
sequences. We have isolated and characterized the two subclones which hybridize to the 18s 
Endo A mRNA and analyzed and compared the non coding regions at the 5' and 3' ends of the 
two genes. The possible role of the repetitive sequences associated with these t m  genes 
in the regulation of their expression will be discussed. 

A cDNA clone, isolated from a trophoblastoma cDNA library 

of proteins recognized 

67 



Molecular Biology of Development 

TRANSLATIONAL CONTROL BY XENOPUS OOCYTE SPECIFIC PROTEINS, Joel D. Richter and Lori lo'* J. Lorenz, Department of Biochem. Univ. of Tennessee, Knoxville, TN 37996-0840 
Xenopus,oocytes contain proteins which are oocyte-specific, which decrease in amount as 
oogenesis progresses. which co-sediment with nontranslating ribonucleoprotein (RNP) particles 
(i.e., 40-~OS), and which bind poly(A) RNA (JBC 258: 4864, 1983). These RNA binding proteins 
were used in a series of mRNA-protein reconstitution experiments. When the proteins were 
reconstituted with oocyte poly(A) RNA or rabbit globin mRNA. the resulting mRNP particles 
had densities of 1.34 g/cc. 
1.36 g/cc. 
synthesis was apparent even though injected naked globin mW4A was translated efficiently. 
Deprotein$zation of reconstituted globin mRNP resulted in the synthesis of globin following 
oocyte injection. Monoclonal antibodies were generated against the RNA binding proteins. 
One antibody was directed against an antigen which was oocyte specific and oogenetically 
regulated, which sedinented at 40-6Os, and which bound specifically poly(A) RNA. The anti- 
body is being used for 3 purposes: 1) to ilmrmnopurify the protein to use in reconstitution 
and RNA footprinting experiments, 2) to immunopurify nontranslating RNP particles in order 
to examine the RNA and protein components of such particles and 3) to immunoadsorb polysomes 
in an attempt to isolate and clone the cDNA for the binding protein. 
t o  examine the transcriptional control of the binding protein mRNA. 
Grant GM 32559.) 

Native poly(A) RNP particles had an almost identical density of 
When reconstituted globin mRNP was injected into Xenopus oocytes, no globin 

The cDNA will be used 
(Supported by NIH 

1019 
Group, Department of Zoology, University of Cambridge. Downing Street, CB2 3EJ, England. 

Actin cDNAs have been isolated from embryonic cDNA libraries and fully characterised by 
DNA sequencing. Gene specific probes for both muscle (a )  and cytoplasmic actin transcripts 
have been derived from the corresponding cDNAs. 
protection assays we have quantitated the steady state levels of the various actin transcripts 
through early development. Cytoplasmic actin transcripts are inherited by the embryo from 
the maternal RNA pool whilst a-actin mRNA is first detected only in gastrula embryos. 

a-actin rRNA synthesis is restricted initially to the mesoderm of the gastrula and sub- 
sequently to cells of the swite and myotome tissue. In contrast, cytoplasmic actin trans- 
cripts can be detected in all stages and regions of the developing embryo. 
bRNA is a prominent component of mesoderm, sqmite, myotome and embryopic heart mRNA yet in the 
adult frog, cardiac mRNA,cannot be Petected iaakletal muscle and is cwfined to heart 
tissue. The programne of actin gene expression during Xenopus embryogenesis therefore 
involves both activation and repression of particular a-actin gene types. 
e-actin gene expression by a restricted group of embryonic cells is first detected amongst 
hlastweres prior to gastrulation. a actin mRNA synthesis is initiated by such cells in the 
ebseace of the normal cell-cell interactions arising during formation of the embryonic axis. 

Gene specific probes have been used to isolate members of the actin multigene family 
frol a A-phage genmic library enabling actin gene organisation in the Xenopus genome to be 
bharacterised. 

ACTIN GENES ARE DEVELOPMENTALLY REGULATED IN THE AMPHIBIAN EMBRYO. 
Sean Brennan, Nina Dathan. Sharon Fairman and John Gurdon. 

Tim Mohun, 
CRC Molecular Embryology 

Using both RNA "Northern" blots and S1 

Cardiac actin 

Commitment to 

NUCLEOCYTOPLASMIC AND TISSUE SPECIFIC DISTRIBUTION OF RNAS IN XENOPUS DEVELOPMENT, 
Milan Jamrich, Joseph G. Gall, Tom Sargent and Igor Dawid, NIH,NICAD,Bethesda,MD20205 lm0 

Our effort in last few years has concentrated on the analysis of transcription during 
Xenopus oogenesis. The transcription was mainly mitored by in situ hybridization of 
cloned sequences to the lampbrush chromosomes of Xenopus - a technique introduced by us 
earlier (1). More recently we have developed a new technique for the analysis of the 
nucleocytoplasmic and tissue specific distribution of RNA utilizing in situ hybridization 
to methacrylate embedded tissue sections (2) .  This technique offers the advantage of 
superior morphology to any previously published technique and is suitable for study of 
RNA distribution during the entire development of the frog. Using these techniques we 
studied the transcription and distribution of RNAB complementary to a variety of repetetive 
sequences, histone genes and vitellogenin gene as well as other skqeences of known and 
unknown function. The main focus of our current research is the analysis of the spacial 
distribution of gastrula specific sequences during early embryogenesis of Xenopus (3). 
Furthenusme, experiments are underway to determine whether any of these sequences are 
expressed during regeneration. 
1. Jamrich M.,R.Warrior, Steele R. and J.G.Gal1, PNAS 1983.80,~~. 3364-3367. 
2. Jamrich M . ,  blahon K. and J.G.Gal1, in preparation. 
3. Sargent T.D. and Dawid I . B . ,  Science. in press. 
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TEE XENOPUS LAEVIS a TUBULIN GENE FAMILY, Dasmond Smith and Timothy blohun, 
MRC Laboratory of Molecular Biology, H i l l s  Road, CaPlbridge. England. 

In order  t o  address quest ions concerning the regulat ion of tubul in  genes, a study has been 
undertaken of the  Xenopus l a e v i s  a tubul in  gene system. A b l a s t u l a  s tage  clNA l i b r a r y  vae 
probed with a chicken n tubul in  cMA probe. 
and sequenced using the  dideorg technique. 
confirns the high degree of evol  t ionary coadervation of a t h u l i n .  
ind ica te  t h a t  there  are a p p r o x i m h l y  10 - 20 a tubul in  gen4.copies +;the X. lasvis genome. 

In  a l l  t i s s u e s  examined, Northem b l b t  expe'rilients reveal  th ree  sim classes of a tubul in  
mRNA. Compared t o  o ther  t i s s u e s ,  brain was f o m d  t o  be enriched approximately ten fo ld  for 
a tuhul in  mRNA. The 3' untranslated region of the  cMA hybridised s p e c i f i c a l l y  t o  a 1.7 kb 
species  of  the three  size cl#ses of a tubul in  transcript. 
development stages demonstrates tompolrl cont ro l  of a tubul in  nRNA levels. 

coding region probe derived from the  a tubul in  cDNA. Some of these  a l s o  hybridised spec i f i -  
c a l l y  t o  a probe prepared from the  3' m t r a n s l a t e d  region of the  frog cDNA. 
sequence of the a tubul in  gene f r o m  one of the  genomic clonrs  t h a t  hybridised t o  both probes 
h a  been determined. The intron/exon s t r u c t u r e  of the gene hM been deduced, and the 
sequtnce hss been examined for p o t e n t i a l  regulatory regions. Tnese genes w i l l  be introduced 
I n t o  oocytes and developing frogs to define replatory regions 011 the  bas i s  of a f m c t i o n a l  
s@@aY 

A pos i t ive ly  hybridis ing cDNA clone w a s  obtained 
The complete protein se4uedce vae derived and 

Southern b l o t  experiments 

Northern b l o t  analysis  of various 

Pos i t ive ly  hybridis ing plaques ham been i s o l a t e d  from a genomic l i b r s r 7  screened with a 

The nucleot ide 

1022 

The proteins  of the  new c e l l  surfaces  formed during cleavage have been i d e n t i f i e d  by 
iodinat ion of c e l l s  dissociated from Xenopus embryos a t  d i f f e r e n t  developmental stages. 
The pa t te rn  of these iodinated proteins  does not change s igni f icant ly  from ear ly  cleavage 
t o  l a t e  gas t ru la  s tage.  However d i f fe rences  a r e  observed when iodinated compounds of c e l l s  
from t h e  animal part,separatedfrom embryos a t  b l a s t u l a  or gas t ru la  s tage,  a r e  compared t o  
compounds or ig ina t ing  from c e l l s  of- tXe vegetat ive p a r t  taken from embryos a t  t h e  same 
developmental s tage.  
I n  order  t o  tack le  the  fac tors  which control  the  s p a t i a l  d i s t r ibu t$ou  of these membrane 
proteins .  we have invest igated t h e  inf luence of animal - vegeta t iv  
d i s t r i b u t i o n  of these compounds by invert ing the egge (A.W. Neff ef a l ,  Dev. Biol. 97 ,  
104-112, 1983). 
A r e l a t i o n  seems t o  e x i s t  between animal - vegetat ive p o l a r i t y  and the  segregation of 
some membrane proteins  i n  d i f f e r e n t  p a r t s  of t h e  embryoi 

BIGGENESIS OF MEMBRANES DURING XENOPUS EARLY DEVELOPMENT, R. Tencer 
and M. Goldfinger, Free University of Brussels, Belgium. 

polar i ty  on the  

1023 PATERNAL A N D  MATERNAL PRONUCLEI ARE BOTH ESSENTIAL FOR NORMAL MOUSE DEVELOPMENT, 
James McGrath and Davor Solter, Wistar Insti tute,  Philadelphia, PA 19104 

Using recently developed techniques for nuclear transfer (McGrath and Solter, Science, 
220, 300, 1983) we have analyzed possible reasons for developmental fa i lure  of mammalian 
parthenotes. Ferti l ized eggs were constructed I n  which the paternal pronucleus was 
replaced with the maternal pronucleus from another embryo (gynegenones) or the maternal 
with the paternal (androgenones). As a control, one pronucleus (either maternal or 
paternal) was replaced with the pronucleus of the same paternal sex from another embryo. 
Control embryos developed to  adulthood, upon transfer to  pseudopregnant females, b u t  both 
gynegenetic and androgenetic embryos failed t o  do so. Our  results indicate that neither 
the absence of an extranuclear contribution from the sperm nor excessive hmozygocity are 
the causes o f  the developmental Tailut-e of parthenotes. The genomic contributions of the 
paternal and maternal pronuclei are not identical and b o t h  are necessary for normal deve- 
lopment t o  term. 
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THE ORGANIZATION AND EXPRESSION DURING OOGENESIS OF REPETITIVE DNA IN THE N m ,  la4 Kathleen A. Mahon and Joseph G. Gall, Yale University, New Haven, CT 06511 
Me have studied two highly reiterated satellite DNA sequences from the newt Notophthalmus &- 
idescens which have been shown to be transcribed on lampbrush chromosomes by in situ hybridi- 
zation. Satellite 1, a 222 bp tandemly repeated sequence, is located in the pericentric het- 
erochromatin of all chromosomes and at two non-centromeric sites on chromosomes 2 and 6.  
Both strands of satellite 1 are transcribed at the non-centromeric loci, apparently due to 
readthrough transcription from adjacent histone gene promotors (Cell 24,  639-6471649-659,1981) 
This pattern of transcription, in which there is a failure of CermPna?i&nn a t  the 3 '  end of ac- 
Give genes, is probably a general feature of the lampbrush chromosome stage and can explain 
the extreaely long transcription units typically seen on lampbrush loops. Biochemical analy- 
sis coupled with in situ hybridizafloA of 'satellite 1 probeslto the'cellular RNA in t\ sec- 
tions of ovary have demonstrate;t.that Yranscrlpts containing,$atellite 1 are almost exclusive- 
ly nuclear. 
densely staining globular structures. Transcripts are readily detqctable before the lampbrush 
chromosome stage in small pre-vitellogenic oocytes (late pachytene-early diplotene) . Satellite 
2 is an abundant, conserved 330 bp sequence which differs from satellite 1 both in its genomic 
organization and Its pattern of expression in the oocyte. 
heterochromatic location of satellite 1, satellite 2 OCCUKS in tandem clusters dispersed 
throughout the genome. 
discrete RNA transcripts of -300 and 600 nucleotides in the oocyte. 

The hybridizatioi is not evhdy distributed over the nucleus but is localized on 

In contrast to the predominantly 

Northern blot analysis has shown that satellite 2 shares homology with 

ANALYSIS OF CHICKW OOCYTE LAMWRUSH CHROMOSOME TRANSCRIPTION, Nancy J .  Hutchison 
and Harold Weintraub, Hutchinson Cancer Research Center, Seatt le,  WA 98104. 

We are trying to  answer two types of questions about lampbrush chromosome ( L B C )  structure 
and transcription: 
the detailed structure of a lampbrush chromosome loop in terms of CNA sequence, associated 
proteins, transcripts,  signals, chromatin conformation, e tc .?  The large genome size and 
presence of repetitious sequences makes these questions d i f f i cu l t  to  a proach experimentally 
in Triturus species. By contrast, the chicken genod i s  small (1.2 pgp and contains l i t t l e  
repeti t ive OYA. Furthqmore, numerous cloned chicken gene probes are alreaQy available for 
use i n  answering our questions. We examined chicken oocytes and feut$d the LBC feasible for 
in situ hybridization and imnocytOchemica1 analyses. A preliminarypxperiment using nick- 
translated total  [ N A  for  i n  s i t u  hybridization t o  transcripts showed labelling of about 20- 
25 s i t e s ,  primarily on the micro chromosomes. 
plasmid, intensely labelled primarily one macro chromosome s i t e .  The insert codfng fragment 
alone also labels this  s i t e .  However, the fragment s t i l l  contains GC t a i l s  used i n  cloning, 
so we are now testing subfragments to  be sure the labelled s i t e  is  due t o  actual coding 
sequences. The actin sequence transcription will provide an internal positive control for  
the other probes we are now testing (histones, TK, GPD. globin, e tc . ) .  In addition, i t  
provides a s ta r t ing  point for  "walking" around a LBC loop t o  begin detailed analysis of loop 
structure. 

1) What kinds of sequences are transcribed on LBC loops? and 2)  What is  

Hybridization w i t h  pAl,  a chicken g-actin cCNA 

1026 ANALYSTS OF CELL LINEAGE IN MOUSE EMBRYOS BY MICROINJECTION OF HORSERADISH PEROXIDASE, 
R.A. Pedersen', K.A. Lawson', Y.P. Cr 2, J.J. Meneses, and K. Wu, Laboratory of Radio- 
biology and Environmental Health and Department of Anatomy, University of California, 
San Francisco, CA 

Y 
94143; 'Hubrecht Laboratory, Utrecht, The Netherlands. 

During preimplantation development the mouse embryo partitions its cells between inner cell 
mass and trophectoderm, and during early postimplantation development, partitions them between 
the various organ rudiments. We have microinjected horseradish peroxidase (€h) into progeni- 
tor cells and analyzed the spatial distribution of their descendants at late3 stages. The 
results provide information about the time and mechanisms of cell allocation processes. 
Embryos were injected by iontophoresis \(2-5 nA for 15-60 sec) withQ-4%'HRP (Sigma Type VI). 
After culture for 2-48 his, embryos were stained for HRP activity dnd scored. The results 
indicate that cells are allocated during the fourth and fifth cleavages to inner cell mass or 
trophectoderm lineages. Cells overlying the inner cell mass (polar trophectoderm) move away 
from their central polar position during blastocyst expansion (approximately the sixth to 
eighth cell cycles). When anterior visceral endoderm cells (7.5 d.g.) were injected, their 
descendants appeared in extraembryonic yolk sac, suggesting that extensive endodem cell move- 
ment occurs. Studies are 
underway to determine when clonal organ domain6 are established within mouse embryos. This 
information will be important when studying the onset and regulation of organ-specific gene 
expression in -1s. Supported by the U.S. WE, NIEHS Postdoctoral Traineeship No. 5-T3- 
ES07106, and the Netherlands Academy of Science. 
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METHYLATION OF THE WMedl ACTIVE AND INACTIVE X CHROMOSOHES, Susan J. Lindsay, Marilyn 
MonL, Lily Huschtscha and K ~ J  E. Davies. MRC Mammalian Development Unit, Wolfson 
House, 4 Stephenson Way, London NWI 2HE, England. 

1027 

Reactivation of expression (Mohandas et al 1981, Science 211 393) and transforming ability 
(Venolia et al 1982. Fmc. Natl. A d .  Sci. USA 79 2352)-z?-genes on the inactive X chmmo- 
eome by the drug 5-azacytidine strongly support €fie involvement of methylation of the base 
oytoaine in the inactivation of one X chromosome in female d s . W e  have used the restric- 
tion endonucleases IbpI aad HpaII tg investigate the methylation patterns on the active and 
h t i v e  human X chroh~~pes in..the region of three X-chmmosome spbcific olones. When the 
source of the X  oms waa cqtered human cells ppmducible pattern of metbylation 
were found which were.similar for the active and inactive X chromosomee in the region of all 
three cl0nes.b ccotraat, in peripheral blood lyrtphovytes the inactive X chromosome shows 
clew dffferencen in methylation fmm the active X chromosome: surprisingly the inactire X 
ohmmoome is uadermethylated in the regions probed. 

INTERMEDIATE FILAMENTS IN EARLY EMBRYONIC DEVELOPMENT OF DROSOPHILA MELANOGASTER, la8 Marika F. Walter and Bruce M. Alberts, University of California, San Francisco, CA 
We have demonstated the presence of a cytoskeleton of intermediate size filaments (lorn) of 
the vimentin type in tissue culture cells of D. melano aster. Using a monoclonal antibody 
against a 46K dalton protein that also crossreacts wit; vimentin from vertebrate cells, we 
were able to show that this cytoskeleton exhibits features that are characteristic of the 
vertebrate vimentin cytoskeleton. 
The function of the intermediate filament cytoskeleton is not known, but it has been suggested 
that it may be involved in maintaining structural organization within cells. In order to 
investigate its role in development we have examined the presence and distribution of the 
vimentin type cytoskeleton in early embryogenesis using protein blotting and indirect imuno- 
fluorescence. Four of the intermediate filament proteins recognized by our antibody could 
be detected in embryo and remained present throughout all stages of early embryogenesis as 
shown by testing protein extracts from 0.5 hr - 6 hr old embryos. 
of this cytoskeleton was investigated by indirect imnunofluorescence of whole fixed embryos, 
revealing a distinct stage specific pattern in the embryonic cytoplasma. 
opmental stages before cellular blastodenn (cycle 1-8) the intermediate filaments form an 
irregular network at the surface of the embryo. 
network becomes more defined, occupying the cytoplasmic soace around the nuclei. 

The spatial organization 

In the early devel- 

After nuclear migration the filamentous 
After 

cellular blastodem the pattern remains unchageh until gastrulation. 
suggest that the intemediate filsment cytoskeleton may be involve& in the structural 
organization of the cytoplasm i n  developing embrvas. 

These observations 

1029 
cellulaire du College de France et Be 1'Institut Pasteur, 25 rue du Dr. Roux, 
75724 Paris Cedex 15. 
A family of long, moderately repetitive and dispersed DNA sequence in the 
mouse genome was recently described (Brtllet et al., PNAS, 80, 5641, 1983). 
They present structural analogies with integrated retrovira sequences. A 
6 kb RNA transcript is detected in undifferentiated embryonal carcinoma cell 
lines but not in any differentiated cell lines tested. By in situ hybridi- 
zation, the RNA is also differentially detected in the tissue of early mouse 
embryo. The inner cell mass and the embryonic ectoderm at day 6 and 7 
expressed the RN4 put preimplantation embryos, trophectoderm and endoderm do 
not at a qetectab&e level. 
Data to correlate the tissue specific expression with the DNA sequence will 
be presented as available. 

DIFFERENTIAL TISSUE-EXPRESSION DURING MOUSE EMBRYOGENESIS OF TRANSPOSON- 
LIKE REPETITIVE DNA SEQUENCE. Philippe BrOlet, Service de Gengtique 
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10% DEVELOPMENTALLY REGULATED GENES OF TRe EARLY RABBIT EMBRYO. Carlisle P. Lendel, 
P a t r i c i a  Menzel. Thomas E. Gilroy and Cole Manes, Center f o r  Neurologic Study, 11211 
Sorrento Valley Rd., Suite  H, San Diego, CA 92121 

We have constructed a cDNA l i b r a r y  fynn six-day, pre-implantation rabbi t  embryos. 
s tage,  the rabbi t  embryo contains  10 c e l l s ,  95% of which are trophoblast. 1.2 x 10 bacter- 
i a l  co l  
logous "P-labeled cDNA, y ie lding 1010 colonies  represent ing genes whose t ranscr i95s  m a k e  up 
a t  least 0.5% of the mRNA of t h i s  s tage.  P-labeled 
cDNA made from e i t h e r  the half  of t h e  six-day embryo cons is t ing  mostly of t rophoblaat ,  the  
half containing the  inner  c e l l  mass. the  twelve-day embryo ( a t  which s tage  the limb buds have 
already formed). o r  the twelve-day placenta. 
embryo spec i f ic .  and ten  clones whose expression increases  dramatical ly  by twelve days. 
Preliminary charac te r iza t ion  of the six-day s p e c i f i c  clones hos revealed a t  least f i f t e e n  
d i f f e r e n t  sequences amorlglthe first twenty-six examined. Three of these clones represent  
unique sequepces within. the genome. The DNA of the six-day embryo is very highly methylated. 
and p r e l i m i n k y  Southep  b l o t s  of t h i s  DNA cu t  wi th  HpaII and #spI and probed with these  
three clones suggest that the DNA i n  the region of these sequences remains methylated a t  t h i s  
s tage  of development. 

bt t h i s  

ies containing cDNAs cloned i n t o  the  P s t I  site of pBR322 were screened with homo- 

These colonies  were then screened with 

This screen yielded 50 clones t h a t  are six-day 

1031 TWO-DIMENSIONAL WLYACRYLAMDE GEL ANALYSIS OF CHANGES IN PROTEIN 
SYNTHESIS AND PROTEIN PHOSPHORYLATIDN DURING OOCYTE MATURATION IN 

XENOWS, James L. Maller and Diana S. Smith, Department o f  Pharmacology, Univ. of Colorado School 
of Medicine, Denver, Colorado 80262 

Ripe Xenopus oocytes physiologically arrested in first meiotic prophase progress to second meiotic 
metaphase upon exposure to progesterone in vivo a process termed oocyte maturation. Cycloheximide 
treatment of wcytes  blocks oocyte m a t u % z ' a n d  studies in several laboratories indicate increased 
incorporation of labeled amino acids into protein during maturation. Other laboratories have reported 
conflicting results on whether the increased protein synthesis reflects qualitative or quantitative changes. 
Pulse-labeling analysis of protein synthesis on low Bis-acrylamide two-dimensional 10-17.5% grad@t 
OFarrell gels demonstrates several types o f  changes with progesterone: S- 
methimine-labeled protein, quantitative increase in previously synthesize$frotein, and an acidic shift in 
previously synthesized protein. Two-dimensional gredient gel analysis of P-labeled proteins reveals the 
-- de novo phosphorylation of  st least eight resolved proteins during maturation. Some of these newly 
phosphorylsted proteins are heat-stable, which may facilitste their purification and characterization. 
Phosphoamino acid analysis of the phosphorylated pro& I- by two-dimensional high voltage paper 
electrophoresis a t  pH 1.9 and pH 3.5 indicated 90.5% phosphoserine, 7.2% phosphothreonine, and 1.4% 
phosphotyrosine. These values were not significantly different than controls indicating the phosphory- 
lation burst does not selectively increase the level of phosphotyrosine &ring maturation. These results 
indicate there are qualitative changes in both protein synthesis and protein phosphorylation during 
maturation of Xenopus oocytes. (Supported by NIH grant GM26743). 

de novo appearance of 

102 
Developmental Genetics and Anatomy, Case Western Reserve University, Cleveland, OH. 

from l a t e  oogenesis through embryogenesis. 
opmentally regulated mRNA (TI mRNA)which i s  polysome-associated during oogenesis, se lec t ive ly  
excluded from polysomes during e a r l y  embryogenesis and again polysome-associated during l a t e  
embryogenesis (Fruscoloni e t  a l . ,  PNAS 80:3359, 1983). To determine t h e  corresponding proteirl 
product, the  mRNA was pur i f ied  by h y b r i r s e l e c t i o n  t o  i t s  cDNA clone and t rans la ted  i n  a rab- 
b i t  re t icu locyte  ce l l - f ree  system. The labeled t r a n s l a t i o n  products were mixed with s ta inable  
quant i t ies  of pro te ins  i so la ted  from subce l lu la r  f r a c t i o n s  and t h e  mixture f rac t iona ted  on 
i s o e l e c t r i c  focusing 2D-gels. The labeled t r a n s l a t i o n  product was found t o  co-migrate with an 
a c i d i c  ribosomal pro te in  (rp). This i d e n t i f i c a t i o n  is being confirmed by pept ide mapping. We , 
next attempted t o  determine i f  o ther  rp-mRNAS a l s o  are under t rans la t iona l  regulat ion.  
polysomal and polysomal polyadenylated RNAs f r o m  egg chambers o r  embryos a t  d i f f e r e n t  devel- 
opmental s tages  were t rans la ted  i n  v i t r o  i n  t h e  presence of 35S-methioni~e. The radioact ive 
products were mixed with marker F s x t h e  mixture displayed on bas ic  non-equilibrium 2D-gels. 
The r e s u l t s  indicated t h a t  a la rge  number of rps appear t o  be regulated i n  t h e  manner des- 
cr ibed above. These observations a r e  now being confirmed by i n  vivo labe l ing  experiments. !p therefore  appears t h a t  the  t r a n s l a t i o n  of  many rp-mRNAs i s  t e e o r a l l y  r e l a t e d  t o  the  synthesis 
of rRNA. 
i n  rRN4 genes. 

SELECTIVE TRANSLATIONAL REGULATION OF RIBOSOMAL. PROTEIN GENES DURING OOGENESIS AND 
EMBRYOGENESIS OF DROSOPHILA. M. Jacobs-Lorena, M.A. Kay, and Q.-Y. Jiang. Dept o f  

In Drosophila, t h e  proportion of  ribosomes associated with polysomes remains constant 
Previous work from t h i s  lab  ident i f ied  a devel- 

Post- 

This re la t ionship  is  being fur ther  invest igated by using bobbed mutants def ic ien t  
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DEVELOPMENTAL RgGDLATION OF DNA REPLICATICN IN XENOPUS W I S  EMBRYOS, Ibbert M. 
B e n h ,  Pamela J. &inerr, and Michelle P. Gnudette, Johns Aopkinm University, 
Baltimore, Maryland 21218. 

A novel mechanism has been implicated in the replication of chromosomal DNA during early 
eubryogenesis in the frog X e n o m  laspirr. 
strand separation throughout an entire domain of chromomonal DNA. 
catalyzed by the X e n o m  
sites on the strand meparated DNA. 
mynthesized which enable coordination between yene expresmion and DNA replication. 
trigyer to initiate each subsequent round of DNA replication i a  a conformational change in 
duplex DNA structure which occurs concomitant with strand completidn. 

Raplication is triggered by rapid and extensive 

DNA polymerase-primase then comnences at a large nlllnber of 
Self-primed DNA synthemim 

Prior to strand coupletion D-loop structures are 
Ihe 

lrplication enhMCer sequences have k e n  implicated in the rayulation of DNA replication 
during early embryogenesis. Replication enhancer sequences are cloned €rag?aents of Xenopw 
laevis DNA which dramatically increame the efficiency of replication of the cloning vector in 
embryos. 
which replication eymm are formed on the clonedDWA. 

Under certain conditions replication enhancer sequences can also specify a site at 

PRVI’EIN TRANSPER IN THE DER)RL-ZPIDWIRL TISSUE INTERACTION, Charlotte A. Peterson 
and Robert M. Grainyer, University of Virginia, Charlottesvllle, VA 22901 

During the developnt of embryonic chick skin, the dermis interacts instructively with the 
epidermis to control whether the epidernis toems feathers or scales. The dermis controls not 
only epidermal morphoyenesis, but also gene activation since unique beta-keratins are 
mynthasised in each tissue type. In order to study molecules transferred between the tissues 
which might act as developmental signals, we have bean wing a culture system which maintains 
t h  derrslopmental Bpecificity of the dermis even when it is separated from the epidermis by a 
Nuclepore filter. The structures forwd in the epidsrmis, cultured transfilter from dermis, 
h a m  many of tha morphological and histological features expected q€ epidermal derivatives. 
Two-dimensional polyacrylamide qal electrophoresis demonstrates thet the epidermis 
synthasizes many of the tissue specific bsta-keratins. 
microscopy of transfilter cultums show that neither direct cell contact between the tissras, 
nor a basenant mmbrane are required for the interaction to occur. m are applying density 
lakeling techniqras to this culture system to detect transfer of proteins between dermis and 
epidarmis. 
feather and scale dermis, while other lea6 abundant proteins appear to be transferred tiasra 

Transmission and scanning electron 

VB have tentatively identified collayen as o m  protein transferrad from both 

specifically. 

IN VITRO TRANSLATION OF OOCYTE RNA WHICH PERSISTS IN THE EMBRYO OF DROSOPRILA 1035 -STER, William H. Phillips, Jeffrey A. Winkles, and Robert M. Graingar, 
University of Virginia, Charlottesville, Virginia 22901 

Characterization of Drosophila maternal effect mutants suygests that there are specific 
products synthesized in the oocyte which are necessary for cell determination and spatial 
organization in the embryo. 
a pulse/chase density labeling scheme was devised which permits us to collect embryos that 
contain density labeled RNA (13C-l%-2H-substituted) synthesized during early oogenesis 
and light buoyant density F!NA transcribed during embryogenesis. 
separated on high resolution NaIhI equilibrium gradients which afford improvement over 
previously used salts in that the recovered RNAs are readily translated in vitro. In our 
first experiments, an embryo collection scheme was designed to follow the fate of dense RNA 
synthesized during early oogenesis. We have successfully retrieved heavy oocyte RNA which 
persists in these embryos. Since there is a significant amount o€ oocyte ribosomal RNA 
(tl/p 21 hours) remaining in these embryos, the assumption was made that there would also 
be adaquate dense message to translate. However, with the sensitivity of our present in vitro 
system, we are unable to detect any translatable dense oocyte message. Consequently, zs- 
the early oocyte mRNA must have a shorter half-life than oocyte rRNa. To obtain stable oocyte 
messages in sufficient quantity for analysis, we are now following the fate of oocyte RNAs 
synthesized during later oogenesis. 
persistance of oocyte translation products in later embryonic and larval stages and determine 
whether a stable subset may be localized and important in developmental processes. 

In order to follow the fate of oocyte RNA during embryogenesis, 

Heavy and light RNAs can be 

These experiments wlll allow us to examine the 
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1036 PROGRAMMED EXPRESSION OF CELL SURFACE DETERMINANTS DURING ENDODERM 
FORMATION, Raymond J. Ivatt, 
Department Tumor Biology, M.D. Anderson Haipital, Texas M e d i c a l  Center, Houston, TX 77030. 

Embryonal carcinomas and early embryonic cells express an unusual class of carbohydrates on their cell 
aurfaces. These carbohydrates are loet in a programmed way during early embryogenesis and have a very 
restricted distribution in the adult. Their disappearance during development coincides with the major 
period of histogenesis. In the adult, they are associated with cells of the reticuloendothelial system. 
Therefore in  both the embryo and the adult, this unusual class of carbohydrate is associated with cellular 
interacticim which are transient in  nature. There are several lines of evidence which implicate these 
carbohydrates in cellular recognition in the early embryo. We have examined the regulation of t h e +  
carbohyarates during the  formation of endoderm using the embryonal carcinoma system as a model. W e  
have developed a sequential lectin affinity chromatography procedure which fractfonatcs these complex 
embryonic carbohydrates into aisoreta wbclaglea which share common structural features. This approach 
hes allowed the first real opportunity t o  analyze these complex glycans. W e  have c k u a c t e ~ z d t h e  
major atructural changes which accompany endcderm formation, and have used two approachen tb address 
the mechanism which regulate these changer. Tim first approach has performed comparative 
biochemical atudies on established cell lines which have t he  biochemical phenotype of either stem or 
endatermal cells. The aecond approach has isolated stem cells which are deficient in selected 
developmentally regulated carbohydrate determinants and performed comparative biochemical studies on 
these variants and the parental cella We are currently exploring the role that  cellular Interactions may 
play in regulating the expression of these carbohydrates. 

1037 
W e  have invest igated fur ther  the sequence s p e c i f i c i t y  f o r  i n i t i a t i o n  of rep l ica t ion  of DNA 
injected i n t o  Xenopus eggs (1,Z). 
F i r s t  a wide range of both prokaryotic and eukaryotic DNA molecules rep l ica te .  
molecules i n i t i a t e  rep l ica t ion  a t  s imi la r  spec i f ic  periods t o  the host  chromatin c e l l  cycles. 
A d i r e c t  re la t ionship  w a s  observed between the s i z e  of the molecule and rep l ica t ion  efficiency 
suggesting tha t  the amount of rep l ica t ion  is the l imi t ing  parameter. Second, we included 
plasmids which have been claimed t o  a c t  as  Xenopus rep l ica t ion  or ig ins  i n  t h i s  system ( 3 , 4 )  
but  have repeatedly found t h a t  t h e i r  rep l ica t ion  eff ic iency i s  indis t inguishable  from t h e i r  
prokaryotic vectors  alone. Third, we  have cloned Xenopus e'lemenks. They contain an 11 
nuclcot ide consensus. sequence s imi la r  t o  the  E - c o n s e n s u s  sequence found i n  yeast .  
presence of Xenopus @elements  does not confer a s e l e c t i v e  advantage fbr replication ins ide  
the  egg. 
development w i l l  be discussed as  wel l  as  the r e l a t i o n  between a spec i f ic  nuclear s t ruc ture  
and i n i t i a t i o n .  
1. Aarland and Laskey, 1980, Cell 21. 761-771. 
2. Mechali et&., 1983, Cel l  35, n - 6 9 .  
3. Hines and Benbow, 1982, C e l l  30, 459-468. 
4. Chambers et&., 1982. Proc. Et. Acad. Sci. 79, 5572-5576. 

THE WPLICON MODEL AND XENOPUS EGGS. 
Laskey, CRC Molecular Embryology Group, Dept. Zoology, Cambridge University, England. 

Marcel Mcchali, Stephen Kearsey and Ronald 

Injected 

The 

The necessi ty  f o r  spec i f ic  sequences f o r  i n i t i a t i o n  of rep l ica t ion  during ear ly  

10% LATE EMBRYONIC A3 AND H4 EISTONE GENES OF THE SEA URCHIN, S. PURAURATUS, J .F .  
humeyer" and E. S.  Weinberg. University of Pennsylvania, Fhi ladelphia ,  PA 

A late embryonic his tone 83 and H4 gene p a i r  from Strongylocentrotus purpuratus has been 
A s  i n  the  case of t h e  l a t e  cloned i n t o  XJ1. Sequencing confirms the  i d e n t i t y  of these  genes. 

B3 a d  H4 gene p a i r  i so la ted  from &. p i c t u s  (Childs e t  a l . ,  1982). the  genes are t ranscr ibed 
on opposite s t rands  and are separated by about 800 bp. 
embryonic R3 and H4 genes of 5. purpuratus ,  t h e  coding regions show a nucleot ide divergence 
of 16%. very much as i n  the  case of L. pictus. The sequence complementarity of t h e  l a t e  2. 
urpuratus  R3 and R4 genes with L. pictus la te  genes or ear ly  genes of e i t h e r  species  ends 

f b r u p t l y  a t  t h e  5' and 3' ends OF t h e  coding sequence except f o r  t h e  c h a r a c t e r i s t i c  3' h is-  
tone terminator region and 5' TATA box. A t  l e a s t  4 l a t e  H3 t r a n s c r i p t s  are ident i f ied  and 
show d i f f e r e n t i a l  times of appearance during development. A subeloned fragment i n t e r n a l  t o  
the 83 coding region hybridizes  t o  5-10 copies  per genome (depending on t h e  individual  sea 
urchin) ,  but  a 500 bp fragment containing 90 bp of t h e  5' end of t h e  H3 mRNA and t h e  UP- 
atram aequence hybridizes s p e c i f i c a l l y  t o  one copy per genome and is spec i f ic  f o r  one of 
th 4-5 la te  A3 t r a n s c r i p t s .  Other l a t e  H3 genes have been se lec ted  and t h e i r  t ranscr ip-  
t h l  pat te rns  and s t r u c t u r a l  organizat ion w i l l  be reported. 

In comparison with the  ear ly  
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Tne a c t i n  fmnily o f  t he  sea  urchin, Strongylocentrotus  purpurlatus, c o n s i s t s  of  e igh t  non- 
a l l e l i c  genes, determined by genomic b l o t t i n g  methods using ma ecular probes t h a t  recognize 
t h e  3' mn- t r sns l s t ed  regions of t hese  genes. Gene-specific probes were used i n  RNA ge l  
b l o t  and DNA excess  f i l t e r  hybr id i za t ion  experiments t o  e s t ima te  t h e  r e l a t i v e  
concen t r a t ions  of d i f f e r e n t  a c t i n  t r a n s c r i p t s  during enbryogenesis and i n  d i f f e r e n t  adul t  
t i s s u e s .  A t  lesst s i x  genes a r e  t ranscr ibed.  A l l  s i x  produce r e l a t i v e l y  s t a b l e  
t r a n s c r i p t s  and display d i s t i n c t  pa t t e rns  o f  expression. On t h e  bas i s  o f  t h e i r  expression 
i n  the egg, ea r ly  embryo and adu l t  coelonocytes it is concluded that genes termed CyI ,  
CyIIa, CyIIb, CyIIIa  and CyIIIb encode cy toske le t a l  a c t i n  proteins .  Actin gene M gives  
rise t o  mRNA t h a t  is expressed i n  muscle t i s sues .  Actin g e n q  Cy.1, CyIIs ,  CyIIb and W a r e  
expressed i n  both adu l t  m d  embryonic t i s s u e s ,  giving rise t o  t r a n s c r i g t s  o f  2.1-2i2 kh i n  
length. Expression o f  the C y I I I  genes is l imited t o  embryonic t i s sues .  Gene: CyIIIs 
encodes the  major crkryonic  a c t i n  t r a n s c r i p t  (1.8 kb). We show t h a t  t h ree  of t he  a c t i n  
genes, which a r e  l inked over s 30 kb d i s t ance  i n  t h e  genome, a r e  not coordinately 
expressed. 

THE ACTIN MJLTIGENE FAMILY ff STRONGLYOCENTROTUS PURPURATUS. Shot t ,  R. J., 
Lee, J. J., Rose, 5. J. and Davidson, E. H. 

1040 HISTONE GENES OF ARTEMIA: 
5SrRNA GENES, 
Dept.. Wayne S t a t e  Universi ty  Medical School. De t ro i t .  M I  48201 

ORGANIZATION, EXPRESSION AND INTERSPERSION OP APPARENT 
Joseph C. lagshaw*. Matthew T. Andrew8 and Brian A. Perry,  Biochemistry 

Encysted g a s t r u l a e  of t h e  b r i n e  shrimp. Artemla, develop i n t o  prenaupl ius  l a r v a e  in t h e  
absence of measurable DNA r e p l i c a t i o n  or c e l l  d iv i s ion .  Aistone syn thes i s  is absen t  during 
development of encysted embryos and is coordinated wi th  a wave of DNA r e p l i c a t i o n  in newly 
hatched l a rvae .  Encysted embryos do no t  con ta in  h i s tone  mRNA sequences, as judged by hybrid- 
i z a t i o n  with cloned Artemla h i s tone  genes. Experiments are in progress  t o  determine t h e  time 
during development when t r a n s c r i p t i o n  of h i s tone  genes begins. The Artemia h i s tone  genes are 
arranged in a tandemly repeated set w&th a r epea t  l eng th  of 8500 base pa i r s .  a copy number of 
about 95, and a gene order  of Hl-H2A-H4-H3-H2B. A l l  cloned h i s tone  gene sets i s o l a t e d  t o  
d a t e  hybr id i ze  s t rong ly  wi th  5SrRNA as w e l l  as wi th  h i s tone  -As. I n  one of t h r e e  nea r l )  
I d e n t i c a l  i a o l a t e s  t h e  5s-related sequence l ies  between t h e  H1 and H2A genes. 
t u r e  restriction map of t h i s  region for 17 enzymes agrees  wi th  that predicted by t h e  known 
sequence of Artemia 5SrRNA. F r a  Southern b l o t  a n a l y s i s  of genomic DNA fragments and DNA 
d r iven  hybr id i za t ion ,  we  f i nd  no c r e d i b l e  evidence t h a t  Artemia con ta ins  any 5SrRNA genes 
o the r  than t h e  sequences in t e r spe r sed  wi th  h i s tone  genes. (Sponsored by NSF Grant PCM81- 
11685.) 

*Present address: 

The f i n e  btruc- 

Dept. of Biology lad Bio techo logy ,  Worcester Polytechnic I n s t i t u t e ,  
100 I n s t i t u t e  Road, Worcester. MA 01609 

1 ~ 1  

The genes coding f o r  t h e  X.laevis  ribosomal p r o t e i n s  L1 and L14 behave i n  a 
d i f f e r e n t  way when i n j e c t e d  i n t o  t h e  nucleus of t h e  X.laevis oocyte. 
The L14 gene i s  t ranscr ibed  and c o r r e c t l y  processed t o  give a mature mRNA 
which i s  t ransla 'ed i n t o  t h e  correspondent p r o t e i n  which i s  accumulated i n  
high amount. The L1 gene i s  t ranscr ibed  wi th  vezy high e f f i c i e n c y  but t h e  
processing of t h e  mRNA i s  uncomplete,yieldiag thd accumulation of a s p e c i f i c  
precursor .  This  mRNA precursor  can be c o r r e c t l y  processed when i n j e c t e d  in- 
t o  f r e s h  oocytes. W e  a r e  i n v e s t i g a t i n g  t h e  molecular mechanisms of t h i s  
block i n  order  t o  see whether i t  can be accountea f o r  by e i t h e r  t h e  riboso- 
mal p r o t e i n  synthes is  regula t ion  o r  t h e  oocyte apparatus  of sp l ic ing .  
Mutants have been constructed i n  order  t o  d iscr imina te  between these two pos- 
s i b i l i t i e s .  

PROCESSING OF RIBOSOMAL PROTEIN mRNAs I N  X.LAEVIS OOCYTES,I. Bozz0ni.F. 
Amaldi,F. Anne5i.E. Beccari.P.Fragapane,P.Pierandrei-Amaldi,C.R.R.-Rome 
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CLONING AND REGULATION OF NEUROPEPTIDE GENES, Jack E. Dixon, Robert Deschenes, 
M. Tavianini and C.  D. Minth, Purdue University, Department of Biochemistry, 
West Lafayette, I N  47907. 

lW 

We have i so la ted  and character ized cDNA clones and the corresponding genes encoding three  
widely d is t r ibu ted  and abundant neuropeptides. 
somatostatin, cholecystokinin, and neuropeptide Y l ave  been deduced from t h e i r  respect ive 
cDNA sequences. In  each case the precursors to  the var ious neuropeptides are much la rger  
than the mature peptide. 
d i f f e r e n t  mechanisms of post- t ranslat ion processing are operat ive i n  producing the mature 
peptide. In order to  develop a b e t t e r  understanding of the  neuropeptide gene regulat ion,  
and t o  understand how these pept ides  might funct ion i n  nerve c e l l  d i f f e r e n t i a t i o n  the 
genes for the three neuropeptides have been i so la ted ,  character ized and are now being 
sequenced. 
(Supported by grants  AM 18849 and An 18024.) 

The complete amino acid sequence of prepro 

The amino acid sequences of the  precursor a leo  suggest that 

Experiments on the  mechanisms of gene regula t ion  wil l  a l s o  be presented. 

1043 ROLE OF ENVIRONMENT IN THE EXPRESSION OF CATECHOLAMINE BlOSYNTHETIC 
ENZYMES. G. Teitelman, I. Iacovitti, T.H. Joh and D J .  Reis, Lab. Neurobiology, Cornell Univ. 

Med. Coll., New York, NY 
To determine whether the expresion of an overt neurotransmitter phenotype by neural crest cells is 

predetermined or epigenetic, the ontogeny of appearance of a catecholaminergic (CA) phenotype in the 
developing sympathetic nervous system was examined. Using immunocytochemicd techniques, we 
found that in mammalian embryos, the CA biosynthetic enzymes appear in neural crest cell8 alter ce!Is 
populate the sympathetic ganglia. To analyze the role of environment on the expression of CA traits, 
the  cholinergic neurons of the chick embryo ciliary ganglia were placed in culture and examined for the 
praence of CA enzymes. It wgs found that in vitro, the neurons contain three of the four enzuymen of 
the CA pathway. It was also*&covsrcd t h a i , r v i v o ,  few CG n e y o q  c o w  CA. Thare finding8 
sllggest that mast neurons of the gawon are ixtr&blly able to  cup- a CA phenotype and that 
culture conditions enhance thnt'expr&&n allo*dr\g their detection is most CG neurons. How stable is 
the CA phenotype? A population of cells tramiently e x p r a i n g  CA enzymes h a  been found to populate 
the gut and pancreas of mouse and rat embryos. In mouse pancreas, some trareient CA c& contain 
both CA and @ucagon while others contain CA and insulin. The fact  that CA i. no longer detected in 
pancreatic oells &tar midgestation suggests that the glucagon and insulin celh arise from the 
tramformation of the tramient CA cells. Thus, the initial expression of a CA phenotype is labile and 
CUI be modified in response to tissue influenceu. In summary, om dudia indicate that the appearance 
and fa te  of a CA phenotype is regulated by environmantal sign&. 

1044 ISOLATION AND CHARACTERIZATION OF A cDNA CLONE CODING FOR XENOPSIN THE NEUROTENSIN- 
LIKE OCTAPEPTIDE FROM XENOPUS SKIN Marco Crippa and Irmi Sures, dlecular Embryology, 
University of Geneva, 1211 Geneva 4, Switzerland 

Two 01 i godeoxyri bonucl eot i de mixtures were synthesized containing sequences compl emen- 
tary to different parts of the hypothetical mHNA sequence of xenopsin, a biologically 
active octapeptide found in skin extracts from Xenopus laevis. The two primer pools 
were independently used to initiate reverse transcription on skin poly(A)+RNA and the 
resulting cDNAs were then utilized to screen -in parallel- a cDNA library prepared 
from skin poly(A)+RNA. One of the clones which hybridized with both probes was 
subjected to sequence analysis. It contains a nearly full-length DNA copy of a mRNA 
of d90 nucleotides which encodes a xenopsin precursor protein. The deduced precursor 
is 80 amino acids long, exhfbits a.Rutative signal sequence a t t h e  NH2-terminus and 
contains the biolog6ally active pepride at the very carbojytermibal end. The region 
corresponding to th8 N-terminal po'rtion of the xenopsin pr'ecursor shows a striking 
nucelotide and amino acid sequence homology with the p'recursop of PYLa, another 
recently described peptide from Xenopus skin. The corresponding genomic clones are 
now being isolated and characterized. 
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ECULAR UONINC AND CHARACTERIZATION OF THE HOUSE MYELIN BASIC PROTEIN GENE, Naoki 
skahaahi, Arthur Roach and L e e  Hood, Cal i fornia  I n s t i t u t e  of Technology, Pasadena, 

Uyelin basic protein (F8P) is a major component of myelin. While human and other species 
have a s ingle  form of  HBP (18.5 kd), two major form of HBP have been found i n  mice, la rge  
(18.5 kd) and small (14 kd). % a l l  MP is ident ica l  i n  sequence t o  large MP, except for  
m i n t e r n a l  de le t ion  of approximately 40 amino acid residues. Studies  on mouse MBP genes 
w i n g  a rot d W  clone as probe damnst ra te  t h a t  the aye l in-de t ic ien t  mutant m u s e  
ahiverer  contains a great ly  reduced amount of IW mRNA i n  its brain ppd haa a de le t ion  o f  
gnomic WBP sequences (A. J., .Cell 34, 799-806, 1983). For s tudies  on the  
organization and e r p r e e s i ~ k ~ P  genes i n  sh iverer  and wildrtype mice, we have 
constructed a wild-type ( S W )  d u s e  g e n y i c  1 i b r a m a h a S c  scjgened it using a r a t  c D N A  
cloned probe. Analysis of sevbral '  hybridization-positive cosmid c ? o w  is i n  progress 
with a vie* towarda mt .b l i sh inq  the  number- and coding s t r u c t u r e  o f  muse MP genes, and 
character iz ing i n  d e t a i l  t h e  &lot ion of these sequences i n  the ahiverer  mouse. 

1045 p 
CA 91125 

FROM GRASSHOPPER TO DROSOPHILA: A CELLULAR AND MOLECULAR APPROACH TO NEURONAL 
PATHFINDING, John B. Thomas, Michael J. Bast iani ,  and Corey S. Goodman, Dept. of 

Biological  Sciences, Stanford University, Stanford, CA 94305 

appropriate  ta rge ts .  
of developing neurons ac t ive ly  choose s p e c i f i c  bundles of axons upon which t o  fdsc icu la te  and 
grow. These pathway choices are mediated by s p e c i f i c  ce l l -ce l l  in te rac t ions  between a 
developing neuron's growth cone and-axon8 running within the  appropriate  bundle. This 
s p e c i f i c i t y  has  convinced us  that a nmber of cell  surface molecule$ are d i f f e r p t i a l l y  
expressed by d i f f e r e n t  bvndles o f  embryonic axons. 
are and how they become d i f f e r e n t i a l l y  ekpreasea i n  the  nervous system. 
otudying the  embryonic development of the  nervous system i n  Drosophila i n  order  t o  
c a p i t a l i z e  on i t s  advanced genet ics  aud molecular biology. Using the  same techniques 
exploi ted i n  the  grasshopper. we  have found that between 10 and 13  hrs .  of Drosophila 
embryogenesis the  pa t te rn  of neurons and t h e  s p e c i f i c  pathway choices they make are 
i d e n t i c a l  t o  those of grasshopper. 
time period and are construct ing a cDNA l i b r a r y  from nervous system mRNA. 
trying t o  i s o l a t e  sequences which a r e  d i f f e r e n t i a l l y  expressed by subsets  of neurons with 
t h e  expectat ion t h a t  eome of these sequences may represent  genes coding f o r  or cont ro l l ing  
the expression Of c e l l  surface molecules used during neuroaal pathfinding. 

We are in te res ted  i n  how developing neurons f ind  and eventual ly  synapse with t h e i r  
Studies of grasshopper embryogenesis have shown t h a t  the  growth cones 

We would llke-20 know what these molecules 
Thus, w e  have begun 

W e  can purify 100,000s of nervous systems from t h i s  
We are current ly  

REOULATION OF GROWTH HORMONE TRAMSCRIPTIOH BY OROWTH HORMONE RELEASING 
ACTOR, Naroia Barinaga, Louise B i l o r i k j i a n ,  O a y l o  Yamornoto, U y l i e  Vale, 

1047 1 
Michool  0 .  R o s e n f e l d  ond Ronold Iran., S a l k  I n s t i t u t a ,  San Dieeo, C A  

Yo are s t u d y i n g  ..he meohonism of r o g u l a t i o n  of OH e x p r e s s i o n  by t h e  
h y p o t h a l a m i c  p e p r i d e ,  g r o w t h  horrnono r o l e a s i n g  f a o t o r  ( O R F ) .  Growth hormone 
(OH) is t h o  major p r o d u o t  of t h e  s o m a t o t r o p h s  of t h e  a n t e r i o r  p i t u i t a r y  a n d  
i n  r e l a a a o d  f r o m  t h e  s o m a t o t r o p h a  i n  r o r p o n s a  t o  ORP. U n t i l  r e c e n t l y ,  n o  
p e p t i d o  has boon known t o  i n f l u e n o a  G H  t r a n a c r i p t i o n .  Ua h a v e  u s e d  a n u o l e a r  
l a b a l l i n g  a s n a y  whioh  p r o v i d o s  a d i r o o t  measuremont  of t r a n s o r i p t i o n  r a t e ,  t o  
ahow t h a t  QPF r a p i d l y  s t i m u l a t o s  t h o  t r a n s o r i p t i o n  r a t 0  of She OH g a n e .  b o t h  
in wholo  animals  and  i n  prim*y g u l t u r o s  ef b i t u i t o r y  c e l l s t  ORF raises oAMP 
l a v a l a  i n  p i t u i t a r y  o e l i s ,  a n d  etimulatoa A C*++ d e p a n d e n t  release 'of G A .  
t& t r a n s o r i p t i o n a 1  i n d d o t i o n  Ya Ca*+ indwpan$ont ,  and  is mimicked by 
t r o a t m o n t  w i t h  oAMP o n a l b g a ,  or f o r o k o l i n ,  wbloh s t i m u l a t e s  a d e n y l  C y c l a s e .  
Sowatostat in  b l o o k a  OBI Btimulatod raloaaa *of OH, b u t  d o e s  n o t  b l o o k  t h e  
aasooiatod ria0 i n  oAMP, nor d o a a  i t  b l o o k  t h e  t r a n s c r i p t i o n a l  r e s p o n s e  t o  
O P I .  Roloaao of OH o a n  bo a c h i e v e d ,  w i t h o u t  i n f l u e n e i n e  CAMP l e v o l s ,  e i t h e r  
by i n o u b a t i o n  of t h o  0011s i n  5 0  mM K+ o r  t r o o t m e n t  of t h e  c o l l s  w i t h  p h o r b o l  
oators .  N e i t h o r  of t h e s e  t r e a t m e n t s  i n f l u e n o 0 8  OH t r a n a o r i p t i o n .  Our d a t a  
.U#gOSt t h a t  GEP r a g u l a t e s  OH t r o n s o r i p t i o a  by a oAMP m o d l a t a d  maahanism,  
whioh oan bo u n o o u p l e d  f r o m  t h o  QH raloaao r e s p o n s e  t o  ORF. 
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SCAWANN CELL-AXON INTERACTIONS STUDIED IN VITRO. 
and R. Schnaar. 
School of Medicine, Baltimore, Maryland 21205. 

G. Tennekoon, D. Rilt. L. Needham, lW8 Depts. of Neurology ti X a E l o g y ,  The Johns Hopkins University 

Schwann cells (SC) are known to interact specifically with Mona. 

Schwann cells from newborn rat sciatic nerves were isolated. 

We report on the 
developwnt of an assay for examining this interaction in vitro. 

Approximately 4 x lo6 cells 
were obtained from 10-12 Sprague Dawley rat pups of 1 to 3 days of age. By indirect immuno- 
fluorescence using anti-Thy 1.1. 10% of the cells were fibroblasts. One day after seeding, the 
rapidly dividing fibroblasts were killed with cytosine arabinoside 
fibroblasts were removed using a complerent mdiated killing step with a monoclonal anti-Thy 
1.1 (IgM antibody) and rabbit compleant. 
purity. 

and eventual synthesis of myelin. He investigated this process by utilizing t w  different 
neuronal cell cultures; rat spinal cord explant cultures and disaociated chick spinal cord 
anterior horn cell cultures. Schwann cells. when co-cultured with these two types of tissues. 
appeared to bind to the neurites. In order to quantitate the adhesion phenomenon, the Schwann 
cells were labeled by culture with [32P]orthophosphatc and the method of McClay et al. 
(Proc. Nat. Acad. Sciz:4975, 1981) was used. In summary. we have obtained cultured 
neurites and pure populations of SC and have demonatrated their interactioa in vitro. 
now beKin to quantify this interaction and e x d w  its characteristics. 

M). The remaining 

The SC thus obtained ware of greater than 99% 
The Schwann cells grew as aonolayers with a doubling time of 48 hours. 

Schwann Cell recognition and adhesion to the axon is required for synthesis of basal lamina 

We call 

1049 
Primary neurons o f  t he  South A f r i can  clawed f rog  (Xeno us l a e v i s  es tab l i sh  the  f i r s t  em- 

bryonic nervous connections. The axons o f  primary s e n d o d r d )  and r o t o r  (primary 
motor) neurons o f  the sp ina l  cord are the f i r s t  t o  invade the t runk t issues. 

Clones derived from an ind i v idua l  blastomere can be i n d e n t i f i e d  i n  the  f rog  by i n j e c t i n g  
horseradish peroxidase i n t o  t h a t  blastomere. a l lowing the embryo t o  develop and histochemical13 
processing i t s  t issue. The descendants o f  the i n jec ted  blastomere appear as HRP-labeled c e l l s  
throughout the various embryonic t issues. This technique has demonstrated t h a t  l o r s a l  spinal 
cord ( i nc lud ing  Rohon-Beard neuron 

dorsal myotome and epidermis. Likewise, v e n t r a T n a 1  cord ( i nc lud ing  p r  mary,motmeurons) 
was derived from the same blastomeres t h a t  were ancestral t o  the p e r i p h e r k  regions through 
which the  primary r o t o r  axons course, namely ventra l  qyotme. The ind i v idua l  HRP-labeled axons 
of Rohon-Beard and primary motoneurons were traced and the  number o f  c l o n a l l y  re la ted  ( i .e.,  
a l so  HRP-labeled) per iphera l  c e l l s  w i t h i n  a 20um zone surrounding the axon were counted. Sta- 
t i s t i c a l l y ,  more c l o n a l l y  re la ted  per iphera l  c e l l s  were i n  c lose prox imi ty  t o  the axon path- 
way than non-clonal ly r e l a t e d  c e l l s ,  suggesting t h a t  l ineage re la ted  c e l l s  MY guide per iphera l  
axons. I n  addi t ion,  motor axon arbor izat ions were p r e f e r e n t i a l l y  among c l o n a l l y  re la ted  myo- 
tubes and Rohon-Beard axon terminations were p r e f e r a n t i a l l y  upon c l o n a l l y  re la ted  epidermal 
c e l l s ,  suggesting t h a t  e a r l y  ta rge t  choice may be re la ted  t o  c lonal  membership. 

AXON PATHWAY AND TARGET CHOICES DETERMINED BY LINEAGE, S a l l y  A. Moody, Un ive rs i t y  o f  
V i rg in ia ,  Char lo t tesv i l l e ,  VA 22908 

wa* derived f r o m  t h e  same blastomerqs fhab were ancestral 
t o  the per iphera l  regions through w 2 f c h  the p i  in4 Rohon-Beard axot&$ourse, inc lud ing 

Hernatopoietic Gene Expression 

1050 DEVELOPHENTAL EXPRESSION OF H-2 CLASS I GEMS. Janet A. Sawicki. The U i s t a r  
I n s t i t u t e ,  Phi ladelphia, PA -104 

DNA c lon ing studies i nd i ca te  t h a t  there are a t  l eas t  36 Class I genes o f  the major histD- 
c o n p a t i b i l i t y  conplex of the muse (H-2) (Steinmetz e t  a1 1981. C e l l  g, 683). Only a few 
o f  these genes are known t o  be expreTed I n  adul t  m G r ? o  determine whether some o f  these 
genes are d i f f e r e n t i a l l y  expressed dur ing development, we are i nves t i ga t i ng  t ransc r ip t i ona l  
and t rans la t i ona l  products o f  Class I genes i n  muse enbryos. Our studies i nd i ca te  t h a t  
62-microglobulin. a small polypeptide associated w i t h  H-tK/D Class I antigens i n  adu l t  mice, 
i s  both synthesized i n  and expressed on t he  c e l l  surfaces o f  pre inp lantat ion olllbryos. 
H-PK/D antigens, however. appear not t o  be synthesized a t  these ea r l y  stages. Ue have de- 
termined t h a t  a 40,00(l da l ta i l  Class I jH-2)-related peptide which i s  synthesized and se- 
creted only by l i v e r  c e l l s  i n , a d u l t  mice (Kress etfi., 1983,rCell 34. 189) I s  also synthe- 
s ized by pre i r rp lantat idn einbrjos. 'phis peptide inay induce J n u n o G l c a l  tolerance o f  the 
mother t o  the fetus. YC are-prepar lhg a CDNA l i b r a r y  *r ive& fm expanded b lastocysts  
(day 4) and w i l l  screen t h i s  l i b r a r y  u s i q  a Class I H-2 s p e c i f i c  DNA probe. S imi lar ly ,  we 
are screening a cDNA l i b r a r y  derived from 14-day-old embryos prepared by John Honahan 
(Roche I n s t i t u t e ) .  Pos i t i ve  clones from these l i b r a r i e s  w i l l  be used t o  i d e n t i f y  and char- 
ac te r i ze  the  products o f  Class I gene sequences expressed by enbryos. These studies w i l l  
he lp  us understand how a h i c f l y  -lux genatlc rrglon i s  regulated throughout development. 
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gG AND IgA IMMUNOGLOBULIN CHAINS ARE EXPRESSED VITHOUT DELETION 
F IgM SEQUENCES IN MOUSE MEMORY B CELLS. Aaron P. Perlmutter and 
Walter Gilbert, Department of Biochemistry and Molecular Biology, 
Harvard Universty, Cambridge, MA 02138 

1051 g 

We have nnalyzed the genes for the heavy chains of IgY, IgG1, and IgA 
iwunoglobulins in normal Balb/c B lymphocytes. Splenocytes were 
fractionated by fluorescence activated cell sorting (FACS) on the basis 
of their surface-heavy-chain isotype. Cells that expressed surface IgG 
or IgA neither were deleted for the IgY constant region gene nor showeaeh 
any rearrangement 5 '  to the gamma 1 or alpha constant region genes. 
Furthemore, cells which. simultaneously expressed IgM and IgG or IgM 
and I@ were isokatedu and shown not to express any other idtype. We 
propose that prior to dikferentiation into large secreting blastocytes, 
small memory cells can express IgG or IgA via a large primary RNA 
transcript spanning the 100-150 kb h&avy chain gene locus without 
undergoing a further DNA rearrangement. Studies on these RNAs are in 
progress. 

PROCESSING OF THE 3 '  END OF PRIMARY TRANSCRIPTS OF MOUSE IMMUNOGLOBULI~~ 
'05* GENES, Michael Xmaromy , John Rogers and Randolph Wall, UCLA, Los 

Angeles, Ca. 90024 

The mouse immunoglobulin p gene is a complex transcription unit which can 
give rise to two mRNA s ecies, membrane and secreted, which differ only at 
their 3 ' ends. 
the "amputated transcript", or AT, which is the apparent result of a 
cleavage event which also generates the secreted mRNA(us) form. Thus, in 
cells which produce only us -A, transcription continues past both the us 
and urn termini. 
appropriate mRNA. The AT is the species formed by cleavage at the us and 
urn termini, and has the intron between the two m&rane emns excised. 
AT is polyadenylated and is preferentially retained in the nucleus. Further 
studies to deterrrine the precise 5 '  end of the AT will be presented. 

Our stu%ies have revealed the presenoe of w species, termed 

The primry transcript is then cleaved to form the 

The 

u)y 
6 New York VA Medical Center, New York, 10010. 

express  the ant igen on t h e i r  surfaces .  
antigen by severa l  thymic peptides. 
fmm both rat and muse  (Thy-1.1, Thy-1.2) have been reported. 

rat cDNA clone. 
t ion digest ion d i f fe rences  -re o b y r v e d  a-g brain,  thymus and l i v e r .  
present  in i d e n t i c a l  forms in two prototype muse tumor c e l l  lines which were Thy-1 (+) and 
Thy-1 (-). 
l i b r a r y  and a ten ta t ive  r e s t r i c t i o n  map has  been constructed. 

There is a s ingle  2kb poly A containing mRNA found in normal rat and m u s e  t i s sues  and m u s e  
tumr c e l l  lines. 

t i s s u e s  s tudied.  
cells. Ihe expression of the  antigen in both lymphoid and non-lymphoid t i s s u e s  is associated 
with i d e n t i c a l  s ing le  RNA t r a n s c r i p t s  h i c h  are l a r g e r  than the s i z e  expected t o  code f o r  a 
mature polypeptide of 14,000 dal tons.  
t ranscr ip t iona l  regulat ion in the exvression of Thy-1 antigen. 

THE ANALYSIS OF THY-1 GENE. M. Teng, R.S. Basch, New York University, New York; J. 
S i l v e r ,  Michigan Sta te  University, East  Lansing; and J . N .  Buxbaum, New York University 

Thy-1 i s  found on murine neural ,  dermal w d  lympbid  t i s sues .  Thymic T-lymphocytes f u l l y  
In d t r o ,  prothpmocytee can be induced t o  express  the 

The amino acid sequences of so lubi l ized  Thy-1 molecules 

The muse Thy-1 gene was stud4ed by Southern b l o t t i n g  vfth a DNA probe i so la ted  from a 
Preliminary o b s e w t i o n s  jnd ica te  t h a t  gem is one Thy-1 gene. No r e s t r i c -  

The gene was a l s o  

Several genomlc clones containing the "by-1 gene have been i so la ted  from a Balb/c 

The expression of Thy-1 mRNA in various c e l l  types was s tudied by Northern b lo t t ing .  

These r e s u l t s  suggest  t h a t  the Thy-1 gene is present  a s  a s ing le  copy i n  DNA fmm a l l  
Gene rearrangement is  not  required f o r  its expression in  d i f fe ren t ia ted  T- 

This observation suggests a possible  role f o r  post- 
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LOCAL CHANGES I N  CHROMATIN STRUCTURE I N  THE GOAT B-GLOBIN GENE LOCUS DURING DEVELOP- ''% 
We have been character iz ing the Ehromatin c o n f o p a t i o n  i n  and around the d i f f e r e n t l d i l l y  
expressed f e t a l  (ro, j u v e n i l e  (B ) and adu l t  (B ) goat g lob in  genes and have found l o c a l  
d i f ferences i n  e r y t h m p o i e t i c  t issues a t  various developmmtal stages. 
e x i s t  even though the three genes and t h e i r  f l ank ing  regions share remarkably h igh nuc leot ide 
sequence homology - sequences 1 kb 5 '  t o  the s t a r t  o f  t r a q c r i p t i o n  are 90% h m l o g o u s .  
approach has been t o  examine the a c c e s s i b i l i t y  o f  various r e s t r i c t i o n  endonuclease recogni t ion 
s i t e s  and the general r e s u l t  i s  'that . t h e i r  a v a i l a b i l i t y  f o r  d iges t i on  i n  i n t a c t  nuc le i  
carre la tes with the act iY i t# .af  these genes. The Pvu I 1  s i t e  located 15 nucleotides upstream 
fm the s t a r t  o f  t r y l s c r i p t i o n  i n  tack o f  the three genes d i tp lays  t h i s  pat tern.  That i s ,  
i n  bone marmu i s o l a t e  from an anemic goat synthesizing j u v e n i l e  hemoglobin, t he  Pvu I 1  s i t e  
a t  the 5 '  end o f  the Bt ne i s  f a r  more sens i t i ve  t o  d iges t i on  than i s  the same s i t e  upstream 
f r o m  BA. The homologousy-globin Pvu I 1  s i t e  i s  n o t  a t  a l l  accessible i n  t h i s  t issue.  
Conversely, i n  f e t a l  e ry th r j l po ie t i c  t i ssue  on ly  the Pvu I 1  s i t e  5 '  t o  the Y gene and no t  
those upstream f r o m  B o r  B i s  sens i t i ve  t o  d igest ion.  In  nonerythropoiet ic  t i ssue  none o f  
the three s i t e s  i s  c u t  i n  i n t a c t  nuc le i .  
invo lved i n  es tab l i sh ing  the  d i f ferences i n  c h r w t i n  s t ruc tu re  detected here, and perhaps 
u l t ima te l y  c o n t r o l l i n g  the d i f f e r e n t i a l  expression o f  these genes, are e i t h e r  very sho r t  o r  
are well m w d  from thr coding regions. Supported by PHS F32 HL06416 and NIH AM20119. 

MENT, Paul A. L i b e r a t o r  and Je r ry  B. L ingre l .  Univ. o f  Cinc innat i ,  C inc innat i ,  Ohio. 

These d i f ferences 

The 

I t appears t h a t  those DNA sequences which are 

REGULATION OF HLA-OR GENE EXPRESSION I N  TWO HUMAN HONOCYTOID CELL LINES, B. H a t i j a  
Pe te r l i n ,  Andrew F. Caiman, and John D. Stobo, Un ive rs i t y  o f  Ca l i f o rn ia ,  San Fran- 
cisco, CA 94143. 

'055 

The expression of HLA-OR on the surface o f  human monocytes i s  not  c o n s t i t u t i v e  but var ies 
w i t h  d i f f e r e n t i a t i o n  and i s  induc ib le  by g a m  in te r fe ron  ( iFN-gam) .  We have studied the 
molecular events leading t o  HLA-OR gene expression i n  two human monocytoid c e l l  l i nes ,  HL-60 
and U-937. I n  HL-60, HLA-DR genes a re  expressed a t  low levels ,  as determined by imnunofiuores- 
cence using the fhprescence-Mt ivated c e l l  so r te r  and anti-HLA-DR monoclonal antibodles, and 
by Northern b l o t  anblysls. In Ha-68, IFN-gam leads t o  a seve ra l fo ld  Increase I n  HLA-DR 
r p e c l f l c  t r a n s c r b t s  and p r o t s l n  products. Resting U-937, U-937 t reated w i t h  I F N - g a m ,  and 
U-937 t reated w i thS :azac~ id ine .  da noLexpress detectable l eve l s  o f  HLA-OR mRNA o r  prote ln .  
I n  U-937 the HLA-OR alpha gCnes appear hypara thy la ted  as cqmpared w k h  those i n  RPHi-4265, 
an EBV-transformed B cp i1  l i n e  t h a t  synthesizes large amounts o f  HLA-DR antigen, and less 
methylated than those of Molt-4, a human T -ce l l  l i n e  tha t  is HLA-OR-negative, as determined 
by hsp I/Hpa I I  digest lon and Southern b l o t t i n g .  A f te r  5-azacytidlne treatment, HLA-OR alpha 
genes o f  U-937 become demethylated; however no HLA-DR gene expression can be detected. The 
add i t i on  o f  IFN-gamna t o  5-azacytldlne-treated U-937 c e l l s  leads t o  a rap ld  appearance of 
large quan t l t l es  of  HLA-DR s p e c l f l c  t ransc r ip t s  and c e l l  surface p ro te in  products as v e r i f i e d  
by Northern b lo t s ,  FACS, and Inmunoprecipltat ion. I n  addi t ion,  HLA-DR apha genes are more 
sens i t i ve  t o  DNAse I d iges t i on  in res t i ng  HL-60 than i n  res t i ng  U-937 c e l l s ,  and t h i s  DNAse- 
s e n s i t i v i t y  pa t te rn  changes w i t h  IFN-g- a c t i v a t i o n  of HLA-OR gene expression. 

19% REGULATORY SEQUENCES REQUIRED FOR K LIGHT CHAIN GENE EXPRESSION. Yehudit Bergman, 
Douglas Rice, Rudolf Grosschedl and David Baltimore, Massachusetts I n s t i t u t e  o f  
Technology, CaRbridge, MA 02139 

During d i f f e r e n t i a t i o n  o f  B lymphocytes, t h e  .variable and t h e  constant pa r t s  o f  inmuno- 
g l o b u l i n  ( I g )  are rearranged t o  form a complete funct ional  I g  gene. Upon f u r t h e r  d i f f e r -  
e n t i a t i o n  o f  a B c e l l  i n t o  a plasma c e l l ,  a l a r g e  increase i n  t h e  r a t e  o f  t r a n s c r i p t i o n  i s  
observed. To study t h e  mechanism o f  regu la t i on  o f  t h e  K chain gene, a rearranged K wi ld-  
type gene and mutant genes conta in ing de le t i ons  spanning t h e  e n t i r e  JK-C, i n t r o n  were 
transfected i n t o  B and T c e l l  l ines.  Delet ion mutants were generated by cleavage a t  a 
unique r e s t r i c t i o n  s i t e  w i t h i n  t h e  i n t ron ,  fol lowed by d iges t i on  w i t h  Ba131 exonuclease. 
The wi ld- type K gene and t h e  de le t i on  mutants were incorporated i n t o  a vector  conta in ing 
t h e  p o l y w a  o r i g i n  o f  r e p l i c a t i o n  and a modi f ied mouse H4 h is tone gene as an i n t e r n a l  
con t ro l  f o r  t ranscr ip t ion.  The e f f e c t s  o f  t h e  d i f f e r e n t  de le t i on  mutants on t h e  tran- 
smiption o f  K chain gene in  t r a n s i e n t l y  t ransfected mouse myeloma c e l l s  were measured 
u s i w  t h e  S l  nuclease mopping technique. We f i n d  t h a t  i n t r o n  DNA sequences located 
0.4-0.86 kb upstream o f  C, are c r u c i a l  f o r  accurate and e f f i c i e n t  t ranscr ip t ion.  This 
reg ion coincides wi th a DNAse I hypersensi t ive s i te .  S im i la r  t o  v i r a l  t ransc r ip t i ona l  
enhancer elements, these K i n t r o n i c  sequences w i l l  a l so  func t i on  when moved 5 '  t o  t h e  V, 
promoter, i n  e i t h e r  or ientat ion.  We a re  studying t h e  l eve l  o f  K chain gene expression 
us ing the  de le t i on  mutants by t rans fec t i ng  t h e  genes i n t o  B c e l l  l i n e s  representing 
d i f f e ren t  stages o f  B c e l l  developnent. 
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the  d i f f e r e n t i a t i o n  of a 1) c e l l  through a series of s i te -spec i f ic  recombinations. 
volve widely separated regions 
a t i g h t l y  regulated fashion. 
as w e l l  as th a e c h a n i e s  t h a t  cont ro l  it would be f s c i l i t e t e d  b the  a b i l i t y  t o  de tec t  Ig  
gene rearrangement on defined eequences t h a t  have been etogenously introduced in to  a rearrang- 
ing c e l l .  To t h i s  end. we  designed a r e c a b k u t i o n  eubs t ra te  boaring port ions of t h e  kappa 
Ig locus, which can be introduced i n t o  cul tured c e l l s  in the form of a dafec t ive  re t rovi rus .  
The subs t ra te  is constructed so that i f  it i s  rearranged, expresaQn of a previously inact$ve 

selectable  marker is achieved, and t h e  rec ip ien t  c e l l  becomes drug res i s tan t .  By this,means, 
wehve i so la ted  independant drug-resis tant  c e l l  l b e s  a l l  of which aufiear t o  have recirmbihed 
theintroduced sequences. 
by molecular cloning and DM eequsace enalyefe of the integrated subs t ra te  From the  genome of 
one repreeentatfxs drug-reefstant imlstc. The d e s i m  of the nubetrate  enabled recovery not 
only of t h e  V J The re-  
c iproca l  join! fbd a s t r u c t u r e  BnOlOgOUS t o  rwrrsnged  fragments which have been i s e k c d f r o m  
myelomas. 
V k J k  jo ining. .  

IMMUNOGLOBULIN GENE llEIcRllANGEPIENT ON A DEFINED SUBSTRATI, Susanna Lewis and David 
Baltimore. M.I.T. Cambridge, MA 02139. 

The gene segments encoding t h e  var iab le  regions of immunoglobulins a r e  assembled during 
These in- 

of the  heavy or l i g h t  chain l o c i  and appear t o  occur in 
An understanding of the d e t a i l s  of t h i s  rearrangement process 

We have confirmed t h a t  authent ic  Vk region recobbination occured 

coding j o i n t ,  but of the rec iproca l  recombination product a s  w e l l .  

This ind ica tes  t h a t  probably such fragments o r i g b t e  as d i r e c t  by-products of 

10% 

During B c e l l  d i f f e r e n t i a t i o n ,  immunoglobulin heavy chain genes a r e  assembled by reorganiza- 
t i o n  of th ree  d i s c r e t e  gcrmline DNA segments, VH, D and J . A s  one approach t o  understanding 
t h e  mechanism and regulat ion of t h i s  process, we  have stutfied c e l l  l i n e s  derived by t rans-  
formation of mouse ear ly  f e t a l  liver with Abelson murine leukemia v i rus .  These lines represenq 
c l o s e  analogues of B lymphoid cells a t  ear ly  s tages  of d i f f e r e n t i a t i o n .  A number of these 
lines undergo spontaneous rearrangement of t h e  heavy chain locus in cul ture .  We have analyzed 
t h e  precursors  and products of several independent rearrangement4 ir\ one-such l i n e ,  40B4-2, 
by molecular cloning and sequence determination. Host of these r e a r r a n g a e n t s  represent  the  
jo in ing  of a VH gene t o  a D-J 
Joining of D t o  JH and of VH Po D i n  the  4034-2 line was  accompanied by.10~6 of nucleot$des 
from t h e  coding sequences and by introduct ion of novel nucleotided a t  the-rec6mbination: j o i n t .  
Examination of similar rearrangements in an independently derived Abelson-transformed l i n e ,  
22D6-5, revealed that these were also the  r e s u l t  of V 
22D6-5 line. however. introduct ion of novel nucleot idas  a t  t h e  recombination j o i n t s  was not 
observed. The s t r u c t u r e s  of t h e  r e c a b i n a t i o n  j o i n t s  in each of these lines a r e  s imi la r  t o  
junct ions present  in  genes which have undergone funct ional  rearrangement i n  vivo. The axis- 
tmce of cell lines which car ry  out  iaarnoglobulin gene r e a r r a n g a e n t  but which d i f f e r  i n  
t h e i r  a b i l i t y  t o  introduce novel sequences at recombi la tbn  junct ions should a id  i n  the  
elucidat ion of t h e  means by which such sequences a r e  introduced. 

ASSEXBLY OF IPPNNOCLOBLnIN HEAVY CHAIN GENES IN CULTURED CELL LINES, Stephen Desiderio 
Michael Paskind, Ned Landau, Fred A l t  and David Baltimore, Whitehead I n s t i t u t e  and 
Center f o r  Cancer Research, M.I.T., Cambridge, MA 02139 

assembly t o  y ie ld  a complete immungglobulin hqavy chain gene. 

jo in ing  t o  a D-JH assembly. In the  

TRANSCRIPTIONAL ENHANCER ELEMENTS I N  THE MOUSE GENOME, Mark Mercola and Kathryn 
Calaple, ucu, Los h g e l e s .  CA 90024 1059 

JA s t rong t ranscr ip t iona l  enhancing element located a t  the  5' end of the  Jh-Cu intervening se- 
quence of the  mouse immunoglobulin heavy chain gene has  previously been described. We used a 
quant i ta t ive  i n  vivo assay t o  measure t h e  a b i l i t y  of a DNA sequence t o  enhance t ranscr ip t ion  
of the  b a c t e r i a l  chloramphenicol ace ty l t ransferase  (CAT) gene from the SV40 e a r l y  promoter. 
Our r e s u l t s  using plasmacytoma c e l l s  show tha t  only the  s ing le  enhancer res ides  within a 
region 2kb 5' and 9kb 3' of a rearranged immunoglobulin Vh promoter and t h a t  no enhancer ex- 
ists within 2kb of the  Vh gene i n  the  gera l ine  configuration. 
within 6kb on e i t h e r  s i d e  of the t ranslocated c-myc oncogene. The Jh-Cp element exhib i t9  
grea tes t  a c t i v i t y  r e l a t i v e  t o  the  prototype SV40 v i r a l  enhancer i+plAsmaqytoma c e l l s  and 
funct ions with s l i g h t l y  decreased a c t i v i t y  i n  mouse f ibroblas t  c b l l a .  No a c t i v i t y  w a s  da- 
tected,  however, i n  a human f i b r o b l a s t  l i n e .  Cel lu la r  enhancers capableof  functioning i n  
mouae L cell f i b r o b l a s t s  appear ra ther  f requent ly  i n  the  m u s e  gem- but  no a c t i v i t y  w a s  seen 
f o r  any segments of the  mouse genome tes ted  i n  human f ibroblas t s .  

No enhancer a c t i v i t y  was found 

Unlike v i r a l  enhancers 
i c h  funct ion i n  c e l l s  of d i f f e r e n t  species ,  the  murine c e l l u l a r  enhancers we t es ted  a r e  r pecies spec i f ic .  These r e s u l t s  suggest t h a t  c e l l u l a r  enhancers i n t e r a c t  with a species  spe- 

c i f i c  fac tor .  
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A fetal liver-derived Abelson murine leukemia virus transformed cell line, 38B9, which 
assembles its immunoglobulin heavy chain V. D, and J segments during growth in culture. has 
been shown to make site-specific rearrangements of introduced cloned heavy chain recombination 
substrates. A recombinant plasmid has been constructed which contains a murine genomic D 
segment (DQ52). part of the J cluster which contains 3 3 and J 4 ,  and the HSV thymidine 
kinase (tk) gene inserted betueen the D and the J 
tk- 38B9 cell line by co-transfection with pSV neff and subsequent selection in geneticin. 
Appropriate DNA blotting analyses have shown that site-specivc recombination within the 
integrated construct (D to J joining) occurs at a significant level iq the absence of tk 
selection. After the line hgs been passed through BUdR medium (whJch selects against the 
introduced tk gene), the majority of surviving cells have deleted the tk gene througL D to 
J 3 or J 4 recombination. Several of these rearrangements have been molecularly oloned, 
a h  DNA iequence analysis has confirmed that no more than 200 bp of sequence 3' to the D 
or 5' to the J 
chromosomal lo!!ation of these elewents is not important. 

REARRANGEMENT OF IMMUNOGLOBULIN mVY CHAIN GENES INTRODUCED DURING GROWTH IN CULTURE, 
T. Keith Blackwell and Frederick W. Ale. Columbia University. New York. NY 10032 

segn&!nts. I! has been introduced into a 

elements is required for recognition by the recombinase system. and that the 

PREFERENTIAL USE OF VH GENE SEGMENTS IN IMMATURE LYMPHOCYTES, George D. Yancopoulos, 
John F. Kearney and Frederick W. Alt. Columbia University, New York, NY 10032 '06' 

Our studies of Abelson murine leukemia virus (A-MuLV) transformed pre-B lymphoid cell lines 
reveal that such lines derived from fetal liver can construct complete heavy chain variable 
region genes (V -D-J ) in culture via an ordered program in which a V 
constructed D-JH corFlex. We have noted that a particular V (VH81X)His used very fre- 
quently in the ictively rearranging A-MuLV transformed fetal'liver lines, and 9 of 15 A-MuLV 
transformed bone marrow lines with stable rearrangements have VH81X rearranged on at least 
one allele. 
use of VH81X. 
unimmunized adult spleen is 10-100-fold higher than for a panel of four unrelated V 
from different families. 
mature, Ig-secreting cell. The reason for and possible functional significance of the pre- 
ferentail use of VH81X in pre-B cells remains to be determined.' We have mapped y l t e l X  as the 
most 3' (D-proximal) V gene segment. Sequence analysis indicates certain uniqy features 
that may interfere witff its ability to interact with light chain. 
of the most 3' V gene segments may occur, with increased selection of more 5' V genes at a 
later stage. 
serve as further intermediates in the V 
by more 5' VH gene segments. 

is fused to an already 

Analysis of independently derived fetal liver hybridomas also indicates frequent 
The relative level of VH81X mRNA in normal fetal liver when compared to 

genes 
VH81X has never been found in the expressed heavy chain OH any 

Preferential rearrangement 

WeHare also studying the possibility that this (or other) V gene sggments may 
gene assembly process, possibly try being replaced A 

1062 
C. Peschle', P. Havilio', L. Bottero'. A. Care', A. Giampaold , G. Migliaccio', L. Cianetti' , 
M. Marinucci 1, G. Russo *, G. Hastroberardino ' . 1) Department of Hematology. Istituto Supe- 
riore SanitP; 2) Division of Gymcology, Ospedale Avellino; 3) Istltuto Patologi'a Medica (VI). 
Rome, Italy. 
We have developed a collection of btopoietic md non hematopofetic cells and organs from 
virtually intact human embryos and fetuses obtaipodtby kgal curettage abortions at 5-10 wk 
from conception. This allowed to investigate mool+cular +4d cellular aspcts of early human 
ontogeny. The embryonic +fetal W swktch s (r-co\H~+v ) have been studied in'yolk sac and 
liver erythroblasts: these swltches prbgrek aeyn~hraroue;ly in tAe 5-8 I& period (the former 
precedes the latter as well as initiation of 0 yAobia synthesis, which L@ detected from 7-8 
wk onward). At cellular level, the asyhchrony strongly suggests a monoclpnal stem cell wdel 
to underlie the embryonic W twitching. 
flanking regions of 6 -like globin genes is strongly correlated with their activation, thus 
suggesting that hypomethylation may play a key role in the Hb switches. 
c-onc genes (myc, myb, abl, erb A and B, ras. sis, fen) ha8 been studied in erythroblasts and 
non-erythroblastic cells from embryonic livers, as well as in other control embryonic. fetal 
and adult cells. The general pattern observed indicates that: i) c-onc axpression is often 
enhanced in embryonic and fetal vs adult hemopoietic cells. and ii) a coherent pattern of 
c-onc expression is usually observed at the level of hematopoietic tissues in the 5-10 wk post4 

MOLECULAR ANALYSIS OF EARLY HUMAN ONTOGENY: EXPXESSICW OF GLOBIN AND c-onc GENES IN 
HEMATOF'OIETIC CELLS FROM 5-1O-WK-OLD B"BRY0S AND FETUSES. 

At molecular level, undermethylagion of t 4  close 

The expression of 
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1063 STEROID REGULATED EXPRESSION OF A CHIMERIC TRYPTOPHAN OXYGENASE GENE AFTER TRANSFER 
INTO EUKARYOTIC CELLS. Patrick D. Matthias. Ulrich Oanesch. Hans U .  Bernard, Rainer 

Renkawitz and Gunther Schutz. Inst. for  Cell and Tumorbiology, German Cancer Res. Center, 
D - 6900 Heidelberg, FRG. 

In r a t  liver expression of the tryptophan oxygenase (TO) gene i s  induced 10 fold by 
glucocorticoids. To study the wchanism of transcriptional control a fusion gene was con- 
stnicted consisting of 2kb of 5 '  TO flanking sequences and . t h e  bacterial chloramphenicol 
acetyltransferase (CAT) gene. After transfer into mouse L t k -  or  r a t  XC c e l l s  the transient 
expression of the TO-CAT reconbinants Is induced 6-10 fold by g1uc:corticoids. as analyzed 
by CAT enzymatic ac t iv i ty  and 51 mapping of the RNA. Analysis of 5 deletion mutants of the 
TO-CAT recombinants showed tha t  170 nucleotides upstream of the TO cap s i t e  are sufficient 
fo r  glucocorticoid induction. 

shut t le  vector was constructed. T h i s  vector, pCGBPV9, contains a G418/Kanamycin resistance 
u n i t  and i s  maintained unrearranged as a multicopy plasmid i n  transfected mouse C127 ce l l s .  
The TO-CAT fusion gene was inserted a t  several locations in this vector and the recombi- 
nants were used to  transform muse ce l l s  t o  6418 resistance. In the cell  l ines thus obtained 
the plasmid DNA i s  present extrachromosomally as an oligmeric structure. High levels of 
correctly in i t ia ted  W are  found, and glucocorticoid treatment leads to a 2-4 fold i n -  
duction. The binding of t h e  glucocorticoid receptor protein and i t s  influence on the 
chnuaatin structure w i l l  be analyzed i n  th i s  a i n i c h r m s m .  

To study the regulation of such a recombinant when present in a minichromosome, a BPV 

EXPRESSION OF EXOGENOUS GENES IN TRANSFClRMED XENOPUS LAEVIS EMBRYOS 
L. Etkin, B. Pearman, S.  Balcellsj Dept. of Genetics M.D. Anderson 
Hospital and Tumor Institute, Houston, TX 77030 

We have utilized transformation in Xenopus laevis to examine the develop- 
mental and tissue specific expression of several genes. DNA sequences coding 
for chloramphenicol acetyl transferase (CAT), Drosophila alcohol dehydrogenase 
(ADH), and sea urchin histones are all expressed at the mid-blastula transi- 
tion stage of initial transformants. We feel that most of the expression at 
this early stage is from the extra-chromosomal plasmids. The presence of 
strong promotors such as the SV 40 early gene promotor or relatively weak pro- 
motors such as the adenovirus E3 promotor does not affect the time of expres- 
sion of these genes, nor does injection of the DNAs as lhear or circular 
molecules. These factvs, however, do affee thglexpregsion of the genes 
quantitatively. 
exhibit a rando 
of larvae and y%ng fro lets. 
these genes in clone's 04 embryos produced by nuclear transplantation. 
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The injected DNAs are integrated into )he Xenopus genome and 
tissue specific pattern of expression in individual tissues 

We are currently analyzing the expression of 

APPROACH TO INTRODUCING FOREIGN HISTOCOMPATIBILITY GENES INTO THE MWSE GERMLINE 
SING RETROVIRAL VECTORS, J. Goverman, M. Kriegler, and L. Hood, California Ins t i tu te  

of Technology, Pasadena, CA 91125 and WC Berkeley, Berkeley, California 94720 
C l a e s  I end class I1 gene products of the major histoconpatibility complex (HHC) are cell-  
eurfsce glycoproteins that permit 7 cells to  distinguish self froa non-self cells. Cytotoxic 
1 cells recognize mtigeo on virelly infected ce l l s  in association w i t h  self class I 
molecules while se l f  class I1 molecules serve YI recognition structures M cells that 
pre8ent entigen to  regulatory T cells.  In both cases, T cell response to antigen on t h e  
cell eurface is restricted b9 the requirsmbnt that the T cell simultaneously recognizes 
c lass  I or 11 determinants. fhs thy- is the principle sik o f  T-cell!msturaticwr end has 
been implicated in playing 8 c i t i c a l  role in determining &h )1K: cldterninants T cells 
receptors recognize. One hypotfresis Wggeeta that the se l f  y*r: gsne prpducta to  which T 
cell8 are exposed during developmnt determines the repertoire of T-cell receptors expressed 
in peripheral lymphoid tissue. 

We are investigating events determining the specificity o f  t h e  self r m g n i t i o n  
rapor to in  Of T-cell r rop to re  by introducing novel class I and I1 genes into the germline 
of lice. We have introduced a hu*M c l w s  I gene into a retroviral  expression vector and 
obtained h im lavala of expression o f  th i s  gem an the  wrfsce of  cells infected w i t h  helper 
virus .  We are introducing c l m s  I1 psnas into the vector and w i l l  use v i r u s  carrying these 
genes to  inject  muss embryos. We w i l l  investigate the ab i l i ty  o f  theae genes to  function 
rn recognition structures in transgenic rice end whthsr expression in particular t issues 
influences their  ab i l i tv  to  be r e a m  
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1066 DEVELOPMENTAL STAGE SPECIFIC REGULATION OF TRANSFECTED IMMUNOGLOBULIN 
NES Robert J .  Deans, Ronald Law, and Randolph Wall, Dept. o f  Microbiology and 

UCLA Los Angeles, CA 90024 

The developmental stage speci f ic  expression o f  imnunoglobulin ( I g )  l i g h t  and 
heavy chain genes i s  regulated i n  pa r t  a t  the l eve l  o f  t ransc r ip t i ona l  
i n i t i a t i o n  or a l te rna te  RNA processing. The re- in t roduct ion,  i n t o  murine 
lymphocytes, of I g  genes w i t h  speci f ic  domain or contro l  element a l t e ra t i ons  i s  
a strong approach t o  ident i fy -  the mqlecular bas is  f o r  t h i s  control.  

The enhancer elements o f  bath mu eavy chain and kappa l.ight chain genes 
funct ion d i f f e r e n t l y  i n  p r e - b - c e l k  &lep assayed f o r  resfuc o f  pofyma T-Ag 
expression i n  an appropriate t h u t t ? e  v i rus  vector. This pactem r e h e c t s  the  
stage spec i f i c  expression of heavy chain genes p r i o r  t o  l i g h t  chain gene 
expression i n  B lymphocyte maturation. These data w i l l  be presented i n  
combination w i th  v i t r o  t r a n s c r i p t f o n  data from p u r i f i e d  l i g h t  chaln 
minichromatfn i n  a t t e m F t o  def ine and/or i s o l a t e  l i g h t  chain spec i f i c  
t r a n s c r i p t i o n  factors .  

I n  v i t r o  generated mutations i n  mu heavy chain gene sequences involved i n  t h e  
r e g z a w s w i t c h  from membrane t o  secreted forms o f  IgM have been constructed. 
The expression o f  these mutants i n  developmentally staged lymphoctye l i n e s  w i l l  
be presented, as wel l  as t h e i r  response t o  maturation fac to r  stimulus. 

1067 TISSUE SPECIFIC EXPRESSION OF BAT PANCREATIC EWSTASE GENES IN TRANSGENIC MICE, 
Galvin H. Svift. Robert E. Hammer. Raymond J. MacDonald. and Ralph L. Brinster. 
The Univeraity of Texas Eealth Science Center at Dallas, Dallas. TX 75235 and 
The University of Pennsylvania, Philadelphia. PA 19103. 

The gene for rat pancreatic elastasc 1 has been introduced into mice to begin an analysis 
of tissue specific regulation of $en0 expression. A recodinant plasnid was Constructed 
containing the entire rat elastaae gene including 7 kb of 5' flanking sequence, 12 kb of 
transcribed region (8 exons), and 5 kb of 3' flanking sequences. as well as 4.4 kb of 
pBR322. and va8 linearized at ClaI and NruI sites within pBR322. live of 24 mice arising 
frp. the first injection experiment contained the rat elastase gene in their genomes, vith 
copy numbers ranging from a fev to approximately 100. RNA has been prepared from the 
pancreas and seven other tissues of two of the transgenic mice. Northern blot and solution 
hybridizatton analysem of. these RlsAs using a hybridization probe spccific for rat elastau 
I has shown rat pancreatjc elasthse to be present at high levels in the transgenic 
mocrde.pancreaacs (12-fold' higher than rat in the mouse with approxinrately 109 copiea and 
2-fold Mgher than rat id the nmsc with 10 copies) and not detectable (<lo- pancreatic 
levels) in any other tissuea except spleen. where it i a  present at approximately 1% the 
level of pancreas. Four of the five mice transait the rat elastase genes to approximately 
50% of their progeny; the inheritance pattern of the other mouse (1 of 10 proseny receiving 
the rat gene) implies it ray be a mosaic. 

1068 EXPRESSION OF FOREIGN GENES IN UNDIFFERENTIATED TERATOCARCINOMA CELLS. 
Cori Gorman, David Lane and Peter Rigby, Cancer Research Campaign, 

Eukaryotic Molecular Genetics Research Group, Department of Biochemistry, 
Imperial College, London, England. 

We have used the transient assay system based on the pSV2cat vector to 
analyse the early events involved in expression of foreign genes in 
undifferentiated cells. F9, PCC4 and P19 teratocarcinoma cells have been 
successfully transfected and with the use of a highly sensitive antibody- 
peroxidase staining method we can visualize individual cells expressing 
the CAT gene. 

We have tested two viral promoters, the SV40 earl pro#mter and the 
Rous sarcoma virus LTR, a# well as the mouse metal,lothionbin promoter. 
Our data clearly show that viraa promoters are efficientxy expressed in 
the nullipotential cell line F9 as well as in the pluripotential cell lines 
PCC4 and P19 and that the metallothionein promoter can be induced with 
heavy metals. Transcription and regulation of foreign genes do occur in the 
early stages following transfection of these undifferentiated cells. The 
continued expression of these promoters following stable transformation 
is being analysed. 
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1069 REGULATION OF THE EXPRESSION OF THE aA-CRYSTALLIN GENE, Ana B. Chepelinsky, Charles R. 
k ing,  Peggy S. Zelenka and Joram Piat igorsky,  Laboratory o f  Molecular and Developmen- 

t a l  Biology, National Eye I n s t i t u t e ,  National I n s t i t u t e s  o f  Health, Bethesda. MO 20205 

The c r y s t a l l i n  genes (a, 6, y and 6) a re  a mult igene fami ly  o f  s t ruc tu ra l  prote ins whose 
expressions are developmentally regulated i n  the  d i f f e r e n t i a t i n g  ver tebrate lens. There are 
a t  l e a s t  two a - c r y s t a l l i n  genes, d and aB. We have characterized the  aA-c rys ta l l i n  gene from 
mice. DNA sequencing has shown t h a t  t he  primar t r a n s c r i p t  o f - t h i s  gene i s  a l t e r n a t i v e l y  
sp l iced t o  g i ve  e i t h e r  the aA2 mRNA o r  the diXs mRNA. The aAlns mRNA encodes a p ro te in  
i den t i ca l  t o  aA2 c r y s t a l l i n ,  except t h a t  it contains an add i t i ona l  23 amino ac id  peptide 
inser ted between amino ac id  63 nd 64 o f  the prote in .Sl  nuclease p o t e c t i o d  experiments 
using a DNA fragment from an dqnS cDN4 clone-showed t h a t  the a l t e t n a t f v e  splqcing gives 5 
t o  10 times m r e  aA2 than dins mRNA when t h e  aA-c rys ta l l i n  gene i s  expressed. We are 
examining s t ruc tu ra l  and funct ional  akpects of the 5 '  f l ank ing  r e g f  n o f  t he  aA-c rys ta l l i n  
gene. I n  add i t i on  t o  the TATA box, these sequences have d i r e c t  and !nverteQreueats and 
regions o f  a1 te rna t i ng  purines and pyrimidines. Both features my hhve a regulatory  funct ion.  
To study f u r t h e r  the  regulated expression o f  t h i s  gene we have fused the  5 '  f l ank ing  
sequences o f  t he  d - c r y s t a l 1  i n  gene t o  the  p r o k a r i o t i c  gene coding f o r  chloramphenicol 
acety l t ransferase (CAT). I n  order t o  study i t s  expression we have developed a c u l t u r e  system 
consis t ing o f  primary explants o f  chicken and mouse lens e p i t h e l i a l  c e l l s  which have the  
capacity t o  synthesize c r y s t a l l i n s .  A t  present we have dr iven the  CAT gene with the aA-crys- 
t a l l i n  promoter and a re  i n  t h e  process o f  i d e n t i f y i n g  i t s  regulatory  elements. 

1- GIiDwRI €KXWONE EXPRESSICN I N  VITR) AND I N  V I W  B ~ A - R E I W V I R A L  VEXTCU. 

A cDNA clone of the chicken g r w t h  hormone (cGH) gene has keen cloned and expressed i n  a 
rep l ica t ion  canpetent avian retrovirus .  
cleaves 8 bases 5 '  to the AlG i n i t i a t i o n  codon a d  NcoI which cleaves 17 bases 3' to the n;A 
termination codon. 
tramformation defect ive m s  Sarcana Virus (tdSRA) lacking the src gene tut re ta in i rg  the  sra 
s p l i c e  acceptor site w a s  cleaved a t  a unique SstI site 3' to the src s p l i c e  acceptor site. 
The NciI-NcoI d;H fragment w a s  then modified with SstI m e r s i o n  l inkers  ard l igated i n t o  the 
unique Sat1 site i n  plasmid 1090/29. 'Ilro E. coli tramformants (CdSRA cGH 4 and 9)  conta in iw 
the IXH gene i n  the p r c p r  or ientkt ion w m x t o  t r a m f e c t  C/E ifiicken embryo f i b e r b l a s t  
cultures. 'me cul tures  were mainwined for 14 days-ad  then tes ted  for vi rus  production usiny 
a reverse t r a m c r i p t a s e  (Kp) assay a d  f o r  OGH production u s i q  a oanpet i t im radioinmunoassay 
(RIA). Cultures t ransfected with plasnid 1090/29 or either of the two td!%A cGH plasnids  werfl 
RT pasi t ive.  RIA analysis of the supernatants f ran  t h e  MSRA OGH cul tures  yielded apprcai- 
mately 25-70 ns/ml d;H i n  a 48 hour harvest of confluent p la tes ,  vhile s imi la r ly  t reated tdSRp 
or u n i n f e c t d  culturffi contained no detectable  a. The MSRA cGH9 reconbinant v i rus  was 
harvested f r a n  tissue cul ture  and used to i n f e c t  9 day o l d  C/E spafas site Leghorn enbryos. 
Senon l eve ls  of d;H w e r e  analyzed Seven days past hatch and weekly thereafter. 
cGH9 infected birds  were s b m  by RIA to contain pers i s tan t  elevated (3-10 x normal) growth 
hormone levels .  

Scuza, D. Wrdock, R. mu, and 8. Bosselman. Pmgen, Thcusand Oaks, CA 91320 

zhe d;H cDNR clone w a s  cleaved with NciI which 

A recanbinant plasmid 1090/29, containing PBr322 a d  a proviral  copy of a 

Five tdSRA 

Studies a r e  con&iruirq to evaluate  the bi&mica l  an3 biolcgical  nature of 
L b & z e = r S '  & ~ ~ g r a J & b ~ ~ i n v i t m a n d i n ~  

EXPRESSION OF THE PRO-OPIOMELANOCORTIN w m  THE PITUITARY AND HYPOTHALAMUS lo7' J.Drouin, P.Burbach, M.Cha*erland J.Charron, J .P.Gagner L. Jeannotte, M.Nemer 
I n s t i t u t  de Recherches Cliniques. i l 0  Ave des Pins 0. MONfREAL, CANADA, H2W 1R7 

Pro-opimelanocor t in  (POMC) i s  the precursor t o  ACTH. 6-11 otropin, 6-endorphin and the mela- 
notropins. We have i so la ted  b molecular c lon ing from a ra! genomic DNA l i b r a r y  i n  bacter io-  
phage A1059 about 30 Kb o f  D N i  conta in ing the e n t i r e  POMC gene. The three exons o f  the gene 
and about 600 bp o f  upstream sequences have been sequenced. Southern b l o t  analys is  suggest 
t h a t  there i s  on ly  one POMC gene,in the r a t ;  t h i s . i s  supported by the f a c t  t h a t  e i g h t  indepen- 
dant i so la tes  o f  t h i s  gene.contain the same enomic sequences. Northern b l o t  ana!ys!s ind ica-  
tes t h a t  POMC mRNAs o f  s i m i l a r  s i ze  are foun i  i n  the an te r io r  and intermediate p i t u i t a r y  lobes 
b u t  t h a t  the arcuate nucleus mRNA i s  larger ; . th is  s i ze  d i f f e rence  i s  due t o  d i f f e r e n t  l e n  hfs 
o f  olyadenylate t a i l s .  S1 mappin data i nd i ca te  that . the same exon sequences-are presen? i n  
PoMe t ransc r ip t s  from these three f issues. The regu la t i on  o f  POMC gene expression and the 
processing o f  POMC are d i f f e r e n t  i n  the two p i t u i t a r y  lobes. For example, g lucocor t ico ids 
on l y  decrease steady s ta te  POMC mRNA leve ls  i n  the an te r io r  p i t u i t a r  and no t  i n  the interme- 
d ia te  lobe. We have measured the e f f e c t  o f  dexa 
on POMC t r a n s c r i p t i o n  rates b incorporat ion o fT4P- labe l l ed  UTP i n t o  t ransc r ip t s  o f  i so la ted  
p i t u i t a r y  F e l l  nuc le i .  Tl!e. lagel led trans.cripts encodin POMC and a c t i n  (an i n t e r n a l  con t ro l )  
were quant i ta ted by hybr id izat ion.  We found t h a t  dexamefhasone i n h i b i t s  by 10 t o  20- fo ld  the Pm tkans 'cr ip t ion. rate i n  a r a l l e l  w i t h  i t s  e f f e c t . o f  plasma.ACTH leve!s. This e f f e c t  occurs 
w i t h i n  30 min and i s  spec i fyc f o r  the an te r io r  p i t u i t a r y .  Ac t i n  t r a n s c r i p t i o n  ra tes  were no t  
a f fec ted  i n  These experiments. This glucocorticoid-dependent i n h i b i t i o n  o f  POMC f ranZcr ip t ion 
i s  being invest igated i n  t rans ien t  and s tab le expression systems a f t e r  t rans fec t i on  i n t o  
f i b r o b l a s t s  and p i t u i t a r y  c e l l s .  

hasone treatmen! oq adrenalectomized r a t s  

(Supported by the MRC and N C I  o f  Canada) 
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lon PIICROINJXCTION OF A METALLoTHIONEIN/GROUTH HORMONE GENE INTO MOUSE EMBRYOS 
Richard P. Selden. Thomas E. Wagner*. and Howard M. Goodman Department of Molecular 
Biology. Massachusettg General Hospital, Boston, MA 02114 *Departments of Chemistry 
Zoology-Microbiology. and Biomedical Sciences. Ohio University. Athens, OH 45701 

We have constructed a fusion gene containing promotor sequences from the mouse 
metallothionein gene and structural sequences from a human growth hormone gene. 
2000 copies of the 
m u s e  embryos. which were then implanted into pneudopregnant foster mothers. In one series 
of injections, 5 of 26 pice born contained 1-10 copies of the construct and were 
significantly larger than control d c e  (36 vs 18 gms at age 6 e k e ) .  Serum qowth hormone 
assays revealed human growth hormone at concentrations-ranging%om .I35 ug/ml-lOOug/ml. At 
present. we are studying the expression of the fusion-gens d t t  respect to tisbqe 
specificity and hormone re6poruivuross. 

Approximately 
fusion gene were microinjected into the male pronucleus of single cell 

1073 GERtlLINE TRANSFORMATION ANALYSIS OF DELETION MUTANTS OF THE DROSOPHILA ALCOHOL DEHY- 
DROGENASE (ADH) GENE. James W. Posakony, Victoria Corbin and Tom Maniatis, Harvard 
University, Cambridge, MA 02138 

An 11.8 kilobase genomic DNA fragment containing the Drosophila Adh gene has been shown 
previously to be expressed in a correct developmental stage- and tissue-specific manner 
when introduced into the germline by P element mediated transformation. Recently we have 
analyzed transformants carrying smaller (4.8 and 3.2 kb) Adh gene fragments. 
fo-ts were identified by selection for either ethanol resistance (conferred by the Adh 
gene) or rosy' eye color (conferred by a wild-type xanthine dehydrogenase gene). .Adh ex- 
pression was found to be normal in adult flies of these stratns. but reduced an ayerage of 
about 10-fold in larvae. 
M h  promoters to the removal of certain 5' flanking DNA sequ-ceg. b l y s i s  of additional 
5' deletion mutants nelected by the eye color marker has revealed that (1) sequences be- 
tween -66 and -680 of the adult M h  promoter are necessary for its full activity and (2) 
deletion of the adult M h  promoter results in strong expression from the larval Adh pro- 
moter in adult flies. 

The trans- 

This indicates a differential s e n s M v i W  of Lhe larval and adult 

)(oLBCULAR GENETICS OF CLASSICAL PKU, Savio L.C. Woo, Alan Lidsky, Fred Ledley, 
Kathryn Rabmn and Anthony Diklla, W a r d  Hughes Medical Institute, Department 
of Cell Biology, Baylor College of Medicine, Houston, Texas 77030 
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Clusical Phenylketonuria (PKU) is a human genetic disorder caused by an inborn error in 
amino acid Metabolism. The hereditary disease in characterized by absence of the hepatic 
enxyme phenylalanine hydroxylaae (PAii) which cataly6es the conversion of phenylalanine to 
tyrosine. 
treated children. The dimorder is transmitted an an auto8mal recessive trait, and has a 
Prevalence Of about1 in 10,000 neonate8. It has been estimated that 1 in 50 Caucasians 
is a carrier of the trait. We have previously reported the construction of a 1.4 kb human 
?AEi CDUA Clone and the use of it to establish re6triction fragment length polymorphisms in 
bb. h u u n  P M  locus. 
PAE locus using a recently constructed fulllength human PAE CW probe. 
sin of the PAH locus ha. indicated that prenatal diagnosis and carrier detection of the 
genetic dinorder can be performed for most of the PKU farilien in the Caucasian popula- 
tion. The chcclo-1 P M  genes from howzygous normal and PKU individuals had also been 
cloned using the couid vector pcV107 which contains the SVZ-DBFR gene. 
been introducd into a DHDR- hamster cell line and amplified by methotrexate selection. 
The capacity of the norms1 and mutant P M  genes to be expressed into mature -An and 
functional enryus in the heterologoun cells is being analysed in order to establish the 
b w i a a l  hi. of the deficiency syndrome. 

The lack of this enrymatic activity causes severe mental retardation in un- 

Additional polymorphic restriction sites had bnen discovered on the 
naplotype analy- 

These genes had 
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CELL TYPE REGULATION OF CROWI'E H- G R W S  Ilfl!ltOLJUCED MIU CUL'PUBB) CllLlS, Peter 
b h n e r ,  California Biotechuology Inc.. Mountain View. CA 94043 

The mammalian grovth how- gene is normally expressed in  the soartotrophs of the anterior 
pituitary and i n  no other c e l l  type. W e  have transferred the cloned Inman growth ho- wne 
into a muse fibroblmt l ine (L ce l l s )  and into a rat somatotroph line (683 ce l l s )  by co-trans- 
forut ion with selectable earkers. lhman growth hormone is produced by every co-transformant 
and the level of expression within each recipient c e l l  type closely correlates with gene copy 
nuder. 
template than in L ce l l s .  
region fused to the bacterial chlorwkenicol acetlytraaaferasc &3T) 4pIpg srpurwca uxhibits 
a similar propewity (high expsession i n  GH3. lov uprosa ios  in L cells) when reintrod.ru4 and 
assayed for trewient wresaion. L I GI3 hybrid c e l h  at l tdody ibr bevel expreasiop frolp 
the growth honwne-CAT eonstmet. In contrast to thn tiasue specific preference of the growth 
hormone 5' regulatory reg-. tb. 5' regulatory region frcm the arLn  .atcoma virus long 
terrilul repeat drives approxivtely equal expression In the three c e l l  typ.8. Eence. our 
obserrrations muggmt the presuue of nqumncee i n  the 5 '  flanllas re- of th. rat growth 
homoam gmm irportant for its t i s o w  .pscific pattern of expressioa. 

The rate of expression In 6113 cells. h-er. is  at  least 20 fold higher per gepe 
A hybrid gene consfatiq of the rat growth boapec 5' flank&. 

1076 REGULATION OF I g  HEAVY CHAIN GEM EXPU€SS!ON DURING 6 C E U  OIFFERENTIATION, Rudolf 
Grosschedl and David Baltimore. Ccnter f o r  Cancer Research, Massachusetts Ins t i t u te  
of Technology, Canbridge, HA 02139 

A funct ional ly rearranged mouse p heavy chain gene was cloned i n t o  a transient expression 
vector containing the ear ly region o f  polyana virus and a modified mouse H4 histone gene. 
Transcription o f  the modified H4 gene serves as an internal  control t o  quantitate the 
level  o f  p gene expression i n  transfected cells. Vild-type and mutat I g  genes were 
transfected i n t o  d i f fe rea t  B e  c e l l  l i m s  and their expression were studied by S 1  
nucleate analysis o f  t o ta l  RM. By delet ion analysis a region i n  the large J/C in t ron  
could be i den t i f i ed  which i s  required f e r  htgh levels o f  y gem expression i n  myelana 
Wll cells. This funct ional ly i w n t  seqwmca can -or0 tb a c t i v i t y  01 the 
delet ion a t a n t  when Inserted i n  botb sr ientat locn 5' t o  the VH prmoter, t h e r e f o d  
having the p r o p r r t i a  of  a t ranscr ipt ional  ankmcor as also shorn b others. To i n e s t k  
gate nhether the enhancer determines the c e l l  type speciffZi4y o f  tka gene we m a t e d  
the u enhancer wi th the tissue-nonspecific MLV enhancer. The a c t i v i t y  OT the wi ld ' type 
and mutant ~r genes was assayed i n  f ibroblast  3T3 cel ls.  i n  the ljmphoid T c e l l  l i n e  Yac,  
i n  the pre B c e l l  l i n e  PD and i n  the  myelma l i n e  WC 11. Hi* levels o f  p t r ansc r ip t im  
CM only be detected i n  myeloma ce l l s  rhcn e i ther  the y or WLV enhancer i s  present. Since 
thr! MLV enhancer activates the y gem exclusively i n  qyelana cells, we conclude tha t  a 
gemt i c  e lmcnt  d i f fe ren t  from the enhancer regulates the c e l l  type specificity o f  the II 

gene i n  B c e l l  d i f ferent iat ion.  E x p e r k r t s  t o  define t h l s  DNA seguo~ce am i n  pmgress. 

1077 
*University of kshington. Seattle w\ 

Transgenic mice contain chranosornal integrants o f  foreign DNA introduced by microinjection o f  
f e r t i l i z e d  eggs. Usually integrat ion occurs as tandm repeats a t  a sfngle chromosomal s i te;  
consequently the integrant MA i s  transmitted t o  ha l f  o f  the offspring. Occasionally trans- 
genic mice transmit the inser t  a t  a frequency less than 50%. YI have mated 46 transgenic micei 
tach presumed to hnve a unique insert ion s i te ,  and found that 4 mice transmit the integrant a t  
pn unexpectedly l w  frequency. These mice may have the foreign DIUI i lrtegrated i n  only some o f  
the i r  ce l l s ;  hence they are nmsaic. One of these mice that has been amlyzed i n  deW1.  c 
MyKl03$ i s  uniform1 mosaic i n  a l l  tissues analyzed, including the inq YC suggest that  
flntegrat/on o f  the mfcroinjected plasmid i n  RyK103U occured a f te r  d$+ption o f  tk finned 
c e l l  mass camnnced but before these cd l l s  lnre CbpRitOed to  fonn t h  .flr. organ r-ntsl 
hnother group o f  5 male transgenic mice f a i l  t o  transmit the i n t e g r a k  D m e t  thay are a l l  
' fer t i le.  
docunented male transmission d id to r t ion  i n  the My003 pedigree. Six huizygous MyKl03 males 
have fa i l ed  to  t ransui t  the Intogrant DNA t o  any o f  t he i r  83 offspring. vhereas henizygous 
females transmit the intagmat W notntally. 
the Integrated plasmid re la t i ve  to s w t l c  tissues. We hypothysize tha t  i n  males of the M y K l O I  
pedigree, and possibly i n  other transgenic males, the plasmid inser t  prevents the m m l  
function of a gene(s) which i s  essmt ia l  for UH fornatfon of f e r t i l e  spdnutol81. 

TRANSMISSIOW DISTOIITION AM0 HDSAISISI It! TRANSGENIC M i C t ,  Tholvs vlilnie., 
Ralph L. Brinster. and Richard D. Palmiter* 
and University o f  Pennsylvania, Philadelphia PA 

These males my exh ib i t  e i ther extreme mrsaisttar o r  trmsmldsion distort ion.  We have 

We have observed tha t  npem Dm i s  de f ic ien t  f o r  
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The LTR of  F e l i n e  Leukemia Vi rus  Promotes t h e  Expression of t h e  
B a c t e r i a l  N e o  gene in Mouse and Human Cells. Nevis  F reg ien  and 
Norman Davidson, C a l i f o r n i a  I n s t i t u t e  of Technology, Pas rdenr ,  CA 
91125 

A P r r i e t y  of mcombimut DNA6 were C a S S 8 t r U C t e d  to puut the b a c t e r i a l  Neo-  
mycin resistance gene under  the  control of the  F e l i n e  Leukemia Virue(FeLV) 
long  t e r m i n a l  repeat(LTR). These p la smid .  w e r e  t a s t e d  for t h e i r  a b i l i t y  
t o  transform Mouse Ltk- cells and H u m m  BD(Rabdomyma8rcoar) tk- cells, and 
compared t o  HSV TK a d  SV40 promoters .  The w u 8 e  cows t r m a f o r m e d  more 
e f f i c i e n t l y  then  t h e  Human cells. 
was e q u a l  i n  t h e  mouse cells. In  t h e  Human celrs tbe BSY Ty promotep gave 
t h e  l o w e s t  t r s n a f o r m a t i o n s .  The SV40 promoter md a c o n s t r u c t i o n  which p u t  
the Neo gene between t h e  U3 and US o f  t h e  FeLV L'IR showeUa-ten-folb iQG: reUSe  
i n  t h e  number Of t rMsfOrman t s .  RNA blots and S1 a n a l y s i s  showed t h e  trane- 
c r i p t s  of i n d i v i d u a l  c l m e o  t o  be t h e  e w c t e d  sizes,  and p r o p e r l y  i n i t i a t e d  
and t ena ina tod .  <he c o n a t r u c t i o a  w a s  s h a m  t o  be processed  using t h e  FeLV 
gag s p l i c e .  Q~u~titrtive 51 expe r imen t s  showed a large v a r i a t i o n  i n  t h e  
amount o f  BPJA, aa did eazye resays. I n  gener.1 t h e  coamtmctioas which 
t r8nsformed lore e f f i c i e n t l y  had =re W and more en8yme c c t i v i t y .  

The e f f i c i e n c y  pf tbe m t e r s  ieoCad 

1079 ISSUE SPECIFIC EXF'PESSIOI OF BAT d 2 u  GLOBULIN GENES: D8vid t. 

Eva Yozik. 
For t h e  past wveral y e a r s ,  sy l a b o r a t o r y  h a s  been s t u d y i n  t h e  

hormonal modulat ion of t h e  s y n t h o r i s  of  a r a t  p r o t e i n  c a l l e d  2~2~ globu l in .  
The major s i t e  of s y n t h e s i s  of t h i s  p r o t e i n  is t h e  l i v e r ;  however, we have 
r e c e n t l y  found t h a t  t h e  p r o t e i n  is s y n t h e s i z e d  i n  t h e  s a l i v a r y  gland,  t h e  
lachrysal gland,  p regnan t  mmmary gland,  and posa ib ly ,  t h e  kidney. ".2 i s  
encoded by a multigeme f a m i l y  (20-30 genes  per h a p l o i d  complePPent) 8nd Yt 
appoar s  t h a t  d i f f e r e n t  gono8 or gene oo tb  a r e  expresed in t h e  d i f f e r e n t  
t i s s u e s .  Furthormore,  t h e  g e m s  expres sed  i n  t h e  d i f f e r e n t  t i s r u e s  are 
under d i f f e r e n t  hormonal c o n t r o l .  Using gone t r a n s f e r  qnd o e l l  f u s i o n  
exporiments  w i t h  a loned  t i s w  sp .o i f i0  o<a genes,  we a r 6  a t t m p t i n  $0 
determine t h e  molecular  b a s i s  f o r  t h o  t i s s u o  specificity 00 expres s fop  of 
t h e  various p n e s ,  as well  as t h o  MIA sequonoes ierbmsUle f o r  
hormonal mdu P a t i o n .  

j u r t z ,  Y i l l l v p  Addison, J a n e t  nacInw8, Jin-Zhao L i ,  Debra Danna, 

CELL-SPECIFIC EXPRESSIolp CONTROLLED BY W 5'1FLANKING REGION OF INSULIN AND mM0- 
TRWSIN GENES. Michael D. Walker, Tholaas Bdlund, Anne M. Boulet and W i l l i a m  J. Rutter ,  
Hormone Research Laboratory, University of Cal i forn ia ,  San Francisco, Ca 94143 

DNA sequences containing the  5' flanking regions of the  insu l in  and chymotrypsin genes were 
linked t o  t h e  coding sequence of t h e  chloramphenicol ace ty l t ransferaae  (CAT) gene. 
insu l in  gene recocllbinant e l i c i t s  p r e f e r e n t i a l  expression of CAT a c t i v i t y  when introduced i n t o  
c e l l s  producing insu l in ;  s i a i l a r l y ,  t h e  chpmotrypsin gene recombinant e l i c i t s  p referen t ia l  
expression with chymotrypsin producing cells. 
located between 150 and 300 bp upstream a r e  e s s e n t i a l  f o r  e f f i c i e n t  expression i n  both cases .  
Our results a r e  consintent v i t h  the  not ion t h a t  these  DNA aequenms are p a r t  of a pos i t ive  
regulatory system which cont ro ls ,  st least i n  par t ,  ce l l - spec i f ic  .gene 'erpt€+ion. 

The 

Deletion mapping suggests t h a t  sequences 

1081 v-- 03 WlRhB k SPECIFIC = a R -  
9JKE m, Thomas Edlund. Michael D. Walker and Willirm J. Rutter ,  Hormone Research 
Laboratory. University of Cal i fornia .  Son Fr.ncisco, Ca 94143 

DNA soque~~cem containing t h e  5' f lanking regions of the hrnm and rat insulin genes promote 
p r e f e r e n t i a l  upremsion of the chlorarnphenicol ace ty l t ransfersse  (CAT) gene when introduced 
i n t o  cells producing h u l i n .  
t h e  Berpeo v i m #  thymidine ki- proaoter  i n  an or ien ta t ion  independent and t o  some extent  
pos i t ion  independent u n n e r  c h a r a c t e r i s t i c  of enhancers. 
ment is only observed in ilreulin preducing cells. 
from the mRNA start s i te  in the rat insulin I v. A core enhancer sequence is present i n  
the i n m l i n  5' f lanking region but could bm deletd with SKI apparent e f f e c t  on the  entiancement 
a c t i v i t y .  
prQoCer n8ion of t h  i n . u l i n  gene which contribute. t o  c@l w g l f i c  expression. 

The i n s u l i n  5' f lanking r e g i m e  can augnat the a c t i v i t y  of 

The e f f e c t  with t h i s  insu l in  frag- 
This element was mapped t o  -125 t o  -275 bp 

Preliminary experiments suggest the p r u m c e  oT-rdistinct elementlin tbe 

00 
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Jw 
'We have intraduced single h- chrouxo~es into the muse embryonal carcinoma (E.C.) c e l l  
l i n a  PCC4 by 1) microcell transfer of a h- X or X/auto- translocation into an RPRT- 
b r i v a t i w  of PCc4, or 2)  intruduction of the dominant selectable marker Ecogpt into a human 
gen~lpe folloved by microcell transfer of the human chronnsom A i c h  contains the gpt qene 
l n t n  pcc4. 
used to investigate regulation of human genes by the embryonic onv i romnt  of the E.C. c e l l ,  
for example, eaq3mssion of llLA genes where r e d t s  iadicate that the E.C. c e l l  does not 
togulate class I genes, but does regulate c l u p  I1 genes. 
include c w b  and collagen g M S .  

EXPRESSION OF HUX4W GElJZS II? - / W S B  TERATOCARCINO~ HYBRIDS F.J. Benham, 
M.V. Wiles, A. Tunnacliffe, P.N. Goodfellow. Imperial Cancer Research Fund, London 
kl.C.2. U.K. 

%eee l ines  retain the capacity to differentiate i n  vitro.  Ihe l ines  are being 

Otkr hman e m s  being studied 

1083 TEE B x w l S S I O N  AND ILGOUIATI(xI OF CPIQEY ACTIN GBNgS INTRODUCED INTO MOUSE MYOGENIC 
AUD NOWY-NIC CELLS. huce l4. Rtoraon. h e  Seiler-Tuyns, Jusrdta D. Eldridge, 
Laboratory of B l o c m a t r y .  I b t i d  Caacer Insti tute.  NIB. Bethesda, MD 20205 

Y. b r a  introduced the beta a c t h .  alpha carMac metin, and alpha skeletal actin genes from 
tbe + h i c k  iato tl* C2 nriw *genic -11 l%M a d  into L-cells us1 

cells. 
sion and mgulattos of the ac t in  genes u compared t o  the aspression of the vector marker, 
k q t .  

the SV-50 derived 
vector, PSV2llpt. Stable t randmaants  mpreomt betvcen 1/104 to 1/10 J of the etarting 

In  each selection the entire transformed cell population was l ~ l y z e d  for  the expres- 

rise ehickn  beta actin gene ic expressed strongly in I-cells and down regulates in 

demorrstrate that tbc Ryas tramcribed f r o l  the chicken actis genea tnitiate and terminate 
correctly in C2 ce l l s .  L-ce l l s .  uad traluimetly treated Q cells. 
c r i p t s  are processed since tbe 5 '  noncodiq intron i s  each of the genes is spliced out. 
Putors  other than the seqwnus flanking these geuea are i p o r t a n t  i n  the regulation of gene 
~ x p r o ~ i o n  during devaleprsnt. 
tion proviaes e nodrl s y r t m  i. r*rich to G u d y  gum reprouton during a d 1  differentiation. 

Purrhamre. these tram- 

Ytm d.w, regulatian of bact in  during C2 c e l l  differentia- 

POST-TRAMSCRIPTIOWL CONTROL OF H-2 ANTIGEN EXPRESSION, John Weis and Jonathan Iw SeiCan, Dept. Genetics. Harvard Medical School. Boston, MA 02115 

Hybrid genes tn which two major histocanpatability antigen genes, H-2Dd and H-ZLd, are 
fused to th netallothionein gene promoter have been constructed and introduced into mouse 
L-wlls. Large amounts of H-2 mRNA are found in cells containlng the hybrid gnes since the 
tnetallothionein g e w  promoter is more active than the H-2 promoter. More H-2 nRNA is 

rhese cells expess higher levrlt of 
U u t  competitiocl among class I antigens for beta4 aicroglobulln can influence the level of 
tbrm antigens on the cell surface. Using tbe microlnjectlon technique, we have produced 
tr)rugenic mice contrirlng these hybrid H-2 genes. We are currently examina these mice for 
thr expression af the foreign I t 2  antigens. 

89 


