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Eucaryotic Gene Regulation 

The Control of Gene Expression in Drosophila 

REPEATED SEQUENCES AND HEAT SHOCK LOCl IN DROSOPHILA MELANOGASTER AND 
073 DROSOPHILA SIMULANS, Matthew Meselson, Pamela Dunsmuir, Robert 
Freund, Robert Holmgren, Kenneth Livak, Richard Morimoto, and Miriam Schweber, 
Department of Biochemistry and Molecular Biology, Harvard University, 16 
Divinity Avenue, Cambridge, MA 02138. 
We have hybridized unselected cloned fragments of DNA from Drosophila melano- 
yaster and Drosophila simulans to the chromosomes of both species separately 
and to those of the species hybrid. We find that sequences which hybridize 
only at a single nonchromocentral site in the species of oriain hybridize 
only to the same site in the sibling species, with no significant asymmetry 
of labeling intensity between homoloques in hybrid nuclei. There is thus 
no indication of l o s s ,  gain or transpostiion of such uniquely located se- 
quences since the divergence of melanogaster and simulans. In contrast, 
cloned fragments which hybridize at numerous sites show patterns of hybridi- 
zation in situ which differ widely in the two sDecies. For these sequences 
we also find differences in the pattern of hybridization between different 
strains of melanooaster and even between different individuals of the same 
strain. 
A particular multi-site sequence cloned from the heat shock locus 87C1 in 
melanogaster exhibits behavior llke that described above.1 This sequence, 
the 1.5 kb a 3  repeat also studied by Lis et a1.2, hybridizes at several 
sites in melanogaster but only in the chromocentral region in simulans. 
Deletion of this sequence from 87C1, where it is transcribed after heat 
shock, appears to have no effect on any of a number of characteristics of the 
heat shock response. Additlonal characteristics of this and other sequences 
associated with heat shock loci will be discussed. 

lLivak, K., Freund, R., Schweber, M., Wensink, P. and Meselson. M. (1978). 
Proc. Nat. Acad. Sci. USA 75, 5613-5617. 
2Lis, J., Prestidqe, L. and-ogness, D. (1978), Cell 1 4 ,  901-919. 

074 
We have begun a chromosomal walk i n  t h e  87E r e g i o n  o f  t h e  t h i r d  chromosome o f  Drosoph i la  
melanogaster.  There a r e  t h r e e  l o c i  we a r e  l o o k i n g  f o r :  1 )  a c e t y l c h o l i n e s t e r a s e ,  g e n e t i c a l l y  
d e f i n e d  as a l e t h a l  i n  87E, 2 )  x a n t h i n e  dehydrogenase o r  r o s y  wh ich  i s  i n  t h e  d i s t a l  p a r t  
o f  87D, and 3 )  b i t h o r a x ,  a complex c l u s t e r  o f  homeot ic genes a t  89E. A cDNA c l o n e  which 
by chance h y b r i d i z e d  i n  s i t u  t o  87E was used as a s t a r t i n g  probe t o  s e l e c t  severa l  over -  
l a p p i n g  p ieces  o f  D r o s o p h i l a  DNA f rom a l i b r a r y  o f  10-20 kb random shear f ragments i n s e r t e d  
i n t o  lambda bac ter iophage v e c t o r s .  The new i s o l a t e s  were mapped, and t h e  sequences f u r t h e s t  
f rom t h e  s t a r t i n g  p o i n t  were used t o  probe a g a i n  f o r  a new s e t  o f  o v e r l a p p i n g  fragments.  
To da te ,  we have completed about e i g h t  s teps  o r  c y c l e s ,  and t h e  o v e r l a p p i n g  fragments cover  
180 kb from t h e  87E r e g i o n .  
b u t  severa l  i n v e r s i o n s  e x i s t  w i t h  one b r e a k p o i n t  i n  b i t h o r a x  and t h e  o t h e r  around 87E. 
If t h e  i n v e r s i o n  s tock  i s  used t o  c o n s t r u c t  a recombinant l i b r a r y ,  one can walk across  
t h e  i n v e r s i o n  b r e a k p o i n t  and "jump" i n t o  t h e  DNA sequence a t  89E. 
taneous ly  w i t h  two l i b r a r i e s  made w i t h  DNA f r o m  two D r o s o p h i l a  w i l d  t y p e  s t r a i n s ,  Oregon R 
and Canton S. The two w i l d  t y p e  sequences a r e  w e l l  conserved except  f o r  t h r e e  l a r g e  b l o c k s  
of r e p e t i t i v e  DNA, each o f  which i s  p r e s e n t  i n  o n l y  one o f  t h e  s t r a i n s  a t  t h i s  l o c a t i o n  
i n  87E. 

GENE ISOLATION B Y  CHROMOSOMAL WALKING, Welcome Bender, P i e r r e  S p i e r e r ,  and 
Dav id  Hogness, B i o c h e m i s t r y  Dept. ,  S t a n f o r d  U. Ned. School ,  S t a n f o r d ,  C A  94105 

The b i t h o r a x  complex i s  t o o  f a r  away t o  walk t h e r e  d i r e c t l y ,  

We have walked s i m u l -  
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S E Q U E N C E  ORGANIZA'I  I O N  O F  DROSOPHILA tRSA GENIIS, Yorman D a v i d s o n ,  075 
P a u l i n e  Yen, Randy R .  Robinson  and  N.  D a v i s  H e r s h e y .  Depar tment  o f  
C h e m i s t r y ,  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y ,  P a s a d e n a ,  C:\ 9 1 1 2 5 .  

The D r o s o p h i l a  genome h a s  been  c l o n e d  a s  f r a g m e n t s  o f  l e n g t h  1 5 - 2 0  kb ,  o b -  
t a i n e d  by p a r t i a l  EcoRI d i g e s t i o n ,  w i t h  b a c t e r i o p h a g e  Charon 3 DX.4 a s  t h e  
v e c t o r .  Recombinant  b a c t e r i o p h a g e  b i t h  Dm t R Y A  g e n e s  have  been  s e l e c t e d  
a n d  t h e  d i s t r i b u t i o n  o f  tRN.4 g e n e s  mapped. 

I t  i s  known t h a t  t h e r e  a r e  a p p r o x i m a t e l y  8 0 0  tRS.A g e n e s ,  a n d  p r o b a b l y  
a b o u t  1 0 0  d i f f e r e n t  s p e c i e s  ( s e q u e n c e s ) :  t h e r e f o r e ,  t h e  a v e r a g e  r e p e t i t i o n  
f r e q u e n c y  o f  a t R N A  gene  i s  about  8 .  The f i n e  s t r u c t u r e  mapping s t u d i e s  
of  c l o n e d  DNA i n  t h i s  and  o t h e r  l a b o r a t o r i e s ,  and i n  s i t u  h y b r i d i z a t i o n  
s t u d i e s  i n  t h i s  and  o t h e r  l a b o r a t o r i e s  p e r m i t  t h e  f o l l x n g  g e n e r a l i z a t i o n s  
a )  t R N A  g e n e s  a r e  c l u s t e r e d  a t  a number o f  s p e c i f i c  l o c i  o n  t h e  p o l y t e n e  
chromosomes.  b j  For  some tRS.4 s p e c i e s ,  t h e r e  a r e  g e n e s  a t  s e v e r a l  l o c i .  
c )  A t  some l o c i ,  t h e r e  a r e  g e n e s  f o r  s e v e r a l  t R N  s p e c i e s  and t h e s e  a r e  
i n t e r s p e r s e d .  d )  A t  any one  l o c u s  t h e  g e n e s  a r e  i r r e g u l a r l y  s p a c e d ,  i b i t h  
no  e v i d e n c e  f o r  tandem r e p e a t  u n i t s .  

076 A L L E L I C  COMPLEYtNTATlOh A N D  TRANSVECTIDN I S  2. MtLAhUGASTtK. B .  t i .  
J u d d ,  U e p a r t m e n t  o f  Z o o l o g y ,  U n i v e r s i t y  o f  r e x a s  a t  A u s t i n ,  A u s t i n ,  

T e x a s ,  7 6 7 1 2 .  
I n t e r a c t i o n s  b e t w e e n  a l l e l e s  i n  h o m o l o r o u s  ch romosomes  ma) o f f e r  i m p o r t a n t  
c l u e s  t o  t h e  f u n c t i o n  a n d  r e g u l a t i o n  o f  e u k a r y o t i c  g e n e s .  C o m p l e m e n t a t i o n  
among a l l e l e s  i s  u s u a l l y  a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  a m u l t i m e r i c  p r o t e i n  
w h e r e  s u b u n i t s  e n c o d e d  by two d i f f e r e n t  a l l e l e s  c a n  s t i l l  f o r m  a f u n c t i o n a l  
c o m p l e x .  I l owever ,  t h e  l a r g e  n u m l ~ e r  o f  l o c i  t h a t  e x h i b i t  a l l e l i c  c o m p l e m e n t a -  
t i o n  i n  O r o s o p l i i l a  c o m p e l s  a l t e r n a t i v e  e x p l a n a t i o n s .  T h e  s t u d y  o f  s e v e r d l  
c o m p l e x  l o c i  s u g g e s t s  t h a t  t h o s e  a l l e l e s  t h a t  f i i v e  c o m p l e m e n t a t i o n  a r e  m u t a n t  
i n  r e g u l a t o r y  e l e m e n t s .  A t  t h e  c u t  l o c u s  f o r  e x a m p l e  t h e r e  a p p e a r  t o  be  s c v -  
e r a 1  r e g u l a t o r y  e l e m e n t s  t h a t  a c t  i n  c i s  w i t h  t h e  s t r u c t u r a l  e l e m e n t  b u t  h i r i ch  
a c t  i n d e p e n d e n t l y  o f  e a c h  o t h e r .  I n  o t h e r  w o r d s  e a c h  r e g u l a t o r y  e l e m e n t  c a n  
c o m p l e m e n t  o t h e r  r e g u l a t o r  u n i t s  in  h o t h  c i s  a n d  t r a n s .  Such  a p a t t e r n  ma) b e  
r a t h e r  g e n e r a l  among t h e  c o m p l e x  l o c i  o f  U r o s o p h i l a .  F u r t h e r m o r e ,  we s h o u l d  
b e  a l e r t  t o  t h e  p o s s i b i l i t y  t h a t  some r e g u l a t o r y  u n i t s  w i t h i n  a l o c u s  ma) 
f u n c t i o n  i n  e i t h e r  c i s  o r  t r a n s  t o  s t r u c t u r a l  s e q u e n c e s .  I f  t h i s  d o e s  h a p p e n ,  
m u t a t i o n s  a t  s u c h  l o c i  m i g h t  be  e x p e c t e d  t o  s l iow t r a n s v e c t i o n . - - - - E .  B .  L e k i s  
( 1 )  d e s c r i b e d  t r a n s v e c t i o n  when h e  n o t e d  t h a t  t h e  m u t a n t  p h e n o t y p e  o f  two h l -  
t h o r a x  a l l e l e s  i n  t r a n s  c o n f i g u r a t i o n  i s  e n h a n c e d  by  ch romosome  r e a r r a n g e m e n t s  
w i t h  b r e a k  p o i n t s  n e a r  b u t  n o t  i n  t h e  bx l o c u s .  Ile s u g g e s t e d  t h a t  s u c h  r e -  
a r r a n g e m e n t s  u p s e t  homolog  p a i r i n g  a n d T n t e r f e r e  w i t h  t h e  i n t e r a c t i o n  b e t w e e n  
bx a l l e l e s .  J a c k  a n d  J u d d  ( 2 )  h a v e  shown t h a t  t h e  r e p r e s s i o n  o f  t h e  w h i t e  
l o c u s  by  t h e  z e s t e  l o c u s  p r o d u c t  o c c u r s  o n l y  i f  t h e r e  a r e  a t  l e a s t  two 
g e n e s  p a i r e d  o r  c l o s e l y  a d j a c e n t .  T h e  i n t e r p r e t a t i o n  i s  t h a t  t h e  w h i t e  l o c u s  
i s  p r o d u c i n g  a s m a l l R N A  t h a t  c o m p l e x e s  w i t h  t h e  z e s t e  g e n e  p r o d u c t  t o  r e p r e s s  
w* a c t i v i t y .  I s u g g e s t  t h a t  f r a g m e n t s  o f  R N A  r e l e a s e d  d u r i n g  p r o c e s s i n g  c a n  

t h a t  d u r i n g  t h e  m a t u r a t i o n  o f  m R N A ,  p i e c e s  t r a n s c r i b e d  f r o m  b o t h  n o m o l o g s  
m i g h t  b e  r e c o m b i n e d  t o  f o r m  some f u n c t i o n a l  m e s s a g e  e v e n  t h o u g h  e a c h  homolog  
c o n t a i n s  a m u t a n t  a l l e l e  f o r  t h a t  l o c u s .  A l l e l i c  c o m p l e m e n t a t i o n  a n d  t r a n s -  
v e c t i o n  c o u l d  r e f l e c t  c o m p l e m e n t a t i o n  a t  t h e  l e v e l  o f  R N A  p r o c e s s i n g .  

(1) Lewis ,  E. B. Am.  Nat.  8 8 : 2 2 5 - 2 3 9  ( 1 9 5 4 )  
( 2 )  J a c k ,  J .  W .  a n d  8 .  H .  J u d d .  P r o c .  N a t ' l .  Acad .  S c i .  (Wash . )  ( I n  p r e s s )  

- 

u s e d  a s  r e p r e s s o r s  o r  a c t i v a t o r s  o r  p r i m e r s .  C o n s i d e r  a l s o  t h e  p o s s i b i l i t y  
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The Control of Gene Expression in Yeast 

077 
I ! n i v r r s i t y ,  I t h a c a ,  N . Y .  14853 
The h i s 4  gene of S .  c e r e v i s i a e  h a s  been i s o l a t e d  by t r a n s f o r m a t i o n .  A bank of 5000 5 .  c o l i  
clone:s-rach c o n t a i n i C B x 1  i n s e r t  i n t o  pBR313 was d i v i d e d  i n t o  p o o l s  of 100 and t h y  
he te rogeneous  plasmid p o p u l a t i o n  from each  o f  t h e  sub-banks was e x t r a c t e d .  Each of t h e s e  
p o o l s  was used t o  t r a n s f o r m  a y e a s t  9 d e l e t i o n .  
o f  t r a n s f o r m i n g  t h e  
s i n g l e  plasmid pYeHIS4 was i d e n t i f i e d  a s  t h e  s o u r c e  o f  y e a s t  t r a n s f o r m a n t s .  T h i s  p lasmid  
c o n t a i n s  a y e a s t  Bam i n s e r t  of approximate ly  14  m i l l i o n  d a l t o n s  which i s  t h e  HIS4+ gene 
a s  w e l l  a s  a p o r t i o n  o f  chromosome 111. T h i s  c o n c l u s i o n  is based  on s e v e r a l  d i f f e r e n t  l i n e s  
of  ev idence .  

H i s '  t r a n s f o r m a n t s  made w i t h  pYeHIS4 have a d u p l i c a t i o n  o f  t h e  his4 r e g i o n  and a c o n t i g u o u s  
pBR313 segment on chromosome 111. Thus, i n  t r a n s f o r m a t i o n  t h e  pYeHIS4 p lasmid  h a s  i n s e r t e d  
on  chromosome 111 bv homology w i t h  t h e  r e s i d e n t  his4 and a d j a c e n t  sequences .  Moreover, 
h y b r i d i z a t i o n  of pYeHIS4 w i t h  Southern  b l o t s  made from r e s t r i c t i o n  d i g e s t s  of t o t a l  DNA 
from v a r i o u s  d e l e t i o n s  o f  9 show t h a t  v a r i o u s  segments of pYeHIS4 have  homology w i t h  t h e  
genomic his4 r e g i o n .  pYeHIS4 f a i l s  t o  complement h isD mutants  o f  E .  c o l i .  T h i s  r e s u l t  
a g r e e s  w i t h  s e v e r a l  o t h e r  exper iments  showing t h a t  his4 f a i l s  t o  f u n c t i o n  i n  E .  c o l i .  

The r e g u l a t i o n  of  t h e  his4 r e g i o n  a p p e a r s  t o  be  c o n t r o l l e d  by a r e g i o n  a t  t h e  his4A end .  
Muta t ions  which map o u t s i d e  t h e  s t r u c t u r a l  gene a t  t h i s  end l e a d  t o  a l o s s  of  f u n c t i o n .  
One o f  t h e s e ,  his4-912 h a s  b i z a r r e  g e n e t i c  p r o p e r t i e s  which a r e  r e v e a l e d  i n  r e v e r s i o n  
ana 1 y s i s . 

ISOLATION AND CHARACTERIZATION OF YEAST GENES BY TRANSFORMATION, Gera ld  R .  F ink ,  
P .  Farabaugh, and C .  I l g e n ,  Department o f  Botany, G e n e t i c s  and Development, C o r n e l l  

Only one o f  t h e  50 sub-banks was c a p a b l e  
d e l e t i o n  t o  H i s + .  T h i s  sub-bank was f r a c t i o n a t e d  f u r t h e r  and a 

078 EXPRESSION OF HIS3 AND GAL GENFS I N  YEAST, Ronald W .  D a v i s ,  Kevin S t r u h l ,  and 
niomas S t .  John ,  Department o f  Biochemis t ry ,  S t a n f o r d  U n i v e r s i t y .  S t a n f o r d ,  CA 94305.  

W e  have s t u d i e d  a c loned  10  kb g R I  fragment (Sc2601) c o n t a i n i n g  t h e  y e a s t  h i s 3  gene .  I n  f.. 
&, e x p r e s s i o n  of t h e  w i l d  t y p e  h i s 3  gene r e s u l t s  i n  t h e  p r o d u c t i o n  o f  f u n c t i o n a l  IGP dehy- 
d r a t a s e  which resembles  t h e  y e a s t  enzyme. We have o b t a i n e d  a d e t a i l e d  p h y s i c a l ,  g e n e t i c ,  and 
t r a n s c r i p t i o n a l  map of Sc2601. Express ion  of  t h e  y e a s t  h i s 3  gene i s  compared i n  y e a s t  and E. 
c o l i  c e l l s .  

The h i s 3  gene ( a s  d e f i n e d  by E. coli complementa t ion  a n a l y s i s )  i s  l o c a l i z e d  t o  a r e g i o n  of 
less than  750 base  p a i r s .  In  E. &, t r a n s c r i p t i o n  of t h e  h i s 3  gene is  i n i t i a t e d  from a pro- 
moter which maps l e s s  than  100 b a s e  p a i r s  from t h e  s t a r t  o f  t h e  s t r u c t u r a l  gene. We have i so-  
l a t e d  a d e l e t i o n  mutant of Sc2601 which i n a c t i v a t e s  t h i s  promoter b u t  which r e t a i n s  t h e  i n t a c t  
h i s 3  s t r u c t u r a l  gene .  
t h e  gene i s  fused  t o  a b a c t e r i o p h a g e  promoter .  D e l e t i o n s  ending  i n  t h i s  r e g i o n  a l s o  do n o t  
e x p r e s s  h i s 3  f u n c t i o n  when t ransformed back i n t o  y e a s t  c e l l s  u s i n g  a y e a s t  v e c t o r  w i t h  a y e a s t  
chromosomal r e p l i c o n .  We have a l s o  p h y s i c a l l y  mapped t h e  l o c a t i o n  of t h e  l e s i o n s  i n  c l o n e d  
mutant h i s 3  g e n e s .  

Yeas t  c e l l s  p roduce  5 d i s c r e t e  mRNA s p e c i e s  which h y b r i d i z e  t o  Sc2601. Approximately 8O%of 
t h i s  f ragment  i s  t r a n s c r i b e d  i n  growing y e a s t  c e l l s .  The s p a c i n g  between t h e  d i f f e r e n t  RNAs is  
approximate ly  300-500 b a s e  p a i r s .  The h i s 3  mRNA is  a b o u t  650 base  p a i r s  i n  l e n g t h .  The 5' end 
of t h i s  RNA is l o c a t e d  l e s s  t h a n  100 b a s e  p a i r s  from t h e  promoter  d e f i n e d  by e x p r e s s i o n  i n  E. 
c o l i  and i n  y e a s t .  S i n c e  t h e  l o c a t i o n  of t h e  gene de te rmined  e i t h e r  by t h e  mapping of  t h e  y e a s t  
mRNA o r  by E. c0li and y e a s t  complementation a n a l y s i s  i s  s t r i k i n g l y  s i m i l a r ,  we s u g g e s t  t h a t  
t h e  g e n e t i c  s i g n a l s  n e c e s s a r y  f o r  y e a s t  and g ,  
f e a t u r e s .  

comparison o f  t h e  l a b e l i n g  of i n d i v i d u a l  phage w i t h  a v a r i e t y  o f  probes  p r e p a r e d  under  i n d u a n g  
and noninducing  c o n d i t i o n s  f o r  g a l a c t o s e  and m a l t o s e  h a s  r e s u l t e d  i n  t h e  i s o l a t i o n  of  DNA f rag-  
ments whose sequences  a p p e a r  t o  be  p r e s e n t  i n  t h e  polyA+ c l a s s  of  t o t a l  RNA o n l y  under i n d u c i l g  
c o n d i t i o n s .  The g a l a c t o s e  induced  r e g i o n s  appear  t o  b e  c o n t r o l l e d  by t h e  g a l a c t o s e  c o n s t i t u t i m  
m u t a t i o n s  GalC and g a l i - .  The RNAs encoded by t h i s  r e g i o n  cannot  b e  d e t e c t e d  i n  any a p p r e c i a b l e  
q u a n t i t y  under  any growth c o n d i t i o n s  t e s t e d  i f  t h e  s t r a i n  examined is ga14-. One r e g i o n ,  con- 
t a i n s  coding  sequences  f o r  t h r e e  g a l a c t o s e  c o n t r o l l e d  WAS. Two of t h e s e  RNAs a r e  t r a n s c r i b e d  
i n  t h e  same d i r e c t i o n .  t h e  t h i r d  from t h e  o t h e r  s t r a n d .  The s t r a i n  2894-5c ( o r i g i n a l l y  from 
Hawthorne) h a s  been g e n e t i c a l l y  c h a r a c t e r i z e d  a s  a d e l e t i o n  o f  t h e  Gal 1 , 7 , 1 0  gene c l u s t e r .  
When compared t o  t h e  c l o n e d  r e g i o n ,  t h i s  s t r a i n  a p p e a r s  t o  have  a d e l e t i o n  w i t h  a n  e n d p o i n t  i n  
t h e  RNA c l u s t e r  c o d i n g  r e g i o n .  

~ 

In  such  a d e l e t i o n  m u t a n t ,  h i s 3  e x p r e s s i o n  i n  A .  3 o c c u r s  only  when 

e x p r e s s i o n  may s h a r e  common r e c o g n i t i o n  

cDNA probes  r e p r e s e n t a t i v e  of  t o t a l  polyA+ RNA have  been  used t o  s c i e e n  A-yeast h y b r i d s .  A 
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079 CONTROL OF MATING TYPE IN YEAST, James Hicks, ?mar J.S. Klar and 
Jeffrey N. Strathern, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y. 11724. 

The interconversion of mating types in homothallic yeast represents a 
simple developmental event in the life cycle of that organism. Under the 
influence of the HO (homothallism) gene cells of one mating type (a or a) 
give rise to daughter cells of both mating types during mitotic division. 
This process is analogous to the derivation of differentiated cells from 
stem cells in the developing tissue of higher organisms. Changes in cell 
type occur in regular patterns among the progeny of homothallic cells 
clearly showing that the developmental potential for switching is distributed 
in an ordered fashion. 

The mating behavior of Saccharomyces yeasts is controlled by the alleles of 
a single mating type locus (MAT). The efficient interconversion of mating 
types is the result of a reversible genetic alteration of MAT which results 
in the alternative expression of the MATa and MATa alleles7The molecular 
basis of the switching event is proposedto involve sequential transposition 
of DNA copies of %a and MATa information into the MAT locus from silent 
(unexpressed) copies of these genes located elsewheren the same chromosome 
This proposal has been termed the "cassette model" for differentiation. In 
an attempt to further define the switching mechanism we have used physical 
and genetic methods to characterize mutations which affect the inter- 
conversion process and the expression of the M B  and M z a  genes. 

A major genetic prediction of the cassette model is that mutations introduced 
in the silent copies of MATa and MATa (the proposed sources of the genes 
introduced during switching7 shouldbe efficiently transposed to the MAT 
locus during the switching process. We have observed such transposition of 
mutant information for the %a allele. This observation provides strong 
support f o r  the general concept that the activation of cell type regulators 
can occur by site-specific transposition. In addition, we have isolated a 
number of mutations in the E a  allele which affect the control of cell 
type specific functions and make the mating type locus defective as a 
substrate for the interconversion process. Several of the MAT mutations 
affecting control of cell type have been shown to be major structural 
alterations of the mating type chromosome. 

080 GENE AND GENOME STRUCTURE I N  YEAST,*David Botstein,tMarie-Louise Bach, and tF ranco i s  
Lacroute,  *MIT, Cambridge, MA., USA. ?Lab de Genetique P h y s i o l . ,  I n s t i t u t  de Bio logie  
Molec. e t  Ce l l .  du C.N.R.S .  S t rasbourg ,  France.  

From a l a r g e  popula t ion  of s t r a i n s  of g. & shear  fragments of  yeas t  (Saccharomyces E- 
v i s i a e )  DNA a t t ached  by i n  V i t K O  recombination t o  t h e  plasmid vec to r  pMB9, two hybrid p las -  
m i d s e r e  se l ec t ed  wh ich re=  the  pyrimidine requirement of non-reverting EF mutants 
of E. s. 
rec loned  i n t o  another  plasmid vec to r ,  pBR322; these  new hybr ids  r e t a i n  the  a b i l i t y  t o  spec i fy  
OMP-decarboxylase syn thes i s  i n  E. c o l i .  
yeas t  DNA and thus  appa ren t ly  c a r r i e s  the  s t r u c t u r a l  information f o r  yeas t  OMP decarboxylase,  
the  product of t h e  yeas t  gene ~ 3 .  

A hybrid plasmid conta in ing  the  1100 basepa i r  fragment was used t o  measure l e v e l s  of 
p u t a t i v e  ura3  messenger RNA from yeas t  c u l t u r e s  l abe led  wi th  3H-adanine. 
t h a t  =3=A i s  uns t ab le  wi th  an  apparent  h a l f l i f e  of 10.5 min. 
s t ances  prev ious ly  shown t o  a l t e r  t h e  l e v e l  of OW-decarboxylase i n  y e a s t ,  a coord ina te  
v a r i a t i o n  i n  propor t ion  of labe led  RNA complementary 
These d a t a  suppor t  the  hypothes is  t h a t  r egu la t ion  of t he  ~3 gene i n  yeas t  i s  a t  the  

An 1100 basepa i r  DNA fragment c m o n  t o  t h e  two complementing plasmids was  

Evidence i s  presented  t h a t  t h i s  common fragment is  

I t  was observed 
Under d i f f e r e n t  circum- 

t o  the  hybrid plasmid w a s  found. 

l e v e l  of t r ansc r ip t ion .  

w i l l  be  d iscussed .  
Recent ohserva t ion  on t he  express ion  of t he  ~3 gene i n  d i f f e r e n t  genomic con tex t s  
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SEQUENCE ANALYSIS OF A YEAST tRNATrP GENE AND ITS PRODUCT, Hyen Sam Kang, Richard  C .  
Ogden and John Abelson, Department of Chemis t ry ,  B-017, U n i v e r s i t y  of C a l i f o r n i a ,  

and y e a s t  tRNAPhe c o n t a i n  
A t e m p e r a t u r e  s e n s i t i v e  y e a s t  m u t a n t ,  fs 136 accumula tes  p r e c u r s o r s  t o  

San Diego, La J o l l a ,  CA 92037. 
It h a s  p r e v i o u s l y  been shown t h a t  t h e  genes  f o r  y e a s t  tRNATYr 
i n t e r v e n i n g  sequences .  
tRNAPhe and tRNATYr which have been shown t o  c o n t a i n  t h e  i n t e r v e n i n g  ~ e q u e n c e . ~  
h e r e  t h a t  a p r e c u r s o r  t o  y e a s t  tRNATrP which a l s o  accumula tes  i n  
sequence and i s  c o l i n e a r  w i t h  t h e  tRNATrP gene. 

DNA from a s i n g l e  c l o n e  c o n t a i n i n g  t h e  y e a s t  tRNATrP gene was ana lyzed  by r e s t r i c t i o n  mapping 
and Southern  h y b r i d i z a t i o n  t o  a p u r e  y e a s t  tRNATrP probe .  
t a i n i n g  t h e  gene were sequenced a c c o r d i n g  t o  t h e  method o f  Maxam and G i l b e r t . 4  An i n t e r v e n i n g  
sequence of 34 b a s e  p a i r s  was found a d j a c e n t  t o  t h e  3 '  end of t h e  a n t i c o d o n .  

The DNA sequence  d a t a  conf i rms  and e x t e n d s  f i n g e r p r i n t  d a t a  from t h e  tRNATrP p r e c u r s o r  i s o l a -  
ted  from i n  v i v o  l a b e l l e d  136. The p r e c u r s o r  t R N A  c o n t a i n s  mature  5 '  and 3'  e n d s ,  b u t  t h e  
o l i g o n u c l e o t i d e  cor responding  t o  a mature  a n t i c o d o n  loop  i s  a b s e n t .  S e v e r a l  a d d i t i o n a l  o l i g o -  
n u c l e o t i d e s  a r e  observed  and have been shown t o  d e r i v e  e x c l u s i v e l y  from t h e  i n t e r v e n i n g  
sequence. 
some b u t  n o t  a l l  modi f ied  n u c l e o t i d e s .  
v i t r o  u s i n g  a c r u d e  y e a s t  e x t r a c t  t o  
ana logy  w i t h  pre-tRNATF and pre-tRNA@he, a secondary  s t r u c t u r e  model o f  pre-tRNATrp i n d i c a t e s  
t h a t  t h e  a n t i c o d o n  can b a s e - p a i r  w i t h  p a r t  o f  t h e  i n t e r v e n i n g  sequence ,  b u t  no homology t o  t h e  
i n t e r v e n i n g  sequences  i n  e i t h e r  pre-tRNAPhe OK pre-tRNATYr e x i s t s .  

We r e p o r t  
136 h a s  an i n t e r v e n i n g  

Both s t r a n d s  of a fragment con- 

I n  common wi th  o t h e r  tRNA p r e c u r s o r s  i s o l a t e d  from ts  136,  re-tRNATrP c o n t a i n s  
A s  r e p o r t e d  e a r l i e r , 3  5e-tRNA"P can  be  processed  i n  

By- i v e  tRNATrP c o n t a i n i n g  t h e  mature  a n t i c o d o n  loop .  

Goodman, H . M . ,  Olson, M . V .  and H a l l ,  B . D .  (1977) .  P K O C .  N a t l .  Acad. S c i .  USA 74, 5451- 
5457. 

Valenzuela ,  P . ,  Venegas, A . ,  Weinberg, F . ,  Bishop,  R .  and R u t t e r ,  1.I.J. ( 1 9 7 8 ) .  PKOC. 
N a t l .  Acad. S c i .  USA 2, 190-194. 

Knapp, B . ,  Beckmann, J . S . ,  Johnson, P . F . ,  Fuhrman, S.A. and Abelson ,  J. ( 1 9 7 8 ) .  C e l l  14 
221-236. 

?laxam, A . M . ,  and G i l b e r t ,  W .  (1977) .  Proc .  N a t l .  Acad. S c i ,  USA 74, 560-564 

Embryogenesis and the Genetics of Development 

TERATCCARCINCMA CELL MUTATIONS AS PROBES OF MAEMALIAN DIFFERENTIATION, B e a t r i c e  
Mintz,  I n s t i t u t e  f o r  Cancer Research ,  Fox Chase Cancer C e n t e r ,  P h i l a d e l p h i a ,  
Pa. 19111. 

The mal ignant  stem c e l l s  of mouse t e r a t o c a r c i n o m a s  have been found t o  l o s e  t h e i r  n e o p l a s t i c  
p r o p e r t i e s  and t o  undergo normal d i f f e r e n t i a t i o n  i f  p l a c e d  i n  a normal ear ly-embryo ( b l a $ t o -  
c y s t )  environment (1 ,  2 ) .  Under t h e s e  c o n d i t i o n s ,  t h e  s tem c e l l s  a r e  deve lopmenta l ly  t o t i -  
p o t e n t :  Tumor-derived c e l l s  c a n  c o n t r i b u t e  t o  t h e  f o r m a t i o n  o f  a l l  somat ic  t i s s u e s  a n d - - i f  
s t i l l  c l o s e  to  e u p l o i d y - - t o  germ c e l l s ,  from which progeny a r e  o b t a i n e d .  The t e r a t o c a r c i -  
noma c e l l s  t h u s  p r o v i d e  a novel  c h a n n e l  for d e l i b e r a t e l y  i n t r o d u c i n g  i n t o  mice s p e c i f i c ,  
p rede termined  g e n e t i c  markers .  
p robes  f o r  a n a l y z i n g  c o n t r o l  o f  t i s s u e - s p e c i f i c  gene e x p r e s s i o n ;  and a s  a g e n t s  f o r  produc- 
i n g  mouse models o f  human g e n e t i c  d i s e a s e s  ( 3 - 5 ) .  The e x p e r i m e n t a l  p o s s i b i l i t i e s  r e s t  upon 
t h e  combined u t i l i z a t i o n  o f  t e c h n i q u e s  of somat ic  c e l l  g e n e t i c s ,  molecular  b i o l o g y ,  and 
developmenta l  b io logy .  Genet ic  markers  may be o b t a i n e d  by changes w i t h i n  t h e  same s p e c i e s ,  
o r  i n t r o d u c e d  from f o r e i g n  s p e c i e s ;  t h e y  may be n u c l e a r  (6) o r  c y t o p l a s m i c  ( m i t o c h o n d r i a l )  
( 7 ) .  
or t r a n s f e r  and ,  a f t e r  t h e  a p p l i c a t i o n  of a p p r o p r i a t e  s e l e c t i v e  or s c r e e n i n g  p r o c e d u r e s ,  
c e l l s  w i t h  t h e  muta t ion  o f  i n t e r e s t  a r e  p l a c e d  i n  t h e  i n  v i v o  s e t t i n g ,  where gene e x p r e s -  
sion may be o p t i m a l l y  t e s t e d  d u r i n g  d i f f e r e n t i a t i o n .  

These can  s e r v e  to  d i s s e c t  deve lopmenta l  p r o c e s s e s ;  a s  

They a r e  f i r s t  b rought  i n t o  t h e  t e r a t o c a r c i n o m a  c e l l s  i n  c u l t u r e  f o l l o w i n g  mutagenes is  

- - 

1. 
2. 
3 .  

4 .  

5. 

6. 

7. 

Mintz,  B . ,  and I l l m e n s e e ,  K.  
I l lmensee ,  K., and Mintz,  B. 
Mintz,  B. (1978) In " C e l l  D i f f e r e n t i a t i o n  and Neoplas ia" .  3 0 t h  Annual Svmoos. on 

(1975) 
(1976) 

Proc.  Nat.  Acad. S c i .  U S A 2  3585-3589. 
Proc.  N a t .  Acad. S c i .  U S A 2  549-553. 

_ .  
Fundamental Cancer Research ,  M.  D. Anderson H o s p i t a l  and '&nor I n s t .  ( G .  F. Saunders ,  
e d . )  pp. 27-53. Raven Ress, New York. 
Mintz,  B. (1978) Harvey S o c i e t y  L e c t u r e s ,  S e r .  > pp. 193-245. Academic P r e s s ,  
New York . 
Mintz,  B. (1977) 2 "Genetic I n t e r a c t i o n  and Gene T r a n s f e r . "  Brookhaven Symposia 
inBiology, No. 2 ( C .  W. Anderson, e d . )  pp. 82-95. 
Upton, N .  Y. 

Brookhaven N a t i o n a l  Labs . ,  

Dewey, M. .I., Mart in ,  D. W . ,  J r . ,  M a r t i n ,  G. R . ,  and Mintz ,  B .  (1977) Proc.  Nat.  
Acad. S c i .  USA 5 5564-5568. 
Watanabe, T.. Dewey, M. J., and Mintz ,  B. (1978) Proc.  Nat. Acad. S c i .  USA 3 
5113-5117. 

36 



Eucaryotic Gene Regulation 

083 
and J u d i t h  Kimble, Department o f  Mo lecu la r ,  C e l l u l a r  and Developmental B io logy ,  U n i v e r s i t y  
o f  Colorado, Boulder,  CO 80309 
Caenorhabdi t is  elegans i s  va luab le  f o r  s tudy ing  euca ryo t i c  development because i t  can be 
manipulated e a s i l y  g e n e t i c a l l y ,  i t ' s  c e l l  l i neages can be observed and recorded d i r e c t l y  and 
i t ' s  genome i s  o n l y  twenty t imes the  complex i ty  o f  t he  &. 
t h a t  g i v e  r i s e  t o  the  rep roduc t i ve  system have been fo l l owed  and the  p a t t e r n  s t r o n g l y  
suggests t h a t  whereas i n v e r t e b r a t e  development i s  u s u a l l y  considered t o  be mosaic, t he re  a re  
d i s t i n c t  cases o f  r e g u l a t i v e  development i n  C .  e legans. More recen t l y ,  t he  DNA o f  C .  
e legans has been shown by reassoc ia t i on  k i n e t i c s  t o  have the  Drosoph i la  p a t t e r n  o f  wide 
i n t e r s p e r s i o n  of  r e p e t i t i v e  sequences. By examining the  h y b r i d i z a t i o n  o f  c loned r e s t r i c t i o n  
fragments t o  germ and somatic DNA's on Southern f i l t e r s ,  i t  has been shown t h a t  no gross 
rearrangement of  t he  DNA occurs du r ing  embryonic d i f f e r e n t i a t i o n  o f  t he  bas i c  c e l l  t ypes .  
However, about 1: o f  t he  sequences d i f f e r  between two in te rb reed ing  s t r a i n s  o f  C .  elegans 
and these d i f f e rences  can be used as genet ic  markers; e s s e n t i a l l y  no homology e x i s t s  
between DNA o f  s i b l i n g  species o f  Caenorhabdi t is .  
somal genes i s  extremely conserved between the  two s t r a i n s  and very  s i m i l a r  between the  
d i f f e r e n t  species.  

STUDIES ON EARLY DEVELOPMENT OF C. ELEGANS, David H i rsh ,  Sco t t  Emmons, James F i l e s ,  

genome. The c e l l  l i neages 

By con t ras t ,  t he  s t r u c t u r e  o f  t he  r i b o -  

084 CELL LINEAGE IK THE DEVELOPMEIEZT OF DROSOPHILA, Peter A. Lawrence, MRC Laboratory 
of Molecular Biology, Hills Road, Cambridge, CB2 2QH and Gines Ilorata, C.S.I.C., 
Centro deBiologia Molecular, Gniversidad Autonoma de Madrid, Canto Blanco, Madrid, 
Spain. 

In Drosophila, genetic methods for marking individual cells, and their descendents, are 
now quite sophisticated. These methods have shown that, in early development, small groups 
of cells (polyclones) are set aside and each of these groups forms a precisely defined 
part of the adult fly (a compartment). These compartments appear to coincide with the 
realms of action of some homeotic mutations, suggesting that the establishment of a poly- 
clone results from the activation of specific control genes. Garcia-Bellido (1975) has 
thWefoKe proposed that the development of  each polyclone is specified by a binary code word 
the combination of active and inactive 'selector genes'. Some of the evidence for Garcia- 
Bellido's theory will be examined. 

Later in the development of compartments finer patterns are established, such as the rows 
of bristles on the legs, or the "crystalline" cell lattice in the retina. I will discuss 
the roles of cell lineage and compartments in the formation o f  these structures. 

Garcia-Bellido, A. (1975). Ciba Foundation Symposium 2, 161-182. 
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The Organization of Specific Eucaryotic Genes 

085 
d u  CNRS, I n s t i t u t  d e  C h i m i e  B i o l o g i q u e ,  F a c u l t 6  d e  M e d e c i n e ,  S t r a s b o u r g / F r a n c e  

T h e  s t r u c t u r e  o f  t h e  o v a l b u r n i n  g e n e  h a s  b e e n  e s t a b l i s h e d  b y  r e s t r i c t i o n  enwine 
m a p p i n g  o f  c h i c k e n  c h r o m o s o m a l  D N A  a n d  o f  c l o n e d  g e n o m i c  f r a g m e n t s  a n d  by  
e l e c t r o n  m i c r o s c o p y  o f  h y b r i d s  b e t w e e n  t h e  c l o n e d  f r a g m e n t s  a n d  t h e  o v a l b u m i n  
m R N A  (ov-mRNA) .  T h e  ov-mRNA w h i c h  i s  1 8 7 2  n u c l e o t i d e s  i n  l e n g t h  i s  e n c o d e d  f o r  
b y  a l e a d e r - c o d i n g  r e g i o n  a n d  7 e x o n s  w h i c h  a r e  s e p a r a t e d  b y  7 i n t r o n s .  The 
m i n i m u m  l e n g t h  o f  t h e  o v a l b u m i n  t r a n s c r i p t i o n a l  u n i t  i s  a b o u t  7 5 0 0  b p .  D i s -  
c r e t e  R N A  m o l e c u l e s  c o n t a i n i n g  c o l i n e a r  t r a n s c r i p t s  o f  b o t h  e x o n  a n d  i n t r o n  
s e q u e n c e s  h a v e  b e e n  i s o l a t e d .  T h e  l a r g e s t  t r a n s c r i p t  i s  a b o u t  8 0 0 0  n u c l e o t i d e s  
i n  l e n g t h ,  w h i c h  s u g g e s t s  t h a t  t r a n s c r i p t i o n  o f  t h e  o v a l b u m i n  g e n e  c o u l d  
s t a r t  a t  ( o r  v e r y  c l o s e  t o )  t h e  l e a d e r - c o d i n g  r e g i o n .  B i o c h e m i c a l  a n d  e l e c t r o n  
m i c r o s c o p i c  s t u d i e s  h a v e  r e v e a l e d  t h a t ,  d u r i n g  t h e  m a t u r a t i o n  o f  ov-mRNA, 
i n t r o n  t r a n s c r i p t s  a r e  r e r d o v e d  s t e p w i s e  f r o ! n  t h e  p r i m a r y  t r a n s c r i p t ,  b u t  n o t  
n e c e s s a r i l y  i n  t h e i r  o r d e r  o f  t r a n s c r i p t i o n .  D N A  h a s  b e e n  s e q u e n c e d  a r o u n d  
t h e  l e a d e r - c o d i n g  r e g i o n ,  r e v e a l i n g  t h e  e x i s t e n c e  o f  a s e q u e n c e  ( 5 ' - T A T A T A T - 3 ' )  
r e s e m b l i n g  t h o s e  f o u n d  a t  s i m i l a r  l o c a t i o n s  i n  o t h e r  e u k a r y o t i c  g e n e s .  A l l  o f  
t h e  o v a l b u m i n  g e n e  i n t r o n - e x o n  j u n c t i o n s  h a v e  b e e n  s e q u e n c e d .  I n  a l l  c a s e s  
c o ~ ~ i p a r i s o n  o f  t h e  DdA a n d  ov-mRNA s e q u e n c e s  d o e s  n o t  a l l o w  t h e  u n a m b i g u o u s  
d e f i n i t i o n  o f  t h e  s p l i c i n g  ( e x c i s i o n - l i g a t i o n )  p o i n t s ,  d u e  t o  t h e  p r e s e n c e  o f  
s h o r t  ( 2 - 4  n u c l e o t i d e s )  d i r e c t l y  r e p e a t e d  sequen;es a t  th; e x t r e m i t i e s  o f  t h e  
i n t r o n s .  H o w e v e r ,  t h e  s t r u c t u r e  o f  a l l  o f  t h e s e  b o u n d a r y  s e q u e n c e s  a r e  
c l o s e l y  r e l a t e d  a n d  i t  c a n  b e  p r o p o s e d  a s  a g e n e r a l  r u l e  :ha t  t h e  5 '  a v d  t h e  
3 '  e n d s  o f  a l l  i n t r o n s  a r e  d e f i n e d  b y  t h e  d i n u c l e o t i d e s  5 - G T - 3 '  a n d  5 - A G - 3 ' ,  
r e s p e c t i v e l y .  

T h e  s t r u c t u r e  a n d  t h e  e x p r e s s i o n  o f  c o n a l b u m i n ,  o v o m u c o ' i d  a n d  o t h e r  r e l a t e d  
c h i c k e n  g e n e s  h a v e  a l s o  b e e n  s t u d i e d  a n d  w i l l  b e  c o i n p a r e d  w i t h  t h o s e  o f  t h e  
o v a l b u m i n  g e n e .  

ORGANIZATION A i l D  EXPRESSION OF OVALBUMIil A N D  RELATED CHICKEN G E N E S .  
P i e r r e  Chambon, L a b o r a t o i r e  d e  G e n e t i q u e  I l o l e c u l a i r e  d e s  E u c a r y o t e s  

R e f e r e n c e s  : 1 )  B r e a t h n a c h  e t  a l .  1 9 7 7  N a t u r e  2 7 0 ,  3 1 4 - 3 1 9 ;  2 )  G a r a p i n  e t  al. 
n 7 8 T m e  273, 3 4 9 - 3 5 4 ;  3 )  G a r a p i n  e t  a l .  1 9 7 8 C e l l  14, 6 2 9 - 6 3 9 ;  
4 1  M a n d e l  e t  a l .  1 9 7 8  C e l l  14 ,  5 4 1 - 6 5 3 ;  5 )  B r e a t h n a c h  e t  a l .  1 9 7 8 ,  PNAS 7 5 ,  
4 8 5 3 - 4 8 5 l ;  6 )  L e P e n n e c  e t  fl., N u c l .  A c .  R e s ,  i n  p r e s s ;  7 )  G a n n o n  e t  al, 
N a t u r e ,  1 n  p r e s s  
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To comple te ly  d e f i n e  t h e  s t e r o i d  hormone-mediated e x p r e s s i o n  o f  t h e  ovalbumin and ovomucoid 
genes i n  t h e  c h i c k  o v i d u c t ,  i t  was necessary f o r  u s  t o  understand t h e  m o l e c u l a r  s t r u c t u r e  and 
sequence o r g a n i z a t i o n  o f  these genes. The n a t u r a l  ovalbumin gene was a m p l i f i e d  by molecu la r  
c l o n i n g ,  and d e t a i l e d  a n a l y s i s  was accompl ished by r e s t r i c t i o n  enzyme mapping, Southern 
h y b r i d i z a t i o n  and e l e c t r o n  m i c r o s c o p i c  mapplng. We found t h a t  t h e  s t r u c t u r a l  ovalbumin gene 
sequences a r e  segregated i n t o  8 p o r t i o n s  by 7 i n t e r v e n i n g  DNA sequences o f  v a r i o u s  l e n g t h s  
t h a t  a r e  n o t  represented  i n  t h e  mature messenger RNA. Us ing  t h e  c l o n e d  ovalbumin gene as a 
s p e c i f i c  h y b r i d i z a t i o n  probe, t h e  sequence o r g a n i z a t i o n  o f  t h i s  gene i n  DNA f rom i n d i v i d u a l  
ch ickens  was analyzed and g e n o t y p i c  a l l e l e s  have been d e f i n e d .  We have subsequent ly  mapped 
t h e  ch icken ovomucoid gene i n  t o t a l  DNA and a g a i n  found t h a t  t h e  s t r u c t u r a l  sequence i s  
i n t e r r u p t e d  by a s e r i e s  o f  i n t e r v e n i n g  sequences. These f i n d i n g s  have been conf i rmed by  
d i r e c t  analyses o f  c loned fragments o f  t h e  n a t u r a l  ovomucoid gene. 

S p e c i f i c  DNA probes prepared from s t r u c t u r a l  and i n t e r v e n i n g  sequences w i t h i n  t h e  c l o n e d  
n a t u r a l  ovalbumin and ovomucoid genes were used t o  i d e n t i f y  t h e  p r e c u r s o r s  o f  these mRNAs. 
Nuc lear  RNA f rom hormone-st imulated c h i c k  o v i d u c t s  was e l e c t r o p h o r e s e d  under d e n a t u r i n g  
c o n d i t i o n s  ( i n  t h e  presence o f  methylmercury h y d r o x i d e )  f o l l o w e d  by t r a n s f e r  t o  d i a z o b e n z y l -  
oxymethyl paper and h y b r i d i z a t i o n  t o  32P-DNA probes f o r  s t r u c t u r a l  and i n t e r v e n i n g  sequences. 
H y b r i d i z a t i o n  o f  s t r u c t u r a l  sequence probes t o  c y t o p l a s m i c  RNA gave separa te  s i n g l e  low 
m o l e c u l a r  we igh t  bands a t  t h e  expec ted  s i z e  o f  mature ovalbumin and ovomucoid mRNA. However, 
h y b r i d i z a t i o n  o f  t h e  same probes t o  n u c l e a r  RHA demonstrated t h a t  m u l t i p l e  spec ies  o f  RNA 
e x i s t  which a r e  h i g h e r  i n  m o l e c u l a r  we igh t  than mature ovalbumin and ovomucoid RNAs. These 
h i g h  m o l e c u l a r  w e i g h t  spec ies  c o n t a i n  RNA complementary t o  b o t h  s t r u c t u r a l  and i n t e r v e n i n g  
sequences o f  e i t h e r  t h e  ovalbumin o r  ovomucoid genes and thus  appear t o  r e p r e s e n t  t r a n s c r i p t s  
of these genes a t  v a r i o u s  p r o c e s s i n g  s tages .  These r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  e n t i r e  
ovalbumin and ovomucoid genes b e i n g  t r a n s c r i b e d  i n t o  l a r g e  p r e c u r s o r  molecules,  f o l l o w e d  by 
e x c i s i o n  and t u r n o v e r  of  t h e  i n t e r v e n i n g  sequence RNA and c o n s e c u t i v e  l i g a t i o n  o f  t h e  
s t r u c t u r a l  sequences t o  form mature ovalbumin and ovomucoid mRNAs. 

MOLECULAR STRUCTURE OF THE NATURAL OVALBUMIN AND DVOMUCOID GENES AND THEPRECURSORS 
TO THEIR MESSENGER RNAs, B e r t  W. O'Mal ley ,  Department o f  C e l l  B i o l o g y ,  B a y l o r  
Co l lege o f  Med ic ine ,  Houston, TX 77030. 
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THE ORGANIZATION AND EXPRESSION OF SEVERAL MAMMALIAN POLYPEPTIDE HORMONE GENES, 
Howard M. Goodman, John C. Fiddes, Peter  H. Seeburg, John Shine, Joseph A .  M a r t i a l  
and John D. Baxter,  Department o f  B iochemis t ry  and Biophysics,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  San Francisco, San Francisco, C a l i f o r n i a  94143. 
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sornatomamotrophin 9 . A l l  o f  these were ob ta ined by c l o n i n g  o f  cDNA copies o f  mRNA. The 

We have r e c e n t l y  repo r ted  the  cons t ruc t i on  o f  recombinant DNA plasmids con ta in ing  p o r t i o n s  
o f  t he  s t r u c t u r a l  

complete nuc leo t i de  sequence of  each recombinant DNA was determined. 
now been used t o  i s o l a t e  a DNA fragment which codes f o r  amino ac ids  24-190 o f  human growth 
hormone. 
un t rans la ted  reg ion ,  suggest ing a common evo lu t i ona ry  o r i g i n  f o r  these two hormones. 
To study the  s t r u c t u r e  o f  these hormone genes i n  c e l l u l a r  DNA, r a t  and human f e t a l  DNAs were 
cleaved w i t h  var ious  r e s t r i c t i o n  endonucleases and the  s i zes  o f  t he  gene fragments examined 
by h y d r i d i z a t i o n  w i t h  c loned cDNA labe led  i n  v i t r o  and used as r a d i o a c t i v e  probes. A f t e r  
agarose ge l  e lec t rophores i s  and i n  v i t r o  p a z a s u s e  hg t  WES. hB a 2.4 kb fragment f rom human 
DNA has been c loned and i d e n t i f i a z n t a i n i n g  t h e  gene f o r  human growth hormone. It, 
l i k e  many o the r  euka ryo t i c  s t r u c t u r a l  genes, con ta ins  an i n t e r v e n i n g  sequence(s). 
The growth hormone (GH) gene i s  expressed by c u l t u r e d  r a t  p i t u i t a r y  (GC, GH3) c e l l s  and i s  
r e l a t e d  t o  the  genes f o r  p r o l a c t i n  and cho r ion i c  somatomamnotrophin. 
(T3) and g l u c o c o r t i c o i d  hormones each induce GH mRNA and t h e  two hormones a re  s y n e r g i s t i c .  
Fur ther ,  i n s u l i n  can prevent the  a b i l i t y  o f  g lucoco r t i co ids  t o  induce GH mRNA, an e f f e c t  
t h a t  can be overcome by T . G lucocor t i co ids  and T3 appear t o  a f f e c t  l e s s  than 0.5% o f  t he  
expressed genes. The c e l g u l a r  m i l i e u  can be f u r t h e r  manipulated such t h a t  g lucoco r t i co ids  
deinduce GH p roduc t i on  and chromat in capac i t y  f o r  polymerase b ind ing .  
I n  o the r  s tud ies  on the  express ion  o f  these hormone genes i n  bac te r ia ,  c loned cDNA t o  r a t  GH 
mRNA f rom plasmid pMB9 was l i g a t e d  t o  the  P s t I  endonuclease r e s t r i c t i o n  s i t e  i n  the  a m p i c i l l i n  
res i s tance  gene t o  plasmid pBR3224. 
po l ypep t ide  between a beta-lactamase ( t h a t  confers a m p i c i l l i n  res i s tance )  and growth hormone 
was produced by the  new plasmid;  i n  add i t i on ,  ma te r ia l  f rom these clones, bu t  no t  f rom o the r  
- _ _  c o l i  c lones  w i thou t  o r  w i t h  pBR322 produced m a t e r i a l  E t h a t  reac ted  t o  a n t i s e r a  t o  r a t  
growth hormone. 
arowth hormone. 

enes f o r  r a t  p r e p r o i n s u l i n l ,  r a t  growth hormone2 and human cho r ion i c  

S i m i l a r  techniques have 

I t  i s  very homologous i n  sequence t o  HCS, bo th  i n  the  cod ing  reg ion  and the  3 ' -  

I n ' t h e  c e l l s ,  t h y r o i d  

A new-tein o f  t he  s i ze  expected f o r  t he  fus ion  

Thus, these b a c t e r i a  appear t o  produce a p r o t e i n  con ta in ing  amino ac ids  o f  

7 .  U l l r i c h  e t  a l .  (1977). Science 136, 1313. 
2. Seeburg 3 3. (1977).  Nature 2 7 0 ,  486. 
3. Shine fi 1. (1977). Nature 270, 494. 
4. Seeburg g z. (1978).  N a t u r e z n  press.  

088 THE STRUCTURE ANY TRANSCRIPTION OF RAT PREPI?OINSUI+Ik SENES,Argiris E f s t r a t i a d i s * ,  
Stephanig Broome , b l i l l  iam L .Chick+,Wal t e r  G i l b e r t  ,Lydia V i l  l a -Komaro f f i  ,Peter 
Lomedico ,Stephen P.P!abe Francine Perler*,and Richard Tizard',*Department o f  
B i o l o g i c a l  Chemiqtry an<$ o s l  i n  Research Laboratory,Harvard Yedical  School , 
Boston,MA 02115; B i o l o a i c a l  Laborator ies,Harvard University,Cambridge,MA 02138; 
and 4Department o f  N i c r o b i o l  ogy,Universi ty  o f  Massachusetts,Worcester,!lA 01605. 

I n  r a t  t he re  a re  two n o n - a l l e l i c  qenes,I and I1,encoding p rep ro insu l i n ,a  po lypept ide  cha in  
c o n s i s t i n q  o f  an amino te rm ina l  hydrophobic l eader  sequence and pep t ides  B.C and A. Nature  
i n s u l i n  i s  produced by the  sequent ia l  cleavage o f  the  l eader  sequence ( fo rmat ion  o f  p ro -  
i n s u l i n )  and f i n a l l y  o f  t he  C-peptide. 
By sequencinq double-stranded cONA copies o f  r a t  p r e p r o i n s u l i n  mRNA 1 ,U l l r i ch  e t  a l . ( l )  and 
ourse lves(2)  determined t h e  p r imary  s t r u c t u r e  o f  t h i s  mRNA w i t h  t h e  except ion  of t he  5 '  
noncoding reg ion .  Ue now have ex tens ive  sequence in fo rma t ion  f o r  r a t  p r e p r o i n s u l i n  I1 mRNA 
from o t h e r  cDNA clones. 
By us ing  c loned i n s u l i n  DNA as probe we have s tud ied  the  genomic o rpan iza t i on  o f  p repro-  
i n s u l i n  genes by t h e  Southern DNA b l o t t i n g  technique and examined whether o r  n o t  glucose 
(a  p h y s i o l o g i c a l  s t imu lus  f o r  i n s u l i n  b iosyn thes i s  and re lease )  s t imu la tes  t r a n s c r i p t i o n  
o f  p r e p r o i n s u l i n  sequences. 
One o f  ou r  double-stranded cDNA clones produces p r o i n s u l i n  i n  the  form o f  a fused p r o t e i n  
bear ing  bo th  i n s u l i n  and p e n i c i l l i n a s e  an t i gen ic  de terminants (2) .  ble now have evidence 
t h a t  f o l l o w i n g  m i l d  t rea tment  w i t h  t r y p s i n  the  i n s u l i n  syn thes ized by the  b a c t e r i a  i s  
b i o l o g i c a l l y  a c t i v e .  

1 .U l l r i ch ,A .  ,Shine,J. ,Chirgwin,J. ,Pictet ,R. ,Tischer,E. ,Rutter.W.J. and Goodrnan,H.M. (1977) 

Z.Vi l la-Komaroff ,L,  ,E fs t ra t iad is ,A .  ,Broom ,S. ,Lomedico ,P. ,Tizard,R. ,Naber,S.P. ,Chick,W.L. 
Science 196, 1313-1319. 

and Gilbert,W. (1978) Proc.Nat.Acad.Sci .USA 75, 3727-3731. 
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Studies o f  c loned fragments o f  mouse chromosomal kappa l i g h t  cha in  genes p rov ide  d i r e c t  
evidence f o r  a m u l t i p l i c i t y  o f  immunoglobulin v a r i a b l e  reg ion  genes as w e l l  as f o r  t he  somatic 
rearrangement o f  v a r i a b l e  and cons tan t  reg ion  sequences. We have cloned and determined the  
nuc leo t i de  sequences o f  severa l  immunoglobulin v a r i a b l e  and cons tan t  reg ion  genes, bo th  from 
embryonic and immunoglobulin producing c e l l s .  From a comparison o f  t he  s t r u c t u r e s  o f  these 
genes, i t  i s  c l e a r  t h a t  a subs tan t i a l  measure o f  immunoglobulin d i v e r s i t y  has a r i s e n  du r ing  
e v o l u t i o n  and i s  encoded i n  germl ine  DNA. Furthermore, v a r i a b l e  reg ion  genes appear t o  f a l l  
i n t o  many smal l ,  s t r u c t u r a l l y  r e l a t e d  subgroups t h a t  share ex tens ive  homology i n  bo th  t h e i r  
cod ing  and f l a n k i n g  sequences. 
recombinat ion mechanism t h a t  cou ld  p l a y  an impor tan t  r o l e  i n  genera t ing  a d d i t i o n a l  d i v e r s i t y  
i n  the  germl ine  and, poss ib ly ,  i n  somatic d i f f e r e n t i a t i o n  as w e l l .  

I n  add i t i on ,  ana lys i s  o f  t h e  c loned segments i n d i c a t e s  t h a t  immunoglobulin kappa genes a re  
encoded i n  f o u r  d i s c r e t e  cod ing  segments i n  embryonic DNA--a leader  sequence, a v a r i a b l e  
reg ion ,  a j o i n i n g  reg ion  ( J )  and a cons tan t  reg ion .  
sequences, j o i n  du r ing  somatic d i f f e r e n t i a t i o n  t o  form a cont inuous v a r i a b l e  reg ion  t h a t  
i s  separated from the  cons tan t  reg ion  by a l a r g e  i n t e r v e n i n g  sequence o f  DNA i n  an t ibody  
producing c e l l s .  
recombinat ion s i t e  and a RNA s p l i c i n g  s i t e .  
J segment per c e l l  may account f o r  t h e  a l l e l i c  exc lus ion  observed i n  ant ibody-producing 
c e l l s .  

ANTIBODY DIVERSITY AND THE REARRANGEMENT OF ANTIBODY GENES, P h i l i p  Leder, 
J .  G. Seidman, Edward E. Max, Barbara Norman, Marion 11. Nau and P h i l i p  H ie te r ,  
Nat iona l  I n s t i t u t e s  o f  Heal th,  Bethesda, Maryland 20014 

Th is  homology, l i m i t e d  w i t h i n  each subgroup, suggests a 

Two o f  these, t he  v a r i a b l e  and J 

Thus, t he  J segment appears t o  p resent  two faces f o r  recombinat ion;  a DNA 
The c o r r e c t  j o i n i n g  o f  on l y  one v a r i a b l e  and 
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G e n e t i c  i n f o r m a t i o n  c a n  be  t r a n s f e r r e d  between c e l l s  by v a r i o u s  methods: namely, c e l l  
h y b r i d i z a t i o n ,  microcell t r a n s f e r ,  chromosome media ted  gene t r a n s f e r ,  and DNA media ted  
gene  t r a n s f e r .  Emphasis w i l l  be  p l a c e d  on a n  e v a l u a t i o n  of mechanisms of t r a n s f o r m a t i o n  
i n v o l v i n g  t h e  la t ter  two sys tems.  I n  b o t h ,  s t a b l e  and u n s t a b l e  t r a n s f o r m a n t s  a r e  
o b t a i n e d .  S t a b l e  t r a n s f o r m a n t s  are t h o s e  which r e t a i n  t h e  s e l e c t e d ,  p r o t o t r o p h i c  marker i n  
t h e  absence  of s e l e c t i o n ,  whereas u n s t a b l e  t r a n s f o r m a n t s  l o s e  t h e  p r o t o t r o p h i c  marker a t  
r a t e s  of 1-10 p e r c e n t  of c e l l s  p e r  g e n e r a t i o n  under t h e s e  c o n d i t i o n s .  S t a b l e  t r a n s f o r m a n t s  
may be  d e r i v e d  from u n s t a b l e  t r a n s f o r m a n t s ,  b u t  n o t  v i c e  v e r s a .  I n  b o t h  sys tems,  i t  can 
b e  shown t h a t  t h e  s t a b i l i t y  phenotype c a n  be e x p l a i n e d  by t h e  i n t e g r a t i o n  of t h e  t r a n s f e r r e d  
g e n e t i c  m a t e r i a l  ( transgenome) i n t o  t h e  h o s t  genome. I n t e g r a t i o n  is  not  r e s t r i c t e d  t o  s i t e s  
i n  t h e  r e c i p i e n t  genome homologous t o  t h e  s e l e c t e d ,  p r o t o t r o p h i c  marker i n t e g r a l  t o  t h e  
transgenome. I n  some i n s t a n c e s ,  i n t e g r a t i o n  si tes f o r  a s p e c i f i c  donor p r o t o t r o p h i c  marker 
have  been mapped t o  d i f f e r e n t  chromosomes. A n a l y s i s  a t  t h e  molecular  l e v e l  a l s o  p r o v i d e s  
e v i d e n c e  f o r  m u l t i p l e  i n t e g r a t i o n  si tes.  The s i z e  of  t h e  transgenome c a n  v a r y  g r e a t l y ,  
r a n g i n g  from s e v e r a l  thousand k i l o b a s e s  t o  microscopi  a l l y  v i s i b l e  chromosomal segments,  
r e p r e s e n t i n g  1-3% of t h e  donor h a p l o i d  genome (1-3x10 kb) .  I n  t h e  c a s e  of chromosome 
media ted  gene t r a n s f e r ,  a n a l y s i s  of markers which a r e  s y n t e n i c  and a s y n t e n i c  i n  r e g a r d  t o  
t h e  s e l e c t e d  p r o t o t r o p h i c  marker,  h a s  shown t h a t  t h e  p r o c e s s  of t r a n s f o r m a t i o n  can  r e s u l t  
i n  t h e  d i s r u p t i o n  of o r i g i n a l  l i n k a g e  r e l a t i o n s  and t h e  f o r m a t i o n  of  new o n e s ,  even between 
markers  l o c a t e d  on d i f f e r e n t  chromosomes ( c o n g r e s s i o n ) .  It w i l l  be shown how such  
rear rangements  of l i n k a g e  can  be used t o  e s t a b l i s h  t h e  d i s t a n c e  r e l a t i o n s h i p s  between genes .  
The n a t u r e  of t h e  transgenome i n  u n s t a b l e  t r a n s f o r m a n t s  i s  s t i l l  p o o r l y  unders tood .  
Experiments i n  p r o g r e s s  w i l l  be d e s c r i b e d  which t e s t  t h e  h y p o t h e s i s  t h a t  t h e  u n s t a b l e  
transgenome c a n  be  c o n s i d e r e d  as a k ind  of mammalian ce l l  plasmid. 

GENE TRANSFER BETWEEN M A L I A N  CELLS, Frank H. Ruddle. Department of Bio logy ,  
Yale U n i v e r s i t y ,  New Haven, Conn. 06520 
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TRANSFORMATION OF MAMMALIAN CELLS WITH PROKARYOTIC AND EUKARYOTIC GENES. Richard 
Axel, Raymond Sweet, Angel Pellicer. Saul Silverstein, Gek Kee Sim, Barbara Wold, 
Michael Wigler, College o f  Physicians & Surgeons, Columbia University. New York, 
New York 10032. 

OJI 

Analysis of the organization of several cloned eukaryotic genes has revealed a number of 
surprising structural features. Transformation of appropriate eukaryotic ce l l s  with these 
genes may provide a system in which the relationship between gene expression and sequence 
organization may be examined. In our laboratory we have transferred cellular genes from 
complex vertebrate genomes to cultured mamnalian cells.  These studies, init iated with a 
purified viral thymidine kinase gene, were subsequently extended to the transfer of a 
variety of cellular genes coding for selectable biochemical markers including thymidine 
kinase, adenine phosphoribosyl transferase and dihydrofolate reductase. More recently, 
we have stably transformed mamlian  ce l l s  w i t h  a variety of precisely defined prokaryotic 
and eukaryotic genes for which no selective c r i te r ia  exist. The experimental rationale 
we have chosen is  based upon our observation that the small selectable subpopulation of 
ce l l s  within a culture are competent i n  transformation. Transformation was therefore 
performed with two physically unlinked genes, only one of which was necessary for survival 
under selective conditions. Biochemical transformants represent the subpopulation of 
competent ce l l s  which integrate other unlinked genes a t  h i g h  frequency. In this manner, 
we have used the viral t k  gene as a selectable marker to construct mouse cell lines t h a t  
contain the t k  gene along w i t h  bacteriophage @ X  174, plasmid pBR 322, or the rabbit 6 
globin gene sequences stably integrated into cellular DNA. 

GENE AWLIFICATION AND METHOTREXATE RESISTANCE IN CULTURED MAMMALIAN CELLS, 092 Robert T. Schwe, Peter Brown, Randall Kaufman, Jack Nunberg, and David Setzer 
Department of Biological Sciences, Stanford, CA 94305 

We have reported previously that step-wise selection of cultured murine cells for progres- 
sively increasing resistance to methotrexate (MTX) is associated with increased rates of 
synthesis of dihydrofolate reductase (DHFR) and a corresponding amplification of DHFR 
genes (1). 
continued selection pressure (MTX), whereas in other cell isolates the population loses genes 
upon growth in the absence of MTX. 

We have analyzed the process of loss of genes by employing a fluorescein-MTX conjugate which 
is taken up by cells and binds quantitatively and specifically to DHFR. 
analyzed with the Fluorescence-Activated Cell Sorter for the heterogeneity of the population 
with respect to DHFR gene copy number (2). We conclude that in the unstable cell populations 
there is an unequal segregation of genes among daughter cells, and that cells with a low gene 
copy number have a selective growth advantage. 
appear to have lost genes. 

In some cell isolates the high gene copy number is stable in the absence of 

Cells can then be 

Thus with time the population of cells will 

The DHFR mRNA contains approximately 1700 nucleotides, including at least 102 nucleotides 5' 
from the start codon and 900 nucleotides 3' from the termination codon. We have shown that 
DHFR DNA sequences derived from mRNA are expressed in E. coli (3). 
studies of the genomic representation of the DHFR mFU?A indicates the same restriction 
patterns in sensitive and resistant (highly amplified DHFR genes) cell lines of murine origin 
It is clear that there are intervening sequences in the genomic DHFR gene, and our current 
estimate is that the genomic sequences containing the DHFR mRNA sequences may be as large as 
20 kb. 

(1) Alt et al, The Journal of Biological Chemistry, 1978. 

(2) Kaufman et al, The Journal of Biological Chemistry, 1978. 

( 3 )  Chang et al, Nature, 275:617, (1978). 

Restriction analysis 
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The Control of Globin Gene Expression 

093 CLONED MOUSE GLOBIN GENES, Phi l ip  Leder, Dean H. Hamer, David Konkel, Aya Leder, 
Henry Miller and Yutaka Nishioka, National Ins t i tu tes  of Health, Bethesda, 
Maryland 20014 

Each of the mouse a and B globin chromosomal genes that  we have cloned i s  encoded in 
three discontinuous coding blocks separated by two intervening sequences of DNA.  These 
intervening sequences occur a t  corresponding s i t e s  i n  each gene, suggesting that  they have 
been preserved a t  the same locus since early ver tebrate  evolution and are. therefore, 
c r i t i c a l  t o  t h e  expression of these genes. These preserved bmologies also suggest that  
intervening sequences will be found a t  these same s i t e s  in the globin genes of a l l  vertebrate 
organisms. The en t i re  nucleotide sequence of one of the genes, 8-globinmJ, and large ' 
portions of the  B-globimin and a-globin have also been determined. From a comparison of 
these sequences we a r e  able  to ident i fy  segments of the chromosomal gene i n  flanking and 
coding sequences tha t  have been preserved during the i r  separate evolution and tha t  1 ikely 
play a c r i t i c a l  r o l e  in the  i n i t i a t i o n  of t ranscr ipt ion,  processing (spl ic ing)  and termina- 
t ion or  polyadenylation of the primary t ranscr ipt .  Further, to provide a functional assay 
f o r  the nature of these putative promoter. terminator and splicing s ignals ,  we have cloned 
several of the  chromosomal segments in a defect ive SV40 vector and studied the i r  expression 
in infected c e l l s .  Our  i n i t i a l  experiments indicate  tha t  globin gene splicing and polyA 
addition signals a r e  appropriately recognized i f  transcribed i n  a "sense" direct ion from a 
l a t e  SV40 promoter. Inverting the globin chromosomal segment. resul t ing in the t ranscr ipt ion 
of t h e  anti-sense strand, does not in te r fe re  with t ranscr ipt ion of the  segment, but elimin- 
a tes  the globin splicing and plyadenylation functions. 

STUEDIES ON THE STRUCTURE A N D  EXPRESSION OF B GLOBIN GENES, C h a r l e s  
Weissmann, A l b e r t  van Ooyen, J o h a n  van den Berg ,  Anton Schambock, Ned 

M a n t e i ,  C h r i s t i n e  G r u b e r ,  P e t e r  C u r t i s ,  Frank G r o s v e l d  and Rober t  Weaver, I n -  
s t i t u t  f t i r  M o l e k u l a r b i o l o g i e  I ,  U n i v e r s i t a t  Z u r i c h ,  8093 Z u r i c h ,  S w i t z e r l a n d .  
We have c l o n e d  a r a b b i t  chromosomal DNA segment  c o n t a i n i n g  a B g l o b i n  gene  
and d e t e r m i n e d  t h e  n u c l e o t i d e  sequence  o f  t h e  gene  and i t s  n e i g h b o r i n g  r e g i o n s .  
The c o d i n g  s e q u e n c e s  a r e  s e p a r a t e d  i n t o  t h r e e  b l o c k s  by two i n t r o n s ,  a l a r g e r  
i n t r o n  o f  a b o u t  573 b a s e  p a i r s  f o l l o w i n g  t h e  codon f o r  Argl04  and a s h o r t e r  
o n e ,  o f  126 b a s e  p a i r s ,  f o l l o w i n g  t h e  codon f o r  Arg30 ( t h e  p o s i t i o n s  c a n n o t  be 
d e f i n e d  p r e c i s e l y  b e c a u s e  o f  some s e q u e n c e  redundancy around t h e  t e r m i n i  o f  
t h e  i n t r o n s ) .  The i n t r o n s ,  p a r t i c u l a r l y  t h e  l a r g e  o n e ,  a r e  s t r i k i n g l y  r i c h  i n  
r u n s  o f  T .  A compar ison  w i t h  t h e  mouse chromosomal D g l o b i n  DNA c l o n e d  by 
Tilghman e t  a l .  (PNAS 74 ,  4406-4410 (1977))  showed t h a t  c o r r e s p o n d i n g  i n t r o n s  
were o f  s i m i l a r  s i z e ,  and  l o c a t e d  a t  homologous p o s i t i o n s .  The n u c l e o t i d e  
s e q u e n c e s  o f  t h e  c o r r e s p o n d i n g  mouse and r a t b i t  i n t r o n s  d i f f e r e d  v e r y  much; 
s h o r t  i d e n t i c a l  s e q u e n c e s  were found a t  t h e  j u n c t i o n s  w i t h  t h e  c o d i n g  r e g i o n s  
and s c a t t e r e d  t h r o u g h  t h e  i n t r o n .  We b e l i e v e  t h a t  t h e  l a r g e  and s m a l l  mouse 
and  r a b b i t  i n t r o n s  a r e  d e r i v e d  from common a n c e s t r a l  s e q u e n c e s ,  b u t  have  shown 
f a r  g r e a t e r  e v o l u t i o n a r y  d i v e r g e n c e  t h a n  t h e  c o d i n g  r e g i o n s .  T h i s  would i m -  
p l y  t h a t  t h e r e  i s  l i t t l e  s e l e c t i v e  p r e s s u r e  f o r  t h e  m a i n t e n a n c e  o f  a p a r t i c u l a r  
n u c l e o t i d e  sequence  o f  t h e  i n t r o n s .  

c e l l s .  We have d e s c r i b e d  e a r l i e r  a 1 5  S B g l o b i n - s p e c i f i c  RNA ( a b o u t  1500 
n u c l e o t i d e s  l o n g )  w i t h  3 '  t e r m i n a l  po ly(A)  and t h e  same c a p s  a s  m a t u r e  B 
g l o b i n  mRNA. I t  i s  p r o c e s s e d  t o  m a t u r e  mRNA w i t h  a h a l f - l i f e  o f  a b o u t  2 .5  min.  
I n  c o l l a b o r a t i o n  w i t h  P. Leder  and h i s  c o l l e a g u e s  (Ti lghman e t  a l . ,  PNAS 75 ,  
1309-1313 (1978))  i t  was shown by R- looping  t h a t  t h e  1 5  S RNA was c o l i n e a r  
w i t h  t h e  mouse chromosomal (3 g l o b i n  g e n e .  The 5 '  t e r m i n u s  o f  t h e  p r e c u r s o r  
maps a t  t h e  same p o s i t i o n  o f  t h e  chromosomal DNA a s  t h a t  o f  t h e  m a t u r e  messen-  
g e r .  D o u b l e - s t r a n d e d  c D N A  p r e p a r e d  from 1 5  S 13 g l o b i n  RNA was c l o n e d  i n  pCRI. 
R e s t r i c t i o n  a n a l y s i s  showed t h e  p r e s e n c e  o f  t h e  l a r g e  and s m a l l  i n t r o n s .  

We have i s o l a t e d  and c h a r a c t e r i z e d  an uncapped RNA of  a b o u t  84-87 n u c l e o -  
t i d e s  l e n g t h  ( i t  i s  h e t e r o g e n e o u s  a t  t h e  3 '  e n d ) ,  from L c e l l s  and induced  
and non- induced  F r i e n d  c e l l s .  I t  h y b r i d i z e s  t o  a r e g i o n  1600-2700 b .p .  down- 
s t r e a m  from t h e  end  o f  t h e  g l o b i n  gene and i s  i d e n t i c a l  w i t h  t h e  RNA 16 a s s o -  
c i a t e d  w i t h  7 0  S MuLV RNA d e s c r i b e d  by P e t e r s  e t  a l .  (J. V i r o l .  2 1 ,  1031-1041 
( 1 9 7 7 ) ) .  

E x p r e s s i o n  o f  t h e  13 g l o b i n  gene h a s  been  s t u d i e d  i n  DMSO-induced F r i e n d  
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095 THE STRUCTURE AND EXPRESSION OF NORMAL AND ABNORMAL GLOBIN GENES, 
Richard A.Flavel1, Gerard C-Grosveld, Frank G-Grosveld, Ernie De 
Boer and Jan M.Kooter, Section for Medical Enzymology and Molecular 

Biology, Laboratory of Biochemistry, University of Amsterdam, Jan Swammerdam 
Institute, P.0.Box 60.000, 1005 GA Amsterdam, The Netherlands 
The sequence arrangement of the rabbit O-globin gene (1) has been analysed in 
more detail by cloning a segment of rabbit chromosomal DNA containing the 
rabbit O-globin gene (2; see Weissmann Ual., this volume). The gene consists 
of three exons separated by two introns of 126 and 575 base pairs. We have 
characterized the 6-globin gene transcripts present in rabbit bone marrow 
using S nuclease transcription mapping (3). The largest pre-mRNA detected is 
a tranicript of all exons plus the two introns; it is 1250-1300 nucleotides 
long. The 5' and 3' termini of this RNA map at the same positions as the 
termini of the mRNA (within the resolution .;f the method); there is no indi- 
cation for transcription of the extragenic DNA immediately flanking the gene. 
Several 'intermediates' in the pathway from the pre-mRNA to the mature mRNA 
have been identified. 
The human 0- ,  6- and y-globin genes have been mapped using the genomic 

Southern blotting technology. The 6-globin gene is 5-7 kb to the 5' side of 
the B-gene (4); the Gy-gene is 3.5 kb to the 5' side of the Ay-gene. All genes 
contain the large intron within the same region of the coding sequences des- 
cribed previously (1). The maps of the normal genes have facilitated the 
analysis for deletions/insertions in and around the globin genes in the 
thalassaemias. Most forms of D-thalassaemia do not result from a deletion of 
DNA regions close to the O-globin gene. In one B"-thalassaemia, however, a 600 
base pair deletion has occurred, which eliminates most of the last (e. 3') 
exon. The structure of the Y-6-0 locus ic normal and thalassaemic individuals 
will be discussed in relation to the switch from foetal to adult globins 
around birth. 
References 
1. Jeffreys, A.J. and Flavell, R.A. (1977) Cell 12, 1097-1108. 
2. Van den Berg, J., Van Ooyen, A., Mantei, N., Schambock, A., Grosveld, G., F 

Flavell. R.A. and Weissmann. C. (1978) Nature. in Dress. 
3. Berk, A: and Sharp, P. (19751 Cell 12, 721-732. 

' 

4. Flavell, R.A., Kooter, J.M., De Boer, E., Little, P.F.R. and Williamson, R. 
(1978) Cell 15, 25-41. 

096 THE STRUCTURE AND ORGANIZATION OF LINKED MAMMALIAN GLOBIN GENES, Tom 
Maniatis, Eugene Butler, Edward F. Fritsch, Ross Hardison, Elizabeth Lacy, Richard Lawn, and 
Richard Parker, Division of Biology, California Institute of Technology, Pasadena, CA 91125 

Cloned libraries of rabbit and human DNA fragments were constructed and screened for 8-globin related 
sequences and a number of independent, overlapping recombinants bearing closely linked globin genes were 
obtained. Approximately 45 kilobases of contiguous rabbit chromosomal DNA sequences containing four 
different 8-globin related genes have been characterized. The globin genes are separated from each other 
by an average of 6-8 kilobases. Two of the genes hybridize efficiently to cloned rabbit adult B-globin 
mRNA sequences while the other two hybridize weakly to adult 8-globin mRNA but strongly to rabbit 
embryonic globin mRNA. The latter two genes also hybridize to cloned human y-globin mRNA sequences. 
Hybridization experiments using probes for the  5' and 3' regions of the gene sequences indicate that all four 
genes are transcribed from the s a m e  DNA strand. W e  are also characterizing a large segment of human 
DNA containing four linked 8-globin related genes using gene isolation and genomic blotting procedures. 
Clones were obtained which carried both adult 6 -and 8-globin genes. Restriction endonuclease cleavage 
analysis, hybridization experiments and partial DNA sequencing established the identity, position, and 
orientation of the two genes. The two genes are separated by 5.4 kilobases of DNA and their orientation 
with respect to the direction of transcription is 5'-6-8-3'. loth genes contain a large noncoding 
intervening sequence located between the codons for amino acids 104 and 105. A second intervening 
sequence was found near the 5' end of the B-globin gene. Heteroduplex formation and direct sequence 
analysis demonstrated regions of homology and divergence in the protein coding and noncoding regions of 
the two genes. The linkage arrangement between the human fetal and adult 6-like lobin enes is bein 
studied using gene isolation and genomic blotting procedures. Supported by NSF-CM77-1%425 &tlH-GM24716f 
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097 STRUCTURE OF THE HUMAN GLOBIN GENES, Bernard  G. Forge t ,  Ces i ra  Cava l lesco ,  Jon K. de 
R i e l ,  Doro thy  Tuan, Andrew P .  B i r o ,  John T .  Wi lson ,  L o i s  B. Wi lson ,  and Sherman 1.1. 

Weissman, Departments o f  Med ic ine  and Human Genet ics ,  Ya le  U n i v e r s i t y  School o f  Med ic ine ,  New 
Haven, CT. 06510 and Department o f  C e l l  and M o l e c u l a r  B i o l o g y ,  Medical  C o l l e q e  o f  Georqia,  
Augusta, GA. 30902. 
Recombinant DNA c lones  have been o b t a i n e d  o f  t h e  human 1 ,  . and , g l o b i n  cDNAs ( 1 )  and o f  t h e  
human chromosomal 6 and 5 g l o b i n  genes ( 2 ) .  By t h e  use o f  r a o i d  DNA sequencing techn iques  
a p p l i e d  t o  t h e  s tudy  o f  these c loned DNAs we have de termined t h e  n u c l e o t i d e  sequence o f  t h e  
cod ing  p o r t i o n s  o f  t h e  human .i and y g l o b i n  genes and o f  p o r t i o n s  o f  t h e  genomic 
gene. Comparison o f  these sequences t o  t h e  p r e v i o u s l y  determined sequence o f  human .: q l o b i n  
mRNA (3,4), a l l o w e d  us t o  draw p a r a l l e l s  and c o n t r a s t s  between t h e  s t r u c t u r e  o f  t h e  d i f f e r e n t  
human g l o b i n  genes. 
c o n t e n t  (64.7";) than t h a t  o f  t h e  6 and y genes (51.2" and 5 1 . 6 ~  r e s p e c t i v e l y )  i n d i c a t i n g  t h e  
n g l o b i n  gene has d i v e r g e d  under d i f f e r e n t  e v o l u t i o n a r y  c o n s t r a i n t s  than t h e  non- ,  oenes and 
t h a t  a l l  t h r e e  g l o b i n  genes have d i v e r g e d  s i g n i f i c a n t l y  f rom t h e  b u l k  o f  human genomic DNA 
which has a GC c o n t e n t  of a p p r o x i m a t e l y  40s. Usage o f  v a r i o u s  codons f o r  c e r t a i n  amino a c i d s  
i s  markedly b iased (non random) i n  a l l  t h r e e  g l o b i n  mRNAs, b u t  t h e  b i a s  i s  n o t  u n i f o r n l  i n  a l l  
cases: c e r t a i n  codons a r e  used e x c l u s i v e l y  or predominant ly  i n  one mRNA and n o t  i n  t h e  o t h -  
e r s ;  c e r t a i n  codons a r e  n o t  used i n  any o f  t h e  t h r e e  mRNAs. Comparison o f  t h e  and 1 mRNA 
sequences demonstrates t h a t  t h e r e  i s  a v e r y  h i g h  r a t e  o f  s i l e n t  base s u b s t i t u t i o n s  c o n s i s t e n t  
w i t h  a n e u t r a l  e v o l u t i o n a r y  d r i f t  o f  these two r e l a t e d  g l o b i n  genes which presumably o r i g -  
i n a t e d  f rom a s i n g l e  a n c e s t o r  gene by t h e  process o f  gene d u o l i c a t i o n .  Knowledqe o f  t h e  nu- 
c l e o t i d e  sequence o f  t h e  m a j o r  g l o b i n  mRNAs a l l o w e d  us t o  c o n s t r u c t  d e t a i l e d  r e s t r i c t i o n  en- 
donuclease maps o f  t h e  human g l o b i n  genes wh ich  we have u t i l i z e d  i n  g e l  b l o t t i n g  exper iments ,  
w i t h  n i c k  t r a n s l a t e d  p lasmid  g l o b i n  cDNA probes and probes o f  t h e  c l o n e d  e x t r a g e n i c  DNA se- 
quences f l a n k i n g  t h e  genomic 6 and R g l o b i n  genes, t o  s t u d y  t h e  e x t e n t  o f  R and fi g l o b i n  gene 
d e l e t i o n s  i n  h e r e d i t a r y  hemoglobinopathies such as h e r e d i t a r y  p e r s i s t e n c e  o f  f e t a l  hemoolobin 
(HPFH) and 65 tha lassemia .  

1. Wilson, J.T., Wi lson, L.B., de R i e l ,  J.K., e t  a l ,  N u c l e i c  Ac ids  Research 2:563, 1978. 
2. Lawn, R.M., F r i t s c h ,  E.F., Parker ,  R . C . ,  e t  a l ,  C e l l  ( i n  p r e s s )  December 1978. 
3. Maro t ta ,  T . A . ,  Wi lson, J.T., Forget ,  B.G. and Weissman, S.M., J .  B i o l .  Chem. 252:5040, 

g l o b i n  

The base compos i t ion  o f  t h e  3 g l o b i n  gene has a s t r i k i n g l y  h i g h e r  GC 

, 0 7 7  
1 Y I l .  

4. Forget ,  B.G., Hemoglobin 1:879, 1978. 

098 ORGANIZATION OF HUMAN CLOBIN GENES I N  NORMAL AXD THAL~\SSEEllC CELLS, Ar thur  B a n k ,  
J. Gregory Mears, Francesco  Ramirez,  Alexander L .  Burns,  and John F e l d e n z e r ,  
Depar tments  o f  Medicine and Human G e n e t i c s ,  Coiumbia C n i v e r s i t y ,  X . Y . ,  N.Y. 10032. 

The l i n k e d  human y-6-5 g l o b i n  gene complex p r o v i d e s  a u s e f u l  system f o r  s t u d y i n g  r u k a r y o t i c  
gene r e g u l a t i o n .  S e v e r a l  mutants  i n  t h i s  system permi t  a n a l y s i s  of  t h e  e f f e c t  of changes i n  
gene s t r u c t u r e  on gene f u n c t i o n .  In p a t i e n t s  w i t h  h e r e d i t a r y  p e r s i s t e n c e  o f  f e t a l  hemoglobin 
(HPFH)and 6 5  t h a l a s s e m i a ,  s o l u t i o n  h y b r i d i z a t i o n  s t u d i e s  have shown e x t e n s i v e  d e l e t i o n  of t h e  
6 and 5 genes .  These d e l e t i o n s  a r e  a s s o c i a t e d  w i t h  compensatory i n c r e a s e s  i n  y g l o b i n  gene 
a c t i v i t y  and mi ld  o r  no anemia.  No such d e l e t i o n  of 8 - l i k e  g l o b i n  gene sequences  i s  
d e t e c t a b l e  i n  8 0  and 8+ t h a l a s s e m i a ,  and y g l o b i n  gene e x p r e s s i o n  i s  i n a d e q u a t e  and 
a s s o c i a t e d  w i t h  t h e  p r e s e n c e  of s e v e r e  anemia.  To s t u d y  t h e  changes  i n  t h e  s t r u c t u r e  and 
o r g a n i z a t i o n  of  t h e  g l o b i n  genes  i n  marc d e t a i l ,  D N A  from p e r i p h e r a l  blood c e l l s ,  s p l e e n  
t i s s u e  and lymphocyte and f i b r o b l a s t  c e l l  l i n e s  i s  d i g e s t e d  w i t h  r e s t r i c t i o n  endonucleases .  
The r e s u l t i n g  DNA f r a g m e n t s  a r e  s e p a r a t e d  by a g a r o s e  g e l  e l e c t r o p h o r e s i s ,  t r a n s f e r r e d  t o  
n i t r o c e l l u l o s e  f i l t e r s ,  h y b r i d i z e d  t o  32P- labe led  g l o b i n  cDNA and v i s u a l i z e d  by 
rad ioautography.  A f t e r  Eco R I  d i g e s t i o n  and h y b r i d i z a t i o n  t o  p l a s m i d - c o n t a i n i n g  32P- labe led  
B g l o b i n  cDNA, f o u r  6 - l i k e  f r a g m e n t s  a r e  p r e s e n t  i n  normal DNA. No B-like gene f ragments  can  
be d e t e c t e d  i n  HPFH DNA and a unique  4 . 2  kb f ragment  is s e e n  i n  homozygous 68 t h a l a s s e m i a  
DNA i n d i c a t i n g  l e s s  d e l e t i o n  of 5- l ike  genes  i n  t h e  l a t t e r  d i s o r d e r .  S i n c e  6 8  t h a l a s s e m i a  
h a s  l e s s  y g l o b i n  gene  e x p r e s s i o n  than  HPFH, t h e s e  r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
sequences  i n  t h e  6 gene  r e g i o n  o r  between t h e  y and 6 g e n e s  may s u p p r e s s  Y s y n t h e s i s  i n  6 6  
t h a l a s s e m i a .  The absence  o f  t h e s e  sequences  in HPFH may p e r m i t  f u l l  y g l o b i n  gene 
e x p r e s s i o n .  By c o n t r a s t ,  i n  5+ and 50 t h a l a s s e m i a  t h e r e  i s  no e v i d e n c e  f o r  e x t e n s i v e  
d e l e t i o n  i n  t h e  y-6-5 gene  complex, a g a i n  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  sequences  
p e r s i s t  i n  t h e s e  d i s o r d e r s  which s u p p r e s s  y g l o b i n  gene  e x p r e s s i o n .  The p o s s i b i l i t y  t h a t  
s m a l l  changes  i n  t h e  DNA sequences  e i t h e r  f l a n k i n g  t h e  6-8 g e n e  complex o r  i n  t h e  
i n t e r v e n i n g  sequences  of t h e s e  genes  is  r e s p o n s i b l e  f o r  t h e  g e n e t i c  d e f e c t  i n  5+ a n d / o r  6' 
t h a l a s s e m i a  i s  c u r r e n t l y  b e i n g  pursued by r e s t r i c t i o n  e n d o n u c l e a s e  a n a l y s i s .  I n  hemoglobin 
Lepore DNA, i n  which r e s t r i c t i o n  enzyme a n a l y s i s  i n d i c a t e s  d e l e t i o n  of sequences  between t h e  
6 and B g l o b i n  g e n e s  t h e r e  is  a l s o  i n a d e q u a t e  e x p r e s s i o n  o f  t h e  y g l o b i n  genes  d e s p i t e  
s e v e r e  anemia.  Thus, t h e  r e g i o n  between t h e  6 and 6 g l o b i n  g e n e s  d o e s  n o t  a p p e a r  t o  
r e g u l a t e  y g l o b i n  gene  e x p r e s s i o n .  The r e g u l a t i o n  of y g l o b i n  gene  e x p r e s s i o n  c o u l d  a l s o  be  
a s s o c i a t e d  w i t h  changes  i n  t h e  o r g a n i z a t i o n  of t h e  y g l o b i n  genes .  Analyses  t o  d a t e  u s i n g  
s e v e r a l  r e s t r i c t i o n  enzymes show no d i f f e r e n c e s  i n  t h e  s i z e  o r  number of t h e  y g l o b i n  gene- 
c o n t a i n i n g  f r a g m e n t s  i n  normal Lepore,  HPFH, 68, 6+ and 6 O  t h a l a s s e m i a  DNA. Thus, i t  
a p p e a r s  t h a t  e x t e n s i v e  d e l e t i o n  of y g l o b i n  g e n e s  i s  n o t  r e s p o n s i b l e  f o r  t h e  v a r i a t i o n s  i n  
y g l o b i n  gene  e x p r e s s i o n  i n  t h e s e  d i s o r d e r s .  
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Mammalian Tumor Viruses 

099 
The pathway f o r  early adenovirus mRNA synthesis reflects many of the processes involved 
in synthesis of cellular mRNAs. Recent evidence has shovn that there are a t  l eas t  four 
independent transcription units responsible for synthesis of mRNAs from the four early 
regions. 
nuclease-gel electrophoresis procedures. In order to  define nuclear precursors to  the 
cytoplasmic MAS, ve have pulse labeled nuclear v i r a l  RNA and followed the fa te  of th i s  
RNA during chases. Distinct size nuclear v i ra l  RNAs have been detected and mapped by: 
solution hybridization of pulse labeled RNA t o  restriction fragments, digestion of 
hybridization mlx with single-strand specific 
hybrids by electrophoresis in an agarose. 

Evidence for possible post-transcriptional regulation of mRNAs from the early regions of 
Ad5 Will be discussed. 

RNA EXPRESSION FROM THE EARLY REGIONS OF ADENOVIRUS, Phill ip A. Sharp* and 
Arnold J. Berk, Massachusetts Ins t i tu te  of Technology, Cambridge. MA 02139 

The structure of the mRNAs from each of these regions has been defined by 

nuclesse, and resolution of labeled RNA/DNA 

100 SPLICING PATTERNS A N D  PATHWAYS OF ADENOVIRAL R N A  TRANSCRIPTS. 
Louise T .  Chow, Bill A. Kilpatrick, James 6. Lewis, Terri Grodzicker, Joe Sambrook 
Richard E .  Gelinas, and Thomas R .  Broker. Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York 11724, U.S.A. 

Cytoplasmic RNAs isolated f r o m  HeLa cells at  various times after infection with Ad-2, -3, or 
-1 or Ad2+ND1 were mapped and quantitated by electron microscopy. Nearly all the RNAs are 
spliced into composite transcripts derived from 2 to I separate segments of the genome. Each 
of the four early regions gives rise to multiple species with different splicing patterns. Tran- 
scripts from early regions 2 and 3 continue to be made at  late times, but they originate from 
different promoters. Cycloheximide (CH) strongly blocks the activation of the region 2 late 
promoter but only partially affects the major late r-strand promoter. Both CH and araC influ- 
ence the relative abundance6 of spliced RNA species from the early regions. 

Late after Ad2 infection, a common tripartite leader of 200 nucleotides is derived from 
coordinates 16.6, 19.6, and 26.6 and is spliced onto a dozen different mRNAs.  Sets of these 
transcripts form five major families that share common 3' ends. A late transcript from the 1- 
strand has a leader derived from coordinate 16.1. This implies that late transcription di- 
verges leftward and rightward from promoters in the interval 16.1 to 16.5. 

When cytoplasmic RNAs are isolated from infected cells grown on plates rather than in 
suspension, presumptive processing intermediates for the common leader on the r-strand late 
RNAs were predominant species shortly after the onset of late transcription. These extra 
sequences are located between the second and third leader segments and are of various 
lengths. They suggest a progressive nibbling out of the intervening sequences ddring RNA 
maturation, rather than a complete deletion in a single step. 

The joining of the leaders to many of the mRNAs can also be multistep processes. In 
addition to the common tripartite leader, one or more extra leaders can precede the main body 
of the mRNAs. In each case, the extra leader consists of short sequences derived from the 
5' end of an upstream gene. We propose that these segments serve as carriers to transport 
the common leader to downstream coding sequences in the long, polycistronic precursors. 

Ad3 and Ad7 leader sequences, mRNA bodies, and processing intermediates map a t  ap- 
proximately the same respective positions found for the A d 2  late transcripts, but their tri- 
partite leaders are not homologous to those of Ad2 and do not cross-anneal. This divergence 
may present a species barrier to recombination between Type B (Ad3, 7) and Type C (Adz) 
strains if leader sequences must match message sequences for RNA splicing to occur. 

In summary, Adenoviral RNA splicing can occur in different patterns within a single 
region, deletions need not occur in a single complete step, the order in which deletions occur 
can be variable with respect to both time and relative upstream-downstream location, and 
multiple pathways can be followed in the conversion of precursor to product. 
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The D2 hybrid protein from adenovirus-SV40 hybrid, AdZ'D2, is a phosphorylated polypeptide 
which is predominantly encoded by sequences from the A gene of SV40 and is related both in 
structure and function to the SV40 T-antigen. We reported previously that the D2 hybrid pro- 
tein binds and contacts residues in the major groove of the DNA at 3 specific sites in a 
region encompassing the origin of viral DNA replication. Here we report that an ATPase and 
protein kinase activity is found associated with the purified DNA binding protein. Both of 
these enzymatic activities co-purify with the 02 hybrid protein through several chromato- 
graphic steps. During ion exchange chromatography 85% of the T-antigen protein elutes at 
0.37 M NaCl (Form I) and is able t o  catalyze the hydrolysis of ATP. The remaining 10-15% of 
the DZ hybrid protein elutes at 0.29 M NaCl (Form 11) and is able to hydrolyze ATP as well 
as transfer phosphorus from ATP to either the D2 hyorid protein itself or to other phospho- 
proteins such as phosvitin. Although both forms of the protein bind DNA equally well, the 
ATPase activity co-sediments with SV40 DNA more efficiently than the protein kinase activity 
during glycerol gradient centrifugation. The ATPase activity of Form I and the phosphoryla- 
tion of the D2 hybrid protein by Form I1 are efficiently inhibited by addition of anti-T IgG 
to the reaction mixture. By contrast, phosphorylation of phosvitin by Form I1 is specifically 
blocked by anti-T 1gG only when the immune complex is removed from the reaction mixture. 
These findings suggest that in addition to binding DNA, the SV40 A gene product may also 
cztalyze specific enzymatic reactions. 

IS THE SV40 TUMOR ANTIGEN AN ENZYME AS WELL AS A SPECIFIC DNA BINDING PROTEIN? 
Robert Tjian and Alan Robbins, Department of Biochemistry, University of California, 
Berkeley, California 94720. 

102 SV4O-GLOBIN TRANSOUiING V I R U S E S ,  Dean t i .  Hamer and P h i l i p  Leder,  N a t i o n a l  I n s t i t u t e  
o f  C h i l d  H e a l t h  and Human Development, N a t i o n a l  I n s t i t u t e s  o f  Hea l th ,  Bethesda, 
Maryland 20014. 

We have c o n s t r u c t e d  a s e r i e s  o f  SV40 h y b r i d s  c a r r y i n g  mammalian g l o s i n  genes, ano a r e  
" s i n g  them t o  s tudy  r e g u l a t o r y  sequences i n  b o t h  g l o b i n  genes and t h e  SV40 genome. 
s e t  o f  v i r u s e s  c o n t a i n  r a b b i t  A-g lob in  cod ing  sequences d e r i v e d  f rom a c loned r e v e r s c  
c r a n s c r i p t  ( M a n i a t i s  e t  a l . .  C e l l  3, 163-182, 1976).  Wi th  these recombinants,  t h e  
e x p r e s s i o n  o f  t h e  f o r e i g n  DNA depends c r i t i c a l l y  upon t h e  s t r u c t u r e  of t h e  v i r a l  vec'r. 
A second t y p e  o f  h y b r i d  c a r r i e s  a p o r t i o n  o f  t h e  chromosomal mouse 6 - g l o b i n  gene. These 
v i r u s e s  have a l l o w e d  us  t o  show t h a t  t h e  mouse genomic s i g n a l s  f o r  RNA s p l i c i n g  and 
p o l y a d e n y l a t i o n  a r e  a c t i v e  i n  i n f e c t e d  monkey c e l l s ,  and t h a t  as l i t t l e  as 18 base p a i r s  
may be s u f f i c i e n t  t o  s p e c i f y  t h e  5 '  s i d e  o f  a s p l i c e  j u n c t i o n .  F i n a l l y ,  we have con 
s t r u c t e d  recombinants c o n t a i n i n g  t h e  e n t i r e  chromosomal mouse @ - g l o b i n  gene, and a r e  
now s t u d y i n g  t h e i r  a b i l i t y  t o  d i r e c t  g l o b i n  s y n t h e s i s .  

?ne 
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Gene Expression During Development 

SEQUENCE ORGANIZATION AND GENE EXPRESSION IN SEA URCHIN DEVELOPMENT, 
Eric H. Davidson, Terry L. Thomas, Amy S. Lee, Ze'ev Lev, David M. Anderson, Richard H. 
Scheller, Frank D. Costantini, Roy J. Britten, Division of Biology, California Institute of 
Technology, Pasadena, CA 91125. 

This work concerns expression of structural  gene sequences and transcription of interspersed repetitive 
sequence elements in sea urchin embryos. The genomic recombinant DNA fragments SP88 and SP34 
include single copy regions coding for polyadenylated maternal mRNA's present in the egg and in early 
embryo polysomes at  levels typical for the rare  or complex class of mRNA's. The representation of these 
sequences in the polysomal mRNA of various embryo stages and adult tissue has been measured, and both 
appear t o  be regulated sharply during development. However, as found previously by Wold et al. (1). 
transcripts of these particular sequences a re  present in nuclear RNA at the same level whether they a r e  
present or absent in the polysomal RNA. The expressed single copy regions of SP88 and SP34 are 
contiguous to interspersed repeats belonging to several repetitive sequence families. Other studies 
concern transcription of repeat elements. Costantini e t  al. (2)  and Scheller et al. (3) showed that such 
repeats are  represented in egg RNA and in nuclear RNA in a tissue-specific manner. Recent studies 
demonstrate that  the repeat transcripts stored in egg RNA are interspersed polyadenylated molecules 
probably including the maternal mRNA's. This sequence organization is unlike that of mature polysomal 
RNA. Recombinant DNA fragments containing many members of particular repetitive sequences in their 
natural sequence environments a re  described. Individual families display different environmental 
sequence organization. 

(1) B. J. Wold, W. H. Klein, B. R. Hough-Evans, R. J. Britten, and E. H. Davidson. CELL 14, 941-950, 
1978. 
(2) F. D. Costantini, R. H. Scheller, R. J. Britten, and E. H. Davidson. CELL 15, 173-187, 1978. 
(3) R. H. Scheller, F. D. Costantini, M. R. Kozlowski, R. J. Britten, a n d T .  H. Davidson. CELL 15, 
189-203, 1978. 

NON-NUCLEAR STEROID REGULATION I N  AMPHIBIAN OOCYTES. L. Dennis Smith and William J.  
Wasserman. Department of B io log ica l  Sc iences ,  Purdue Univers i ty ,  West La faye t t e ,  
I N  47907 

'04 

Full-grown amphibian oocytes  a r e  a r r e s t e d  i n  prophase of t h e  f i r s t  meio t ic  d i v i s i o n .  
Meiosis is  r e i n i t i a t e d  by proges te rone  which is  re l eased  by t h e  surrounding f o l l i c l e  c e l l s  in 
response  t o  gonadotropin s t imu la t ion .  Meiosis can  a l s o  be induced in f o l l i c l e  c e l l - f r e e  
oocytes  by exposure t o  proges te rone  i n  v i t r o .  I n  response  t o  proges te rone ,  t he  oocyte 
nuc lear  membrane breaks down, t h e  chromosomes condense and they proceed t o  t h e  second 
metaphase a t  which time t h e  oocytes  can be pa r thenogene t i ca l ly  ac t iva t ed  o r  f e r t i l i z e d .  
Hence, they  are phys io log ica l ly  mature.  The events  of matura t ion  a l s o  inc lude  a n  inc rease  i n  
t h e  r a t e  of p r o t e i n  syn thes i s  (2-4 f o l d ) ,  but no corresponding change i n  t h e  r a t e  of RNA 
syn thes i s  (1) .  

Enuclea t ion  s t u d i e s  l eave  no doubt that  s t e r o i d s  exert t h e i r  e f f e c t  i n  the  amphibian 
oocyte  a t  a n  ex t r anuc lea r  s i te.  Severa l  a d d i t i o n a l  l i n e s  of evidence suggest that s t e r o i d s  
exe r t  t h e i r  i n i t i a l  e f f e c t  a t  o r  near t h e  oocyte  su r face ,  poss ib ly  by caus ing  an inc rease  i n  
t h e  l e v e l  of  i n t r a c e l l u l a r  f r e e  calcium ( 2 ) .  The obse rva t ion  that  oocytes  con ta in  a calcium- 
dependent r egu la to ry  p r o t e i n  (CDR) sugges ts  a p o s s i b l e  mechanism by which s te ro id- induced  
changes i n  Ca* a c t i v i t y  can  be mediated. 
oocyte  cytoplasm, p r i o r  t o  nuc lear  membrane breakdown, which i n  itself can  induce meios is  
when micro in jec ted  i n t o  o ther  oocytes .  This  matura t ion  promoting f a t t o r  (MPF) depends on  
p r o t e i n  syn thes i s  f o r  i t s  appearance in t he  cytoplasm, but  does not  r equ i r e  p r o t e i n  syn thes i s  
f o r  i t s  a c t i o n  on t h e  nuc leus .  MPF induces a precoc ious  response  wi th in  the  r e c i p i e n t  oocytes 
both from a morphological and biochemical viewpoint.  Thus, i t  appears  t h a t  MPF i t s e l f  can 
a l t e r  t h e  ra te  of p r o t e i n  syn thes i s .  Recently,  it has been observed that MPF i s  no t  
r e s t r i c t e d  t o  maturing oocytes .  MPF a c t i v i t y  was de t ec t ed  i n  c leaving  embryos w h e r e  i t  
cycled as a func t ion  of t h e  c e l l  c y c l e  peaking du r ing  each m i t o s i s  ( 3 ) .  These obse rva t ions  
suggest t h a t  MPF may be p resen t  i n  a l l  d iv id ing  c e l l s  and func t ion  dur ing  t h e  CZ-M 
t r a n s i t i o n  of  t h e  c e l l  cyc le .  Thus, i t  appears  t h a t  t h e  events  of oocyte  matura t ion ,  
mediated by proges te rone ,  r ep resen t  t h e  r een t ry  of a G2 "a r re s t ed"  c e l l  i n t o  a normal c e l l  
cyc le ,  a l b e i t  meio t ic  r a t h e r  than  m i t o t i c .  

11 Wasserman, W .  J .  and L .  D.  Smith (1978) In t he  Ver t eb ra t e  Ovary. R .  E. Jones,  ed.  

2 )  O'Connor, C .  M . ,  Robinson, K. R .  and L. D .  Smith (1977) Dev. Bio l .  61, 28-40. 
3)  Wasserman, W .  J., and L .  D.  Smith (1978) J. C e l l  B io l .  78, R15-R22. 

In response  t o  s t e r o i d s ,  a f a c t o r  appears  i n  t h e  

Plenum Press .  
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THE DEVELOPMENTALLY REGULATED CHORION MULTIGENE FAMILIES, P o t i s  C .  K a f a t o s ,  
C e l l u l a r  a n d  Deve lopmen ta l  B i o l o g y .  H a r v a r d  U n i v e r s i t y ,  Cambridge,  HA 02138. 

105 
The s i l k m o t h  c h o r i o n  c o n s i s t s  o f  more t h a n  100 s t r u c t u r a l  p r o t e i n s ,  wh ich  a r e  s y n t h e s i z e d  i n  
s u c c e s s i o n  d u r i n g  a two-day d e v e l o p m e n t a l  p e r i o d .  
number o f  m u l t i g e n e  f a m i l i e s ,  as d e m o n s t r a t e d  by s e q u e n c i n g  s t u d i e s  on  c h o r i o n  p r o t e i n s  and 
c l o n e d  c h o r i o n  D N A s ,  r e v e r s e  t r a n s c r i b e d  f rom c h o r i o n  mR1IA. 
ways o f  e v o l u t i o n a r y  d i v e r s i f i c a t i o n  w i t h i n  e a c h  m u l t i g c n e  f a m i l y ,  and i n d i c a t e s  t h e  e x i s -  
t e n c e  o f  p a r t i a l  homology be tween  t h e  two mdjo r  c l io r ion  f a m i l i e s .  
The c h o r i o n  cDNA c l o n e s  have  been  r e l a t e d  by h y b r i d i z a t i o n - a f f e c t e d  mRNA t r a n s l a t i o n  t o  t h e  
p r o t e i n s  t h a t  t h e y  e n c o d e .  
s e v e r a l  d e v e l o p m e n t a l  c l a s s e s .  
C l a s s i c a l  g e n e t i c  a n a l y s i s  h a s  r e v e a l e d  t h a t  a t  l e a s t  mos t  mrmhrrs  u f  t h e  c h o r i o n  m u l c i g e n e  
f a m i l i e s  a r e  c l o s e l y  l i n k e d  i n  a s i n g l e  chromosome. 
U N A  c l o n e s  b e a r i n g  a s  many ds f o u r  c h o r i o n  genes w i t h i n  1 5  Kb h a v e  been  g e n e r a t e d .  
a r y  d a t a  s u g g e s t  t h a t  a t  l e a s t  some g e n e s  a r e  i m m e d i a t e l y  a d j a c e n t  t o  o t h e r  g e n e s  e x p r e s s e d  
d u r i n g  t h e  same p e r i o d  of c h o r i o g e n e s i s .  

These  p r o t e i n s  a r e  encoded  by a small 

Sequence  a n a l y s i s  r e v e a l s  p a t h -  

They have  a l s o  been  a s s i g n e d  by a d o t - h y b r i d i z a t i o n  p r o c e d u r e  t o  

They a r e  t i g h t l y  c l u s t e r e d :  chromosomal 
P r e l i m i n -  

Chromosome Structure and Transcription 

106 
The genomes o f  X .  laevis and X .  b o r e a l i s  c o n t a i n ,  r e s p e c t i v e l y ,  t h r e e  and two m u l t i g e n e  
f a m i l i e s  codinq-for 5s RNA (17. Two o f  t h e  t h r e e  gene f a m i l i e s  i n  X. laevis and one i n  
_ _ _ _  X .  b o r e a l i s  encode 5s genes expressed o n l y  i n  oocytes;  these genes a r e  s h u t  o f f  i n  soniat ic 
c e l l s .  The "somat ic "  58 RNA genes f u n c t i o n  i n  a l l  c e l l s .  Repeat ing u n i t s  o f  a l l  5 gene 
f a m i l i e s  have been sequenced and t h e  spacer r e q i o n s  compared f o r  sequence homologies.  The 
two somatic 5s DYAs have GC-r ich spacers;  t h e  t h r e e  oocy te  5s RNAs a r e  c h a r a c t e r i z e d  by  
c l u s t e r s  o f  A ' s  and T ' s .  A n u c l e a r  e x t r a c t  p repared f r o m  germinal  v e s i c l e s  o f  Xenopus 
oocytes suppor ts  a c c u r a t e  t r a n s c r i p t i o n  o f  5s RNA f r o m  a l l  f i v e  o f  these DNAs i n  recombinant 
form w i t h  a p lasmid  ( 2 ) .  Exper iments a r e  i n  p rogress  t o  muta te  and d e l e t e  r e g i o n s  f l a n k i n g  
t h e  genes i n  o r d e r  t o  map sequences i n f l u e n c i n q  accura te  i n i t i a t i o n  and t e r m i n a t i o n  o f  5s 
DNA. The germina l  v e s i c l e  e x t r a c t  i s  b e i n g  f r a c t i o n a t e d  t o  p u r i f y  molecules i n v o l v e d  w i t h  
RNA polymerase i n  accura te  t r a n s c r i p t i o n  o f  these genes. Supported i n  p a r t  by  N I H  g r a n t  
number 1 R01 Gl.122395. 

1. Brown, 0. D., Doering, J . ,  F e d o r o f f ,  N. ,  Korn, L . ,  Jordan, E .  and Murr,  B .  Carnegie 

2 .  B i rkenmeier ,  E . ,  Brown, D. D. and Jordan, E .  C e l l ,  November i s s u e  1978. 

THE DUAL 58 GENE SYSTEM IN XENOPUS. Donald D. Brown, Department of Embryology, 
Carnegie I n s t i t u t i o n  o f  Vashinoton, B a l t i m o r e ,  Maryland 21210. 

I n s t i t u t i o n  o f  Washington Year Book 76, 96 (1977) .  
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FACTORS INVOLVED IN THE TRANSCRIPTION OF PURIFIED GENES BY RNA POLWERASE 111, 
R. Roeder, D. Engelke, B. Harris, S. Ng, J. Segall, B. Shastry, and P. lJeil, De- 

107 
partments of Biological Chemistry and Genetics, Washington University, St. Louis, 30. 63110. 
We have used cell-free extracts prepared from mature Xenopus oocytes and from cultured cells 
(human KB, murine phasmacytoma, and amphibian kidney) to study the transcription of purified 
DNAs containing genes known to be transcribed by RNA polymerase 111. 
POlymeKaSeS in these extracts accurately transcribe various class I11 genes including the 
adenovirus VA RNA genes (in adenovirus DNA), 5s RNA genes in cloned Xenopus oocyte and 
Drosophila 5s DNAs, and tRNA genes in cloned Xenopus and Drosophila DNAs. 
scription Signals in various class I11 genes are thus recognized by heterologous transcrip- 
tion components, there is in some cases substantial discrimination between various genes. 
Thus, mammalian extracts transcribe both VA RNAI and VA RNAII genes, whereas amphibian ex- 
tracts apparently transcribe only the VAI gene; and the amphibian extracts appear to tran- 
scribe primarily that Xenopus 5s RNA gene which encodes the predominant oocyte 5s RNA, 
whereas the mammalian extracts transcribe at least two distinct 55 RNA genes in the cloned 
OOcyte 5s DNA. Additionally some purified genes are transcribed in extracts derived from 
cells which contain but do not express these genes, suggesting the loss of some transcrip- 
tional controls. 
Further studies have led to the isolation, from Xenopus oocytes and from human KB cells, of 
subcellular fractions (devoid of detectable RNA polymerase 111 activity) which contain 
factors essential for accurate transcription of purified class 111 genes by purified class 
I11 RNA polymerases. Such factors have been substantially purified by various chromato- 
graphic procedures although none have yet been obtained in homogeneous form. That there may 
be different factors for different class I11 genes is suggested by the following. The highly 
purified fraction which directs the transcription of the adenovirus VA RNA genes supports the 
transcription of cloned amphibian and Drosophila tRNA genes but not the transcription of the 
corresponding 5s RNA genes. The activity which supports the transcription of the 55 RNA 
genes is recovered in a distinct fraction. That some transcriptional regulation may be 
mediated through the class 111 transcription factors is suggested by the following prelim- 
inary experiments. The Xenopus oocyte 5 5  RNA genes (in cloned 5s DNA) are not transcribed 
in extracts prepared from transcriptionally inactive unfertilized Xenopus eggs, even though 
these cells contain levels of RNA polymerase 111 comparable to those in mature oocytes; how- 
ever, the addition of a partially purified factor from oocytes markedly enhances 5s gene 
transcription in these extracts. Studies of other aspects of transcription in these recon- 
stituted systems and the further purification and analysis of the various transcription 
factors are underway. 

The class I11 RNA 

while the tran- 

108 
The injection of purified genes into frog oocyte nuclei provides a potentially valuable 
technique for investigating the control of gene transcription. For this procedure to be 
valid, it is essential that the injected genes are transcribed correctly. It has been 
established that polymerase I11 genes are correctly and extensively transcribed. More than 
half of the transcripts synthesized by oocytes may be products of injected 5s or 4 s  genes, 
and almost all products made from injected 4s or 5s genes are correct transcripts. 5 s  genes 
and some 4s genes are transcribed directly into the final stable product, but some tRNA 
genes are transcribed into unstable precursors which are processed and modified. Polymerase 
I (ribosomal) genes may be transcribed entirely correctly, as judged by morphological 
details of nascent transcription units. Polymerase I1 genes are capable of yielding correct 
stable transcripts, but the accuracy of transcription of such genes has yet to be established. 
Current work in this laboratory involves the injection of random clones of Xenopus DKA. The 
DNA in each clone can be screened by hybridization to appropriate preparations of cDNA, with 
a view to determining the cell-types in which the cloned genes are normally expressed. 

GENE TWYSCRIPTION IN DNA-INJECTED OOCYTES, J.B. Gurdon and G . A .  Partington, 
Yedical Research Council Laboratory of !blecular Biology, Hills Rd., Cambridge, UK. 
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THE INTERNAL ORGANIZATION OF THE NUCLEOSOME, G .  F e l s e n f e l d ,  J .  McGhee, B .  S o l l n e r -  
Webb and P .  W i l l i a m s o n .  L a b o r a t o r y  o f  M o l e c u l a r  B i o l o g y ,  N I A M D D ,  N I H ,  Bethesda, MD 

109 
2001 4 .  
We have used a v a r i e t y  o f  enzymic and chemica l  probes t o  i n v e s t i g a t e  t h e  a c c e s s i b i l i t y  o f  
SNA i n  t h e  nucleosome c o r e .  
o f  nuc leases ,  o n l y  a s m a l l  number o f  d i s c r e t e  DNA f ragmen ts  i s  p roduced .  T h i s  r e s u l t  m i g h t  
suggest t h a t  o n l y  a s m a l l  f r a c t i o n  o f  t h e  p h o s p h o d i e s t e r  bonds o f  t h e  backbone i s  a c c e s s i b l e .  
We show, however, t h a t  d i f f e r e n t  nuc leases  a t t a c k  d i f f e r e n t  s e t s  o f  s i t e s ,  and t h a t  a con- 
s i d e r a b l e  f r a c t i o n  o f  t h e  DNA i s  i n  f a c t  a c c e s s i b l e  t o  some n u c l e a s e .  We n e x t  show t h a t  t h e  
, ' ~ 7  o f  guanine i n  t h e  l a r g e  g roove  o f  nucleosomar DNA i s  e n t i r e l y  a c c e s s i b l e  t o  t h e  chemica l  
p robe ,  d i m e t h y l  s u l f a t e ,  and t h a t  t h e  N3 o f  aden ine ,  i n  t h e  s m a l l  g roove ,  a l s o  r e a c t s  s i m i -  
l a r l y  i n  t h e  DNA o f  t h e  nucleosome and i n  naked DNA. F i n a l l y ,  we have examined t h e  t e m p l a t e  
p r o p e r t i e s  o f  ' c h r o m a t i n '  made by r e c o n s t i t u t i n g  t h e  c o r e  h i s t o n e s  o n t o  phage T7 DNA. We 
show t h a t  under a p p r o p r i a t e  c o n d i t i o n s ;  t h i s  n u c l e o p r o t e i n  complex i s  i n d i s t i n g u i s h a b l e  f rom 
naked DNA as a t e m p l a t e  f o r  E.  a RNA po lymerase .  These r e s u l t s  a l l  sugges t  t h a t  t h e  h i s -  
t ones  o f  t h e  nucleosome may be so des igned  t h a t  t h e y  can cause compac t ion  w i t h o u t  s e v e r e l y  
b l o c k i n g  t h e  chemica l  and b i o l o g i c a l  r e a c t i v i t y  o f  t h e  DNA. 

When t h e  nucleosome i s  p a r t i a l l y  d i g e s t e d  w i t h  any o f  a v a r i e t y  

110 THE ?lLCRASIS?I OF S C C L E O S O X  ASSEYHLY, Ronald A .  L a s k e y ,  B a r r y  M .  Honda, Anthony D. 
' l i i l s ,  a n d  R i c h a r d  ? I .  H a r l a n d .  ? l .R .C .  L a b o r a t o r y  of  X o l e c u l a r  B i o l o g y ,  H i l l s  Road, 
C n n h r i d c c  C B 2  2QH, E n g l a n d .  

T h c  3 s sembly  of  nuc lensomes  f rom h i s t o n e s  and DSA h a s  b e e n  s t u d i e d  u s i n g  a c e l l - f r e e  s y s t e m  
i r o n  iiges of t h e  f r o g  Senopus l a e v i s .  Each u n f e r t i l i z e d  e g g  c o n t a i n s  a p o o l  of  s t o r e d  
h i s t c ? n e s  ( 1 ) .  In a d d i t i o n  eggs  c o n t a i n  a t  l e a s t  one a s s e m b l y  f a c t o r  wh ich  p romotes  t h e  
o r d e r e d  i n t e r a c t i o n  be tween  h i s t o n e s  and DNA. The nuc leosome  as sembly  f a c t o r  h a s  b e e n  
i d e n t i f i e d  and p u r i f i e d  ( 7 ) .  I t  i s  an  a c i d i c  t h e r m o s t a b l e  p r o t e i n  c o n s i s t i n g  of a t  l e a s t  
f o u r  s u b u n i t s  o f  m o l e c u l a r  w e i g h t  29,000. A p r o t e i n  w i t h  s i m i l a r  p r o p e r t i e s  has  a l s o  b e e n  
p u r i f i e d  f rom wheat  embryos .  T h c  mode of  a c t i o n  o f  t h e  a s s e m b l y  p r o t e i n  h a s  b e e n  i n v e s t i  
gated. A miidel t h a t  i t  a c t s  by b i n d i n g  h i s t o n e s  t o  o r g a n i z e  them i n t o  nuc leosome  p r e c u r s o r  
L ' r ~ m p l e x r s  w i l l  be d i s c u s s e d .  The a p p l i c a t i o n  o f  t h i s  a s s e m b l y  s y s t e m  t o  t h e  e x p e r i m e n t a l  
i i ~ n s t r u i t i o n  o f  c h r o m a t i n  t r a n s r r i p t i o n  t e m p l a t e s  w i l l  b e  c o n s i d e r e d .  

1. Adamson,  E.D. d n d  i i ood land ,  H . R .  J .  ? lo l .  B i o l . ,  88, 263-285 ( 1 9 7 4 ) .  
?.  

_____ 

Laskey ,  R . A . ,  Honda, B . N . ,  ? l i l l s ,  A . D . ,  and F i n c h 7 J . T .  
( 1 9 7 8 ) .  

N a t u r e  (Lond)  275, 416-419 
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Control of Gene Expression in Drosophila 

111 A HONEOTIC GENE COEU'LES COSTROLLIX ASTLXIOR SEGEITNTATION I:: DROSOPHIL\ 
T.C. Kaufman, R.E. Denell, 9.  I,!akimoto and R .  Lewis, Indiana l'niversitv 
Bloomington, Indiana 47401 

Recent studies in this laboratory have demonstrated that there exists in the proxirial portion 
of  the right arm of g. melanogaster a gene complex, originally defined by the "atennapcdia (m) mutation, which controls segmentation in the anterior portion of the orgnnisn. 
locus is analogous to the bithorax (bx) complex which controls posterior segmertation. 
Norphological and developmental studies on several Antp complex lesions have revealed seg- 
mental transformations in the prothorax, proboscis, eye and antenna. These transformations 
are similar to those observed in the methathorax and abdomen under the influence of bs 
mutations. Utilizing two overlapping deletions for the Antp locus a series of new vutations 
has been recovered. Including the extant mutations we now have more than 50 lesions within 
the complex most of which are recessive lethals. Complementation has revealed a ninirnuni of 
7 sites. Further, based on the polar nature of some of the mutations, it appears there na\. 
be a tandem reverse repeat in a portion of the locus. The possibilitv of this intriguing 
functional arrangement is reminiscent of the bidirectional transcription units which may 
be present in the histone gene complex. 

T h i s  

(Supported bv PIIS SOS RR7031 and PIIS R01 GI[ 2 4 1 9 9 ) .  

EVIDENCE FOR MUTATIONS AFFECTING THE COORDINATE CONTROL OF THE . \ D J A C E N T  G E s E s ,  & 
AND 1(2)amd, 
Virginia, Charlottesville. VA 22901 

112 IN DROSOPHILA, J. Lawrence Yarsh and Theodore R.F. 'Vright, Cniv. of 

Two independently isolated mutants exhibit the dual phenotype of increased levels of dop.1 
decarboxylase (DDC) activity and increased resistance to the dietarv administration of I- 
methyl dopa ( a m )  (Sherald and Wright 1974). So evidence has been found for altered DSC 
protein on the basis of thermolability or in vitro sensitivity to inhibitors, nor h a s  evidence 
been found for activators or inhibitors i n i G s  of crude extracts. 
gene expression is indicated by quantitative immune precipitation with anti DDC antiserum 
which shows an elevation in CRM identical to the increase in activity. 
aMD is controlled by the 1 2 amd locus which is located immediate117 adjacent (0.001 map units) 
to the DDC structural gen*2-53.9). Evidence to date indicates that alterin? the level 
of DDC activity by as much as 10-20 fold does not alter resistance to :c?ID. 
elevated resistance and elevated activity, are most readily explained hv rnutaticyns in a region 
responsible for the coordinate regulation of the Ddc and l(2)amd qenes or b\, R small dupli- 
cation for the two genes. 
detectable nor is the increase in I)dc activitv and integral multiple of the sinele dose activ- 
ity as is expected in duplication homo- and heterozygotes. 
define a contiguous regulatory site which increases the expression of both Senes coordinntel\r. 
To identify precisely the nature of these mutations and to rule out the possibilit\, of a ver,. 
small Partially active duplication, we are presently attempting to recover the % gene f rom 
recombinant clones. 

.\n increase in Ddc 

Resistance to dirtarv 

These 1 phenatvpes, 

The latter is less likely since no duplication is cytL7iogicniiv 

Thus these two mutations may 

113 
Irvine, California 92717 
A technique which allows the isolation of intact, fully loaded polyribosomes from whole 
Drosophila melanogaster larvae (and other developmental stages) has been perfected. 
Chromatography 
revealed that only a small proportion of the total polysomal RNA (approximately 0.15%) 
contains Poly(A) sequences. 
niques which revealed that approximately 90% of the mRNA in polyribosomes at the third 
larval instar is nonadenylated. 

- D. melanogaster DNA and excess amounts of polyadenylated polysomal RNA O K  total, EDTA 
released, polysomal RNA. Our measurements show that the polyadenylated mRNA from larvae 
represents approximately 6.6% of the single copy DNA OK 6 . 0 0 6 ~ 1 0 ~  nucleotide pairs. This 
corresponds to approximately 4000 different, translationally active mRNAs (average length 
1500 nucleotides). This measurement is in excellent agreement with previously published 
values determined by cDNA hybridization kinetics. However, the total polysomal RNA from 
these larvae way shown to include approximately 22% of the single copy DNA sequence complex- 
ity or 2.002~10 nucleotide pairs. This corresponds to 13.300 different average size mRNAs. 

on larval polyribosomes. 
substantially underestimated gene number in Drosophila. 

THE PRESENCE OF A COMPLEX CLASS OF NONADENYLATED mRNAS Ih' 0. NELANOGASTER LARI'AE, 
J. Lynn Zimmerman, David L. Fouts, and Jerry E. Manning, l'niversity of California, 

of purified polyribosomal RNA over Poly-U-Sepharose o r  Oligo-dT-Cellulose 

This result was further substantiated by a variety of tech- 

Saturation hybridization experiments were performed using gap translated, single copy 

These experiments indicate the presence of a very complex class of nonadenylated mRNA 
This result suggest that previous kinetic measurements may have 
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114 HETEROGENEITY I N  H ISTONE GENE ORGANIZATION I N  OROSOPHILA, Linda 0 .  Strausbaugh and 
E r i c  S.  Weinberg, B io logy  Dept., The Johns Hopkins Un ive rs i t y ,  Ea l t i no re ,  i1D 21218 

The organizat.ion o f  h i s tone  DNA i n  Orosophi la me lanogas tx  has been analyzed us ing  r e s t r i c -  
t i o n  enzyme d iges t i on  o f  genomic DNA and agarose gel  e lec t rophores is ,  f o l l owed  by Southern 
t r a n s f e r  and h y b r i d i z a t i o n  w i t h  n i ck - t rans la ted  cloned h i s tone  DNA probe. Our r e s u l t s  f u l l y  
con f i rm  the  f i nd ings  o f  L i f t o n  e t .  a l .  [CSHSQB g:1047,1978] t h a t  the  major po r t i ons  o f  
h is tone gene repeats a re  organized i n t o  4.8 kb and 5.0 kb repeat u n i t s .  
s t r a i n s  o f  Drosophi la melanogaster o f  d i ve rse  geographic o r i g i n s  us ing  a number o f  d i f f e r e n t  
r e s t r i c t i o n  enzymes. I n  the  s t r a i n s  examined, the re  has been s t r i k i n g  s i m i l a r i t y  i n  h is tone 
DNA o rgan iza t ion .  
bu t  d i f f e rences  i n  the  r a t i o  o f  4.8 kb and 5.0 kb repeats do e x i s t .  Since i n d i v i d u a l  sea 
urch ins  can show dramat ic d i f f e rences  i n  h i s tone  DNA r e s t r i c t i o n  fragment pa t te rns ,  we were 
i n te res ted  i n  i n v e s t i g a t i n g  s i n g l e  chromosomes from Drosoph i la  s t r a i n s .  Sub-s t ra ins  i sogen ic  
f o r  a s i n g l e  second chromosome were generated from the  s t r a i n s  p rev ious l y  tes ted .  Ana lys is  
o f  DNA from these sub-s t ra ins  has shown some d i f f e rences  i n  r e s t r i c t i o n  pa t te rns  o f  DNA o f  
i n d i v i d u a l  chromosomes which were obscured when s tudy ing  the  DNA o f  t he  e n t i r e  popu la t ion .  
Usinq a s imple and qu ick  method f o r  r e s t r i c t i o n  enzyme ana lys i s  o f  DNA f rom 1-5 f l i e s ,  we 

We have s tud ied  many 

The r e s t r i c t i o n  fragment pa t te rns  a re  very cons is ten t  between the  s t r a i n s ,  

have-compared the  o rgan iza t i on  o f  h is tone DNA i n  some species o f  t he  genus Drosophi la t o  
t h a t  i n  Drosophi la melanogaster. (Supported by NSF g ran t  SMI77-12417 and PHS g ran t  Y106318 
t o  LDS, and PHS grant  GM22155 t o  ESW.) 
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E l e c t r o p h o r e t i c  v a r i e n t s  o f  t h r e e  h e a t  shock p r o t e i n s ,  23K, 27K(1) and 27K(2) have been used 
t o  nap t h e  coding  r e g i o n s  f o r  t h e s e  p r o t e i n s  by l i n k a g e  t o  v i s i b l e  markers .  
r e g i o n  of t h e  t h i r d  chromosome which i n c l u d e s  o n l y  t h e  h e a t  shock puf f  a t  67B. One of t h e s e  
h e a t  shock p r o t e i n s ,  t h e  23K p r o t e i n ,  i s  s t r u c t u r a l l y  d i f f e r e n t  from t h e  o t h e r  two ( L l i r a u l t  e t  
a l ,  1978). The o t h e r  two p r o t e i n s  27K(:) and 27K(2) and t h e i r  v a r i e n t s  have molecular  weights  
r a n g i n g  between 26.5~ and 28~. The 2 7 K ( i )  and  77K(2) p r o t e i n s  have d i s t i n c t  i s o e l e c t r i c  p o i i t s  
and t r y p t i c  d i g e s t s  a r e  b e i n g  done t o  de te rmine  t h e i r  r e l a t i o n s h i p  t o  each  o t h e r  and t o  
a n o t h e r  h e a t  shock p r o t e i n  t h e  2 6 ~  p r o t e i n .  
w e l l  as t h e  2 6 ~  p r o t e i n  show s i m i l a r  p r o t e i n  s y n t h e s i s  k i n e t i c s  d u r i n g  r e c o v e r y  from h e a t  
shock s u g g e s t i n g  t h a t  t h e y  may be  c o o r d i n a t e l y  r e g u l a t e d .  

Ref. M i r a u l t ,  M . ,  Coldschmidt-Clermont,  M . ,  Moran, L . ,  A r r i g o ,  A . P .  and T i s s i e r e s ,  A .  (1977) 

GENE EXPHESSION I N  THE 67B HEAT SHOCK PUFF OF DROSOPHILA MELANOCASTER, Nancy S .  
P e t e r s e n ,  C a l i n a  Mol le r ,  and Hersche l1  K.  M i t c h e l l ,  C a l t e c h ,  Pasadena ,  CA 91125 

They map t o  a 

The t h r e e  h e a t  shock p r o t e i n s  we have  mapped a s  

Cold S p r i n g  Harbor Symp. Quant .  B i o l .  9 , 8 1 9 - 8 2 7 .  

116 Scripps C l i n i c  and Research Foundation and U n i v e r s i t y  o f  C a l i f o r n i a  a t  San 

The molecular o rgan iza t ion  o f  t he  h is tone genes o f  Drosophi la has been charac ter ized ,  however 
the  minimum number o f  h is tone genes requ i red  f o r  v i a b i l i t y  has no t  been de f i ned  nor  has i t  
been determined i f  s p e c i f i c  h i s tone  genes a re  d i f f e r e n t i a l l y  expressed du r ing  development. The 
present work es tab l i shes  a complementation map f o r  the h i s tone  gene reg ion  i n  Drosoph i la  and 
co r re la tes  t h i s  complementation map w i t h  the  DNA sequence o rgan iza t i on  of t he  h i s tone  genes.To 
ob ta in  a complementation map, several  chromosomes have been cons t ruc ted  bear ing  e i t h e r  t o t a l  
o r  p a r t i a l  de f i c ienc ies  f o r  t he  h i s tone  genes. 
appropr ia te  crosses between t rans loca t i ons  i n v o l v i n g  the  1 and the  l e f t  arm o f  t he  second 
chromosome. Several segmental aneuploids were ob ta ined t h a t  bore e i t h e r  p a r t i a l  o r  t o t a l  
de f i c ienc ies  f o r  t he  h i s tone  genes. 
a ted  t o  produce i n t a c t  second chromosomes c a r r y i n g  the  d e f i c i e n c i e s  present i n  the  o r i g i n a l  
segmental aneuploids.  
appropr ia te  markers i n  the  h is tone gene region; 2 )  by i n t e r  se cross ing ;  3 )  by c y t o l o g i c a l  
ana lys is  o f  po ly tene and m i t o t i c  chromosomes; 4 )  by in= G b r i z a t i o n .  The o rgan iza t i on  o f  
t he  h is tone genes i n  DNA i s o l a t e d  from def ic iency-bear ing  stocks was determined i n  co l l abo ra -  
t i o n  w i t h  Richard L i f t o n  a t  S tan ford  Un ive rs i t y .  The DNAs, t r e a t e d  w i t h  r e s t r i c t i o n  endo- 
nucleases, electrophoresed and t rans fe red  t o  n i t r o c e l l u l o s e  f i l t e r s ,  were hyb r id i zed  w i t h  a 
Drosophi la h is tone gene-bearing plasmid.The number and o rgan iza t i on  o f  h is tone genes present  i n  
the  de f i c ienc ies  were thus determined and c o r r e l a t e d  

GENETIC ANALYSIS OF THE DROSOPHILA HISTONE GENES, Jacque l ine  G. Siege1 and Dan L .  
L inds ley .  
Diego, La J o l l a ,  C a l i f o r n i a  92093. 

The cons t ruc t i on  of these d e f i c i e n c e i s  u t i l i z e d  

The t rans loca t i on -bear ing  d e f i c i e n c i e s  were then i r r a d i -  

The new d e f i c i e n c i e s  were charac ter ized  by 1 )  crosses t o  stocks bear ing  

w i t h  the  genet ic  data.  
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Boston, Massachusetts 02115. 
Elements of t he  d ispersed  repeated gene f ami l i e s  G, copia, and 297 d i sp lay  a s t r u c t u r e  
s imi l a r  t o  t h a t  of t ransposable  gene t i c  elements i n  prokarvotes ( 1 , Z ) .  We have shown t h a t  

copia ,  and 297 elements vary i n  both number and loca t ion  i n  the  genomes of Drosophila 412,  
t i s s u e  c u l t u r e  c e l l s .  Comparisons of the  genomic loca t ions  of  these  elements between 
d i f f e r e n t  popula t ions  of 2. melanogaster,  and among ind iv idua l s  i n  the  same popula t ion ,  
aga in  r evea l  both q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s .  These d i f f e r e n c e s  appear t o  
r e s u l t  from t r ans loca t ion  of 412, copia, and 297 e lements .  Comparisons of the  s t r u c t u r e  
of p a i r s  of DNA segments, which a r e  i d e n t i c a l  except t ha t  one DYA segment conta ins  an 
in se r t ed  412, &, or  297 element (missing i n  the  o t h e r ) ,  r evea l  c e r t a i n  f e a t u r e s  of 
t h e  molecular mechanism(s) respons ib le  f o r  t h e  observed movement of elements of these  
d ispersed  repea ted  gene f ami l i e s .  

1) Finnegan, D.J . ,  Rubin, G.M., Young, X.U., and Hogness, D.S. (1978) Cold Spring Harbor 

TRANSLOCATABLE ELEMENTS I N  DROSOPHILA, Gerald ?I. Rubin, Brian Backner , William 
Brorein,  J K . ,  Pamela Dunsmuir, Edward S t robe l ,  and Elihu Young, Department of 
Bio logica l  Chemistry and Sidney Farber Cancer I n s t i t u t e ,  Harvard ?ledical School,  

Symp. @ant .  Bio l .  9, 1053-1063. 

2 )  Rubin, G.M. and Backner, B . ,  i n  p repa ra t ion .  

118 
Some o f  the ribosomal genes i n  0.melano as te r  are in ter rupted i n  the 285 RNA coding region by 
sequences ca l l ed  ribosomal i n s e F t A s e r t i o n s  are of two d i f f e ren t  types, no t  homolo- 
gous t o  each other. This repor t  deals w i t h  inser t ions o f  type 1, present i n  50% o f  the r i bo -  
somal genes on the X chromosome and absent on the Y chromosome. The ma jo r i t y  o f  type 1 inser-  
t i ons  are 5kb long. It has a lso been shown t h a t  sequences homologous t o  type 1 i nse r t i ons  are 
present outside the rDNA locus. The p o s s i b i l i t y  t ha t  inser ted genes are t ranscr ibed i n t o  a 
large precursor has been investigated. Cold nuclear RNA from embryos was annealed i n  excess 
t o  a 5kb i nse r t i on  probe. No hybr id  formation was detected. The absence o f  a large precursor 
containing i nse r t i on  sequences has been confirmed by t rans fe r ing  nuclear RNA from agarose 
gels t o  DBM-paper and hybr id iz ing i t  w i t h  cloned rDNA. The la rges t  molecule detected corres- 
ponds t o  the known rRNA precursor o f  8kb. Even i f  s p l i c i n g  o f  the i nse r t i on  occured ext re-  
mely rap id ly ,  the s e n s i t i v i t y  o f  the techniques used would have allowed detect ion o f  trans- 
c r i p t i o n  proceeding across the i nse r t i on ,  since i t  i s  known tha t  about 5000 rRNA precursor 
molecules are being synthesized per embryo nucleus. When RNA t ransferred from agarose gels 
t o  DBM-paper was hybr id ized w i t h  cloned inse r t i on  fragments, several bands were detected i n  
nuclear RNA and one l k b  band i n  cytoplasmic RNA. These RNA molecules are o f  low abundance, 
are complementary t o  only a p a r t  o f  the 5kb ribosomal i nse r t i on  and are d i f f e r e n t  i n  v a r i -  
ous developmental stages. 

TRANSCRIPTION OF OROSOPHILA MELANOGASTER RIBOSOMAL GENES, E r i c  O.Long and Igo r  6. 
Dawid, National Cancer I n s t i t u t e ,  Bethesda, Md 20014 

THE DEVELOPMENTAL EXPRESSION OF THE RUDIMENTARY LOCUS IN DROSOPHILA MELANOGASTER. 
Jar. Eeken, Yves Mehl, Z i l m a r  Tos ta  and Bruco P. Ja r ry .  
Centre de BLologie Hol&cula i re ,  CNRS, Marseille, France. 

We have shown r e c e n t l y  t h a t  t h e  rudimentary locus enco*:es t h e  s t r u c t u r a l  r eg ions  f o r  t he  
f i r s t  t h ree  enzymes of t he  pyrimidine b iosyn the t i c  pathway, namely carbamylphrsphate synthe- 
t a s e ,  a spa r ra t e  transcarbamylase and d ihydrooro tase .  The enzymes have been p u r i f i e t  under a 
high molecular weight canplex t o  apparent  homogeneity and an antibody r a i s e d  aga ins t  t h e  pu- 
r i f i e d  p r o t e i n  i n t o  r a b b i t s .  The corresponding messenger RNA has  been c t a r a c t e r i s e d  a s  a 355 
RNA molecule and i s  p r e s e n t l y  used a s  a probe f o r  c loning  ;he correrpor.ding DNA sequence i n  
E. c o l i .  

As a model f o r  t h e  express ion  of those  genes involved i n  housekeepitg func t ion  i n  h igh  
organisms, we have fo l loued  the  expressior.  of t h i s  locus  dur ing  t h e  e n t i r e  development of 
Drosophila,  both a t  t he  messenger RNA l eve l  and a t  t h e  p r o t e i n  leve l .  Spec ia l  emphasis has  
been brought towards e a r l y  embryogenesis and oogenes is ,  where the  gene func t ion  appears c r i -  
t i c a l  a s  i nd ica t ed  by g e n e t i c a l  experiments with tempera ture-sens i t ive  a l l e l e s  of t h e  locus .  
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Cans ( lY5 .5 )  d i s c o v e r e d  a n  i n t e r a c t i o n  b e t w e e n  t h e  X - l i n k e d  l o c i ,  z e s t e  a n d  
w h i t e ,  o f  f ) r o s o p h i l a  m e l a n o q a s t e r .  We now h a v e  e v i d e n c e  t h a t  t h e  z e s t e  l o c u s  
r c q u l x t e s  t h e  a c t i v i t y  o f  w + .  F e m a l e s  l iomozyqous f o r  2 and  w i t h  t h ' y  w +  a l l e l e s  
h a v e  y e l l o w  c y c s ,  w l i i l c  f l z s  h o m o z y ~ o u s  f o r  z b u t  w i f h  o n l y  o n c  w X l e l e  
a r e  w i l d  t y p c ( G a n s .  1 9 5 3 ) .  T h e  number a n d  p o s r t i o n  o f  w* a l l e l e s  5 t h e  Benome 
c a n  be  v a r i e d .  Whcn z i s  homozyRous,  a n y  w +  t h a t  i s  p a G e d  o r  c o n t i q u o u s  w i t h  
a n o t h e r  w *  w i l l  be  e j i p r e s s e d  o n l y  w e a k l y  ?G y e l l o w  e y e  p i q m e n t a t i o n .  ~ { o i i e v e r ,  
s i n ~ l e  i s o l a t e d  a l l e l e s  a r c  e x p r e s s e d  w i t i i o u t  s i q n i f i c a n t  d e c r e a s e  i n  a c t i v i t y .  
With z+ o r  a n u l l  Z C S ~ C  a l l e l e ,  t h e  id* CCI ICS a r e  f u l l y  a c t i v e .  We c o n c l u d e  
t h a t  l i s  a h y p e r m o r p h  o f  z +  a n d  tha?-l)oth z a n d  z *  p r o b a l ) l v  r e p r e s s  w ' .  
F u r t l i P r m o r e ,  o n l y  t h e  p r o x z a l  p a r t  o f  t h e  F l i i t e  E c u s  (wl'rx) i s  n e c e s s a r y  i n  
two d o s e s  t o  Ref a z e s t e  p h e n o t y p e ( C r e e n . l n 5 9 ;  Judd,l9hl) .hc a c t i v i t y  o f  w +  
i n  q e n o t y p e s  w i t h  v a r i o u s  d o s e s  o f  L ,  z+, a n d  I+-+ s u q q e s t s  t h a t  t h e  z e s t e  re- 
p r e s s o r  m o l e c u l e  i s  a c t i v a t e d  b y  w P r X . T c  t i y p o s e s i z e  t h a t  t h e  a c t i v a t o r  i s  
an-RNA p r o d u c e d  b y  wprx. We now l i avc  some new z c s t c  a l l e l e s  t h a t  h e h a v c  l i k e  
m u t a n t s  o f  r e p r c s s o r t i v i t y  and others t h a t  seem t o  l a c k  t h e  a b i l i t y  t o  
h i n d  a c t i v a t o r .  

U n i v e r s i t y  o f  T e x a s  a t  A u s t i n ,  A u s t i n ,  T e x a s  71712. 

- 

Gans ,  M.1953. B u l l .  H i o l .  F r a n c e  H e l g .  ( S u p p l . )  3 8 :  1 - 9 0 .  
G r e e n ,  51. M . 1 9  59. l l e r  ed i t y 1 3 : 3 0 2 - 3 1 5 .  
J u d d .  U.i1.1!161. P r o c .  N a t .  A c a d .  S c i .  USA 47:545-5Sll. 

DOSS POSITION-EFFECT V A R I E G A T I O N  I N  DROSOPHILA RESULl' FROM SOMATIC GENE 12' LOSS? Steven  Henlkoff ,  U n i v e r s i t y  of 'Vashington, S e a t t l e ,  WA 95195 
Chromosome a b e r r a t i o n s  t h a t  p l ace  a euchromnt ic  qene l o c u s  n e a r  heterochroma- 
t i n  o f t e n  r e s u l t  I n  a v a r i e q a t e d  phenatype i n  which t h e  gene i s  f u l l y  a c t i v e  
i n  soae c e l l s  and a p p a r e n t l y  I n a c t i v e  I n  o t h e r s .  S ince  t h e  gene i t s e l f  is n o t  
permanently a l t e r e d  i n  t h e  germ l i n e ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  mutant t is- 
sue  r e s u l t s  from phys ica l  loss of t h e  qene i n  some somnt lc  c e l l s .  I n  o r d e r  t o  
tes t  t h i s  p o s s i b i l i t y ,  po ly t ene  chromosomes were exsvlned  from heat-shocked 
Drosophi l s  l a r v a e  he te rozggous  f o r  a normal sequence  chromosome and an  a b e r -  
r a n t  homolog wi th  a p u f f - s i t e  pluced ne%r he te rochromat in .  Occas lonnf ly ,  t h i s  
hea t -shock  puff was s b s e n t  on t h e  mutant homolog i n  n u c l e i  where t h e  normal 
chromosome puff was f u l l y  a c t i v e .  3H-lsbeled RNA probes  were used t o  d e t e c t  
p u f f - s i t e  sequences by h y b r i d i z a t i o n  i n  s l t u .  I n  some c a s e s ,  s p e c i f i c  l a b e l -  
i n g  n e a r  t h e  euchromstin-heterochromatln J u n c t i o n  of t h e  a b e r r a n t  honolog w a s  
a p p a r e n t ,  even though no puff could  be  seen .  This sugges t s  t h a t  v a r i e g a t i o n  
can  occur  wi thou t  t h e  loss of a gene ' s  DNA sequence. 

122 ENUMERATION A N D  MAPPING OF THE 87A and 87C HEAT-INDUCED SEQUENCES IN DROSOPHILA 
MELANOGASTER. - 

David Ish-Horowicz, Paul Schedl*, Spyridon Artavanis-T:akonas* and Marc-Edouard,,Miraul t t  
Imperial Cancer Research F u n d ,  London, NW7, England; Biozentrum der Universitat, Basel, 
Switzerland; t Dept. de Biologie Moleculaire, Universite de Geneve, Switzerland. 

The 70,000d heat shock protein of D.melanogaster (hsp 70)  i s  encoded a t  2 loc i ,  87A7 and  87C1 
(Ish-Horowicz e t  a l . ,  in preparation; Schedl e t  a l .  (1978) Cell 14 ,  921; Livak e t  a l .  (1978), 
in press. We have investigated the genomic organisation of hsp m-coding sequences and  have 
found t h a t  the  number and arrangement of coding sequences varies between different laboratory 
strains.  Laboratory wild-type Ore on R stocks are polymorphic in their  pattern of restriction 
enzyme fragments t h a t  contain &equences. We have studied a number of strains deleted 
for either 87A or 87C t o  determine the number of coding loci a t  each s i t e .  A control 
cnromosome t h a t  retains both  loci has three coding sequences a t  87C and  2 copies a t  87A. 

coding sequences; only coding sequences from 87A are cut by &;coding sequences from 87C 
l a c k  a second Sal I cleavage s i t e  found i n  87A sequences. The proteins encoded a t  87A and  
87C are very s m r .  
45kb a t  87C including the 87C1-specific heat-induced sequences described by Lis e t  d i .  (1978) 
Cell 1 4 ,  901. 

We have constructed restriction maps of both  regions: 10k a t  87A, 
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123 T.SE BlOCkEMIC.4L GENVCICS OF CHORIaN SYNTHESIS IN DMSOPHILI MELASffi,4STER, Mav E l l e n  
Digan, Allan C .  Spr.adlinn, Anthony P .  Nahowald, Indiana Universi ty .  Eloomington. In.  
47401, and G a i l  L. WarinK, Marquette Unvrers i ty ,  Kiluaukee, Wisconsin 53233 

The chorion i s  synthesized by t h r  f o l l i c u l a r  epi thel inm durin?: th- last s t apes  of ooeenesis 
i n  DrosODhih melanogaster.  Hand-isolated. in v ivo  l ah r lod  s t age  l t - ? b  eee chambers show 
sequen t i a l .  s tage-soocif ic  changes i n  syn thes i s  of Protein and wly(A)-containing RNA 
( 1 ,  2). ’Pdo major bands of uoly(A)-containinq I”. E3 and 774, produced b.7 s t age  12 erg 
chambers hybridize i n  s i t u  t o  a s i n g l e  site on the X-chromosome near Ell ( 7 ) .  
r eces s ive  f e m a l e - s t z i G + n t i n n s  ma0 p e n e t i c l l l y  t o  a I b b a n d  reeion surrounding t h i s  
site (El? t o  9A4 * 1, snd c3use morpholorical  and h iochmic41  de f -c t s  i n  t h e  chor ion  
i n  homozygous f-males. 
63 and F4 as we l l  as soveral  nejor chorion proteins .  including c36YnTc38  ( 3 ) .  
chambers from females horrozygous f o r  9 new ViljLS-iiduced femD.le-strrile mutation synthesize 
c38, but  do n o t  synthesize c36. 
Seve ra l  cDNA clones which hyhridize s p e c i f i c a l l y  t o  W l  have bern selected from a Sank 
of c lones  p r e p r e d  from Dolv(A)-conbinine ?\:A of l a t e  stage egp: chambers (Suradl ine,  
Po l i sky ,  Mahowald. and C r a i r ,  3s. i n  preparat ion) .  Usine t h i s  systnn. it i j  poss ib l e  
t o  study s soecii‘ic chromosamal region o f  known Eenet ic  func t ion  st t r e  3W4 l r v e l .  
We intend t o  c o r r e l a t e  p a r t i c u l a r  d e f r c t s  i n  Db!A t o  the  Siochcmical snd morphological 

TWO 

PgR chambers from o c e l l i l e s s  hor.ozvrotPs (oc/oc) underproduce 
Pq:q 

Heterozy?ot*s of t hese  two mutations are f e r t i l e .  

1 fe’F.lle-s:erile :‘utations i n  t h i s  rrrsi on. 

124 
06268 
Induction and ana lys i s  of XDH underproducers a s  pu ta t ive  c o n t r o l  va r i an t s .  
(3-52.0) def ines  a segment of DNA a s soc ia t ed  with the  bioeenesis  of t h e  enzyme xanthine 
dehydrogenase (XDH). 
assume t h a t  t he  locus possesses  t r a n s c r i p t i o n  and t r a n s l a t i o n  r egu la t ing  sequences. Previous 
r epor t s  from t h i s  l abora to ry  have descr ibed experiments which de f ine  the  l e f t  border  of t h e  
XDU s t r u c t u r a l  element as we l l  as a c i s - ac t ing  c o n t r o l  element immediately to t h e  l e f t  of t h e  
s t r u c t u r a l  element (See Review, Chovnick et az., 1977 CSHSQB ~ : 1 0 1 1 - 1 0 2 1 ) .  I n  an e f f o r t  
t o  f u r t h e r  de f ine  the  gene t i c  s i t e s  a s soc ia t ed  with the  con t ro l  of XDH b iosyn thes i s  a s e r i e s  
of mutagenesis and s e l e c t i o n  experiments w e r e  conducted t o  produce an a r r a y  of XDH under- 
producers.  
gene t i c  ana lys i s .  The r e s u l t s  of these  s t u d i e s  w i l l  be  discussed i n  l i g h t  of our cur ren t  
understanding of t h e  con t ro l  mechanisms a s soc ia t ed  with t h e  expression of WH. 

GENETIC ORGANIZATION OF THE ROSY LOCUS I N  DROSOPHILA MELANOCASTER, Stephen H. Clark,  
Arthur J. H i l l i k e r  and Arthur Chovnick, The Universi ty  of Connecticut,  S t o r r s ,  CT 

The rosy locus  

In add i t ion  t o  containing amino a c i d  sequence coding information w e  

Several  XDH “lows” were recovered and subjected t o  d e t a i l e d  biochemical and 

125 
Worcester, Massachusetts 01605 
We have characterised the rDNA o f  Call iphora erythrocephala (a Dipteran f l y  o f  the same sub- 
order as D. melanogaster) by i )  analys is  o f  cloned fragments of the rDNA and ii) hybr id isa-  
t i o n  o f  32P l abe l l ed  rRNA t o  t o t a l  genomic DNA cleaved w i t h  various r e s t r i c t i o n  enzymes. 
The cloned rDNA fragments demonstrate t h a t  some rDNA c i s t rons  contain i n t rons  pos i t ioned 
w i t h i n  the 285 rRNA coding sequence a t  a po in t  ind is t inguishable from tha t  of the D. melano- 
gaster rDNA i n t rons .  Cross-hybridisation experiments show t h a t  the rDNA in t rons  o f  the two 
species are l a r g e l y  unrelated i n  sequence although a small amount o f  homology between the 
r ight -ward end o f  the C. erythrocephala i n t rons  and the extreme right-ward end o f  the major 
class o f  D. melanogaster i n t rons  has been demonstrated. 
genomic DNA have establ ished the presence o f  two major length classes o f  c i s t r o n  w i t h i n  the 
t o t a l  rDNA, but  have shown, surpr is ing ly ,  t ha t  these r e s u l t  from two length classes o f  non- 
t ranscr ibed spacer, not from the presence/absence o f  an i n t ron .  
probably a minor class i n  t h i s  species therefore. 
what f r a c t i o n  of the t o t a l  rDNA set they represent, and whether rDNA i n t r o n  sequences e x i s t  
i n  t o t a l  genomic DNA outside the rDNA proper, are i n  progress. 

INTRONS IN THE rDNA OF THE DIPTERAN FLY CALLIPHORA ERYTHROCEPHALA. Kathy Beckingham 
and Ray White, Dept. Microbiology, Un ive rs i t y  o f  Massachusetts Medical School, 

The hyb r id i sa t i on  studies using 

Intron’ rDNA c i s t rons  are 
Experiments t o  determine m r e  p rec i se l y  
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Control o f  Gene Exmession in Yeast 

126 A GENETIC STRUCTURAL DEFECT WICH PREVENTS GENE SIJITCHINC IN YEAST, Lindley C. Blair 
and Ira Herskowitz, Inst. of Yolecular Biology, Univ. of Oregon, Eugene, OR 97403 

In haploid yeast the cell phenotype is controlled by the mating type locus (MAT), which has 
two wild type alleles, 5 and 2. Haploid homothallic strains undergo frequent genetic 
switching between these alleles, whereas in diploid a/a strains the switching mechanism is 
off (for a model to account for the switching mechanism see the abstract by Kushner, Blair, 
and Herskowitz). A natural variant allele of the mating type locus, K:.-inc (inconvertible), 
is resistant to this frequent switching event in haploids (Takano, et al., 1973). In order 
to determine whether UTi-inc acts similarly in the presence of another mating t:;pe locus 
special diploids were-cTnstructed in which the switching mechanism remains on. Analysis of 
these diploids demonstrates that the defect in switching of E z - i n c  is cis-acting. These 
results are in accordance with those of Takano and Arima (1978) and support the hypothesis 
that the x i - i n c  allele contains a structural change which renders the mating type locus 
insensitive to switching. 

127 
IJe have identified a cis control site specific for the gene of Saccharomyces cerevisiae. 
"he gene codes for threonine deaminase and is repressed by L-isoleucine. We have 
isolated 
site which affects both the basal level of expression as well as being constitutive. In 
strains which are ilv 1-OPc, the differential rate of synthesis of threonine deaminase is 
7.0 compared to 1 . 3  for ilv l-OPc strains when cells are grown in minimal medium. Under 
repressing conditions the differential rate for ilv 1-0P' strains is 0 . 4  et it is still 
7.0 for ilv 1-OPc strains. phenotype is 
man fest i 
(OP -11v 1 ). 
nonsense mutation which prevents the intprference of intracistronic complementation. 
found that haploids which were OPc-ilv 1 were resistant to thiaisoleucine (TIL) which 
inhibites growth of OP+-ilv 1' strains. 
OPc was found to be closely linked to the ilv 1 gene. By three factor analysis in the 
following CKOSS (Arg6-OPc-ilv 1 ) x ( A r g 6 - m l v  1+) we mapped the OPc mutation outside 
the most proximal- mutation. Furthermore, the OP region may be located equidistant 
between the Arg6 and genes: Arg 6 OP ilv 1. 
New techniques are being utilized to isolate a piece of DNA containing both 
and thus permitting the correlation of  DNA sequence data with various OPC mutants. 

ASALYSIS OF A YEAST ilv 1 OPERATOR MUTATION, Arthur P. Bollon, University of 
Texas Health Sciencexnter, Dallas, Texas 75235 

regulatory mutants designated ilv l-OPc which are affected in a control 

z The OPc mutation is cis dominant since the OP 
the diploid (OPc-ilv 1') x OPf -ilv 1-1) but not in the diploid (OPc-ilv 1-1) x 

The ilv 1-1 mutation used in this cis-trans analysis is a noncomplementing i .  0 
We 

We utilized T I L  to select for recombinants since 

128 REGULATION OF TRANSCRIPTION,OF THE YEAST PLASMID, 2~ CIRCLE, James R. Broach, 
John F. A tk ins ,  Carolyn McGi l l  and Louise Chow, Cold Spr ing  Harbor Labora tory ,  
Cold Spr ing  Harbor, N.Y. 11724. 

We have i d e n t i f i e d  two major and approximately ten  minor polyA con ta in ing  RNA species i n  
- S. ce rev i s iae  which a r i s e  f rom i n  v i v o  t r a n s c r i p t i o n  o f  t he  yeas t  plasmid,  known as 2 p  
c i r c l e .  The two major species,  which a re  1325 and 1275 bases i n  length ,  a re  t ransc r ibed  
from the  two unique ha lves  o f  t he  p lasmid  and extend i n t o  the  i n v e r t e d  repeat  sequences 
which separate the  unique reg ions .  
i n  l eng th  f rom 2600 bases t o  350 bases, i n d i c a t e  t h a t ,  except f o r  a smal l  reg ion  o f  t he  
genome i n  which no t r a n s c r i p t i o n  i s  observed, bo th  s t rands  o f  the  e n t i r e  2u c i r c l e  genome 
are  t ranscr ibed.  We have a l s o  demonstrated t h a t  RNA t ransc r ibed  from 2u c i r c u l a r  DNA i s  
used t o  program the  syn thes i s  o f  s p e c i f i c  p r o t e i n s  i n  yeas t :  1 )  Yeast RNA complementary 
t o  21, c i r c l e  DNA can be t r a n s l a t e d  i n  v i t r o  t o  produce s p e c i f i c  po lypept ides  o f  s u b s t a n t i a l  
s i z e ,  and 2) some o f  t he  21, c i r c l e  F a n s c r i p t s  a re  found on po lysoms .  
p a t t e r n  o f  t r a n s c r i p t i o n  o f  2~ c i r c l e  suggests the  p o s s i b i l i t y  t h a t  messenger RNA species 
a re  de r i ved  by cleavage o f  l a r g e r  t r a n s c r i p t s  and, i n  add i t i on ,  t h a t  t he  i n t ramo lecu la r  
recombinat ion o f  Z p  c i r c l e  which occurs i n  yeas t  f unc t i ons  as a gene t i c  sw i t ch  t o  allow 
separate express ion  o f  two se ts  o f  genes on the  2u c i r c l e  genome. 

The map p o s i t i o n  o f  t he  minor t r a n s c r i p t s ,  which range 

F i n a l l y ,  t he  
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Cornell University, Ithaca, N.Y., 14853 

gene of 2. cerevisiae. With Albert Hinnen, we cloned the gene as described in these - 
abstracts (G. R. Fink, P. Farabaugh, and C. Ilgen). The plasmid (pYe-4) consists of a 
14 million dalton -1 fragment from yeast inserted into the tetr gene of pBR313 at its 
single BamHl site. It complements both G 4 A  and *4C mutations. Since the gene order is A 
B C, the plasmid must contain most, if not all of G 4 .  We have identified the posi on of 
an &RI, = I ,  and -11 restriction site in the gene by Southern hybridization of "P-lab- 
eled pYeHIS4 to restriction digests of DNA isolated from a series of his4AB deletions. 
comparisrof this map with the restriction map of the plasmid identizs the position of the 
- his4 gene--approximately the middle of the insert. The Southern analysis also shows us that 
the insert contains no repetitive sequences longer than 50 base pairs and that the his4 gene 
does not appear to include intervening sequences in the first 1000 base pairs. 
in vivo generated deletions and a collection of in vitro generated deletions, we have begun to 
define the physical extent of the his4 region, both its putative control region and the struc- 
tural gene. 
tion mutations; we have begun to determine the structure of the gene, the elements involved 
in its regulation, and the molecular basis of mutagenesis in the region. 

GENETIC AND BIOCHEMICAL ANALYSIS OF THE E 4 A B C  GENE OF YEAST, Philip Farabaugh, 
Christine Ilgen, and Gerald R. Fink, Department of Botany, Genetics and Development, 

We have used the technique of molecular cloning to analyze the structure of the his4 

A 

Usingthese 
_ _ _  

We are sequencing the gene, its control region and a spectrum of point and dele- 

130 
Mating type interconversion in Saccharomyces cerevisiae apparently involves copying a new 
allele from one of 2 silent "library" genes and the transposition of this new allele to re- 
place the original% allele. We have been trying to establish some rules that govern these 
- MAT interconversions. o r  must it switch 
first to MATa? 
rulate, thedefective =* must switch directly to (as there are no a library alleles). 
The MATa-inc/mata_* diploid readily switched to xa-inc/MATa_. 
equivalent MATa-inc/matalO strain with only a library alleles indicate that E a l q  can switch 
directly to %a. 
switched? When normal homothallic interconversion of MAT is prevented by the presence of the 
- cis-acting mutations g 5 - Z  or w a - k ,  interconversions of mating type may occur at 3 or 
HMa. For example, F,MATa-inc HMa strains become changed to HO hw. MATa-inc HMa at a fre- 
quency of 1%. Moreover, in the course of analyzing the Ea-inc/mata_* diploids described above, 
we found one case (out of 12 examined) in which a copy of wa-& had been transposed to a new 
location. This transposed Z a - Z  allele is able to act as a library gene for the switching 
of %a. 
only about lO%?efficient as normal. Althoughhe g a - k  allele is  not switched to m, 
the transposed MATa-inc "library" can be used to switch MAT%. Thus the nechanisms of copying 
@$.transposingthe library sequence must differ from the process of excising the sequence at 

"ILLEGAL" TRANSPOSITIONS OF YEAST MATING TYPE GENES, James E. Haber and Deborah %gal 
Mascioli, Brandeis University, Waltham, MA 02154 

1) Can MATa switch directly to another copy of 
In order for diploids of genotype $/& Ka-inc/mata* a/% HMa/HMa to spo- 

Preliminary results with an 

2) Can the copies of mating type at the 5 and %a library genes be 

- 

The MATa allele is converted to Ea-inc which is again "stuck." The switching is 

- 

DETECTION OF E. COLI CLONES CONTAINING SPECIFIC Yr&T GENFS BY IMMUNOLOGICAL 
SCREENING, R o z a l x  Hitzeman, A. Crais Chiqaiilt. Alan J. Kingsman, and John Carbon, 
University of Czlifornia. Santa Barbara, CA 

13' 

We have developed a? in.iiinoloaical screening DroCedilTe for  the selection of antigen- 
producing clones from colony banks. 
cyanoqen bromide-activated paper discs, contact of this 
plates, and finally detection of the bound antiqen with EgI-labelled antibody. Using this 
method several colonies o f  3. a. containing yeast DNA inserts in plasmid u. have been 
isolitqd that oroduce antigen to antibody made t o  yeast hexokinsse or to yeast phospho- 
elycerate kinase (PCK). 
restriction maps of the LNA sequences oroducinq these antiqens will be presented. 
megadalton yeast DNA insert in one clone producing FGK cross-reacting material has been shorn 
to originate from chromosome IIJ of yeast. using quantitative "Southern" hybridizations to 
DYA from yeast strains aneuoloid f o r  this chromosome. 
results of Lam and Msrmur (J. Bacteriol. k locus in 
the riqht arm of chromosome I11 near the centromere. In addition. stretches o h A  contiguous 
with this same yeast DNA se,jtience have been isolated by overlap hybridization screening. 
Since overlappinq DNA segments 
the centromere. it is exuscted that further experiments should enable the isolation and 
characterization of the entire DNA sequence between &and leu-2, including the centromeric 
regio?. 

93106 

This method involves covalent attachment of antiserum to 
er with l y s d  colonies on agar 

The chsracterization of the antigens produced in E. and 
The 10 

Phis is consistent with genetic 
746. 1977), who have mapped the 

have been obtained f o r  the leu-2 region on the left side of 
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REGULATORY GENE ACTIVITY IN THE GALACTOSE PATHWAY OF YEAST, James E. Hopper, James 
Yarger and Daniel Perlman, Rosenstiel Center, Brandeis University, Waltham, MA 02154. 

unlinked regulatory genes; a positive regulator, *. and a negative regulatory, s. 

13* 
Induction of galactose pathway gene expresssion in 2. cerevisiae is under the control of 

two 
To ascertain whether the 3 gene product is required for de novo appearance of galactose 
gene transcripts we have isolated yeast-pMB9 recombinant DNA molecules containing galactose 
genes. These recombinant molecules, which were identified by their specific capacity to hy- 
brid-select in vitro translatable s a n d  specifiea mRNAs, were used as hybridization 
probes to assay for the inducible appearance of galactose gene transcripts in wild type (GAL4) 
cells and in cells carrying a gal4 mutant. The gal4 mutant cells produced no galactose gene 
transcripts detectable by this assay. We also performed two experiments designed to determine 
whether GAL80 controls GAL4 function at the level of GAL4 gene transcription or translation or 
alternatively at the level of GAL4 protein activity. One experiment involved the addition of 
cycloheximide 10 min prior to the addition of galactose. 
mRNAs as assayed by in vitro translation was normal. In the second experiment inducible gall 
cells were mated in the presence of galactose with uninducible @ cells containing either a 
dominant MS encoded galactose-insensitive repressor of the normal GAL80 encoded galactose 
sensitive repressor. Galactokinase was expressed in the GALBO/GAL80 zygote and not in the 
u s / C A L 8 0  zygote. We conclude that the GAL4 protein is constitutively synthesized and its 
activity is negatively controlled by dirert interaction with the GAL80 protein. A model is 
presented. 

The appearance of =and 

133 HIGh FREQUENCY TRANSFORMATION OF YEAST BY PLASMIDS CONTAINING THE CLONED YEAST 
GENE. Chu-Lai Hsiao and John Carbon, Department of Biological Sciences, University 
of California, Santa Barbara, California 93106. 

Hybrid ColEl plasmids containing the yeast or his3 genes transform yeast mutants with 
low frequency to 
and Fink, PNAS 2, 1929 (1978)). In contrast, hybrid ColEl plasmids containing cloned DNA 
from the yeast arg4 region (e.g., pYe(&)l) transform yeast &mutants with a frequency 
of 10-4 (about Gz-to lo3 transformants per ug plasmid DNA), and replicate autonomously 
without integrating into the yeast genome. The yeast transformants are unstable when 
grown on nonselective media, but can be readily maintained and grown on minimal media 
lacking arginine. 
the yeast transformants was demonstrated by Southern gel hybridization, and by transforming 
_ _ _  E. c o l i s  mutants with DNA preparations from yeast transformants and subsequent recovery 
of intact plasmid DNA from the g. 
yeast-€. coli "shuttle" remain essentially unchanged, as judged by DNA restriction fragment 
patterns. 
gene in g .  coli do n o t  appear to affect expression ofthe cloned a gene in yeast. 
Appropriate derivatives of these & plasmids are of potential usefulness as vectors 
f o r  cloning genes in yeast, and f o r  studying the mechanism of yeast DNA replication. 

and become integrated into the yeast genome (Hinnen, Hicks 

The existence of unintegrated replicating transforming plasmid DNA in 

transformants. Plasmid DNAs recovered from the 

Plasmid mutations leading to increased efficiency of expression of the 

1% CHROMOSOMAL ORGANIZATION OF TRANSCRIBED YEAST DNA SEQUENCES AS INVESTIGATED BY 
IMPROVED METHODS OF R-LOOP MAPPING. David B. Kaback and Norman Davidson, Department of 

The organization of the genes coding for mRNA in Saccharomyces cerevisiae has been invest* 
Chemistry, California Institute o f  Technology, Pasadena, California 91125 

gated by electron microscopy of R-loops. 
DNA structure caused by RNA displacement of one DNA strand at the complementary site. These 
studies were made possible by new techniques which greatly improve the effectiveness of R-loop 
mapping. DNA was first crosslinked once per 1-5 kb using 4,5', 8-trimethylpsoralen. This per- 
mits hybridization with high molecular weight DNA at temperatures where all the DNA is effec- 
tively single stranded. AS a result, R-loops can form regardless of the base compositions of 
the coding and flanking sequences and the double stranded molecular weight of the DNA is main- 
tained. Total vegetative mRNA was hybridized under saturating conditions to crosslinked DNA. 
Under normal conditions these R-loops were unstable due to branch migration and only a small 
fraction of the expected R-loops were observed. We were able to stabilize R-loops by modifying 
the displaced DNA strand with glyoxal which prevents the displacement of the R-loops by branch 
migration. After this treatment 3 0 4 0 %  of the double stranded genome is found in R-loop struc- 
tures, in close agreement with RNA complexity measurements (Hereford and Rosbash, Cell 10,403 
(1977)). The spacing of the genes appears heterodisperse with a mean length of 1.5t2.0 kb on 
each side of a 1.0tO.8 kb R-loop. The largest observed stretch of DNA not containing R-loops 
was 30 kb. R-loops from abundant mRNA populations corresponding to ribosomal protein, histone 
and other highly expressed genes showed no obvious patterns of clustering on the genome. 

R-loops are easily recognized bubbles in the duplex 
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135 LlLTtRMINATION OF CELL TYPE BY MOBILE GENE CASSETTES--A CRITICAL TEST, Peter J. Kushner, 
Lindley C. Blair and Ira Herskowitz, University of Oregon, Eugene, OR 97403 .  

C e l l  type in haploid yeast is controlled by the mating type locus (MAT) which has two alleles, 
- a and u. 
between these alleles. According to the Cassette Model these switches (for example, from a to 
- u )  are produced by the insertion of a replica of a silent library 2 gene (an a cassette) izto 
the mating type locus, a site of active gene expression. This hypothesis leads to the predic- 
tion that a strain with a mutation in, for example, the silent 2 gene, should switch f r o m  
- LYAT a+ to 5 and then to p.J 2- (diagram below). We have isolated mutations in the genetic 
loci postulated to be the silent 2 and the silent 5 information (&and H&. respectively) 
and find that the mutations are indeed "transmitted" to the mating type locus, where they have 
phenotypes like those of previously existing K z -  and Ed mutations. 

I n  homothallic strains the mating type locus undergoes frequent genetic switching 

136 dIOCHEMICAL AND GENETIC INVESTIGATION OF TtlE EXPRESSION OF YEAST tRI4AhEL 
Maria Sa lva to ,  Diane Colby, T ina  Etchever ry ,  Pyn Miake and C h r i s t i n e  G u t h r i e  
University o f  Cal i fo rn ia ,San Frdncisco, Oept. Biochemistry:Biophysics,S.F., CA 94143 

Certain tRNAs in Saccharomyces cerevisiae arise via precursor molecules containing intervening 
sequences. This lab has been investiyating a serine tRNA w i c h  accumulates such a precursor 
in the mutant ts136. Like the tyrosine and phenylalanine tRNA precursors (Knapp et al.1978; 
O'Farrell et a m 7 8 )  this precursor is also mature at both termini and contains an inter- 
vening sequence adjacent to the anticodon (Etcheverry,Colby, and Guthrie, in press). Genetic 
and biochemical data indicate that there i s  only one gene for the tRNASer, and that, unlike 
the genes for other yeast serine tRNAs, this is the only one containg U C G  an intervening 
sequence. Hence it i s  of great interest to investiyate the expression o f  this particular tRt4A. 
We have identified plasmid-bearing clones containing DNA complementary to tRNASer for the 
purpose of transcribing these in a Xenopus oocyte system. Also ,  we have isoIa?% mutants 
from serine suppressors which show simultaneous l oss  o f  suppression in several genes, 
indicating a possible mutation in some aspect of the processing machinery of this tRNA. 

The Structure and Expression of Eucaryotic Genes 

137 

W e  have recently sbwn tha t  ear ly  sea urchin &ryogenesis is characterized by a 
d is t inc t  s h i f t  i n  histone messenger RNA synthesis. A t  appmldrrately 12 h o w  of 
ehyogenesis t h e  histone genes which w e r e  active p r i o r  to this point i n  time 
are no longer u t i l i z e d  and a new c lass  of histone genes is u t i l i z e d  instead. We 
r e f e r  to  these tuo functional subgroups as ear ly  (E) and l a t e  ( L )  histone genes. 
Our wrk has focused mainly on the genes mding f o r  histone H 4  messenger FNA. 
Differences between E and L H 4  nRNAs include: a )  considerable divergence i n  only 
or rrostly t h i r d  position degenerate bases between these tw MNAs; b )  the  E mRN.4 
is 393 nucleotides long while t h e  L nWU is 40 nucleo t ide  shorter ;  and c)  t h i s  
length difference mifests i t s e l f  largely at t h e  5' untranslated end of t h e  mRNAs. 

Cloned his tone genes o f  the  sea urchin Stmngylocentmtus purpuratus have been 
isolated.  Of 100 independently isolated clones the  majority a r e  of t h e  E-type. 
We have also isolated several histone gene clones which are not of the E-type. 
'Ihese new histone genes have a l te red  repeat sizes. res t r ic t ion  enzyme pat terns ,  and 
show considerable divergence f m  t h e  E class histone genes. Experiments are 
presented regarding t h e  s tage spec i f ic  nature of these genes. 

-AUY SPECIFIC HISIZNE GENE3 OF ?HE SEA URUfIN, Michael G r u n s t e i n ,  
Allan Lohe, Kathleen Dianund and Eva. Knoppel, Molecular Biology Ins t i tu te ,  
University of Cal i fornia ,  b s  Angel-, California 90024 

59 



Eucaryotic Gene Regulation 

138 
Subtypes o f  t h e  h i s t o n e s  H 1 ,  H2A and H2B a r e  d i f f e r e n t i a l l y  a c t i v a t e d  d u r i n g  s e a  u r c h i n  
embryogenesis.  
r e p r e s s i o n  and a c t i v a t i o n  o f  d i f f e r e n t  sets of h i s t o n e  genes .  
h i s t o n e  m R N A ' s  from d i f f e r e n t  embryonic s t a g e s  o f  development on  t h e  b a s i s  of t h e i r  
compl imentar i ty  t o  c l o n e d  individual " e a r l y "  h i s t o n e  genes .  The r e s u l t s  show t h a t  i n  
a d d i t i o n  t o  s h i f t s  i n  mRNA's  f o r  t h o s e  p r o t e i n s  i n  which t h e r e  a r e  v a r i a n t  subtypes  ( H 1 ,  H2A 
and H2B). t h e  m o s t  conserved  p r o t e i n s  H3 and H4 a l s o  show d r a m a t i c  changes i n  t h e  p o p u l a t i o n  
of t h e i r  m R N A ' s .  On t h e  basis o f  s i z e  d i f f e r e n c e s  w i t h  cor respondinq  p u r i f i e d  i n d i v i d u a l  
e a r l y  m R N A ' s ,  we can  i d e n t i f y  1 l a t e  H 1  m R N A ,  a t  l e a s t  2 l a t e  H2A mRNA's, 2 l a t e  H 2 B  m R N A ' s ,  
3 l a t e  H3 mRNA's and 2 l a t e  H4 mRNA's. C e l l - f r e e  p r o t e i n  s y n t h e s i s  r e a c t i o n s  d i r e c t e d  by 
t h e s e  mRNA's mimics t h e  p r o t e i n  s h i f t s  seen  i n  v i v o .  Under s t r i n g e n t  h y b r i d i z a t i o n  
c o n d i t i o n s ,  l a t e  H 1  and l a t e  H2A mRNA's  do n o t  h y b r i d i z e  t o  c l o n e d  e a r l y  h i s t o n e  genes .  
In a d d i t i o n ,  t h o s e  p u r r f i e d  l a t e  mRNA's which do h y b r i d i z e  (H28, H3 and H4) m e l t  ll-14OC 
e a r l i e r  t h a n  homologous e a r l y  RNA/DNA h y b r i d s .  D e t a i l e d  examinat ion  of h i s t o n e  subtypes  
as w e l l  a s  t h e  t i m i n g  of t h e i r  a c t i v a t i o n  and i n a c t i v a t i o n  w i l l  be d i s c u s s e d .  

REGULATION OF VARIANT HISTONE GENE CLUSTERS D U R I N G  EMBRYOGENESIS, Geoff rey  C h i l d s ,  
Robert  MaxsOn and Laurence Kedes. S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  CA. 94305. 

Data p r e s e n t e d  w i l l  demonst ra te  t h a t  t h i s  r e g u l a t o r y  e v e n t  i s  t h e  r e s u l t  of 
W e  have  i s o l a t e d  i n d i v i d u a l  

STAGE SPECIFIC CHANGES IN PROTEIN SYNTHESIS DURING XENOPUS oOGENESIS,Mary LOU Harsa- 139 
Oogenesis i s  a t i m e  o f  i n t e n s e  s y n t h e t i c  a c t i v i t y  and p r o d u c t  accumula t ion .  
p r o d u c t s  a r e  e s s e n t i a l  f o r  later development.  O v u l a t i o n  o f  mature  o o c y t e s  and t h e  concomi tan t  
dramat ic  i n c r e a s e  i n  i n c o r p o r a t i o n  o f  exogenous amino a c i d s  i n t o  p r o t e i n s  i n  immature o o c y t e s  
i s  t r i g g e r e d  by hormonal s t i m u l u s .  Because of t h e  i m p l i c a t i o n s  f o r  subsequent  development 
and t h e  p o t e n t i a l l y  i m p o r t a n t  role p layed  by  t h e  o v u l a t i o n  hormone, t h e  r e g u l a t i o n  o f  gene  
e x p r e s s i o n  d u r i n g  o o g e n e s i s  i s  o f  s p e c i a l  i n t e r e s t .  The f i r s t  t a s k  i s  t o  i d e n t i f y  genes  whose 
e x p r e s s i o n  i s  r e g u l a t e d .  To t h i s  end w e  have  been i n v e s t i g a t i n g  t h e  changes  i n  t h e  p a t t e r n  o f  
p r o t e i n  s y n t h e s i s  d u r i n g  t h e  s i x  Dumont s t a g e s  o f  Xenopus o o g e n e s i s  a s  a n a l y z e d  by two-dimen- 
s i o n a l  g e l  e l e c t r o p h o r e s i s .  S e v e r a l  p a r a m e t e r s  are b e i n g  compared: A )  p r o t e i n s  s y n t h e s i z e d  i n  
each  of t h e  s i x  s t a g e s  b e f o r e  and a f t e r  hormonal (HCG) s t i m u l a t i o n :  B) p r o t e i n s  s y n t h e s i z e d  i n  
s t a g e  3 , 4 ,  and 6 i n  v i v o  and i n  a c e l l - f r e e  t r a n s l a t i o n  sys tem;  C )  newly sy.?thes,'.zad proteins 
in stage 3 and 6 oocytes localized in the germinal vesicle (nucleus). Some 400 proteins can 
be identified on one gel and approximately 201 of them undergo stage specific qualitative or 
quantitative changes. 
stage. This is mest noticeable in stage 3 oocytes in which lampbrush chromosomes are fully 
extended. Actin and tubulin have been tenatively identified and their synthesis appears to 
undergo stage specific changes as well. A few new proteins are synthesized in response to 
hormonal stimulation although a dramatic increase in the number of new proteins made is not 
obsemed at any stage. 

King and Andrea Bender. Harvey Lodish ,  MIT, C a m b r i d g ~ 0 2 1 3 9 .  
Some o f  t h e s e  

There are proteins which appear to be made only during a particular 

140 
A r e c a n b i n a n t  plasmid l i b r a r y  h a s  been prepared  f r a n  complementary DNA (cDih) t o  t o t a l  po!y(A)+ 
PNA from Dic tyos te l ium c e l l s  a t  6 h r .  of development.  By d i f f e r e n t i a l  s c r e e n i n g  u s i n g  t h e  colony 
h y b r i d i z a t i o n  method w i t h  i n  v i t o  l a b e l e d  RNA i s o l a t e d  from v e g e t a t i v e  (0 h r . )  and 6 h r .  c e l l s ,  
approximate ly  150 "developmenta l ly  r e g u l a t e d "  c o l o n i e s  were i d e n t i f i e d .  Three  of t h e  p lasmids  
( p c I  , p c I  , and pc1 ) were ana lyzed  i n  f u r t h e r  d e t a i l .  H y b r i d i z a t i o n  of RNA p u l s e - l a b e l e d  
a t  v!&ious % v e l o p m e n t i j  s t a g e s  showed t h e  f o l l o w i n g  p a t t e r n :  t h e  r e l a t i v e  r a t e s  of s y n t h e s i s  
of t h e  cor responding  mRNA i s :  1)  low o r  n o t  d e t e c t e d  a t  0 h r . ,  2 )  maximal a t  4-6 h r s .  3 )  and 
a p p r e c i a b l y  decreased  by 10 h r s .  RNA e x c e s s  h y b r i d i z a t i o n  showed t h a t  i n  v e g e t a t i v e  c e l l s  t h a t  
t h e r e  was approximate ly  0.2-2 molecules  of RNA canplementary t o  t h e  c loned  D N A s  p e r  c e l l ,  500 
a t  8 hrs., and approximate ly  150 a t  16 h r s .  The r e p i t i t i o n  f requency  of t h e  n u c l e a r  DNA s e -  
quences canplementary t o  t h e  p lasmid  DNAs w a s  de te rmined  by DNA e x c e s s  h y b r i d i z a t i o n  k i n e t i c s  
and a n a l y s i s  of n i c k  t r a n s l a t e d  probes  h y b r i d i z e d  t o  Southern  DNA b l o t  f i l t e r s .  Two of t h e  
c l m e d  genes ( p c I h 2 ,  p c I  
f i v e  t i m e s  i n  t h e  gena11e4~ Two r e c w b i n a n t  p lasmids ,  pDdB 
complementary t o  pcI13 have been i s o l a t e d  from a genomic 8 N A  l i b r a r y ,  R e s t r i c t i o n  a n a l y s i s  of 
t h e s e  c l o n e s  t o g e t h e r  w i t h  mapping of t h e  genes  i n  chromosomal DNA i n d i c a t e  t h a t  t h e  genes a r e  
c l o s e l y  c l u s t e r e d +  
a n a l y s i s ,  poly(A) mRNA canplementary t o  b o t h  t h e  genomic and cDNA plasmids  shows two bands on 
d e n a t u r i n g  g e l s .  The o r g a n i z a t i o n  of t h e  gene c l u s t e r i n g  and t h e  r e g u l a t i o n  of the  s y n t h e s i s  
of  t h e  mRNAs and encoded p r o t e i n s .  

DEVELOPMENTALLY REGULATIVE GENES I N  D I C T Y O S T E L I U M  D I S C O I D E U M :  W. R A e k m p ,  I n s t .  f L r  
Zellforschungs-Zentrum; Heide lberg ;  and R.A. F i r t e l ,  Dept. of Biol UCSD La .Jol a 

) appear  t o  be s ing le-copy,  w h i l e  1 ( p c I  1 i s  r e i t e r a t e d  approximate ly  
and pWRi?, which c o n t a i n e d  sequences  

Moreover, a l t h o u g h  t h e  genes  have n o t  shown any h e t e r o g e n e i t y  by r e s t r i c t i o n  
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141 RNA SYNTHESIS ON CHROMATIN FROM NORMAL A N U  ESTROGEN-STIMULATED KOOSTEK L I V E R .  
M. Meyers, R.F. Goldberger and K.P. M u l l i n i x ,  N I H ,  Bethesda, Maryland 20014 

V i t e l l o g e n i n ,  t h e  p r e c u r s o r  o f  t h e  egg yolk  p h o s h o p r o t e i n s ,  l i p o v i t e l l i n  and p h o s v i t i n ,  i s  
normal ly  not  s y n t h e s i z e d  by r o o s t e r s  o r  immature c h i c k s  b u t  i t s  s y n t h e s i s  can  be induced i n  
t h e  l i v e r s  of  t h e s e  an imals  by t h e  a d m i n i s t r a t i o n  o f  e s t r o g e n .  It h a s  been shown t h a t  the  
s t i m u l a t i o n  o f  v i t e l l o g e n i n  s y n t h e s i s  by e s t r o g e n  cor responds  wi th  an i n c r e a s e  i n  t h e  amount 
of  v i t e l l o g e n i n  mRNA i n  t h e  c e l l .  
l a t i o n  o f  gene e x p r e s s i o n  a t  t h e  l e v e l  o f  t r a n s c r i p t i o n .  

and c o n t r o l  r o o s t e r  l i v e r  n u c l e i  by a m o d i f i c a t i o n  of procedures  o f  Warzluff and Huang (PNAS - 72, 1082-1086, 1975).  No exogenous RNA polymerase was added t o  t h e  t r a n s c r i p t i o n  r e a c t i o n s .  
Under o u r  c o n d i t i o n s ,  89% o f  t h e  RNA was s y n t h e s i z e d  by R N A  polymerase 2 ,  a s  measured by sen- 
s i t i v i t y  t o  1 pg/ml a -amani t in .  

RNA, l a b e l l e d  with 32P-UMP, s y n t h e s i z e d  by l i v e r  chromatin from normal and e s t r o g e n -  
t r e a t e d  r o o s t e r s  was h y b r i d i z e d  t o  v a r i o u s  cloned ch icken  DNA sequences immobilized on n i t r o -  
c e l l u l o s e  f i l t e r s  under c o n d i t i o n s  o f  v a s t  DNA e x c e s s .  The c loned  sequences we used a s  probes 
were: albumin, a gene whose t r a n s c r i p t i o n  i n  v ivo  i s  r e l a t i v e l y  u n a f f e c t e d  by e s t r o g e n  and 
v i t e l l o g e n i n ,  t h e  t r a n s c r i p t i o n  of which i y g s l y  s t i m u l a t e d  by e s t r o g e n  i n  v ivo .  Albumin 
RNA s y n t h e s i s  by chromat in  from e s t r o g e n  t r e a t e d  an imals  i s  s l i g h t l y  d e p r e s z d z p a r e d  t o  
normal ch ickens  (30% r e d u c t i o n ) ,  whereas t h e r e  i s  a l a r g e  i n c r e a s e  i n  t h e  amount of v l t e l l o -  
genin  RNA s y n t h e s i z e d  by chromatin from e s t r o g e n  s t i m u l a t e d  an imals  compared t o  c o n t r o l s .  

m u s ,  t h i s  system i s  an  i d e a l  one f o r  t h e  s t u d y  o f  r e g u -  

We have s t u d i e d  t h e  t r a n s c r i p t i o n  of  s e v e r a l  genes i n  chromatin from e s t r o g e n  s t i m u l a t e d  
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M4 is a recmbinan’ t  plasmld c o n t a i n i n g  Dic tyos te l ium n & l e a r  DNA.’ The r e s t r i c t i o n  map h a s  been 
de termined  and t h e  4 major  f ragments  have been subcloned i n  pBR322. M4 i s  >90% s ingle-copy,  
however, i t  does  c o n t a i n  a s h o r t  (300bp) sequence repea ted  -100 t i m e s  i n  t h e  Dic tyos te l lum ge- 
nome. l-1.5% of t o t a l  
v e g e t a t i v e  poly(A) mRNA h y b r i d i z e s  t o  t h e  r e p e a t  b u t  m l y  10% of t h e  h y b r i d i z a t i o n  i s  resist- 
ant t o  low levels of RNase. The mRNA is heterogeneous  i n  s i z e  and 90% of t h e  mass is  canple- 
mentary  t o  D i c t y o s t e l i u m  s ingle-copy DNA. W e  have a l s o  s h a m  t h a t  one of t h e  s ing le-copy 
r e g i o n s  a d j a c e n t  t o  t h e  r e p e a t  i s  complementary t o  a low abundaney mRNA ( 0 . O E  of totalmRNA). 
Using sandwich h y b r i d i z a t i o n  we h3ye shown t h a t  un labe led  RNA t h a t  h y b r i d i z e s  t o  t h i s  s i n g l e -  
copy r e g i o n  w i l l  a l s o  h y b r i d i z e  [ PI- repea t .  Exonuclease s t u d i e s  i n d i c a t e  t h a t  t h e  r e p e a t  
and single-copy r e g i o n  are p a r t  of a s i n g l e  t r a n s c r i p t i o n  u n i t  which produces a 1.2kb mRNA con- 
t a i n i n g  a s h o r t  r e p e a t  a t  t h e  5 ’  end and a s i n g l e  copy sequence a t  t h e  3 i2end which presumably 
codes f o r  a s p e c i f i c  p r o t e i n .  I n  a d d i t i o n  RNA e x c e s s  h y b r i d i z a t i o n  t o  [ PI l a b e l e d  s e p a r a t e d  
s t r a n d s  of t h e  r e p e a t  s u g g e s t s  t h a t  t h e  r e p e a t  sequence is t r a n s c r i b e d  a s s y m e t r i c a l l y .  We have 
c o n s t r u c t e d  a model i n  which t h i s  r e p e a t  sequence is a d l a c e n t  t o  -100 d i f f e r e n t  s ing le-copy 
genes and is t r a n s c r i b e d  t o  produce RNA molecules  c a r r y i n g  t h e  common r e p e a t  sequence a t  t h e  
5‘  end. It is a l s o  sugges ted  t h a t  i n i t i a t i o n  of t r a n s c r i p t i o n  occurs  w i t h i n  t h e  r e p e a t .  Other 
recombinant plaqmids c a r r y i n g  a d i f f e r e n t  s h o r t ,  i n t e r s p e r s e d  r e p e a t  which i s  canplementary t o  
5-8% of poly(A) mRNA have been i s o l a t e d .  I t  is sugges ted  t h a t  t h e  o r g a n i z a t i o n  of t h e  t r a n -  
s c r i p t s  complementary t o  t h e s e  p lasmids  is  t h e  same a s  t h e  M4 c l a s s .  

SHORT RFPtAT SEQUENCES AT THE 5 ’  END OF milNAs 12 3 I C T Y O S T E L M :  Alan R. Kimmel and 
Richard A Fir te l  B-022, Univ. Cal. San Dieqo La Jo l la  CA 92093 

The s h o r t  rveat sequence is i n t e r s p e r s e d  between s ingle-copy r e g i o n s .  

143 CONTROL OF MPRESSION OF EGG-WHITE PROTEIN GENES BY STEROID HORMONES, G .  Schi i tz ,  A . E .  
S i p p e l ,  N.C. Nguyen-Huu, W. L i X h I m a i e r ,  H .  Land, T. WurtZ, U. Giesecke ,  H . J .  Hauser,  
Max-Planck-Insti tut  f u r  Molekulare Genet ik ,  1 Berlin-Dahlem 

W e  are s t u d y i n g  the r e g u l a t i o n  of  s y n t h e s i s  of  t h e  egg-white p r o t e i n s  ovalbumin, conalbumin, 
ovomucoid and lysozyme by s t e r o i d  hormones. The M A S  f o r  t h e s e  p r o t e i n s  have been  p u r i f i e d  
by immunoadsorption of  polysomes t o  matrix-bound a n t i b o d i e s .  Using cDNA complementary t o  
these mRNAs, we  have shown t h a t  t h e  s t e r o i d  c o n t r o l l e d  r a t e  of s y n t h e s i s  o f  egg-white pro-  
t e i n s  i s  c l o s e l y  c o r r e l a t e d  t o  t h e  c e l l u l a r  c o n c e n t r a t i o n  of  t h e  egg-white p r o t e i n  m R N A s .  
I s o l a t e d  ch icken  o v i d u c t  n u c l e i  were used as c e l l - f r e e  system t o  s t u d y  r a t e s  of  s y n t h e s i s  of 
egg-white p r o t e i n  mRNA sequences.  Using two independent  methods t o  d i s t i n g u i s h  newly synthe-  
sized RNA from p r e e x i s t i n g  molecules ,  w e  have  shown t h a t  t h e  c e l l u l a r  accumula t ion  of egg- 
w h i t e  p r o t e i n  mRNA sequences d u r i n g  hormone i n d u c t i o n  i s  p r i m a r i l y  due t o  t r a n s c r i p t i o n a l  
a c t i v a t i o n  of  the genes.  

To p r o v i d e  p u r e  molecular  probes  f o r  t h e  egg-white p r o t e i n  genes  which c a n  b e  used  i n  t h e  
a n a l y s i s  o f  these genes  i n  genomic DNA, w e  have prepared  recombinant p lasmids  c o n t a i n i n g  
DNA canplementary t o  t h e  lysozyme, ovomucoid and ovalbumin mRNA. The cloned lysozyme DNA 
w a s  used t o  examine t h e  o r g a n i z a t i o n  o f  t h e  lysozyme gene i n  chromosomal DNA. I t  w a s  found 
t h a t  t h e  lysozyme s t r u c t u r a l  gene  is n o t  cont inuous  i n  chromosomal DNA, b u t  is i n t e r r u p t e d  
by a t  least three i n t e r v e n i n g  sequences .  Fragments c o n t a i n i n g  lysozyme s t r u c t u r a l  gene se- 
quences have  been  i s o l a t e d  by molecular  c l o n i n g  and are p r e s e n t l y  ana lyzed .  
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THE 3 '  END OF H3 HISTONE mRNA FROM STRONGYLOCENTROTUS PURPURATUS, Irmingard SUKeS 
and Laurence H. Kedes, Department of Medicine, Howard Hughes Medical Institute 
Laboratories, Stanford Xedical School, Stdnford, CA 94305. 
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Polysomal RNA wa5 extracted from early blastula stages of Strongylocentrotus purpuratus 
embryos. H3 histone mRNA was purified f r o m  the total RNA by hybridization to DNA 
cellulose containing the H3 and H2a gene regions. The eluted H3 mRNA was endlabeled by 
ligation with FNA ligase of [5'-32PlpCp to the 3'-terminal hydroxyl group (England and 
Utilenbeck, Nature V.275, p.561, 1978) and further purified by gel electrophoresis. The 
3'-terminal RNA sequence was determined by partial hydrolysis with T and U endonucleases 
(Donis-Keller et al., Nucleic Acids Res. V.4, p.2527, 1977) and subsiquent inalysis of the 
purine specific cleavage products on thin polyacryl sequencing gels. The resulting 
pattern of the cleavage products is colinear with the known CNA sequence behind the H3 
protein coding region and pinpoints the end of the mRNA 57 bases downstream from the 
translation termination codon. This location is in the midst of a highly conserved 
scyuence shared by other histone mRNAs from two sea urchin species. 

145 TERMINATION OF TRANSCRIPTION OF THE OVALBUMIN GENE, Dennis R.  Roop, Sophia Y .  T s a i ,  
Minq-Jer Tsa i  and B e r t  W .  O 'Ma l ley ,  B a y l o r  C o l l e g e  o f  Med ic ine ,  Houston, Texas, 77030 

A c loned 9.5 Kb fragment o f  ch icken DNA wh ich  c o n t a i n s  2150 n u c l e o t i d e s  o f  t h e  3 '  p o r t i o n  o f  
t h e  ovalbumin n a t u r a l  gene and 7350 n u c l e o t i d e s  o f  3 '  f l a n k i n g  sequence was d i g e s t e d  w i t h  
r e s t r i c t i o n  endonucleases t o  p repare  s p e c i f i c  h y b r i d i z a t i o n  probes. These probes were used 
t o  l o c a l i z e  t h e  r e g i o n  o f  t e r m i n a t i o n  o f  t r a n s c r i p t i o n  o f  t h e  ovalbumin gene i n  v i v o .  T h i s  
was determined by two methods: 
RNA and 2 )  h y b r i d i z a t i o n  o f  [32P]DNA probes t o  o v i d u c t  n u c l e a r  RNA wh ich  had been s u b j e c t e d  t o  
agarose gel  e l e c t r o p h o r e s i s  ( i n  t h e  presence o f  methylmercury h y d r o x i d e )  and t r a n s f e r r e d  t o  
diazobenzyloxymethyl  paper.  Both trethods i n d i c a t e  t h a t  t r a n s c r i p t i o n  o f  t h e  ova lbumin  gene 
i s  te rmina ted  w i t h i n  20 n u c l e o t i d e s  o f  t h e  3 '  end o f  t h e  s t r u c t u r a l  sequence. We have a l s o  
used these probes t o  s tudy  t h e  s p e c i f i c i t y  o f  t r a n s c r i p t i o n  i n  i s o l a t e d  o v i d u c t  n u c l e i .  
Th is  was accompl ished by t h e  s y n t h e s i s  o f  l a b e l e d  RNA i n  n u c l e i  and h y b r i d i z a t i o n  t o  f i l t e r s  
c o n t a i n i n g  c loned DNA fragments.  
the  ovalbumin gene i n  v i t r o  i n  n u c l e i  i s  s i m i l a r  t o  t h a t  observed i n  v i v o .  
approach i s  b e i n g  used t o  de termine t h e  r e g i o n s  o f  i n i t i a t i o n  and t e r m i n a t i o n  o f  t r a n s c r i p t i o n  
o f  the  ovomucoid n a t u r a l  gene. 

1 )  h y b r i d i z a t i o n  o f  [3H]DNA probes t o  excess o v i d u c t  n u c l e a r  

These r e s u l t s  i n d i c a t e  t h a t  t e r m i n a t i o n  o f  t r a n s c r i p t i o n  o f  
T h i s  same 

146 THE ORGISIZATION O F  MAMMALIAN PANCREAIIC GENES, The Pancreas Group, Dept. of Riochem., 
University of California, San Francisco, CA 94143, Raymond J. MacDonald 

iation. In order to obtain prohes for several rat endocrine and exocrine genes, we have 
cloned cDNAs synthesized from islet and total pancreas mRNA. The cloning of rat insulin cDNA 
sequences has been described (Ullrich et a1.(1977) Science 196, 1313). The structure of the 
genomic DNA sequences coding for insulin mRNA was analyzed by restriction endonuclease digest- 
ion. These studies indicated that the two rat insulin genes are not tightly linked, and that 
while the insulin I and I1 structural genes have retained extensive sequence homology, the 
flanking DNA sequences have diverse restriction endonuclease maps. Furthermore, we have local- 
ized the two insulin coding sequences to Hinf I fragments of 670 and 960 bp. Since approximate- 
ly 350 bp are required to code for preproinsulin, introns, if present, are less than 300-600bp. 

cDNA from total pancreas mRNA was also cloned. Because amylase is the only major protein 
common to both pancreas and parotid, hybridization of parotid cDNA should be limited to those 
pancreas cDNA clones which contain amylase mRFA sequences. By this criterion, 4 of 59 pancreas 
cDNA clones contained amylase mRNA sequences. Hybridization of the putative amylase cDNA 
plasmids with total pancreatic mRNA and translation of  the hybridized mRNA generated a poly- 
peptide identified as pre- secretory amylase. Analysis'of the structure of the genomic amylase 
sequences indicated the presence of two amylase genes, presumably one expressed in the 
pancreas and the other in the parotid. The amylase mRNA synthesized in liver (J. Harding and 
W. Rutter (1978). J. Biol. Chem., in press) must therefore be coded by one of these two genes. 

We are analyzing the regulation o f  pancreatic gene expression durinp. terminal different- 
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147 EXTINCTION OF GENE EXPRESSION BY DIFFERENTIATION.. Patrick H. O'Farrell and Robert 
D. Ivarie, Dept. of Biochemistry, University of California, San Francisco, CA 94143. 

A sensitive assay for differentiated gene products failed to detect any expression of these 
products in non-producing cells. 
The combination of immunoprecipitation and two-dimensional gel electrophoresis permits detec- 
tion of specific proteins expressed at levels as low as 1 part in lo9 (about 100 molecules per 
cell) and provides excellent criteria for the identity of the detected proteins. 
assay, we examined the expression of a liver-specific enzyme, tyrosine aminotransferase (TAT), 
and a product of the pituitary, growth hormone (GH), in a rat hepatoma cell line (HTC), and a 
rat pituitary cell line (GH 3 ) .  HTC cells make TAT at a rate of 0.1% of total protein synthe- 
sis and do not make GH at a detectable level (attained sensitivity for GH detection = 1 part 
in lo9), GH 3 cells make no detectable TAT (attained sensitivity for TAT detection = 1 part in 
lo6) and make GH at a rate of 1% of total protein synthesis. 
TAT expression by at least 1,000 fold and GH expression by at least lo7 fold. 
to induce expression of these proteins in producing cells did not induce their expression to 
detectable levels in nonproducing cells. 
Restriction mapping of the genomic GH gene sequences by 9. Schachter, H.M. Goodman, and J.D. 
Baxter (abstract submitted to this symposium) has shown that HTC cells, thouqh a heteroploid 
cell line, do contain the GH qene. 
Post transcriptional events, such as RNA processing, may play a role in the restriction of 
expression of a Protein product in nonproducing cells. 
GH-FNA is present in non-producing cells at levels above those expected from analysis of protein. 

Using this 

Thus, differentiation regulates 
Hormones known 

To test this, we will determine whether 

REGULATION OF mRNA TRANSCRIPTION IN CHICK OVIDUCT, Richard D. Palmiter & G. Stanley 148 ?lcKnight, Department of Biorhemistry, University of Washington, Seattle WA 98195. 
Relative rates of ovalbumin and conalbumin mRNA transcription were measured in isolated 
oviduct nuclei by allowing endogenous RNA polymerases to synthesize 32P-RNA that was then 
hybridized to immobilized recombinant DNA containing the respective gene sequences. Adminis- 
tration of either estrogen or progesterone to withdrawn birds increases the rate of mRNAcon 
transcription 2 - 3  fold to a new steady-state level within 30 min; in contrast, the rate 
of mRNAov transcription increases >20 fold and does so gradually over 12 hr. The maximum 
rates of transcription achieved in 12 hr were only 10-20% of those observed after several 
days of hormone treatment. We have been unable to detect effects of hormones on the tran- 
sciption of these genes by exogenous E. &i RNA polymerase during times when transcription 
by endogenous polymerases changes dramatically. The induction of mRNAov and mREAcon in cul- 
ture is quantitatively comparable to that observed in vivo. Relative rates of transcription 
were also measured in this system by pulse-labelingwith3H-uridine. 
rates of transcription were determined by measuring the specific activity of the UTP pool 
during the labeling period. 
absolute rate of transcription measurements, indicating that this mRNA has a long tk (>20 hr) 
in the presence of these hormones. Comparable calculations for mRNAcon indicate that its th 
is %S hr in the presence of hormones. These results indicate that both estrogen and progester- 
one regulate the rate of transcription of these mRNAs, but several observations suggest that 
there may be significant effects of these hormones on mRNA stability as well. 

In addition, absolute 

The accumulation of mRNAov sequences is consistent with the 
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which showed s t ronq  h y b r i d i z a t i o n  t o  vege ta t i ve  poly(A*the co lony  f i l t e r  h y b r i d i -  
z a t i o n  procedure. 
con ta in ing  bound po ly (A )+  RNA s i z e  f r a c t i o n a t e d  on a methyl-Hq aqarose qe l ,  a s i n q l e  RNA of 
3 kb i n  l e n q t h  i s  observed. RNA excess h y b r i d i z a t i o n  o f  po l y (A )  RNA t o  the  pDd N1,2 probe 
i n d i c a t e s  t h a t  t h i s  sequence represents  0.4-0.5% o f  vege ta t i ve  po ly (A )+  RNA. 
h y b r i d i z a t i o n  i nd i ca tes  t h a t  t he  sequence complementinq t o  the  po ly (A )+  RNA i s  reoeated 100- 
150 f o l d  i n  the  oenome. 
genomic DNA. 
s i ze  f r a c t i o n a t e d  D i c t  os te l i um genomic DNA cleaved w i t h  Hae 111 o r  Hind 111, a s ing le ,  ve ry  
in tense band o f  hy-n observed. 
c a r r y i n g  genomic DNA cleaved w i t h  Eco R I ,  a l a r g e  number o f  heteroaeneous s i ze  bands a r e  
observed, the  number o f  which i s  commensurate w i th  the  gene r e p e t i t i o n  frequency. 
suggests t h a t  t he  cop ies  o f  t he  repeated a re  n o t  tandemly l i n k e d  and t h a t  s p e c i f i c  Hae 111 and 
Hind 111 s i t e s  w i t h i n  the  gene a re  conserved. 

The probe was then used t o  screen a O i c t  s te l i um genomic recombinant l i b r a r y  f o r  add i -  
t i o n a l  cop ies  o f  t he  repeat.  A se r ies  of-rying i n s e r t s  o f  5-10 k b  were i s o l a t e d  
and a r e  being mapped. 
of  t he  repeated sequences may 

" A  H igh l y  Repeated Gene Family f rom D i c t  os te l i um 
Richard A. F i r t e l ,  U n i v e r s i t y  o f  C a l e b i e g o ,  Department o f  B io logy ,  
La J o l l a ,  CA 92093. . 

Steahen Poole and 

Plasmid pDd N1,2 conta ins  a sho r t  1 kb  i n s e r t  o f  D i c t  os te l i um discoideum nuc lear  DNA 

Vhen a pod NJZ n i c k  t r a n s l a t e d  probe i s  hyb r id i zed  t o  a "Northern" f i l t e r  

DNA excess 

The 3 kb  cod ing  req ion  the re fo re  represents  %l% o f  the  nuc lea r  
When the  pDd N1,Z probe i s  hybr id i zed  t o  Southern DNA b l o t  f i l t e r s  c a r r y i n q  

However, when the  probe i s  hyb r id i zed  t o  a f i l t e r  

Th is  da ta  

Over lap i n q  r e s t r i c t i o n  maps o f  these plasmids suqgests t h a t  t he  l e n g t h  
;6 kb. The coding f u n c t i o n  i s  be ing  pursued. 
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150 CLONING AND REGULATION OF THE RAT C A S E I N  (C) GENES, J.M. Rosen, D . A .  Richards,  W . A .  
Guyette and R.J. Matusik,  Dept.  C e l l  B i o l o g y ,  B a y l o r  Co l leqe o f  Medicine, Houston, TX. 

P r o l a c t i n  ( P r l )  i n d u c t i o n  o f  C mRNA i n  mammary g land orqan c u l t u r e  i s  be inq  used as a model 
system t o  s tudy  t h e  mechanism by which p e p t i d e  hormones r e g u l a t e  s p e c i f i c  qene express ion .  
W i t h i n  30 t o  60 min a f t e r  the  a d d i t i o n  o f  P r l  t o  manmary e x p l a n t s ,  a 3 .5  t o  4 - f o l d  inc rease i n  
the r a t e  o f  C mRNA t r a n s c r i p t i o n  was observed. C s p e c i f i c  t r a n s c r i p t s  were q u a n t i t a t e d  by 
p u l s e - l a b e l i n g  and cDNA-cel lu lose a f f i n i t y  chromatography. 
t h e s i s  was n o t ,  however, s u f f i c i e n t  t o  account f o r  the  6 t o  1 4 - f o l d  i n c r e a s e  i n  C mRNA accumu- 
l a t i o n  r o u t i n e l y  observed 24 h r s  a f t e r  P r l  a d d i t i o n .  Thus. P r l  r e s u l t e d  i n  a t ime dependent 
increase i n  C mRNA h a l f - l i f e  from 8 . 5  h r s  i n  the  absence o f  the  hormone, t o  g r e a t e r  than 50 
h r s  i n  i t s  presence. 
t r a n s c r i p t i o n a l  and p o s t - t r a n s c r i p t i o n a l  l e v e l s .  I n  o r d e r  t o  stud,y t h e  p o s s i b l e  c o o r d i n a t e  
r e g u l a t i o n  of  the  3 r a t  Cs, t h e  s t r u c t u r a l  genes f o r  each o f  t h e  Cs and another  m i l k  p r o t e i n ,  
a - lac ta lbumin ,  have been c loned i n  E. c o l i  s t r a i n  X1776 u s i n g  pBR322 as t h e  c l o n i n g  v e c t o r .  
Double-stranded DNA cop ies  o f  a m i l k  p r o t e i n  mRNA f r a c t i o n  o f  l a r g e r  than 600 n u c l e o t i d e  p a i r s  
i n  l e n g t h  were s e l e c t e d  on  a n e u t r a l  sucrose g r a d i e n t  and i n s e r t e d  i n t o  t h e  Ps t  s i t e  o f  pBR322 
by dG-dC t a i l i n g  w i t h  t e r m i n a l  t r a n s f e r a s e .  Several  hundred t rans formants  were then screened 
by colony h y b r i d i z a t i o n  u s i n g  cDNA probes prepared a q a i n s t  each o f  t h e  p u r i f i e d  C and 7.-lact- 
a lbumin mRNAs. C h a r a c t e r i z a t i o n  by r e s t r i c t i o n  mapping and h y b r i d - a r r e s t e d  c e l l - f r e e  t r a n s l a -  
t i o n  has a l s o  been employed and t h e  i n d i v i d u a l  c loned probes are  c u r r e n t l y  be inq  u t i l i z e d  t o  
analyze pu lse- labe led  RNA t r a n s c r i p t s  syn thes ized i n  response t o  P r l  and f o r  t o t a l  DNA mapping 
s t u d i e s .  

The increased r a t e  o f  C mRNA cyn- 

These da ta  suggest t h a t  C mRNA accumulat ion i s  r e g u l a t e d  a t  bo th  the 

151 THE RAT SERUM ALBUMIN GENE: ANALYSIS OF CLONED SEQUENCES, Thomas D. 
Sargent ,  Jos6 M. Sala-Trepat ,  R.  Bruce W a l l a c e ,  Antonio A. Reyes and James Bonner, 
Divis ion of Biology, Cal i fornia  Inst i tute  of Technology,  Pasadena  CA 91125 

We have cloned t h e  mRNA encoding rat  serum albumin in  t h e  plasmid pBR322 with the  E .  c o l i  

blots"  Strain x Y 7 6 .  o restr ic ted rat  DNA have been used  t o  e luc ida te  g r o s s  s t ruc tu ra l  f ea tu re s  of the  
albumin gene .  

We have a l s o  cloned the en t i r e  r a t  genome in the  Iarrbda co l iphage  Charon 4A, sc reened  
th i s  recombinant l ibrary with t h e  albumin cDNA c lones  and  have  i so l a t ed  approximately 32 k b  
of cont iguous rat DNA containing a l l  or most of the  albumin mRNA complexi ty .  Preliminary 
a n a l y s i s  of t h e  i so l a t ed  gene  has  par t ia l ly  confirmed our genome blot  r e s u l t s  a n d  h a s  r evea led  
addi t ional  interrupt ions in the  2 . 2  kb albumin coding s e q u e n c e ,  which is s p l i t  i n to  n o  l e s s  
t han  f ive d i scon t inuous  regions and occup ies  a t  l e a s t  13 k b  of genomic DNA 
prove to be cons ide rab ly  larger  t han  t h i s  when t h e  e x a c t  points  of t ranscr ipt ional  ini t ia t ion 
and  termination have been  loca ted .  
Nat ional  Inst i tute  of Genera l  Med ica l  Sc iences  Grant  5 T32 GM 07616. 

Restriction a n a l y s i s  of albumin cDNA c l o n e s  in conjunct ion with "Southern 

The g e n e  may 

This work supported by USPHS g ran t  G M  13762 and 
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We have cloned r e c e n t l y  the  ovomucoid s t r u c t u r a l  gene i n  the  p lasmid  v e c t o r  pBR322. 
the  c loned ovomucoid DNA as a probe, the  sequence o r g a n i z a t i o n  o f  t h e  n a t u r a l  c h i c k  ovomucoid 
gene was determined by r e s t r i c t i o n  mapping and Southern h y b r i d i z a t i o n .  
t h a t  the s t r u c t u r a l  DNA sequences o f  the  ovomucoid gene a r e  n o t  con t iguous  w i t h i n  t h e  c h i c k  
genome and a r e  separated by m u l t i p l e  i n t e r v e n i n g  DNA sequences. F u r t h e r  a n a l y s i s  o f  t h e  
sequence o r g a n i z a t i o n  of  t h e  n a t u r a l  ovomucoid gene was f a c i l i t a t e d  by m o l e c u l a r  c l o n i n g .  
The s t r u c t u r a l  ovomucoid gene i s  c leaved once by EcoRI a t  t h e  3 '  u n t r a n s l a t e d  reg ion ,  and 
the  5 '  and 3 '  t e r m i n i  of  the  gene a r e  c o n t a i n e d  w i t h i n  a 15 and a 7 k i l o b a s e  EcoRI c h i c k  
DNA fragment, r e s p e c t i v e l y .  These DNA fragments were p a r t i a l l y  p u r i f i e d  f r o m x t a l  B R I -  
d iges ted  c h i c k  DNA by RPC-5 column chromatography and p r e p a r a t i v e  agarose g e l  e l e c t r o p h o r e s i s .  
The 15 k i l o b a s e  E R I  DNA fragment, c o n t a i n i n g  ,11 of  t.he n a t u r a l  ovomucoid gene except  100 
base p a i r s  of  s t r u c t u r a l  Gene sequence a t  the  3 - u n t r a n s l a t e d  r e g i o n ,  was c loned u s i n g  t h e  
lambda phage v e c t o r  charon 4A. R e s t r i c t i o n  a n a l y s i s  o f  t h i s  c loned DNA f ragment has conf i rmed 
t h e  e x i s t e n c e  of  m u l t i p l e  i n t e r v e n i n g  sequences w i t h i n  t h i s  gene. The o v e r a l l  s i z e  o f  t h e  
e n t i r e  ovomucoid gene i s  e s t i m a t e d  t o  be  about 8,000 base p a i r s  i n  l e n q t h .  On lv  about 800 

SEQUENCE ORGANIZATION OF THE NATURAL C H I C K  OVOMUCDID GENE. 
S te in ,  JmesF.Cat te ra l1 ,  Eugene C .  L a i ,  Anthony R. Means and B e r t  W. D 'Ma l ley ,  
Department o f  C e l l  B i o l o g y ,  B a y l o r  C o l l e g e  o f  Medicine, Houston, Texas 77030. 

Savio L.C. Woo, Joseph P. 

Using 

Our r e s u l t s  i n d i c a t e  

base p a i r s  a r e  s t r u c t u r a l  gene sequences and t h e  remainder.  a r e  i n t e r v e n i n g  DNA i equences .  
T h i s  c loned DNA fragment shou ld  be very  use fu l  f o r  i n  v i t r o  t r a n s c r i p t i o n a l  s t u d i e s  o f  t h i s  
e u c a r y o t i c  gene. 
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We are s tudying  t h e  s y n t h e s i s  of v i r a l  s p e c i f i c  RNA i n  n u c l e i  i s o l a t e d  from HeLa c e l l s  l a t e  
a f t e r  i n f e c t i o n  by Ad2. 
S p e c i f i c a l l y ,  t he  "capped" T l  undecanucleo t ide  which is p resen t  a t  t he  5 'ends o f o v i r a l  
mRNA and nuc lear  pre-mRNA i n  v ivo ,  and which is  encoded a t  the  site of t he  major l a t e  promoter, 
i s  synthes ized  f a i t h f u l l y  i n  v i t r o .  The s i z e  of t h e  RNA is heterogeneous,  a l though t h e  major- 
i t y  of the  v i r a l  s p e c i f i c  RNA is  ve ry  l a r g e ,  in t h e  range  of 10-25 kb. 
__ v i t r o  synthes ized  c o l i n e a r  t r a n s c r i p t s  a r e  loca t ed  predominantly a t  two map coord ina te s :  16.5,  
t he  s i t e  of t he  major l a t e p r o m o t e r , a n d  19 .5 ,  t he  s i t e  of t he  f i r s t  "sp l ice-poin t"  observed in 
vivo .  
se rved ,  bu t  they  a r e  much l e s s  abundant.  
100, and spec ie s  wi th  3 'ends  a t  38 .5 ,  49.5,  61.5 and 78.5 a r e  de t ec t ed .  These sites cor re-  
spond t o  4 of t he  5 " fami l ies"  of 3 'ends  found on both  mRNA and nuc lea r  pre-mRNA i n  v ivo .  
3 'ends  a r e d e t e c t e d a f t e r  ve ry  s h o r t  i n  v i t r o  incuba t ions ,  p roving  t h a t  t h e  e n t i r e  precursor  
need n o t  be t r ansc r ibed  before  3 'ends  a r e  genera ted .  
a l though va ry ing ,  e f f e c i e n c i e s :  p recu r so r s  f o r  t he  abundant hexon and 100 K mRNAs (78.5 h 6 1 . 3  
a r e  found exc lus ive ly  i n  t h e  poly A+ f r a c t i o n ,  whi le  p recu r so r s  f o r  l e s s  abundant mRNAs (38.5 
and 4 9 . 5 )  a r e  d iv ided  between t h e  poly A+ and poly A- f r a c t i o n s .  
map a t  t l . 5 a n d  78.5 a r e  genera ted  i n  v i t r o  dur ing  a "chase", proving d i r e c t  ev idence  t h a t  
t hese  molecules  a r e  genera ted  by c leavage  of a l a r g e r  p recu r so r .  

SYNTHESIS OF ADENOVIRUS 2 mRNA I N  VITRO,  James L .  Manley, P h i l l i p  A .  Sharp and 
Malcolm L. Gefter, Massachuse t t s  I n s t i t u t e  of Technology, Cambridge, MA 02139 

Syn thes i s  of t he  major l a t e  precursor  RNA is  i n i t i a t e d  i n  v i t r o .  

The 5 'ends  of t he  & 

Col inear  molecules wi th  5 ' ends  a t  t h e  s i tes  of t he  o t h e r  sp l i ce -po in t s  are a l s o  ob- 
The t r a n s c r i p t s  a r e  extended towards map coord ina te  

The 3 'ends  a r e  polyadenylated wi th  high, 

A t  least the  3 ' ends  which 

STRUCTURE OF THE C H I C K E N  BETA G L O B I N  GENE, J u d i t h  S t r o m r ,  U C L A ,  Los Angeles 154 C A  90024; J e r r y  6 .  Dodgson, Cal tech ,  Pasadena C A  91125; and J .  Douglas Engel,  
Northwestern U . ,  Evanston IL 60201 

S p e c i f i c  DNA fragments genera ted  from cloned chicken g lob in  mRNA sequences have been 
u s e d  to o r i e n t  a chicken be ta  g lobin  gene cloned i n  bac te r iophage  lambda and t o  map 
i t s  in te rvening  sequences.  Southern hybr id i za t ion  of n i ck - t r ans l a t ed  cDNA probes 
wi th  gene and messenger DNA sequences e lec t rophoresed  on agarose-acrylamide g e l s ,  
producing t i g h t  au toradiographic  bands wi th  fragments a s  s h o r t  as 60 bp, t oge the r  
w i t h  e l e c t r o n  microscopic v i s u a l i z a t i o n  of  R loops ,  has demonstrated a s t r i k i n g  
s t r u c t u r a l  s i m i l a r i t y  t o  mammalian be ta  g lobin  genes (Lawn €A&., Cel l  15:1157 
and van den Berg etd., Nature 2 7 6 : 3 7 ) .  R loops formed wi th  an embryonz  be ta  
gene l inked  t o  t h e  adu l t  gene ind ica t e  t h e  same in te rvening  sequence e x i s t s  in a t  
l e a s t  two chicken be ta  g lobin  genes.  T h e  presence  o f  a s h o r t  in te rvening  sequence 
around amino ac id  30 and a seve ra l  hundred base p a i r  i n t e rven ing  sequence around 
amino ac id  104 has thus  appa e n t l y  been conserved in seve ra l  be t a  g lobin  genes 
through t h e  roughly 3.5 x 10 B years  s i n c e  the  divergence of b i rds  and mammals. 

155 MAPPING DELETIONS WHICH AFFECT THE SWlTCH FROM FETAL TO ADULT 6-LIKE GLOBIN 
GENE EXPRESSION IN MAN,  Edward F. Fritsch*, Richard M. Lawn*, Tom ManiatP, Dorothy 
Tuan+, end Bernard Forget+, *California Institute of Technology, Pasadena, CA 91125 and +Yale  
University, New Haven, CN 06520 

Hereditary persistence of fetal hemoglobin (HPFH) and 6 6-thalassemia (6 6-thal) are two types of genetic 
disorders in man which are characterized by the absence of 6 -  and 6-globin polypeptides in the adult and 
by the deletion of all or pert of the corresponding genes. The two types of genetic abnormalities, however, 
differ in the relative levels of fetal y-globin polypeptides in the adult. In HPFH, the absence of adult 
6-like globin chains is completely compensated by y-globin gene expression, while in 66-thal this 
compensation is only partial. These facts have led to the proposal that HPFH DNA might contain a larger 
deletion which removes a regulatory sequence normally reponsible for turning off fetal globin gene 
expression in the adult. To test this possibility we have mapped the endpoints of the deletions in each type 
of DNA by the procedure of genomic blotting, using y- or 6-globin cDNA plasmids or fragments of cloned 
genomic DNA as hybridization probes. The DNAs from two different individuals homozygous for HPFH 
contain deletions beginning approximately 4.0 kb 5' to the 6-globin gene and extending through both the 6- 
and 6-globin genes. The DNA from one individual homozygous for M-thal contains a deletion beginning 
within the intervening sequence of the &-globin gene and extending through the 6-globin gene. In another 
example of homozygous 66-thal, the 6- and 6-globin genes, a t  least 4.5 kb of DNA 5' to 6 -globin gene, and 
part or all of one of the two allelic fetal y-globin genes are deleted. The significance of the locations of 
the deletions in HPFH and 66-thal will be discussed in regards to  the models for the switch in expression 
from fetal to adult globin genes. This work was supported by a grant from the National Institutes of 
Health, NO. GM-24716A. 
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156 CHARACTERIZATION OF TANDEM AND INVERTED REPEAT SEQUENCB IN A CLOSELY 
LINKED CLUSTER OF RABBIT GLOBIN GENES, Che-Kun James Shen and Tom Maniatis, Division 
of Biology, California Institute of Technology, Pasadena, CA 91125 

A number of different non-globin DNA sequences are presect more than once within a 42 kilobase region of 
rabbit chromosomal DNA which contains four different 6-like globin genes. Cross-hybridization experi- 
ments between fragments of cloned DNA from different regions of the gene cluster reveal at least 25 
sequences which are  repeated a t  least once. These sequences can be classified into at least five subgroups 
whose members cross-hybridize. Electron microscopic visualization of double stranded DNA regions 
formed by intrastrand base pairing in single strands of cloned DNA and of heteroduplexes formed between 
clones containing different regions of the gene cluster have been used to  determine the size, location and 
relative orientation of the repeats. The length of the repeats varies from 100 to  over 1000 base pairs. A 
number of different inverted repeats flank one, two, three, or all four of the linked globin genes. One set 
of inverted repeats is comprised of two 1.26 kilobase sequences which a r e  located at opposite ends of the  
gene cluster, separated by approximately 35 kilobases of DNA. This work was supported by a grant from 
the National Science Foundation, No. CM 77-1 5425. 

157 THE ORGANIZATION OF GLOBIN GENES I N  THE CHICKEN CHROMOSOME. J e r r y  B.  Dodgson. Cal i -  
f o r n i a  I n s t i t u t e  of Technology, Pasadena, CA 91125; J. Douglas Engel, Northwestern 
Univ., Evanston, I L  60201; and J. Strommer, U.C.L.A., Los Angeles, CA 90024 

The organizat ion of t h e  var ious adu l t  and embryonic globin genes i n  t h e  chicken genome w a s  
i n i t i a l l y  s tudied through t h e  use of s o l u t i o n  and Southern hybr id i za t ion  techniques (Engel 
and Dodgson, J. Biol.  Chem.. i n  p re s s ) .  More r e c e n t l y  a l i b r a r y  of chicken DNA fragments 
cloned in  X Charon 4 A  was prepared by the  @RI methylase,  s y n t h e t i c  l i n k e r  technique 
(Maniatis e t  a l . ,  Ce l l  15, 687) .  This  l i b r a r y  was screened for globin gene-containing clones 
by the Benton and Davis method (Science 196, 180).  Several  independent g lob in  gene clones 
were obtained.  Among these a c lone containing the  adu l t  8-globin gene has been s tud ied  i n  
the  most d e t a i l .  The chicken sequences contained i n  t h i s  c lone a l s o  con ta in  an embryonic 
6-globin gene about t h ree  k i lobases  (kb) from t h e  a d u l t  gene. Both genes appear t o  be 
t ranscr ibed i n  the  same d i r e c t i o n  with the embryonic gene 3 '  t o  t h e  a d u l t  gene r e l a t i v e  t o  
t h e  d i r e c t i o n  of t r a n s c r i p t i o n .  No globin genes were found i n  t h e  10 kb of chicken DNA 3' 
t o  the embryonic gene; only about 1 kb of chicken DNA 5' to t h e  a d u l t  gene is present  i n  t h e  
cloned DNA, s o  other  globin genes may be l inked t o  t h e  a d u l t  %-gene i n  t h i s  d i r e c t i o n .  Both 
genes contain 0.8 kb i n s e r t i o n  sequences s i m i l a r  t o  those found i n  mammalian g lob in  genes. 
Further d e t a i l s  of t h e  gene t i c  organizat ion of  t h i s  c lone and of o the r  globin clones,  one of 
which appears  t o  contain l inked a-globin genes w i l l  be presented.  

158 
Work i s  in progress  t o  def ine t h e  p rec i se  molecular d e f e c t s  i n  va r ious  ca t egor i e s  of t h e  
disease thalassaemia.  
aemia has  been r e s t r i c t e d  with Hind111 and mRI and analysed by Southern t r a n s f e r  technology. 
Rabbit p-globin cDNA plasmid w a s s e d  as a probe f o r  human y, 6 and p genes.  
have been de tec t ed  i n  t h e  globin gene con ta in ing  r e s t r i c t i o n  p a t t e r n s  of normal and t h e  
thalassaemic DNAs.  These are presumed t o  r ep resen t  t he  po and 600 g lob in  gene a l l e l e s .  
f r a c t i o n s  containing these  two thalassaemic globin genes have been p a r t i a l l y  p u r i f i e d .  
Experiments a r e  being c a r r i e d  ou t  t o  clone these  two genes us ing  EK2 lambda vec to r s  and & 
v i t r o  packaging procedures.  
Human 0-globin mRn'A has been previously obtained and p a r t i a l l y  cha rac t a r i s ed  from p a t i e n t s  
with homozygous Po thalassaemia (Old u., Cell  a, 289-198, 1978). 
progress  t o  def ine t h e  p rec i se  molecular  de fec t  of t hese  mutant mRNAs us ing  d i r e c t  sequencing 
procedures.  

GLGBII: G E E S  AND XESENGER RNA FROM HUMANS W I T H  THALASSAENIA, Nicholas J. houdfoo t ,  
Francisco E Bara l l e  and John Old, MRC Laboratory of Molecular Biology, Cambridge. 

DNA obtained from a p a t i e n t  w i th  doubly heterozygous p0/6p0 thalaas-  

Two d i f f e rences  

DNA 

- 
Work i s  c u r r e n t l y  i n  
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nati College of Medicine, 231 Bethesda Avenue, Cincinnati, Ohio 45267. 
Hemin has been suggested to induce only early erythroid functions in Friend erythroleukemia 
cells and not those which occur late in the developmental program. Friend cells grown in the 
presence of 7 5  pM hemin accumulate globin mRNA. Unlike cells induced with other substances 
including DMSO, hemin induced cells do not cease cell division nor do they accumulate hemo- 
globin. The stability of globin mRNA in Friend cells after two, four, and six days of induc- 
tion with hemin was investigated. Cells were pulsed with 3H-uridine for two hours, the label 
washed away, and the cells resuspended in fresh medium without exogenous uridine. RNA was 
isolated from cells at various times of chase and globin mRNA was isolated from total RNA 
using a specific cDNA cellulose column. 
cells and cells induced for two, four, OK six days with hemin was stable with a half-life of 
greater than 50 hours. 
after four days of induction with DMSO. 
may, therefore, be a late function in the program of erythroid differentiation. 
bable that this program involves sequential expression of genes and the destabilization of 
globin mRNA requires some specific gene product. 
cells may not be translated at the same efficiency as that in DMSO induced cells. 
of mRNA and its translation may be intimately related. 

STABILITY OF GLOBIN mRNA IN FRIEND ERYTHROLELKEMIA CELLS INDUCED WITH HEMIN, Ky Lowen- 
haupt and Jerry B. Lingrel, Department of Biological Chemistry, University of Cincin- 

It was determined that globin mRNA in uninduced 

This is in contrast to the specific destabilization of globin &A 
The destabilization of globin mRNA in Friend cells 

It is pro- 

Alternatively, globin mRNA in hemin induced 
Stability 

160 STRUCTURE AND SEQUENCE ANALYSIS OF TWO CLASSES OF CLONED COLLAGEN cDNAs. Forrest 
Fuller, John Wozney, Douglas Hanahan and Helga Boedtker, Harvard University, Depart- 
ment of Biochemistry and Molecular Biology, Cambridge. MA 02138 

Recombinant bacterial plasmids containing chick calvaria procollagen sequences were character- 
ized by restriction mapping, Southern gel hybridization, DNA sequence analysis and ability 
to positively select translatable procollagen mRNA sequences. In addition to the three pro 
a2  cDNA clones previously described (H. Lehrach, A. M. Frischauf, D. Hanahan, J. Wozney, F. 
Fuller, R. Crkvenjakov, H. Boedtker and P. Doty (1978) Proc. Natl. Acad. Sci. U.S.A., in 
press), three pro a1 cDNA clones have been identified. 
base pairs l o n g  and is defined by internal Hae I11 fragments (110, 175 and 320 base pairs) 
found in double stranded procollagen cDNA and a sequence of 38+ thymine residues at one 5' 
end. pCg26 contains a 650 base pair long insert which is contained within the pCgl sequence. 
pCg54 contains an insert of approximately 1000 base pairs and overlaps the pCgl insert by 
260 base pairs. 
protection from S1. Therefore, pCgl and pCg54 inserts contain approximately 1600 base pairs 
of sequence corresponding to the 3 '  end of the mRNA. 
cloned cDNAs is being carried out in order to define them as probes to be used to study the 
chromosomal organization and expression of collagen genes. 
of Health grant HD 01229 

pCgl contains an insert which is 850 

All three inserts are colinear with mRNA as determined by hybridization 

Sequence analysis of both a1 and a2 

Supported by National Institutes 

161 OSGANIZATION AND EXPRESSION OF IMMUNOGLOBULIN GENES, Frederick W. Alt, Vincenzo Enea, 
Alfred L.M. Bothwell, and David Baltimore, Center for Cancer Research. Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139 

We have employed procedures similar to those used previously for the purification of dihydr- 
folate reductase-specific cDNA (Alt et al. J. Biol. Chem. 253: 1357-1370, 1978) to purify 
cDNA sequences complementary to specific immunoglobulin heavy and light chain mRNA sequences 
from murine myeloma lines. These probes have been used to identify cloned double-stranded 
cDNA sequences representing almost every type of immunoglobulin chain (a, Y1, Yza. Y&. Y3, 
several different K and h , and several potential U ). Currently, we are using this general 
approach t o  isolate and clone specific sequences from cell lines of the T cell lineage. 
These cloned sequences are being used to study the organization and expression of heavy 
chain genes in a number of different myeloma lines, each of which secrete a different type 
of heavy chain. In addition, we are also studying heavy and light chain gene expression in 
lines of Abelson murine leukemia virus transformed lymphoid cells, and have demonstrated the 
presence of specific heavy and light chain RNA sequences in a number of these lines. Var- 
ious lines of evidence have suggested that some of the Abelson virus transformed lines may 
be counterparts of one of the earliest immunoglobulin producing cell types of the B-cell 
lineage. Therefore, comparison of the organization and expression of heavy and light chain 
genes in these lines to that found in embryonic tissue and in myeloma lines should provide 
a spectrum of the specific molecular events occurring over the differentiation of an 
immunoglobulin producing cell. 
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162 CHARACTERIZATION OF A MOUSE MYELOMA CLONE CONTAINING BOTH VARIABLE AND CONSTANT 
REGIONS OF AN IMMUNOGLOBULIN HEAVY C H A I N  GENE, Mark M. Davis, P h i l l i p  W. Early,  

David B. Kaback. Norman Davidson, and Leroy E. Hood. Ca l i fo rn ia  I n s t i t u t e  of Technology, 
Pasadena, CA 91125.  

Using p u r i f i e d  immunoqlobulin mRNA f r o m  t h e  M603 myeloma tumor l i n e  (a  phosphoryl- 
chol ine  b inding  an t ibody producer wi th  a lpha  heavy cha ins  and kappa l i g h t  cha ins)  and the  
plasmid PMB9, a cDNA c lone  Containing a fragment of t he  a lpha  heavy cha in  cons tan t  reg ion  
Was cons t ruc ted .  
made with Eco R 1  p a r t i a l l y  d iges ted  DNA from t h e  same tumor l i n e  (M603) i n se r t ed  i n t o  the  
bacteriophage Charon 4a. One s e t  of genome c lones  thus  i s o l a t e d  con ta ins  both the  alpha 
cons tan t  region and a v a r i a b l e  reg ion  very  s i m i l a r  o r  i d e n t i c a l  t o  t h e  phosphorylcholine 
b inding  heavy cha in  v a r i a b l e  region a s  determined by both Southern B lo t s  and Elec t ron  
Microscopy. Furthermore, i t  appears  t h a t  t h e  main body of  t h e  cons tan t  reg ion  is separa ted  
from the  v a r i a b l e  reg ion  by 6800 nuc leo t ide  p a i r s  a s  seen by Elec t ron  Microscopy of "R-Loops" 
There is  a l s o  evidence f o r  t h e  ex i s t ence  of two small  i n t e rven ing  sequences wi th in  the  
cons tan t  reg ion ,  poss ib ly  between the  domains. Supported by Nat iona l  Science Foundation 
g ran t  No. 57668. 

This  DNA was l abe led  with 32P and used t o  screen  a mouse myeloma " l i b r a r y "  

163 DIFFERENT NUCLEAR RNA PRECURSORS FOR COMPLETE K LIGHT CHAIN mRNA AND K CONSTAXT 
R E G I O N  FRAGMENT mRNA I N  MPC 11 CELLS, Edmund Choi, W .  Michael Kuehl and Randolph 
Wall. Univers i ty  of Ca l i fo rn ia ,  Los Angeles, C a l i f .  90024 and Un ive r s i ty  of 
Vi rg in ia .  C h a r l o t t e s v i l l e .  Va. 22901. 

Cloned MPC 11 mouse myeloma c e l l s  produce both a complete K l i g h t  cha in  and a l i g h t  cha in  
fragment conta in ing  t h e  K cons tan t  r eg ion  (Rose, Kuehl and Smith; 
Elec t rophores i s  of MPC 11 mRNA i n  methyl mercury hydroxide g e l s  followed by con tac t  hybrid- 
i z a t i o n  with cloned K cons tan t  r eg ion  DNA has  confirmed t h a t  complete and fragment K l i g h t  
cha ins  are coded by 1.25 kb and .79 kb mRNAs r e spec t ive ly .  A nonproducing v a r i a n t  l i n e  of 
MF'C 11. NP.2 whicll syn thes i zes  the  K cons tan t  r eg ion  fragment con ta ins  only the  .79 kb K 

mRNA spec ie s .  The K l i g h t  cha in  sequences i n  the  hnRNA of MPC 11 and NP.2  c e l l s  were com- 
pared t o  determine whether t h e  two K l i g h t  cha in  mRNAs were der ived  from the  same nuclear  
RNA precursor  or independently from d i f f e r e n t  nuc lea r  RNA precursors .  The l a r g e s t  de t ec t -  
a b l e  nuc lear  RNA spec ie s  conta in ing  K l i g h t  cha in  mRNA sequences i n  MPC 11 c e l l s  sediments 
a t  285 (% 5 .2  kb) whi le  t he  l a r g e s t  K s p e c i f i c  spec ie s  in NP.2 c e l l s  sediments a t  21s 
(% 3.2 kb).  MPC 11 and NP.2 nuclear  RNAs reso lved  on methyl mercury hydroxide g e l  exh ib i t  
add i t iona l  K l i g h t  cha in  spec ie s  which appear  t o  be process ing  in t e rmed ia t e s .  U.V. t r ans -  
c r i p t i o n  mapping is being  used t o  independently e s t a b l i s h  the  s i z e  of t r a n s c r i p t i o n  u n i t s  
coding f o r  t he  nuc lear  RNA p recu r so r s  t o  these  two K mRNA. 
two d i f f e r e n t  K l i g h t  cha in  cons t an t  r eg ion  genes a r e  s imul taneous ly  expressed i n  MPC 11 
cells.  

C e l l  12: 4 5 3 ,  1 9 7 7 ) .  

These f ind ings  sugges t  t h a t  

164 KAPPA LIGHT CHAIN GENES FROM CLONED MOPC 21 GENOMIC LIBRARIES, Michael Komaromy, 
P a t r i c k  Clarke and Randolph Wall, Univers i ty  of C a l i f o r n i a ,  Los Angeles, Calif .90024. 

We have previous ly  determined the  l o c a t i o n s  of mRNA sequences ( inc lud ing  v a r i a b l e  and cons tan t  
reg ions)  i n  t h e  MOPC 2 1  K l i g h t  cha in  t r a n a c r i p t i o n  u n i t  u s ing  U.V. mapping (1). We have 
now cons t ruc ted  genomic l i b r a r i e s  of MOPC 21 myeloma DNA t o  complement these  s t u d i e s  wi th  
f i n e  structure mapping of the  cloned a c t i v e  K l i g h t  cha in  gene. L i b r a r i e s  were cons t ruc ted  
by t o t a l  EcoR I d iges t ion  and l i g a t i o n  i n t o  XgtWES, and by p a r t i a l  Hae 111 d iges t ion ,  
s e l e c t i o n  of 18-22 kb fragments,  add i t ion  of preformed adap to r s  (2 )  and l i g a t i o n  i n t o  Charon 
4A. An i n  v i t r o  packaging system w a s  used t o  v a s t l y  improve the  c loning  e f f i c i ency .  The 
l i b r a r i e s  were screened wi th  n i ck - t r ans l a t ed  r e s t r i c t i o n  fragments con ta in ing  e i t h e r  MOPC 
21 K l i g h t  cha in  V+G-region sequences o r  C-region only ,  genera ted  from a cDNA c lone  from 
MOPC 21 l i g h t  cha in  mRNA (3). A number of c lones  have been s e l e c t e d  and cha rac t e r i zed  by 
r e s t r i c t i o n  mapping, Southern mapping and R-looping. These inc lude  a c lone  con ta in ing  V+C 
sequences. two c lones  con ta in ing  only G-region sequences. and f i v e  d i f f e r e n t  c lones  con- 
t a i n i n g  only  V-region sequences.  None of t h e  la t ter  V-region i s o l a t e s  a r e  i d e n t i c a l  t o  t he  
MOPC 21 V-region. and thus  appear  t o  r ep resen t  d i v e r s i t y  wi th in  t h e  k15 group (which in- 
c ludes  MOPC 21). 
sequences are being screened  for us ing  a cloned probe from t h e  5 '  end of the  mRNA. 
(1) Gilmore-Hebert e t  el, PNAS, i n  press .  December 1978 
(2) 
(3) Wall e t  a l ,  Nucleic Acids Research 5, 3113-3128 (1978) 

Nucleotide sequences from t h e s e  c lones  w i l l  be presented .  Promoter 

Bahl et a l .  BBRC g,  695-703 (1978) 
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1 6  IMMTNOGLOBULIN SYNTHESIS BY LYMPHOID CELLS TRANSFORMED IN VITRO BY ABELSON MURINE 
LEUKEHIA VIRUS, Edward J. Siden, Naomi Rosenberg, Dan Clark and David Baltimore, 

Center for Cancer Research, Massachusetts Institute of Technology, Cambridge, MA. 02139 
The majority of cell lines derived by infection of murine bone marrow cells with Abelson 
murine leukeda virus synthesize a mu heavy but no detectable light chain. 
of cell lines have been found which make no imunoglobulin, light chain alone , or transiently 
express a light chain as well as mu chain. 
that makes mu chain and one that makes light chain. 
be increased 
cells. 
was detected. 
pathway of B-lymphocyte maturation. 

A minority 

Two lines have been studied in detail, one 
Synthesis of both polypeptides can 

by modifying the culture conditions so as to decrease the growth rate of the 

mu-only phenotype may be an early, normal step in the 
Although some kappa chain secretion was observed, neither secreted nor surface mu 

We suggest that the 

166 STUDIES ON GENE AMPLIFICATION IN PAU-RESISTANT SYRIAN HAMSTER CELLS, Richard A. 
Padgett, Geoffrey M. Wahl, Gail E. Christie and George R. Stark, Department of 
Biochemistry, Stanford Medical School, Stanford, California 94305 

PALA-resistant cell lines stably overproduce the first three enzymes of de novo pyrimidine 
biosynthesis by up to 120-fold. Amplification of the structural gene coding for the multi- 
functional protein containing the three activities appears to be the principal mechanism 
of overproduction. Cot analysis of DNA from various cell lines shows that the copy 
number of structuralgene sequences is increased at least proportionately with enzyme 
overproduction. Genomic and cDNA clones have been prepared and the mRNA has been 
physically mapped relative to the DNA. Some highly drug-resistant cell lines contain 
both the normal 7.9 kb mRNA and an additional 10.2 kb RNA which hybridizes to the cloned 
cDNA. 

167 STRUCTURE OF DIHYDROFOLATE REDUCTASE GENES IN METHOTREXATE-RESISTANT MOUSE LINES / 
EXPRESSION OF MOUSE DIHYDROFOLATE REDUCTASE IN - JH Nunberg, RJ Kaufman, ACY 
Chang, HA Erlich, SN Cohen and RT schimke, Stanford University, Stanford, Ca. 94305 

Resistance to methotrexate(MTX) is associated with an increase in dihydrofolate reductase(DHFR1 
gene number in various mouse cell lines. We are analyzing these amplified genes to study the 
mechanism of amplification. A genomic 5kb BamI fragment has been cloned and mapped with re- 
spect to a DHFR cDNA clone. This 5kb fragment contains only part of the gene-the non-transla- 
ted half of the cDNA sequence and part of a>2kb intervening sequence. Attempts are underway 
to obtain several independent isolates of the entire gene. Another approach is to examine the 
Southern hybridization of specific DHFR cDNA fragments to restricted genomic DNA. 
results With total cDNA sequence as probe suggest that the unit of amplification is large(720 
kb) and that the gene is also large and contains several intervening sequences. Experiments 
With specific cloned cDNA fragments should provide a clearer map. 
DHFR cDNA, ipserfed into the PstI site of pBR322 by GC tailing, was also used to transform 
X2282, a tQy variant of X1776, and transformants selected with trimethoprim(Tp). Bacterial 
DHFR is 10 -fold more sensitive to Tp than the mouse enzyme, and several 'expressors' of mouse 
DHFR were isolated. The best characterized, the 'strong expressors', have the cDNA inserted in 
the same orientation but out of phase with respect to the vector 0-lactamase. The protein pro- 
duct has enzymatic, immunologic and also molecular weight properties of mouse DHFR. We postu- 
late that the oligo-G tail in the vicinity of the AUG start codon is acting as a ribosome 
binding and initiation site resulting in 'native' mouse DHFR. Other clones which differ in 
Structure and expression are being examined. 

Preliminary 
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KARYOTYPIC ALTERATIONS ASSOCIATED W I T H  STABLE AND UNSTABLE METHOTREXATE RESISTANCE AND 
DIHYDROFOLATE REDUCTASE GENE AMPLIFICATION, Randal J. Kaufman, Peter C. Brown, Jack 
H. Nunberg, and Robert T. Schimke, Stanford University, Stanford, CA 94305 

The developnent of high resistance to the folate analogue methotrexate (MTX) results from a 
stepwise selection of cells with a progressive increase in the capacity to synthesize 
dihydrofolate reductase (DHFR) and correspondingly high levels of DHFR mRNA and number of 
DHFR gene copies. Elevated DHFR gene copy numbers occur in both stable and unstable 
resistant cell lines. 
become stably resistant with a 'fixation' of the DHFR genes. A fluorescein derivative 
of methotrexate and the fluorescence-activated cell sorter have been utilized to analyze 
DHFR levels in individual cells as well as to sterilely isolate living cells on the basis 
of DHFR gene copy number in order to develop hypotheses concerning the mechanism(s) for 
expansion, contraction, and fixation of DHFR gnne copies. In s i t u  hybridization of DHFR 
cDNA to metaphase chromosomes has localized the amplified genes to an expanded region of 
chromosome # Z  in a stably MTX-resistant Chinese hamster ovary line. similar chromosome 
anomalies have been found in stalby RTX-resistant murine cell lines. Karyotype analysis of 
murine MTX-resistant lines has indicated a large number of double minute chromosomes present 
in unstable MTX-resistant lines but not in lines with stable MTX-resistance or in stable 
partial revertants. The fluorescence activated cell sorter has been used to isolate cells with 
high and low numbers of unstable DHFR genes and these cells have been found to contain 
multiple double minutes and very few double minutes, respectively. Data will be presented 
concerning the presence of DHFR genes in the double minutes. 

Upon growth in the presence of MTX, unstable MTX-resistant lines have 

169 CONTROL OF LIVER SPECIFIC FUNCTIONS I N  CYTOPLASMIC-NUCLEAR HYBRIDS OF MOUSE A9 CELLS 
AN0 RAT HEPATOMA CELLS. Leah Ann L ips ich,  Joseph J. Lucas and Joseph R. Kates. SUNY 

a t  Stony Brook, Stony Brook, New York 11794 
Karyoplasts prepared from the mouse A9 c e l l  l i n e  have been transplanted i n t o  cytop lasts  pre- 
pared from the r a t  hepatoma HTC c e l l  l i n e  t o  form v iab le  whole c e l l s .  The resu l t s  i nd i ca te  
tha t  the mouse nucleus, when placed i n t o  r a t  hepatoma cytoplasm, i s  induced t o  code f o r  the 
l i v e r  spec i f i c  enzyme tyros ine amino transferase (TAT)-an enzyme never detected i n  the mouse 
f ibrob lasts .  The enzyme was detected i n  s ing le c e l l s  using a histochemical method and i n  c e l l  
ext racts  prepared from hybrids by the Diamondstone (1966) assay f o r  enzyme a c t i v i t y  and by 
Imnunoprecipitat ion using antibody prepared against p u r i f i e d  TAT. That the enzyme was o f  
muse o r i g i n  was supported by heat s t a b i l i t y  analysis, mouse l i v e r  TAT being s i g n i f i c a n t l y  
m r e  res i s tan t  t o  high temperature than the corresponding r a t  TAT. That the c e l l s ,  though 
expressing a l i v e r  spec i f i c  function, indded contained mouse nuc le i  was confirmed by t h e i r  
resistance t o  azaguanine and by karyotyping. Also, as i n  the r a t  c e l l  parent, the l eve l  o f  
expresslon o f  TAT i n  the hybrids was modulated by the synthet ic  s te ro id  hormone dexamethasone. 
The hybrids exhlb i ted induced leve ls  o f  enzyme a c t i v i t y  which varied, from experiment t o  ex- 
periment. from 15-30% o f  t h a t  shown by contro l  induced HTC cu l tures.  Each hybr id  c u l t u r e  con- 
t inued t o  e x h i b l t  i t s  spec i f i c  l eve l  o f  a c t i v i t y  constant ly  f o r  6-8 weeks a f t e r  fusion, then 
abrupt ly  stopped making enzyme. We f e e l  t ha t  t h i s  system, which wxhib i ts  both the induct ion 
and modulatlon o f  an a c t l v l t y  not  normally expressed by the nuclear parent donor c e l l ,  i s  
p a r t i c u l a r l y  amenable t o  the study o f  eukaryotic qene regulat ion.  

C Y C L I C  AM?, THE MICROFIBRILLAR SYSTEM, AND CELL, REGIILATION, Theodore T.  Puck, Eleanor  
Roosevelt, I n s t i t u t e  f o r  Cancer Research ,  I Jn iver5 i t .y  of Colorado Medical Cent,er,  IIenver, 
Colorado 00262. 
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I n c r e a s e  i n  t,he l e v e l  o f  c y c l i c  AM? i n  t.he CMO t.ransformed c e l l ,  c a u s e s  change  o f  morphology 
t o  t h a t ,  o f  a normal f i h r o h l a s t . ;  loss o f  t.he a h i 1 i t . y  t.0 grow i n  s u s p e n s i o n  alt .hough g r n v t h  
on s o l i d  s u r f a c e s  is unchanged; d i s a p p e a r a n c e  o f  t ,he r a p i d l y  o s c i l l a t . i n g  knobs which 
c h a r a c t e r i z e  t ,he t .ransformed s t , a t e  l e a v i n g  a smooth t . r a n q u i l i z e d  mpmhrane; change i n  
n c t , i v i t y  o f  s p e r i f i c  cell s u r f a c e  a n t  i g e n s ;  i n c r e a s e d  a c t , i v e  t r a n s p o r t .  o f  alpha-amino- 
i s o b u t y r i c  a c i d ;  and  a change i n  t ,he  micro t , i ihu lar  s t r u c t u r e  from a sparse, r a l n t . i v e l y  random 
a r r a y  t.o a dense p a t t , e r n  o f  micro tuhules  p a r a l l e l  t,o e a c h  o t . h r r  and  t o  t h e  long a x i s  of t ,he 
r e s u l t . i n g  f i b r o h l a s t , i c  c e l l .  The m i c r o t u b u l a r  o r g a n i z a t i o n  a p p e a r s  t n  he  c a u s a l l y  r e l a t e d  
t,o o t h e r  changes s i n c e  t,reat.ment. w i t . h  co l remid  o r  v i n h l a s t . i n e  prevent.s mani fes t .a t iona  o f  a l l  
h u t  t h e  change i n  grorrth h e h a v i o r  which cannot. he measured in  t h e  p r e s e n c e  o f  m i t o t i c  
i n h i b i t o r s .  
from a b r a i n  b i o p s y  c a u s e s  c e s s a t i o n  o f  growth and development of n e u r i t . e - l i k e  p r o c e s s e s  
which u n i t e  t o  form a net.wnrk and which cont.ain b u n d l e s  of p a r a l l r l  microt. i ihules.  It, i s  
pos t ,u la ted  t , h a t ,  a) cyclic AMP i s  necessary f o r  o r g a n i z a t i o n  o f  the microt.uhular system 
w i t h i n  cells; h )  t h e  form which such  o r g a n i z a t i o n  t a k e s  i s  g e n e t . i c a l l y  prede t , r rmined;  r )  t h e  
r e s u l t i n g  o r g a n i z e d  s t r u c t u r r  is  a n e c e s s a r y  roncomi tan t  o f  p a r t i r u l a r  d i f f r r e n t i a t i o n  
f u n c t  i o n s .  

Addi t ion  of c y c l i c  AMP t,o a h y b r i d  of t h e  t r a n s f o r m e d  c e l l  w i t h  a cell t a k e n  
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171 CLONING AND EXPRESSION OF SEA URCHIN HISTONE GENES USING SV4O DNA AS A VECTOR, John 5. 
Kaptein and George C. Fareed, Molecular Biology Institute, University of California, 
Los Angeles, California 90024. 

DNA from the sea urchin (Strongylocentrotus purpuratus) histone gene cluster was digested 
with restriction enzymes and selected fragments were linked at one end to portions of the 
SV40 DNA via ligation of cohesive termini. 
P) were coinfected with this hybrid DNA and with DNA from temperature sensitive or deletion 
mutants of SV40. 
screened for the presence of virus containing DNA from the sea urchin histone gene cluster, 
using a filter hybridization assay developed for this purpose. 
various recombinant ONAs circularization of the hybrid linear DNA molecules occurred in vivo 
during the transfection procedure as evidenced by various restriction endonuclease a n 3 y K  
In sow circularizations there was no detectable change in the size of the DNA although loss 
of restriction endonuclease sites at the open ends did occur. Marker rescue of SV40 genomes, 
and genetic rearrangements (primarily of the SV40 helper DNA) were also observed. 
tion of the hybrid genomes was achieved through lytic infections. Expression of genetic 
information in cytoplasmic RNA transcripts was examined for selected clones. 
Supported in part by a Medical Research Council of Canada Fellowship and USPHS grant # CA 
06091. 

Permissive African green monkey kidney cells (CV1- 

Individual plaques appearing under restrictive conditions were expanded and 

In each infection with the 

Propaga- 

ASSIGNMENT OF ThE ADENOVIRUS-2 mRNA TRANSCRIPTS T O  THEIR RESPECTIVE VIRAL POLY- 
PEPTIDES, Bruce M. Paterson*, aryan E. Roberts+, and Michael B. Mathewsd. 
“Laboratory of diochemistry, NCI-NIH, Bethesda, MD 20014, Wept. Biology, 
Brandeis University, Naltham, MA 02154, #Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY 11724. 

Viral mRNAs produced during the early and late phases of infection have been selected 
by hybridization to Adenovirus-2 DNA and resolved according to molecular weight on 
agarose gels containing methyl mercury hydroxide. Restriction fragments of SV-40 and 
Adenovirus were used t o  calibrate the gels. 
in a reticulocyte cell free system in response to the mRNA extracted from the gels we 
have been able to determine the functional size range for the majority o f  the mature 
Adenovirus-2 messenger RNAs. Our results in conjunction with previous work allow one 
to construct a transcription map for the virus taking into account the positions of 
the coding sequences within the mRhA transcripts. These results are to be presented. 

By analyzing the polypeptides synthesized 

DISCOI~TINUITY OF SEQUENCES CODING FOR POLY(A)mA IN MOUSE DNA, Ian H. Maxwell and 
William E. Hahn, Department of Anatomy, University of Colorado, Denver, CO 80262. 173 

DNA sequences in the genes coding for several specific proteins (globin, immunoglobulins, 
ovalbumin, ovomucoid) are known to be discontinuous. Whether sequence discontinuity is the 
condition of few or many structural genes is not known. To answer this question we annealed 
tracer amounts of a complex populat+.on of cDNA sequences (mass average size, -1600 nucleo- 
tides), complementary to poly(A)mA f;om mouse brain, to large fragments (>15 kilobasesl c,f 
genomic DNA and examined the size of the annealed cDNA after treatment with S1 nuclease by 
alkaline agarose gel electrophoresis. The mass average size of the annealed cDNA recovered 
from S 1  nuclease-treated duplexes was about 800 nucleotides but -15% of this cDNA was 1600 
nucleotides or greater. Control experiments showed that the cDNA was not reduced in size 
during the incubation period required for annealing, and that S1 nuclease did not cleave per- 
fect duplex DNA. When the same preparation of cDNA was hybridized with poly(A)mRNA, and then 
treated with S 1  nuclease, only a slight shift (size decrease) in the size profile of the cDNA 
was observed. These results suggest that discontinuity of mRNA coding sequence is a frequent 
conditinn of StrUCtural genes. The above cDNA was also hybridized with total poly(A)hnRNA. 
In this case, S 
although a minor fraction appeared to be reduced in size. Total poly(A)hnRNA probably con- 
sists largely of processed molecules, and thus hybridization experiments with high molecular 
weight fractions of hnRNA are now in progress to determine whether transcription of interven- 
ing sequences is general. 

nuclease treatment did not alter the size of mst of the hybridized cDNA 1 
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In the biogenesis of Adenovirus-2 (Ad-2) mRNAs, methylation occurs at the 5' end (cap) and in- 
ternally as N6-methyl-adenylic acid (men). Accumulation kinetics of 38 labeled Ad-2 specific 
m6A and 14C labeled uridine, late in Ad-2 infection, indicated a nearly complete conservation 
of m6A from nucleus to cytoplasm, whereas the conservation of 14C-uridine was only ''~20%. 
accord with the accumulation kinetics, at all times the (14C) U/(3H)m6A ratio in the cytoplasm 
was no greater than 406 of that of the nucleus. A mathematical model was designed to evaluate 
the kinetics, taking into consideration the three major parameters which affect the rate of 
accumulation: equilibration of S-adenosyl-methionine pool during 3H-methionine labeling; the 
nuclear dwell time of RNA prior to its exit to the cytoplasm; and the stability of the cyto- 
plasmic mRNAs. The t# for pool equilibration was determined by chromatography to be 25 min. 
From the best fit of data to the model, it vas estimated that the nuclear dwell time was 25 + 
10 min, that the m6A of cytoplaamic RNA turned over in 75 to l5Omin, and that m6A conservation 
was greater than 75%. When the group of messages that are 3 '  coterminal and hybridize to the 
- Sma D restriction fragment of Ad-2 DNA (40.5-52.6% of the genome) was studied in detail, it 
was found thatm6A was conserved within the portionofthe primary transcript thatwasdestined 
to become mRNA even though the joining of the 5' end to the leader sequence varies. In addi- 
tion. results from 3 min labeling and DMSO-sucrose gradient centrifugation suggest that (3H)m6A 
was found mostly in the nuclear molecules larger than 5000 nucleotides (larger than any Ad-2 
mRNA molecule). 
ibility that internal methylations may play a role i n  the formation of mRNAs. 

N-6 METHYL ADENYLIC ACID IN ADENOVIRUS-2 NUCLEAR RNA IS CONSERVED IN THE FORMATION OF 
mRNA, S .  Chen-Kiang, J. E .  Nevins & J. E. Darnell,Jr.,Rockefeller University,N.Y.C. 

I n  

The conservation of m6A and its occurence prior to processing raise the poss- 

Chromosome Structure and Transcription 

175 
Studies on the assembly of nucleosomes form the four core histones (HZA. HZB. H3 and H4) 
and DNA can be mediated by a highly purified nicking-closing enzyme under physiological 
conditions of ionic strength and temperature. The histone-DNA complex assembled in vitro 
contains nucleosomes as judged by several criteria. When complexes are formed from- 
relaxed circular DNA, nearly physiological numbers of superhelical turns are induced in 
the DNA molecule. Electron microscopy of the complexes reveals a beaded structure and a 
reduction of the contour length compared to the DNA. Micrococcal nuclease digestion of 
the histone-DNA complex results in 145 base pair DNA fragments typical of nucleosome 
core particles and discrete length subnucleosomal DNA fragments. The rate of chromatin 
assembly in vitro is consistent with the physiological rates. 

THE NICKING-CLOSING ENZYME MEDIATES CHROMATIN ASSEMBLY IN VITRO, J. E. Germond 
and Douglas Brutlag, Stanford Medical Center, Stanford, CA 94305. 

176 LOCALIZATION OF THPEE NnNHISTOYE PROTEINS I N  POLYTENE NllrLEI OF DROSOPHILP MELANO- 
GASTER, Hans 1'111 and Ekkehard K.F. Rautz. l ' n i ve rs i t y  o f  Hridelherq. €4 Hridelhrrg, 
GFR 

Proteins Involved i n  the requlat ion of gene exnressinn are l i k e l y  t o  he members of a group 
of nonhistone prote ins (NHP's). Such requlatorv  prote ins are expected t o  he located a t  
snec i f ic  s i t es  i n  chromosomes of eucarvntes. I lsinq ooly t rne chrmnosomes as a t e s t  system 
re have s tar ted t o  search for  nroteins which can he l oca l i zed  a t  defined reqions i n  polytene 
nuc le i .  Total NHP's. obtained from nucle i  o f  nrosoohila ePrhryos, were f ract ionated on a 
hydroxyanatite column and Ind iv idual  f rac t i ons  or, a1 te rna t i ve l y .  n ro te in  bands ohtained 
a f t e r  SOS qel electrovhoresis of these f ract ions,  were i n jec ted  i n t o  rahbits. The ant lsera 
ohtained were used t o  loca l ize.  hv i n d i r e c t  imnunofluorescence, the correspondinq antiqens 
i n  polvtene nuclei.  
One o f  the antisera was found t o  decorate p r imar i l v  Duffs, a second antiserum nave f l uo r -  
escence almost exc lus ive ly  a t  the chranocenter and a t h i r d  a n t i s e r m  oroved t o  he spec i f i c  
f o r  nuc leo l i .  The antiserum decorating the  chromocenter req ion was found t o  reac t  more 
s t ronglv  w l th  a- than w l t h  R- heterochrmat in .  S i v i l a r  r rac t l ons  werP ohsprved w i t h  other 
nrosophila species (0. hvdei and 0. v i r l l i s l .  The antlserum also s ta ins metanhase chronosmes 
o f  I h s o p h i l a  t i ssue  cu l tu re  c e l l s  and even o f  Hela c e l l s .  
The nucleolus-specif ic antiserum was found t o  react  w i t h  a s inq le  polypeptide having a Hw 
of approximately 30, 000 daltons 
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We have studied histone acetylation in an in vitro system. 
purified preparation of the major salt-extractable nuclear bound histone acetyl-trans- 
ferase ( E .  Belikoff and B. Alberts, unpublished), )H-acetyl CoA, and a variety of 
nucleosomal substrates having different degrees of higher order packing. We find with 
this enzyme that only histones HZa, HZb, and (to a lesser extent) H4 are acetylated. 
In contrast, the pattern of acetylation in vivo, or in isolated cell nuclei in vitro, 
reveals preferential acetylation of histones H3 and H4 over histones H2a andH2b. 
Inhibition of endogenous acetylases in nuclei with NEM and subsequent readdition of the 
histone acetyltransferase gives predominantly H2a and H2b acetylation. 
NEM sensitivity, urea extraction, or increased ionic strength, we can separate the 
endogenous histone acetyl-transferase activity directed towards histone H3 from o w  
acetyl-transferase activity directed towards H2a and H2b. It appears that two nuclear 
activities may exist: 1) the more commonly studied nuclear enzyme, which acetylates 
preferentially histones H2a, H2b, and H4 on nucleosomes, even though H4 and H3 are the 
preferred substrates when presented with equimolar amounts of free histones, 2 )  an 
activity towards histones H3 and H4, which does not purify with our acetylase and may 
represent a specific cofactor requirement for the major enzyme. 

STUDIES ON THE IN VITRO ACETYLATION OF NUCLEOSOMES, Robert L. Garcea and Bruce M. 
Alberts, Dept. of Biochem. & Biophys., Univ. of Calif., San Francisco, Ca 94143 

This system consists of a 

-- 

Using differential 

178 
Active transcription units on isolated fourth chromosomes from salivary gland nuclei of 
Chlronomus tentans have been visualized according 
developed by Hiller and co-workers. These active transcription units are likely to be 
located in the most active sites of transcription on chromosome IV. Balbiani Ring 1 and 
Balbiani Ring 2 ,  which generate 75s RNA molecules. The active transcription units most 
frequently observed had a mean 
The lateral 
of gaps or evidence of processing during transcription. 
transcription 
Rings prepared for conventional electron microscopy, and &th available biochemical infor- 
mation about 
tion of 

PISUALIZATION OF ACTIVE TRA3SCRIPTIO;I UNITS IN THE BALBIANI 
TENTANS. >I. M. Lamb and B. Daneholt, krolinska Institutet. Stockholm, Sweden 

to the electron microscopic method 

RINGS OF CHIRONWS 

~- -- 

length of 7.68 urn and did not appear to be tandemly repeated. 
fibers on the transcription units were closelv spaced with no regular pattern 

1Je have compared the active 
units visualized bv this method with structures observed in sectioned Balbiani 

the 75  S RNA generated at these sites. We consider possible models of regula- 
of these active transcription units. transcription in the light of the morphology . .  

Active transcription unit; bar indicate. 1 um. 

179 
Parrial dfgestion of nuclei isolated from mammalian cells with micrococcal nuclease results 
inDNA of discrete length. Different cell lines exhibite different repeat lengths. The H1 his- 
tone has been implicated in the determination of the variation in nucleosome repeat aizes. We 
have examined the expression of DNA repeat lengths and histone H1 in a series of intraspecific 
and interspecific somatic cell hybrids. Different mouse and human lines exhibiting distinct 
repeat sizes were fused. In the 24 mouse x human hybrids analyzed. the DNA was organized in- 
to repeat lengths characteristic of the mouse cells. The number and type of human chromosomes 
present in these hybrids had no effect on this feature.In the 5 mouse x mouse hybrids,only the 
repeat length of one parental line was observed. 
Labeled purified histone H1 can be fractionated into 3 subfractions by gel electrophoresis. 
Partial peptide analysis of these proteins from mouse and human cells revealed that 1)the his- 
tone subfractions from within a species are distinct from each other and 2)in some cases,indi- 
vidual subfractions can be distinguished between rodent and human cells. Analysis of the mouse 
-human hybrids revealed the presence only of the mouse H1 histones. Because each of the human 
chromosomes is represented among these hybrids,we conclude that the human histone gene ex- 
pression is suppressed in these hybrids.0bservations that these hybrids are expressing human 
enzymes suggest that the €31 histone of one species can interact with the chromatin of another 
in a biologically active conformation.In the mouse mouse hybrids, the histones of B82 cells 
are expressed. Since these hybrids show the repeat size only of the other parent line, we con- 
clude that H1 histone is not a major factor in the determination of nucleosome repeat lengths. 

HISTONE GENE EXPRESSION AND CHROMATIN STRUCTURE IN CELL HYBRIDS,Nancy Hsiung and 
Raju Kucherlapati, Princeton University, Princeton, N.J. 08540 
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180 SPECIFIC DNA FRAGMENTS ASSOCIATED WITH NONHISTONE SCAFFOLDING PROTEINS, Brian C.Bowen 
and U .  K. Laemmli, Princeton University, Princeton, NJ 08540 

The higher order structure of metaphase chromosomes may in olve the repetitive attachment of 
s p r c i f i c  DNA sequences t o  a matrix of nonhistone proteins.' In initial attempts to test this 
hypothesis, Hela chromosomes were digested with restriction endonuclease HaeIII.. Upon com- 
pletion o f  the reaction, histone proteins and 98-99% of the DNA were solubilized, and the 
insoluble, chromosome "scaffolds" purified by sedimentation. Digestion studies with ECORL- 
of the scaffold-associated DNA indicated that this DNA is highly enriched in a set of re- 
peated fragments, suggesting a possible specific interaction with the scaffolding proteins. 
The two major fragments observed have sizes of 2 . 1  kb and 1.7 kb; they accounted for 20% of 
the scaffold-associated DNA. Restriction mapping of the 1.7 kb fragment shows one AluI, two 
Sau3A.  and several ( > 5 )  HinfI sites. 
By in situ hybridization, we found that the scaffold-associated DNA sequences are located on 
all of t h e  Hela chromosomes, in both heterochromatic and euchromatic regions. The major 
EcoKI fragments, however, appear to hybridize predominantly to the centromeric regions of 
a subser of  chromosomes. These results imply that the major fragments represent only a sub- 
set n i  the  repeated sequences recognized by nonhistone proteins. An interpretation of the 
results. and the possible relation of the major fragments to previously reported human 
satellite DNA is discussed. 

Laemmli, U. K . ,  et a1 (19771, Cold Spring Harbor Symp. Quant. Biol., 4 2 ,  351 

IMNUKOFLUORESCENT LOCALIZATION OF HETEROGENOUS NUCLEAR RIBONUCLEOPROTEIA 
IN DROSOPHILA POLYTENE AND LAMPBRUSH CHROMOSOMES. Milan Jamrich Dept . 
of h o l o g y ,  d n i v .  of Virginia, Charlottesville, VA. 22901, Mark 8 .  

Christensen, Wallace M. Le Stourgeon, Dept. of Molecular Biology, Vanderbilt U. 
Nashville, Tenn. 37235 
The major non-histone nuclear protein from Physarum polycephalum (protein B-36) 
is similar in certain properties to HeLa hnRNP proteins A , A , and B (Chris- 
tensen % c., 1977, BBRC 74: 621). Antibodies raised aga%nst2B-36 pr&tein 
cross react with at least one of the HeLa proteins. These antibodies can be 
used to localize nascent hnRNA transcription or possible storage sites o f  the 
proteins or post-transcriptional RNP particles. The reaction of anti B-36 
serum with polytene cbromosornes produces a strong fluorescence at transcrip- 
tionally active sites. The strongest fluorescence is observed in active puffs. 
Antibodies also decorate the interbands, a result which is in good agreement 
with the localization of RNA polymerase B(I1) and which supports the ides that 
the interbands are also involved in active transcription (Jamrich &., PBAS 
74: 2079). The fluorescence obtained after staining the nuclei of 2. hydei 
primary spermatocytes shows that the nucleoli contain an exceptionally high a- 
mount of antigen (the same holds for Drosophila tissue culture cells). Most, 
if not all, of the lampbrush loops show specific staining. These observations 
indicate that at least one of the RNP proteins has remained conserved during 
evolution and that some of the RNP proteins may be common for hn and pre-rRBA. 

182 ABSENCE OF NUCLEOSOMES IN ACTIVE rDNA REPEATS OF Calliphora erythro- 
cephala LARVAL TISSUES AND JAPANESE QUAIL MYOBLASTS. Milan Jamrich, 

Ellen Clark, and Oscar L. Miller, Jr., Dept. of Biology, Univ. o f  Virginia, 
Charlottesville, Va. 22901 
Chromatin of Calli hora larval tissues and of tissue-cultured quail myoblasts 
was prepared *on microscopy. Spreading conditions were varied in pH 
( 7 . 5 - 9 . 0 ) ,  in concentration of detergent (O-O.l% Joy, 0-0.1% Digitonin), in 
presence of tRNA (0-100~g/ml) and in degree of agitation. Under all conditions) 
rRNA genes which are not fully loaded with RNA polymerases do not exhibit 
nucleosomes between polymerase molecules. These chromatin segments are similar 
in structure to the "rho" chromatin reported for rRNA genes o f  Oncopeltus iaa- 
ciatus (Foe et al., Cell 9: 131). In Calliphora, nucleosomes are present in 
theregions F e E d i n g  initiation sites, but nucleosome-free regions frequently 
are present beyond the termination points of the genes. These regions vary in 
length and occasionally include an entire non-transcribed spacer, The O C C ~ F  
sional presence of RNA polymerases with attached transcripts in the nucleosome- 
free regions beyond gene termini in Calliphora suggest that these regions may 
result from a failure of polymerase to terminate properly. In quail myoblasts, 
however, the spacer region of rRNA repeats appears to he free of nucleosomes. 
Whether or not the absence of nucleosomes in quail spacers is due to similar 
events remains to be determined. (USPHS Grant 5 R01 GM2102). 
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of  Colorado School of Medicine, Denver, Colorado 80206. 

NUCLEOSOME ASSEMBLY OCCURS ON NON-REPLICATING DNA - Ronald L. Sea le .  Nat:onal 
Jewish Husp i t a l  and Department of  Biochemistry,  Biophysics and Genet ics ,  Univers i ty  

Assembly of nucleosomes from newly synthes ized  h i s t o n c s  w a s  i n v e s t i g a t e d  t o  de te rmine  
whether t h e  s i tes  of depos i t l on  a r e  on newly s 
1) Chromatin w a s  l abe led  s imul taneous ly  wi th  RC-BUdR and %-lysine.  Nucleosomal subun i t s  
were prepared by nuc lease  d i g e s t i o n ,  salt-washed t o  remove a l l  p r o t e i n s  except  t h e  inne r  h i s -  
tones .  c ros s l inked  and banded in C s C 1 .  The l a b e l e d  p r o t e i n s  banded wi th  n o r m 1  d e n s i t y  
chromatin,  n o t  w i th  t h e  newly-synthesized, hybr id  d e n s i t y  chromatin.  
2)  Newly synthes ized  chromatin DNA bands a s  a l i g h t  r e p l i c a t i o n  satel l i te  t o  main band 
chromatin DNA i n  C s C l .  Pulse-labeled h i s t o n e s  were a s s o c i a t e d  wi th  t h e  non- rep l i ca t ing  
Chromatin, no t  w i th  t h e  r e p l i c a t i o n  satel l i te .  
3) The k i n e t i c s  of d i g e s t i o n  of new, ly s ine - l abe led  nucleosomes from n u c l e i  followed t h e  
pa ren ta l  chromatin p a t t e r n  i n  terms of rate and s i z e  of c leavage  products .  

t hes i zed  o r  non- rep l i ca t ing  DNA of HeLa cclls.  

In  summary, t h e  d a t a  obta ined  by t h r e e  d i f f e r e n t  c r i t e r i a  i n d i c a t e  t h a t  nucleosome 
assembly t akes  p l ace  on non- rep l i ca t ing  DNA. 

184 
When t h e  chromatin of Drosophila is  examined by d i g e s t i o n  wi th  D N a s e  I or micrococcal nuc lease ,  
no gene ra l  s t r u c t u r a l  o rgan iza t ion  above t h e  l e v e l  of t he  nucleosome is r evea led  by t h e  
c leavage  p a t t e r n .  In c o n t r a s t ,  t h e  DNase I c leavage  p a t t e r n  of s p e c i f i c  r eg ions  on t h e  
Drosophila chromosome shows d i s c r e t e  bands wi th  s i z e s  ranging  from 2 t o  g r e a t e r  than  20 k i l o -  
base  p a i r s .  V i s u a l i z a t i o n  of such h igher  o rde r  bands w a s  achieved by t h e  use  of  t he  Southern  
b l o t t i n g  technique .  
s h e e t  a f t e r  s i z e  f r a c t i o n a t i o n  by g e l  e l e c t r o p h o r e s i s .  Hybr id i za t ion  was then  c a r r i e d  o u t  
with r a d i o a c t i v e l y  l abe led  cloned unique sequences of Drosophila melanogas te r  DNA. 
au toradiography,  d i s t i n c t i v e  p a t t e r n s  of h ighe r  o r d e r  bands a r e  seen .  
somal l o c i  examined, each g ives  a unique and d i f f e r e n t  band p a t t e r n .  R e s t r i c t i o n  enzyme 
ana lyses  i n d i c a t e  t h a t  t h e  p r e f e r e n t i a l  D N a s e  I c leavage  s i tes  in chromat in  are p o s i t i o n  
s p e c i f i c .  Both these  h igher  o rde r  bands and t h e  nucleosome r e p e a t  p a t t e r n  are d i s rup ted  t o  
some degree  a t  t h e  two hea t  shock l o c i  examined fo l lowing  gene a c t i v a t i o n .  Both l e v e l s  of  
o rgan iza t ion  are r e s t o r e d  a f t e r  hea t  shock. Chromatin s t r u c t u r e  of  c o n t r o l  l o c i  ( t h r e e  cases )  
i s  not  a f f e c t e d  by hea t  shock. It is  concluded t h a t  t h e r e  are h ighe r  o r d e r  s t r u c t u r a l  
domains in chromatin def ined  by DNase I - s e n s i t i v e  boundar ies .  C o n t r o l l i n g  packaging and 
d i s r u p t i o n  of DNA i n  nucleosomes and h igher  o r d e r  domains may be  of i n t e g r a l  importance in 
t he  r egu la t ion  of euka ryo t i c  gene express ion .  

THE CltROELATIN STRUCTURE OF SPECIFIC G E N E S ,  Sarah C. R. Elgin and Carl Wu, Harvard 
Un ive r s i ty ,  The B io log ica l  Labora to r i e s ,  1 6  Div in i ty  Ave., Cambridge, Mass. 02138 

The DNase I-generated fragments were t r a n s f e r r e d  on to  a n i t r o c e l l u l o s e  

A f t e r  
For t h e  f i v e  chromo- 

SPECIFIC TRANSCKIPTION OF SV40 DNA B Y  RNA POLYMERASE I1 FROM AVIAN LIVER.  185 W .  Kas te rn ,  J .  Eldr idge  and K.P .  Mul l in ix ,  NCL, N I H ,  Bethesda, Maryland 20014 
The mechanisms involved i n  the  con t ro l  of s p e c i f i c  gene t r a n s c r i p t i o n  a r e  n o t  known. As p a r t  
o f  a program t o  deve lop  i n  v i t r o  systems t o  s tudy  s p e c i f i c  gene t r a n s c r i p t i o n ,  w e  have i so -  
l a t e d  and cha rac t e r i zed  X e m d e p e n d e n t  RNA polymerase I1 from avian  l i v e r ,  a t i s s u e  t h a t  
i s  r i c h  i n  t h i s  enzyme. 
panc rea t i c  DNase I t h a t  we had coupled t o  Sepharose 4B. The RNA polymerase p r e p a r a t i o n  thus  
obta ined  was completely dependent on t h e  a d d i t i o n  of  exogenous DNA f o r  a c t i v i t y .  Four per  
cen t  of  t he  a c t i v i t y  was due t o  RNA polymerase I and the  remaining a c t i v i t y  was due t o  RNA 
polymerase 11, wi th  no d e t e c t a b l e  RNA polymerase 111. I n  o rde r  t o  i d e n t i f y  RNA polymerase I1 
i n  complex mixtures  of p r o t e i n s  a t  var ious  s t a g e s  of  p u r i f i c a t i o n ,  w e  have used t h e  technique  
of b inding  3H-amanitin. Af t e r  t h e  b inding  r e a c t i o n ,  t h e  p r o t e i n  mixture  was sub jec t ed  t o  e l ec -  
t rophores i s  on grad ien t  polyacrylamide g e l s  under non-denaturing cond i t ions .  We have i d e n t i -  
f i e d  two p r o t e i n s  t h a t  bind 3H-amanitin, having molecular  weights  of 640,000 and 550,000, re -  
spec t ive ly .  
t o  t i t r a t e  t he  t o t a l  amounts of  t h i s  enzyme i n  a p repa ra t ion .  This  de t e rmina t ion  i s  the re -  
f o r e  independent of t he  a c t i v i t y  of  t he  enzyme and a l lows  us t o  compare t h e  amount o f  RNA 
polymerase I1 molecules p re sen t  wi th  t h e i r  a c t i v i t y .  The a b i l i t y  of  RNA polymerase I1 from 
avian  l i v e r  t o  i n i t i a t e  s p e c i f i c  t r a n s c r i p t i o n  has  been s tud ied .  Using SV40 DNA a s  t empla t e ,  
RNA polymerase I1 was ab le  t o  i n i t i a t e  t r a n s c r i p t i o n  on e i t h e r  t h e  e a r l y  o r  l a t e  gene r eg ions ,  
depending on t he  method of p u r i f i c a t i o n .  
m e t r i c ,  depending on t h e  manner i n  which t h e  polymerase had been i s o l a t e d  from t h e  n u c l e i .  

Nuclei  from r o o s t e r  l i v e r s  were ly sed  and sub jec t ed  t o  d i g e s t i o n  by 

We have a l s o  u t i l i z e d  the  a b i l i t y  of  RNA polymerase I1 t o  b ind  t o  3H-amanitin 

In  a d d i t i o n ,  t h i s  s p e c i f i c  t r a n s c r i p t i o n  vaa asym- 
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186 DYNAMICS CY NUCLEOSOME STRUCTURE STUDIED BY FLUORESCEMCE, Ann E. 
D i e t e r i c h ,  K i l b e r t  Eshaghpour, and Charles IL. Cantor, Columbia 

Univers i ty ,  New York, N.Y. 10027 
S p e c i f i c a l l y  bound f l u o r e s c e n t  dyes have proven t o  be very  u s e f u l  probes of 
nucleosome s t r u c t u r e .  
containing  a f l u o r e s c e n t  l a b e l  on e i t h e r  h i s t o n e  113 or 114. and 
0.6 M NaC1, the  s t r u c t u r e  o f  the  l a b e l l e d  nucleosoines has  been character ized 
by tge techniques of f luorescence  p o l a r i z a t i o n ,  c o l l i s i o n a l  qucncuing, and 
s i n g l e t - s i n g l e t  energy t r a n s f e r .  
dramatic cl.anges i n  nucleosome s t r u c t u r e ,  g i v i i i g  r i s e  t o  four d i s t i n c t ,  s t a t e s  
of the  nucleosome. The k i n e t i c s  of t r a n s i t i o n  between some of  t h e s e  s t a t e s  
has been s tudied,  r e v e a l i n g  i n  one case  t h e  presence  o f  intermediate  
s tructures  of the  nucleosome. These l a r g e  and coni2lex s t r u c t u r a l  ciiauges a r t  
c o n s i s t e n t  with t h e  v a r i e t y  o f  furictions i n  which nucleosoues must 
p a r t i c i p a t e  i n  the  c e l l .  

Nucleosomes have beeii r e c o n s t i t u t e d  froni core  hi.cjtones 
Between 10 

In t h i s  range o f  i o n i c  s t r e n g t h s  we observed 

187 
o f  Washinqton, Baltimore. Haryland 21210 
Cloned and genomic Xeno us boreal is  w c y t e  s p e c i f i c  55 DNAs containing c lus te rs  o f  55 rRNA 
genes and the a d j a c d r - e r  DNA have been sequenced. The number o f  genes var ies 
between c lusters ,  and the distance between genes w i t h i n  a c lus te r  i s  about 80 nucleotides. 
The 55 genes are accurately t ranscr ibed when added t o  an e x t r a c t  o f  X. l aev i s  oocyte nuc le i .  
To f a c i l i t a t e  our search f o r  comnon features i n  the DNA sequences i n i i i i e d m  adjacent t o  the 
5' and 3' ends o f  Xenopus and other  eukaryot ic  oenes t ranscr ibed by RNA polymerase 111, we 
have developed a computer program t o  analyze nuc le ic  ac id  sequences. 
would be candidates f o r  involvement i n  the con t ro l  o f  t ransc r ip t i on .  
among the 5 '  f l ank inq  sequences are: 1) a purine r i c h  reqion, 2) a t  l eas t  one d i r e c t  repeat, 
3) the absence o f  dyad symmetry, 4) t ransc r ip t i on  beginning w i t h  a purine, 5) a pyrimidine 
residue i m d i a t e l y  preceding the f i r s t  nuc leot ide o f  the gene. and 6) the o l igonucleot ides 
AAAAG, AGAAG and GAC. located approximately 15, 25 and 35 nucleotides respect ive ly  before the 
s t a r t  o f  t ransc r ip t i on .  The ten base p a i r  spacing between the homologous o l igonucleot ides i s  
t h a t  expected f o r  a recooni t ion s iqnal  on one face o f  a DNA double h e l i x .  The 3' f l ank ing  
regions contain many features i n  comnon w i t h  prokaryot ic  t r a n s c r i p t i o n  terminat ion s i t e s .  
Exper imnts t o  a l t e r  the 5 '  f l ank inq  sequence o f  Xenopus 5s genes and study the e f f e c t  o f  
these changes on t ransc r ip t i on  are i n  p rmress .  

COMPARISON OF SEQUENCES THAT FLANK EUKARYOTIC GENES TRANSCRIBED BY RNA POLYMERASE 111, 
Laurence Jay Korn and Donald D. Brown, Departrent o f  Embryology, Carnegie I n s t i t u t i o n  

Conserved sequences 
The cornran features 

188 ISOLATION OF A CHROFlATIN FRACTION FROM XENOPUS LAEVIS ENRICHED I N  GENES CODING FOR 55 
RNA, Joel M. Gottesfeld, Scripps C l i n i c  and Research Foundation. La Jo l l a ,  C a l i f .  

5s genes are present i n  many thousand copies per genome 
I n  the f rog  Xenopus Zaeuis the DNA sequences coding f o r  5s ribosomal RNA form a development- 
a l l y  regulated multigene family. 
and d i f f e r e n t  types o f  5s genes are expressed i n  oocytes and somatic c e l l s .  
of 5s genes i n  nucleosomes has been studied by Southern b l o t  hyb r id i za t i on  o f  labeled 5s 
DNA t o  a p a r t i a l  micrococcal nuclease d iges t  of Xenopus chromatin ( i n  nuc le i  of kidney- 
derived t i ssue  c u l t u r e  ce l l s ) .  
s i m i l a r  t o  t h a t  f o r  the bulk  of Xenopus chromatin (196 base pai rs) .  The re la t i onsh ip  o f  
nucleosanes t o  the sequence o f  5s DNA has been studied by the Southern b l o t  procedure w i t h  
DNA i so la ted  from l i m i t  r e s t r i c t i o n  digests o f  chromatin. 
cleavage s i t e s  i n  the sequence o f  oocyte-type 5s DNA and the abundance o f  5s DNA i n  the 
Xenopue genome make t h i s  gene we l l  su i ted fo r  i s o l a t i o n  as chromatin. 
subjected t o  two cycles o f  r e s t r i c t i o n  enzyme digestion: f i r s t  w i t h  enzymes t h a t  do no t  cleave 
5s DNA fol lowed by a cen t r i f uga t ion  step t o  remove so lub i l i zed  chromatin. 
chromatin was then subjected t o  d igest ion w i t h  a r e s t r i c t i o n  enzyme tha t  cleaves 5s DNA once 
per repeating u n i t  (H ind I I I ) .  
i n  a sucrose gradient  and the p o s i t i o n  o f  55 genes i n  the gradient  was determined. The f i n a l  
chromatin f rac t i ons  contained less than 2% of the t o t a l  DNA but  most (>60%) o f  the 5s DNA 
sequences. 
electrophoresis. 

The organization 

The length of 5s DNA contained i n  a nucleosome subunit i s  

The loca t i on  o f  r e s t r i c t i o n  enzyme 

Chromatin has been 

The remaining 

The chromatin s o l u b i l i z e d  by t h i s  enzyme was then sedimented 

The prote ins o f  5s gene chromatin have been analyzed by two-dimensional ge l  
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IIJKERITAIiCE OF NUCLEOSOMES DURIIIG DhWLOPMENT. Robert M. Grainger , University of 189 Virginia, Charlottesville, VA 22Y01. 
The stability of nucleosomes synthesized in Drosophila embryos was determined by a density 
labellin approach. 

medium containing "C-&sine; thus histones synthesized postembryonically are all l'C 
labelled and dense, while histones synthesized in the embryo are %-labelled and light. At 
several times during later larval development nuclei were isolated from larvae and digested 
with micrococcal nuclease to yield a nearly homogeneous mononucleosome preparation. 
some8 were crosslinked to preserve histone octamers (which comprise the nucleosome core) 
using Lomant's reagent Idithiobis (succinimidyl propionate) 1 and samples banded in cesium 
formte-guanidine HC1 equilibrium gradients. 
histone6 (not crosslinked) were banded to demarcate the light and heavy density positions 
in the gradients. Crosslinked octamers from all developmental stages tested (through the 
late 3rd larval instar) segregate into a completely light 3H-labelled peak and completely 
heavy 14C-labelled peak. 
nucleosomes are stable throughout this developmental period. 
analysis it uas possible to determine that embryonic nucleosomes were stable at least six 
generations. 
is the structural subunit of chromatin; experiments presented here imply that it is a 
biologically stable structure as well. 

Radiolabelled eggs were collected from adult fenales fed a medium con- 
taining f H-lysine. These eggs were sterilely transferred to a completely l3C-15N 1 belled 

Bucleo- 

Control 14C heavy histones and 3 H  light 

Thus histones in old and new nucleosomes do not mix, and embryonic 
By a DNA density labelling 

Biochemical and morphological approaches have clearly shown that the nucleosome 

190 SODIUM BUTYRATE INDUCES NEW GENE EXPRESSION I N  FRIEND ERYTHROLEUKEMIC 
CELLS, Raymond Reeves and P e t e r  Cserjesi, The U n i v e r s i t y  of B r i t i s h  

Columbia, Vancouver, B.c., Canada, V6T 1W5. 
Within twenty-four hours  a f t e r  t r e a t m e n t  w i th  m i l l i m o l a r  c o n c e n t r a t i o n s  of n- 
b u t y r a t e  t h e  h i s t o n e s  ( p a r t i c u l a r l y  t h e  nucleosome core h i s t o n e s  H 3  and H4)of 
F r i e n d  cells have become hyperace ty l a t ed  a s  a r e s u l t  of t he  i n h i b i t i o n  of the 
h i s tone  deace ty l a se  enzymes by t h e  sho r t - cha in  f a t t y  a c i d .  During t h i s  s a m e  
t ime pe r iod ,  n u c l e i c  a c i d  h y b r i d i z a t i o n  s t u d i e s  i n d i c a t e  t h a t  t h e  b u t y r a t e -  
t r e a t e d  cells  have a l s o  accumulated a popu la t ion  of about  38% new RNA t r a n s -  
c r i p t s  syn thes i zed  from unique-sequences of  mouse DNA. These butyrate- induced 
RNA t r a n s c r i p t s  are n o t  d e t e c t a b l e  i n  c o n t r o l ,  non- fa t ty  a c i d  t r e a t e d  cells  o r  
i n  F r i end  cells  t r e a t e d  wi th  o t h e r  i nduce r s  of  overt d i f f e r e n t i a t i o n  such as 
d ime thy l su l fox ide .  Furthermore,  two-dimensional g e l  e l e c t r o p h o r e t i c  a n a l y s i s  
of  t h e  t r e a t e d  cells  a l s o  i n d i c a t e s  t h a t  t h e  b u t y r a t e - t r e a t e d  cells  s y n t h e s i z e  
many new s p e c i e s  of  p r o t e i n s  n o t  found i n  c o n t r o l  o r  dimethylsulfoxide-treated 
cells. A l l  of t hese  metabol ic  e f f e c t s  of  b u t y r a t e  a r e  r e a d i l y  r e v e r s i b l e  once 
b u t y r a t e  is removed from t h e  cells .  The remarkable co -o rd ina te  e f f e c t  of buty- 
a te  on the induc t ion  of h i s t o n e  a c e t y l a t i o n ,  t h e  i n d u c t i o n  of new p r o t e i n  syn t -  
h e s i s  and t h e  induc t ion  of  new unique-sequence gene t r a n s c r i p t s  s u g g e s t s  t h a t  
t h e  t h r e e  phenomena may be c l o s e l y  l i n k e d  i n  F r i e n d  cel ls  and t h e  r e s u l t s  a r e  
not  i n c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  h i s t o n e  a c e t y l a t i o n  ma p l a y  an  important  
part  i n  t h e  i n i t i a t i o n  of  new gene expres s ion  i n  t h e s e  celys. 

191 LAC REPRESSOR BINDING TO RECONSTITUTED LAC NUCLEOSOMES. Moses V. Chao, Harold G. 
Martinson, and Jay D. Gralla, UCLA, Los Angeles, CA 90024. 

Res t r i c t i on  fragments o f  203 and 144 base pa i r s  containing the E.col i  l a c  contro l  reg ion 
have been reconst i tu ted w i t h  core histones from c a l f  thymus t o  F o s a c  DNA-containing 
nucleosomes. By several c r i t e r i a ,  inc lud ing ONase I digestion, sedimentation rate,  
and histone-histone cross l ink ing.  reconst i tu ted nucleosomes are s i m i l a r  t o  na t i ve  
nucleosomes i so la ted  from micrococcal nuclease d igest ion o f  c a l f  thymus nuc le i .  In 
order t o  map the pos i t i on  o f  the histone core on the 203 base p a i r  l a c  reconst i tu te ,  
Exonuclease I11 digest ion fol lowed by DNA sequencing was ca r r i ed  out. This analys is  
ind icated tha t  the l a c  operator sequence i s  e i t he r  covered o r  overlapped by the histone 
core. Using i sok ine t i c  sucrose gradients containing known amounts o f  l a c  repressor 
protein. the 203 base p a i r  l a c  nucleosomes were found t o  bind t o  l ac  repressor w i t h  
h igh a f f i n i t y  and s p e c i f i c i t y .  
histone core. The apparent b ind ing constant o f  the 203 base p a i r  l ac  recons t i t u te  
i s  w i th in  an order o f  magnitude o f  the binding of free l a c  DNA w i t h  l a c  repressor, 
i nd i ca t i ng  t h a t  the presence o f  histones does not  i n t e r f e r e  s i g n i f i c a n t l y  w i t h  repressor 
binding. 
much lower apparent binding constant. 

Repressor binding d i d  not induce d i ssoc ia t i on  o f  the 

The 144 base p a i r  l a c  recons t i t u te  also binds l a c  repressor, however, a t  a 
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1% 
The elucidation of a particulate chromatin subunit, the nucleosome, as a ubiquitous component 
of eukaryotic chromatin has led to the investigation of the manner in which these subunits are 
organized into higher order structures in interphase and metaphase chromatin. Minimally-dis- 
rupted higher order fibers can be visualized in chromatin derived from mouse L929 cells after 
gentle mechanical lysis with 0 . 5 0 ~  glass beads in the presence of Jokliks suspension media and 
preparation for electron microscopy by the Miller procedure. These uniform fibers measure 200 
to 300 8 in diameter and are composed of closely-apposed arrays of nucleosomes. 
order fibers can be seen extending from metaphase chromosomes as a series of loops 1-5 pm in 
length and also are observed in interphase chromatin suggesting that this fiber class is pre- 
sent in cells independent of the overall degree of chromatin condensation. Negatively-stained 
preparations show several distinct nucleosome packing patterns within the 200-300 I( fiber. 
The most cormon patterns appear as (1) bands of nucleosomes oriented diagonally relative to 
the fiber axis and stacked along the fiber length, (2) regions within which adjacent nucleo- 
somes are in a staggered packing arrangement imparting a knobby or rope-like appearance to 
the fiber or (3)  short, relatively straight segments composed of two rows of nucleosomes arr- 
anged parallel to the fiber axis. The variety of packing conformations and their variable 
distribution along the length of the higher order fiber suggest that, although the diameter of 
the fiber is uniform. it is formed by folding the basic 100 2 nucleosome-containing fiber non- 
uniformly. 
seen in active chromatin also will be discussed. 

HIGHER ORDER STRUCTURE IN CHROMATIN, J. B. Rattner and B. A. Hamkalo, University of 
California, Irvine, CA 92717 

The higher 

The above observations were made on inactive chromatin; higher order structures 

INITIATION OF RIBOSOMAL RNA YNTHESIS IN VlTRO BY A XEHOPUS OOCYTE NUCLEAR HOHOGENATE 
R.A. Hipskindl S . L .  HcKnight’ & R.H. Reederi I )  Fred Hutchinson Cancer Res. Center, 
Seattle. WA 98104 & 2 )  Dept.’of Embryoloqv,’Carneqie lnst. o f  WA., Baltimore HD 21210.  

193 
Nuclei isolated manually from mature oocytes will incorporate labeled nucleoside tri- 
phosphates into RNA for at least 8 hours. The reaction product is predominatly ribosomal RNA. 
When incubated with I-thionucleoside triphosphates to probe for initiation, 3-108 o f  the prcd- 
uct RNA hybridizes strictly to a cloned DNA fragment containing the 5’ end of the rRNA gene. 
With longer incubation times the bound RNA begins t o  hybridize to a restriction fragment from 
the middle o f  the gene. The size of this RNA on gels is consistent with its hybridization be- 
havior. All the hybridization is t o  the coding strand of ribosomal DNA and is competed by 
cold 405 ribosomal precursor. We have also analyzed the nuclear homogenate incubated in vitro 
by electroii microscopy. The micrographs show close-packed RNA polymerase molecules with at- 
tached nascent chains (initiated in vivo) moving further down the gene with increasing time. 
We calculate a chain elongation rate o f  2 . 2  nucleotides per second for these transcripts, com- 
pared to a rate o f  2-4 nucleotides per second estimated for the I ( - th iotr iphosphate- in i t ia ted 
chains. Behind these close-packed complexes are RNA polymerase-nascent chain complexes at ap- 
proximately 1 / 4  the i n  vivo frequency. We conclude that the homogenate is reinitiating ribo- 
somal RNA synthesis in vitro and that initiation occurs very near the in vivo initiation site. 
Supported by grants form the NIH to RHR and from the Helen Hay WhitneyFoundation to SLH 
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