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0784 ACTIVATION OF LAC TRANSCRIPTION, Jay 0. Gra l la ,  Department o f  Chemistry and 
B iochemis t ry  and the  Molecu la r  B io logy  I n s t i t u t e ,  U n i v e r s i t y  o f  Ca l i f o rn ia ,  
Los Angeles, CA 90024 

T r a n s c r i p t i o n  o f  t h e  l a c  promoter can be a c t i v a t e d  by bo th  negat ive  DNA 
s u p e r c o i l i n g  and by c a t a b o l i t e T t i v a t o r  p ro te in .  
mechanism, and DNA sequence requirements f o r  t h i s  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 .  A se r ies  of 
c i r c u l a r  templates which d i f f e r  on l y  i n  the  ex ten t  o f  negat ive  s u p e r c o i l i n g  were prepared 
and assayed f o r  t r a n s c r i p t i o n  r a t e  i n  v i t r o .  Th is  bas ic  experiment was repeated using a 
f a m i l y  o f  l a c  promoter v a r i a n t s  w h i x m r e d  by p o i n t  muta t ions  i n  each o f  t he  th ree  
p r o k a r y o t i c r o m o t e r  elements, -10 reg ion  sequence, -35 reg ion  sequence, and spacer 
length.  I n  general, t he  i n t r o d u c t i o n  o f  negat ive  s u p e r h e l i c i t y  i n t o  promoter-bear ing DNA 
leads t o  an i n i t i a l  exponent ia l  r i s e  i n  t r a n s c r i p t i o n  r a t e  fo l l owed  even tua l l y  by a modest 
dec l ine .  The maximum s t i m u l a t i o n  achieved va r ies  very s i g n i f i c a n t l y  among promoters. It 
i s  a s l i g h t  two- fo ld  f o r  l a c  UV5 con ta in ing  the  consensus -10 element and i s  f o r t y - f o l d  
f o r  l a c  ps which c o n t a i n e E  s i n g l e  s u b s t i t u t i o n  i n  the  region. 
t h e s e f f e c t s  w i  11 be discussed. 

p romoter -c lear ing  p r o t e i n  i n  v i t r o .  That i s ,  i t  can ca ta l yze  the  removal o f  RNA 
polymerase bound improper lF t -  l a c  promoter region. 
which bear on the  issue o f  how RNA polymerase i s  re -d i rec ted  t o  the  proper  promoter s i t e .  

We have s tud ied  the  magnitude, 

Poss ib le  mechanisms f o r  

CAP p r o t e i n  a l s o  s t imu la tes  t r a n s c r i p t i o n .  CAP was found t o  ac t  as a 

Experiments w i  1 1  be presented 

Las t ly ,  a novel  methodology f o r  f o o t p r i n t i n g  DNA-protein complexes w i l l  be 
Th is  method g ives  h igh  r e s o l u t i o n  da ta  and i s  u l t r a - r a p i d  s ince  n e i t h e r  descr ibed. 

r e s t r i c t i o n  cleavage nor  b l o t t i n g  i s  required. Several app l i ca t ions ,  i n c l u d i n g  f o o t p r i n t s  
o f  r e g u l a t o r y  p ro te ins  on superco i l ed  DNA, w i l l  be presented. 

0785 DEVELOPYENTALLY REGULATED TW13TRRS I N  A SPORE MRtTIVP, BACTERIIIII, Richsrd Losick, 
Peter Zuber, Michele Igo,  C e l l u l a r  and Developmental Biology, Biological  
Labora to r i e s ,  Harvard Un ive r s i ty ,  15 Div in i ty  Avenue, Cambridge, MA 07139; and 

Charles  Yorsn, Department of Microbiology and Immunology, Fnory IJnivers i ty  School of 
Medicine, 502 Woodruff Yemorial Bui lding,  Atlanta ,  GA 30372 

The t r a n s c r i p t i o n  i n i t i a t i o n  r eg ions  of t h e  B a c i l l u s  s u b t i l i s  genes Spovs snd ctc a r e  
composed of overlap nq prom e r s  t h a t  a r e  s e p a r a t e l y  u t i l i z e d  by t h e  minor UNA polymerase 
holoenzyme forms E2'  and &@. We have constructed s p e c i a l i z e d  t ransducing phages 
bea r ing  fus ions  of spovC, and ctc t o  t h e  'f. c o l i  lacZ gene i n  o rde r  t o  i d e n t i f y  nuc leo t ide  
sequences r equ i r ed  f o r  expression and r egu la t ion  of t h e s e  genes i n  vivo. 
t r a n s c r i p t i o n  is induced a t  t h e  onse t  of spo ru la t ion ,  and t h i s  QXA syn thes i s  is dependent 
upon t h e  products  of a c l a s s  of developmental r egu la to ry  genes known as t h e  @ l o c i .  
have been a b l e  t o  e s t a b l i s h  by means of d e l e t i q q  ans lys  9 that@-dependent r egu la t ion  
of spoVG is exe r t ed  a t  or nea r  t h e  sites of Eo 
spoVG promoters.  
s t rong ly  t h e  level of Spovc t r a n s c r i p t i o n  bu t  is n o t  r equ i r ed  f o r  t h e  normal p a t t e r n  of 
Spovc expression.  
and whose induct ion t akes  p l ace  under n u t r i t i o n a l  cond i t ions  d i s t i n c t l y  d i f f e r e n t  than 
those  t h a t  induce spore formation. We show t h a t  t h e  3 of ctc t r a n s c r i p t i o n  snd its 
regu la t ion  is  e n t i r e l y  determined by DVA sequences t h a t  extend no f u r t h e r  upstream than 
u o s i t i o n  -48 ( t h a t  is ,  without  dependence upon upstream AT-rich sequences).  Nucleotide 
s u b s t i  y t i o n  mutat ions a t  "-35" and "-10" pos i t i ons ,  which impair  ctc recogni t ion by Ed7 
and E$ i n  v i t r o ,  a r e  shown t o  prevent  its expression and induct ion i n  vivo. Our r e s u l t s  
suqgest  t h a t t h e a c t i v i t y  of spov', and ctc is con t ro l l ed  by r egu la to ry  p r o t e i n s  (e.g. Spoo 
gene products  i n  t h e  case  of SpOvr, and o t h e r  un iden t i f i ed  r equ la to ry  gene products  i n  t h e  
case of ctc) t h a t  a c t  d i r e c t l y  or i n d i r e c t l y  g conjunct ion with minor RNA polymerase 
forms a t  sites c lose  t o  or overlapping with promoter sequences.  

Spovs 
#e 

and E d -  i n t e r a c t i o n  with t h e  overlapping 
An upstream AT-rich box ( p o s i t i o n s  -53 t o  -76) is shown t o  enhance 

Spovc can be con t r a s t ed  with ctc whose expression is @-independent 

Losick and Younman, Microbial  Development, eds.  R.  Losick and L. Shapiro,  Cold Spring 
Harbor, 19M, p. 33. 

Zuber and Losick, C e l l  35: 275-293, 1995. 

T a t t i  and Floran, J. Mol. Biol .  175: 285-297. 
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0786 MECHANISMS OF ACTIVATION OF ESCHERICHIA R N A  POLYMERASE. 
W .  R .  McClure, Dept. Biological Sciences,  Carnegie-Me1 lon Univ. ,Pi ttsburgh,PA 15213 

Experiments performed i n  v i t r o  have revealed many s i m i l a r i t i e s  and a l s o  considerable  
d i v e r s i t y  i n  t he  mechanisms of t r a n s c r i p t i o n  a c t i v a t i o n .  In a l l  cases the  a c t i v a t o r  p ro te in  
b i n d s  t o  a s i t e  c lose  t o  t h e  promoter. In a l l  cases a c t i v a t o r  binding r e s u l t s  i n  an inc rease  
i n  t r a n s c r i p t i o n  i n i t i a t i o n  frequency. The d i v e r s i t y  displayed by several  a c t i v a t i o n  
mechanisms i s  summarized in the accompanying t ab le .  The biochemical s tud ie s  have shown t h a t  
t h e  binding s t e p  ( K B )  o r  isomerizat ion s t e p  (k2)  o r  both s t e p s  can be d i r e c t l y  enhanced by 
d i f f e r e n t  a c t i v a t o r s .  Act ivat ion can a l s o  occur i n d i r e c t l y  as  a r e s u l t  of t he  a c t i v a t o r  
( a .  k .a .  r ep res so r )  excluding R N A  polymerase binding a t  an overlapping promoter. 
ac t iva t ed  promoters can a l s o  be separated i n t o  groups based on t h e  e f f e c t s  of promoter 
mutations and DNA supe rco i l ing .  Act ivat ion of APRM and lacPt i s  superimposed in  a simple way 
upon t h e  e f f e c t s  of mutation i n  t hese  promoters (both u p n d  down mutations have been exam- 
ined ) .  Act ivat ion of XPE and APT by cII p ro t e in  i s  more complex because up ( P I )  and down 
( P E )  mutations a f f e c t  t he  mechanism and t h e  ex ten t  of a c t i v a t i o n .  DNA supercoi l ing does not 
always r e s u l t  i n  increased promoter a c t i v i t y  ( X P R M  f cI). DNA supercoi l ing has been shown 
t o  con t r ibu te  s i g n i f i c a n t l y  t o  the  a c t i v a t i o n  of lacPT and o f  APE and X P I .  In t h e  l a t t e r  
t h r e e  cases  supe rco i l ing  might enhance a c t i v a t o r  binding,  polymerase i n t e r a c t i o n ,  o r  both.  
The e f f e c t s  of a c t i v a t o r  concentrat ion,  promoter mutat ions,  and DNA supercoi l ing found 
v i t r o  a r e  in  good agreement with experiments performed in  vivo. 

Act ivat ion in  v i t r o  Act ivat ion 
KB k2 -__ i n  vivo References I nd i r e c t  Promoter Act ivator  

The 

1. X P R M  CI l l x  8 - 1 0 ~  
25 - 50x 
21 I O O X  5 )  6 )  

2. &P+ C A P ~ C A M P  
3. APE & CII  lOOx lOOx 

1) Hawley, D.K. and McClure, W . R .  (1983) Cell  32, 327-333. 
2 )  Shih,  M . - C .  and Gussin,  G . N .  (1983) P N m 0 7 4 9 6 - 5 0 0 .  
3 )  Malan, T . P . ,  Kolb, A . ,  BUC, H. and McClure, W . R .  (1984) JMB, i n  p re s s .  
4 )  Malan, T.P. ,  and McClure, W . R .  (1984) w, in  press .  
5 )  Shih,  M . - C .  and Gussin,  G . N .  (1983) Cell 34,  941-949. 
6 )  Hoopes, B . C .  and McClure, W . R . ,  u n p u m h e z  

0787 PROMOTERS FOR BACTERIOPHAGE N4-VIRION RNA POLYMERASE, Lucia Rothman- 
Denes, John Chase', Sandra Glucksmann, Lynne Haynes, Peter Markiewicz and Cherie 
Malone, Department of Molecular Genetics and Cell Biology, The University of Chicago, 
Chicago, IL. 60637 and *Department of Molecular Biology, Albert Einstein College of 
Medicine, Bronx, N. Y. 

Coliphage N4 early RNA synthesis requires the activity of a phage-coded, virion-encapsulated RNA 
polymerase composed of one 320,000 M W  polypeptide. In vitro, the enzyme is inactive on all native 
DNAs tested including the  linear, double-stranded 72 Kb N4 genome. However, denatured N4 DNA is 
transcribed with % specificity. The sequences of three si tes of transcription initiation on the N4 
genome have been determined. Extensive sequence homology is present from position -18 t o  position + I ,  
with a conserved G + C rich heptamer centered a t  -12. Another conserved feature is t he  presence of 
short inverted repeats, centered around the  heptamer and encompassing conserved and non-conserved 
sequences. In order to test the relevance of the sequences and inverted repeats t o  transcription 
initiation, we have cloned the  promoter in MI3 vectors. W e  have introduced changes in the non- 
conserved bases of the  inverted repeats by oligo-directed site-specific mutagenesis. Preliminary 
evidence suggests that  t he  inverted repeats a r e  necessary for activity when single-stranded DNAs a re  
used a s  templates. 

Although at a low level, denatured non-N4-DNA templates support transcription by the N4 virion 
Initiation is specific, and the sequence of several of the si tes on 8x174 ,  SV40, T7, 

Available data  suggests that  three sets  can be 
RNA polymerase. 
BPV, pBR322 and MI3 DNAs is being determined. 
considered wild type N4 promoters where substitutions, insertions and deletions have occurred. 

Although N4 early transcription is independent of t he  host RNA polymerase, two E coli functions a r e  
required in vivo: single-stranded DNA binding protein (ssb) and DNA gyrase. W e  have found that  N4 
virion RNx a m e r a s e  can transcribe double-stranded DNA in vitro if the DNA carries a promoter, is 
supercoiled and & is present. No other single-stranded D N A X i x g  proteins (fd, T7, T4, N4, etc.) can 
substitute for E. coli ssb. The topology of the initiation complex as  well as the role of a r e  under 
investigation. 
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0788 A TRANSCRIPTIONAL ACTIVATOR ELEMENT I S  LOCATED UPSTREAM OF THE HUMAN U2 SMALL 
NUCLEAR RNA GENE, Manuel Ares, Jr .  and Alan M. Weiner, Yale Un ive rs i t y  School o f  

Medicine, New Haven, CT 06510 
We are studying the human U2 snRNA promoter, a powerful polymerase I 1  promoter without a 
TATA-box. A set o f  de let ions,  i nse r t i ons ,  and rearrangements o f  sequences upstream o f  t he  
u2 cap s i t e  have been constructed and tested f o r  t h e i r  a b i l i t y  t o  d i r e c t  human U2 RNA 
synthesis a f t e r  m ic ro in jec t i on  i n t o  Xenopus oocytes. Delet ion of  sequences between 
pos i t i ons  -291 and -218 reduces the a c t i v i t y  o f  the template 5 t o  10 fo ld ,  and destroys 
the a b i l i t y  o f  the template t o  canpete w i t h  d coin jected U 1  gene. When a fragment 
conta in ing a c t i v a t o r  sequences i s  placed i n  i t s  natural o r i e n t a t i o n  c loser  t o  the U2 cap 
s i t e ,  t r a n s c r i p t i o n  i s  s t i l l  act ivated, suggesting t h a t  f unc t i on  o f  the element i s  a t  
l eas t  p a r t i a l l y  independent o f  pos i t ion.  Ac t i va t i on  of  i n i t i a t i o n  at  the normal U2 caF 
s i t e  i s  l o s t  i f  the element i s  inver ted,  e i t h e r  i n  i t s  natura l  pos i t i on  a t  -198 o r  c loser  
t o  the gene a t  -61. Aberrant i n i t i a t i o n  s i t e s  upstream o f  the U2 cap s i t e ,  however, are 
act ivated by the element independent o f  o r i en ta t i on .  The 68 bp fragment conta in ing the 
upsteam a c t i v a t o r  element also contains a h igh l y  conserved sequence homology found i n  the 
human U 1  gene, as wel l  as i n  U2 genes from r a t  and Xenopus. Delet ion o f  j u s t  4 bp i n  the  
center o f  t h i s  homology destroys the a c t i v i t y  o f  the element. The U2 t ransc r ip t i ona l  
a c t i v a t o r  may be d i f f e r e n t  from other enhancer elements because i t s  a b i l i t y  t o  s t imulate 
correct  U2 i n i t i a t i o n  i s  extremely sens i t i ve  t o  o r i en ta t i on ,  although i t  can ac t i va te  
aberrant t r a n s c r i p t i o n  independent o f  or ientat ion.  

0789 C. elegans RNA POLYMERASE II GENES, David McK. Bird, Teresa M. Rogalski 
and Donald L. Riddle, Division of Biological Sciences, University of Missouri, 
Columbia, MO 65211 

Sanford, Golomb and Riddle (J. Biol. Chem., 258: 12804-12809, 1983) have identified a gene, 
ama-1 IV, which appears to code for a subunit of RNA polymerase 11. This gene was init ial ly 
defined by the dominant mutation m118. positioned near &y=U on linkage group x. Strains 
carrying ama-l(mll8) are resistant to a-amanitin and produce an altered RNA polymerase 11 
enzyme. To continue the analysis of RNA polymerase in C. elegans, we have: (1) isolated 7 
lethal alleles of ama-1 including one temperature-sensitive allele and one gamma-ray-induced 
chromosomal rear&ment, (2) to date identified six essential genes near & (defined by 
15 lethal mutations) one or more of which, by analogy with yeast (Ingles g. aJ, Proc. Natl. 
Acad. Sci. USA., 81: 2157-2161, 1984), may encode other polymerase subunits, (3) constructed 
a detailed genetic map of the region surrounding ama-1 and (4) used molecular clones 
encoding regions of the Drosophila RNA polymerase I I G  subunit gene (Greenleaf, A.L., J. 
Biol. Chem., 258: 13403-13406, 1983) to isolate recombinants from a C. eleaans gene bank. 

We are currently characterizing these recombinants, particularly the structure of the 
promoter of this house-keeping gene. Also, we are selecting genetic revertants of certain 
lethal & alleles in an attempt to identify suppressor mutations defining genes encoding 
other RNA polymerase 11 subunits, or other genes affect ing transcriptional efficiency. 

0790 A NOVEL ARRANGEMENT OF SHORT SEQUENCE REPEATS IN THE PROMOTER KEGIONS OF THE 5. 
ELEGANS YOLK PROTEIN GENES, Tom Blumenthal,  Karen Denison, Sarah  K i r t l a n d ,  Jerome 
Cane, and John S p i e t h ,  I n d i a n a  U n i v e r s i t y ,  Bloomington, IN 47405. 

l h e  5. e l e g a n s  yolk  p r o t e i n s  a r e  encoded by a s i x  member gene fami ly .  The 
t r a n s c r i p t s  from t h e s e  genes accumulate t o  very h igh  l e v e l s  i n  t h e  i n t e s t i n e  of the  a d u l t  
hermaphrodi te ,  bu t  a r e  not found i n  j u v e n i l e s ,  males,  o r  o t h e r  hermaphrodi te  t i s s u e s .  I n  
o r d e r  t o  i d e n t i f y  p o s s i b l e  c i s - a c t i n g  e lements  involved  in t h i s  developmental  r e g u l a t i o n ,  
we have de termined  t h e  n u c l e o t i d e  sequences  sur rounding  the  5 '  ends of f i v e  of the  yolk  
p r o t e i n  genes.  Whereas, t h e  p r o t e i n  coding  sequences a r e  h i g h l y  conserved ,  t h e  5' 
f l a n k i n g  sequences  a r e  l a r g e l y  d iverged .  However, we have i d e n t i f i e d  t h r e e  d i f f e r e n t  
presumpt ive  r e g u l a t o r y  sequences embedded in t h e  f i r s t  250 bp upstream of each of the  f i v e  
genes.  
O r i e n t a t i o n .  T h i s  sequence is always p r e s e n t  i n  one o r i e n t a t i o n  a t  about p o s i t i o n  -180 
and ,  a l s o ,  u s u a l l y  in t h e  o p p o s j t e  o r i e n t a t i o n  j u s t  5 '  of t h e  TATA box. The o t h e r  two 
sequence  e lements  a r e  each  p r e s e n t  between p o s i t i o n s  -85 and -150 of a l l  f i v e  genes. 
a r e  u s u a l l y  immediately a d j a c e n t  t o  each  o t h e r  but i n  d i f f e r i n g  o r d e r s  and o r i e n t a t i o n s .  
We s u g g e s t  t h e s e  t h r e e  sequences  may s i g n a l  t h e  h igh  l e v e l  s t a g e - s p e c i f i c ,  
t i s s u e - s p e c i f i c ,  and s e x - s p e c i f i c  e x p r e s s i o n  of t h e  yolk  p r o t e i n  genes.  

One 7 bp element i s  p r e s e n t  between f o u r  and s i x  t imes  per  gene, in e i t h e r  

They 
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0,791 ANALYSIS OF THE PROMOTERS OF THE E.COL1 rrnB GENE, I m r e  Boros,  
J6jl-n Bel te r ,  Tam& Lukacsovics,  P a l  Vene t i ane r ,  I n s t i t u t e  of  Biochem. 
B i o l o g i c a l  Research Cen te r ,  Hungarian Academy of Sc iences ,  Szeged, H .  

The two s t r o n g  tandem promoters of  t h e  E .co l i  rrnB gene w e r e  c loned i n  a s t a -  
b l e  mult icopy plasmid j o i n i n g  t h e  n a t u r a l  t e r m i n a t o r  r eg ion  of t h e  gene i m -  
med ia t e ly  t o  t h e  promoters .  Measuring t h e  t r a n s c r i p t i o n  from t h e  i n d i v i d u a l  
promoters both i n  v i t r o  and i n  v ivo  w e  found t h a t  t h e  h i g h e r  s t r u c t u r e  of 
t h e  t empla t e  DNA s t r o n g l y  a f f e c t s  t h e  rrnB promoter a c t i v i t y  and mutat ions 
preceeding t h e  rrnB P1 -35 r eg ion  cause d rama t i c  a l t e r a t i o n s  i n  t h e  promoter 
p r o p e r t i e s .  A s h o r t  p a r t  of t h e  E . c o l i  l a c  operon w a s  i n s e r t e d  a f t e r  t h e  
rrnB p r o m o t e r / s /  and by c r e a t i n g  i n  v i t r o  d e l e t i o n s  between t h e  rrnB and lac  
promoter r eg ions  plasmids e n s u r i n g  t h e  h i g h e s t  lac expres s ion  w e r e  s e l e c t e d .  
Some of  t h e s e  plasmids c a r r y  a hybr id  promoter r eg ion :  rrnB P2 - 3 5  r eg ion  
wi th  l ac  o r  lac-rrnB fused -10 reg ion .  These promoters combine t h e  advantages 
of t h e  two o r i g i n a l  promoters:  t hey  are r e g u l a t a b l e  through t h e  lac  r e p r e s s o r -  
-ope ra to r  system and a l though  none of them c o n t a i n s  t h e  b e l i e v e d  i d e a l  1 7  bp 
space r  between t h e  two consensus r eg ions  they  p rese rved  t h e  very s t r o n g  
c h a r a c t e r  of r ibosomal  promoters.  

0792 SUPEKCOILING RESPONSE OF MUTANT LAC PROMOTERS, James A. 
Gra l la ,  UCLA, Los Angeles, C A  9 0 m  

Borowiec and Jay D. 

We have examined the  e f f e c t s  o f  nega t i ve  DNA superco i l i ng  on the  r a t e  o f  open complex 
fo rmat ion  between E. c o l i  RNA polymerase and mutant l ac  promoters i n  v i t ro .  I n  
p a r t i c u l a r ,  e x t e n s i v e x e  data was c o l l e c t e d  on t h e T c  ps p r o m o t Z F a  wide range o f  
negat ive  superhe l i ca l  dens i t ies .  The presence o f  l o w T  moderate l e v e l s  o f  DNA 
superco i l i ng  increases the  t r a n s c r i p t i o n  r a t e  a t  t he  ps promoter i n  an exponent ia l  
manner. Fu r the r  add i t i ons  i n  the  amount o f  superco i l i ng  past these l e v e l s  h a l t  t he  
exponent ia l  inc rease and r e s u l t  i n  a minor reduc t ion  of the  rate.  The maximum r a t e  
achieved i s  over 40 - fo ld  g rea ter  than the  t r a n s c r i p t i o n  r a t e  from the  f u l l y  re laxed 
promoter and occurs a t  o r  near the  superhe l i ca l  dens i t y  o f  form I plasmids i s o l a t e d  from 
the  b a c t e r i a l  c e l l .  
t he  f r e e  energy o f  superco i l i ng  o f  t he  plasmid, t h a t  i s ,  t he  inc rease i n  r a t e  i s  a l i n e a r  
f u n c t i o n  o f  t he  square o f  t he  number o f  superhe l i ca l  t u rns  contained i n  the  plasmid. 

s l i g h t  m o d i f i c a t i o n s  of t he  promoter s t r u c t u r e  can s i g n i f i c a m y  a f f e c t  t he  response o f  a 
promoter t o  DNA superco i l ing .  
promoters i s  presented. 

The r a t e  enhancement was found e m p i r i c a l l y  t o  be a l i n e a r  func t i on  o f  

Comparison of t he  supercoi l i n g  response between mutant l ac  promoters suggests t h a t  

A method f o r  comparing the  superco i l i ng  response among 

0793 ORGANIZATION AND FUNCTION OF THE PROMOTERS FOR THE TWO LINKED 6-CRYSTALLIN GENES. 
T. Borras, G. C. Das, J. M. Nickerson, J. W. Hawkins, A. B. Chepelinsky and J. 
Piatigorsky. Laboratory of Molecular and Developmental Biology, National Eye 

Institute, National Institutes of Health, Bethesda, MD 20205. 

6-Crystallin, the major protein of the developing chicken lens, consists of at least two 
polypeptides with molecular weights of 48K and 50K (present in a ratio of 3:1, 
respectively). There are two extremely similar 6-crystallin genes. 4.2 Kb apart, each 
containing 17 introns. Only 61 (the 5 '  gene) is known to be active in the lens; no cDNA has 
been isolated yet for 62. The 5' flanking region of both genes are rich in GC and have TATA 
boxes, however, only 61 has a CAAT box and an upstream core-enhancer like sequence. 
Interestingly, the 5' flanking region of 61 shows several-fold greater promoter activity & 
vitro in a Hela cell extract and in vivo using the pSVO-CAT expression vector in transfected 
lens epithelia, than the corresponding flanking region of 62. The in vitro transcription 
experiments were performed with about 600 bp of flanking sequence from each gene, while the 
in vivo experiments were conducted with 365 bp of flanking sequence. The 61 promoter region 
was shown by S1 mapping to initiate RNA synthesis in vitro a t  the same major sites as the 
authentic gene in the intact lens. Thus, the 5' flanking sequences of the 61 gene appear to 
have inherently stronger promoter activity than those of the 62 gene. Detailed analyses can 
now be undertaken to understand the bases for the differential regulation of the two members 
of this small family of specialized, lens genes. 

- 
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Many, if not all, mRNAs in Trypanosoma brucei start with the same sequence of 35 
nucleotides, separately encoded in mini-exon repeats (1,Z). The mini-exon repeats are 
transcribed into a 141-nt precursor RNA with the 35-nt sequence at its 5'end (3). Three 
lines of evidence show that (part of) this RNA is linked in a second step to pre-mRNA. 
(i) The 141-nt RNA is the only transcript of the mini-exon repeat synthesized at high 
rate ( 3 ) .  (ii) We have obtained evidence that a gene for a variant surface protein on a 
chromosome that contains no mini-exon repeats nevertheless yields a mRNA with the 35-nt 
sequence (4). (iii) Whereas transcription of mini-exon genes is more than 90% inhibited 
by 200 ug a-amanitin per ml, variant surface protein (VSG) gene transcription is in- 
sensitive to 1000 pg a-amanitin (unpublished results). VSG genes are uresumably 
transcribed by a separate RNA polymerase. 

1. De Lange, T. et al. Nucl. Acids Res. (1984), 12, 3777-3790. 
2. De Lange, T. et al. Nucl. Acids Res. (1384). 12, 4431-4443. 
3. Kooter, J.M. et al. Em0 J. (1984). 3, 2387-2392. 
4. Van der Ploeg, L.H.T. et al. Cell (19841, in press. 

0795 AUTOGENOUS REGULATION OF A DNA REPLICATION GENE, dnaA, IN E.COL1, 
Robert E .  Braun and Andrew Wright, Tufts University,HealtFi m n c e s  
Campus, 136 Harrison Ave.,Boston, MA. 02111 

dnaA is an essential gene whose product is required for the initiation of 
DNAreplication in E .  coli K-12. Results of various in vivo experiments 
have indicated that regulation of the expression of dnaA- play a cen- 
tral role in regulating the frequency of initiation 0f-A replication. 
Using transcriptional and translational fusions of the dnaA gene to 
the gene, we have obtained in vivo evidence which indicates that the 
dnaA gene product regulates its T w n i n t h e s i s  at the level of transcrip- 
tional initiation. Results from a deletion analysis of the dnaA promo- 
ter/regulatory region suggest that both dnaA promoters are regulated by 
the dnaA gene product and that a site b e t w c t h e  two promoters is respon- 
sible for the regulation. DNase protection experiments showed that 
purified dnaA protein binds to a site between the two dnaA promoters. We 
have also shown that one of the the two dnaA promoters isregulated by DNA 
methylation. We are currently investigating the dual role of the dnaA 
protein in its own regulation and in the initiation of DNA replication. 
To this end we have genetically defined two domains in the dnaA protein: 
one involved in autogenous regulation (DNA binding), and the other in- 
volved in the initiation of DNA replication. 

0796 GENBANK AS A RESEARCH TOOL. Christian Burks, James W. Fickett, Walter B. Goad, 
and Flinoru I. Kanehisa*. Los Alamos National Laboratory, Los Alamos, Nn 87545, 
*National Cancer Institute, National Institutes of Health, Bethesda, Pm 20205 

GenBank, the national nucleotide sequence database, is a computer-based data bank of all 
published DNA and RNA sequences. The database is available on-line, on tape, and in 
hardcopy book form (Andersen et al. (1984) Nucleotide Sequences 1984, IRL Press, Oxford). 
As of September, 1984, the database contains close to 3.5 million nucleotides in over 4000 
entries. In addition to being a convenient reference for researchers interested in indi- 
vidual sequences, the database has been and is being designed to anticipate strategies 
that scan over many entries in search of similar features. We have also developed al- 
gorithms and software to accomplish these searches, and are especially interested in 
sequence comparison algorithms (used for identifying local homology, consensus sequences 
and hairpin structures), prediction of protein coding regions, and correlation of primary 
sequence data with both secondary and tertiary structure and functional roles in the cell. 
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0797 IN VITRO ASSEMBLY OF TRANSCRIPTION COMPLEXES ON GENES TRANSCRIBED BY RNA 
POLYMERASE 111, Michael Carey, Stephen P. Gerrard and Nicholas R. Cozzarelli, 
University of California, Berkeley, CA 94720 

We studied the assembly of RNA polymerase I11 transcription complexes on the 55 RNA gene of 
Xenopus and the VAI gene of adenovirus. Complete transcription complexes and subassemblies 
were formed on these genes in vitro using transcription factor A and RNA polymerase I11 
from Xenopus and factors B and C from HeLa. To demonstrate these complexes, the DNA and 
f a c t o m  passed through a Sepharose 4B column. 
bound factors was assayed for transcription after addition of polymerase. 
factor A bound by itself and allowed factor C to bind, which in turn allowed factor B to 
bind. 
specific subassemblies formed imply that the order of addition to a 5s gene is factors A,C 
and B, and to the VA gene it is factors C and B. To study the stability of these 
assemblies we determined the effect of high ionic strength. Factors B and C were 
preincubated with the VA gene in the presence of high salt o r  allowed to prebind under 
standard conditions and then raised to high salt. 
purification by Sepharose 4B chromatography. 
remain associated with the DNA even after 2.5 min washes with 0.8 M KC1. Kinetic data 
indicate a half life of dissociation of 5 min in 0.45 M KC1. 
are able to form in 0.8 M KC1 but 50% of the normal amount of factor C binds. 

The excluded material containing DNA and 
For the 55 gene, 

The Only factor C alone bound to the VA gene but it allowed factor B to bind. 

Factor binding was analyzed after 
Surprisingly 50% of the prebound complexes 

Only 10% of the complexes 

0798 WWTITIN~INSENSITIW TRANSCFIPTION OF MOUSE A’~’-GLOBIN 5 1 -FLANKING 
SEQENES COFRELATES VITH mPNA SXPR?SSION, Pavid P .  Car l son  and 

J e f f r e y  Ross,  l ’n ive r s i ty  o f  ‘ J i scons in ,  Madison, Wisconsin 5 3 7 0 6  
RNAs i n i t i a t e  upstream of t h e  canon ica l  cap s i t e  
gene .  Like  t h e  human 8 -g lob in ,gene ,  t he  mouse gmgJ -g lobin  gene has  a s s o c i -  
a t e d  RNAs w i th  he te rogeneous  5 t e r m i n i  w i t h i n  2 3 5  n u c l e o t i d e s  ups t ream o f  
t h e  mRNA cap s i t e .  S y n t h e s i s  o f  most of them i n  v i t r o  i s  i n s e n s i t i v e  t o  low 
l e v e l s  o f  s - a m a n i t i n ,  i n d i c a t i n g  t h a t  t hey  a r e  t r a n s c r i b e d  by a polymerase 
o t h e r  than  RNA polymerase 11. The ups t ream P.NAs ex tend  i n t o  t h e  s t r u c t u r a l  
gene and bind t o  o l i g o  dT c e l l u l o s e  under  s t a n d a r d  c o n d i t i o n s .  The s t a b l e ,  
mature  RNAs c o n t a i n  approximate ly  800 n u c l e o t i d e s  i n  mouse r e t i c u l o c y t e s .  
I n d u c t i o n  o f  mouse e ry th ro leukemia  c e l l  d i f f e r e n t i a t i o n  by d ime thy l su l fox ide  
s t i m u l a t e s  accumula t ion  of t h e  ups t ream RNAs .  Both ups t ream RNAs and mRNA 
begin  t o  accumulate between 2 4  and 48 hours  a f t e r  a d d i t i o n  o f  i n d u c e r .  
The re fo re ,  e x p r e s s i o n  of t h e  ups t ream RNAs c l o s e l y  c o r r e l a t e s  w i th  t h e  
e x p r e s s i o n  o f  t h e  P-g lobin  i n  ?EL c e l l s .  

f t h e  mouse Amaj-g lobin  

0799 
Hartsell & K. Subramanian. Univ of IL Health Sciences Cntr. Chicaao. IL 60617. The late Dro- 

TWO NON-CONTIGUOUS ELEMENTS ACT IF1 A POSITION AND ORIENTATION DEPENDENT MANKER TO 
INDUCE SV40 LATE GENE EXPRESSION WITH LARGE T ANTIGEN. S .  Chandrasekharappa, S. 

moter-of SV40 has been studied using-a transient expression vector containing the chloramphen 
icol acetyl transferase(CAT) gene placed downstream from the 1 ate control region and under 
conditions similar to the late phase of the lytic cycle of SV40(i.e., in the presence of T 
antigen and autonomous replication of the template). In monkey cells producing T antigen the 
CAT activity under the late control region is induced by approximately 1,000-fold above the 
basal level. By deletion and point mutagenesis two domains of the late control region re- 
quired for efficient induction with T antigen have been identified. Domain I(OR1) is the min- 
imal replication origin region containing T antigen binding sites I and 11. Domain II(ENH) 
consists of the 72-bp repeat and a 19-bp downstream sequence up to nucleotide 270. Domains I 
and I 1  should act synergistically since the absence of either one or the other decreases in- 
duction efficiency by two orders or magnitude. For maximum induction by T antigen both these 
domains should be in the same order with respect to the CAT gene as in the wild type late 
promoter. Switching the order of the OR1 and ENH domains results in a considerable decrease 
in induction efficiency. Keeping the order of the OR1 and ENH domains the same as in the wild 
type late promotor, the reversal of orientation of the ENH domain does not affect induction 
efficiency. Both the OR1 and ENH domains should be present together for efficient induction 
since separation of the domains by placing one upstream and the other downstream, and 2 
yersa, from the CAT gene results in the loss of induction. Direct interaction between the OR1 
and ENH domains must be important for efficient late promoter function. 
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0800 AN AUTOREGULATORY PROTEIN IS REQUIRED FOR P 1  PLASMID REPLICATION, Ohruba K. 
C h a t t o r a j  and Ann L. Abeles, NCI-Freder ick Cancer Research F a c i l i t y ,  F reder ick ,  
MD 21701 

The un i t -copy  P 1  r e p l i c o n  i s  ca. 1.5-kb l o n g  and con ta ins  t h r e e  ad jacent ,  f u c t i o n a l l y  
d i s c e t e  segments. These a re  i )  a 245-bp reg ion  t h a t  ac ts  as an o r i g i n ,  i i )  a reg ion  (&) 
t h a t  encodes an e s s e n t i a l  r e p l i c a t i o n  p r o t e i n ,  and i i i )  a reg ion  t h a t  e x e r t s  a nega t i ve  
c o n t r o l  on r e p l i c a t i o n .  Both  t h e  o r i g i n  and t h e  nega t i ve  c o n t r o l  reg ions  con ta in  a s e t  
o f  19-bp imper fec t  repeated sequences. I n  v i v o  and i n  v i t r o  exper iments i n d i c a t e  t h a t  
t h e  two s e t s  o f  repeats  i n t e r a c t  w i t h  and apparante ly  compete f o r  t h e  l i m i t e d  amount of 
RepA p r o t e i n .  
gene maps w i t h i n  t h e  o r i g i n  repeats  and t h a t  t h e  RepA p r o t e i n  n e g a t i v e l y  regu la tes  i t s  
own promoter (au to regu la t i on ) .  The au to regu la to ry  c i r c u i t  cou ld  a d j u s t  f o r  any reduc t i on  
o f  RepA concen t ra t i on  caused by b i n d i n g  o f  RepA by t h e  c o n t r o l  repeats  ( t i t r a t i o n ) .  How- 
ever,  we p o s t u l a t e  t h a t  when t i t r a t i o n  i s  complete, a de lay  i n  t h e  au to regu la to ry  response 
a l l ows  t h e  p r o t e i n  concen t ra t i on  t o  r i s e  t r a n s i e n t l y  t o  a l e v e l  s u f f i c i e n t  f o r  t h e  o r i g i n  
func t i on .  
Research sponsored by t h e  Nat iona l  Cancer I n s t i t u t e ,  DHHS, under con t rac t  NO. N01-CO-23909 
23909 w i t h  L i t t o n  B ione t i cs .  

Gene f u s i o n  and p r imer  ex tens ion  assays show t h a t  t h e  promoter f o r  t h e  

0801 LENS-SPECIFIC EXPRESSION OF THE CAT GENE PROMOTED BY 5' FLANKING SEQUENCES OF THE 
MURINE &-CRYSTALLIN GENE IN EXPLANTED CHICKEN LENS EPITHELIA. 

Ana B. Chepelinsky, Charles R.  King, Peggy S. Zelenka and Joram Piatigorsky. 
Laboratory of Molecular and Developmental Biology, National Eye Institute, National 
Institutes of Health, Bethesda, MD 20205. 
We have developed a system using explanted embryonic chicken lens epithelia to express 
foreign recombinant genes containing crystallin DNA regulatory sequences introduced by 
calcium phosphate transfection. Optimal results were obtained using lens epithelia from 14 
day-old embryos transfected 1 day after explantation and assayed 3 days later. When DNA 
sequences (-364 to +45) of the murine aA-crystallin gene were inserted in the pSVO-CAT 
expression vector of Gorman et a1 (Mol. Cell. Biol. 2, 1044-1051, 1982) in the same 
orientation as in the crystallin gene, they promoted chloramphenicol acetyl transferase 
(CAT) activity in the transfected epithelia. Sequences 87 to 364 bp upstream from the 
murine gene cap site were required f o r  CAT gene expression. These crystallin gene 
regulatory sequences did not promote CAT expression in primary cultures of embryonic chicken 
fibroblasts, NIH-3T3 cells, L-cells or BSC-1 cells. Our experiments thus demonstrate that 
the explanted embryonic chicken lens epithelium is an advantageous recipient for  identifying 
lens cell-specific regulatory sequences of crystallin genes and implicate a DNA region 
upstream of the TATA box for  regulation of the murine aA-crystallin gene. These experiments 
also suggest that explanted epithelia of other tissues may be useful for  studying the 
expression of foreign genes. 

0802 CELL SPECIFIC EXPRESSION OF A CLONED HUMAN a -ANTITRYPSIN GENE, 
G .  Ciliberto, L. Dente, R. Cortese, EMBL, 69lHeidelberg, FRG 

We have cloned and sequenced a full length cDNA from a human liver 
library, coding for al-antitrypsin. The corresponding genomic segment, 
from a EMBL3 lambda human library has also been cloned and characterized. 
By sequence analysis, S mapping and primer elongation we have identified 
the promoter and the trAnscription initiation point. A human a -anti- 
trypsin minigene has been constructed, lacking the 2nd and 3rd exon 
codifying for a -antitrypsin. The a -antitrypsin minigene is efficiently 
and correctly tianscribed and splickd following transfection only in the 
human hepatoma cell line Hep3B but not in HeLa cells. A 1176  base pair DNA 
segment, deriving from the 5' flanking region of the a -antitrypsin gene, 
was cloned in the unique BglII site of plasmid pAlOcat3 (Cell, 30, 403, 
19841, in both orientations. The construct carrying the a -antitrypsin DNA 
segment in the "physiological" orientation is expressed, iollowing 
transfection only in the human hepatoma cell line Hep3B but not in HeLa 
cells. 

1 

155 



Sequence Specificity in Transcription and Control 

0803 

The rate of de now synthests of cholesterol 1s 
lutaryl ccenzyme A reductase. The actlvtty of 3 s  enzyme I n  rat llver can be lndumd wer 1,OOO- 

?old by feedlng cholestyrmlne (a restn whtch sequesters b t le  g t d d  and mevlnoltn (a potent tnhlbt- 
tcr of redurtase acttvlty). The 1,OGO-fold Increase In  reductase actlvlty Is due I n  part to a 100- 
fo ld  Increase In the level of reductase mF#i (Clarke et 81; J. Blol. chscn., m 1 0 4 3 9 ,  1984). 

not& et. al-  (Cell, 3B, 275, 1984) have s b n  that the p m o t s r  3 cel l  llne ;hares hcnnolcgy wlth the Gc rtch, 21 bp repeats of thZV40 early prCmater. We have 
used Isolated rat ltver nuclel In  a r u n  off" transcrlptlcn system to lnvesttgate the role played by 
transcrlptlm In the regulatlon of reductase miWA levels Levels of rductase FNA w e r e  quantltated 
b hybrldlratton to f l l t e r s  contalnlng a reductase cCNA Rats Induced by a dlet supplemented w l t h  
CKoIestyrantne md mevlnolln to have hlgh levels of reductase miWA whtblted levels of reductase 
transcrlptlon whlch were 15-P fo ld  h t g k  than In  rats fed an unsupplmented dlet. Over 
transcrt tlon of the reductase Qene w a s  tnhlblted by cuncentratlcns of a-arnanltln which selectlvely 
tnhtblt !oI 11. To delwmtne whether the lnaeased transcrlptlon corresponded to sense cr to antl- 
sense iWA, the relatlve amount of transcrtptlon dlrected o f f  of the reductase cudlng and mncodlng 
strands was deterrnlned ustng fllters umtatnlng the apprqrlate cloned slngle stranded reductase 
d N A  Trmxrlptton off the nonccdtng strmd of the reductase gene was a p p t m a t e l y  15-X$ that of 
the codlng strand We conclude f m  these studtes that reductase transcrlptlon can be Induced under 
condttlons whlch stlmulate synthesls of cholesterol, and that the Increased transcrlptlon rate 
x -mnts  fa much, but not a1 I of the elevated level of reductase mWA 

TRANSCRIPTIONAL REGULATION OF THE ~ - 3 - M E l H Y L G L U T ~ Y L  COWYME A RECUCTASE 
GDlE IN RAT LIVER, Qthertne F. Clarke, Alan M. Fogelman and Peter A Edwards, U A ,  
Los hgeles, CA 90024 

ulated by the actlvlty of 3-hydmn/-4-nrethyl- 

Ion of the reductase gene I n  a 

of the 

0804 PURIFICATION OF r R N A  STABLE TRANSCRIPTION CO!IPLEXES AND IDONTIFICATION OF T!IE 
REQUIRED TESIPLATE SEQUENCES. V a l e r i a  C u l o t t a  a n d  B a r b a r a  S o l  l n e r - V e b b ,  
The Johns Ilopkins Un ive r s i ty  School of Xedicine.  Bal t imore ,  Ild 21205 

Mouse rlWA syn thes i s  occurs  on templa te  molecu le s  t h a t  a r e  a c t i v a t e d  f o r  t r a n s c r i p t i o n  by 
s t a b l y  a s s o c i a t i n g  w i t h  t r a n s c r i p t i o n  f a c t o r s  (Nuc. Ac ids  Res,  2: 3795; 7043) .  To 
i d e n t i f y  t h e  DNA s e q u e n c e s  r e q u i r e d  f o r  f o r m a t i o n  of t h i s  s t a b l e  complex ,  5 'and 3' r D N A  
d e l e t i o n  mutants were t e s t e d  f o r  t h e i r  a b i l i t y  t o  s t a b l y  b ind  t r a n s c r i p t i o n  f a c t o r s  and 
t h e r e b y  p r e c l u d e  s y n t h e s i s  from s u b s e q u e n t l y  added  w i l d  t y p e  r R N A  genes .  A l a r g e  r D N A  
r e g i o n  i s  i n v o l v e d :  a p r o x i m a l  domain ( r e s i d u e s  --30 t o  +5) i s  e s s e n t i a l  t o  a l l o w  any  
d e t e c t a b l e  b i n d i n g  and t h e  s t a b i l i t y  of  t h i s  cowplex  i s  s e q u e n t i a l l y  i n c r e a s e d  by  t h e  
presence  of s e v e r a l  a d d i t i o n a l  rDNA domains t h a t  extend in  the  5' d i r e c t i o n  out  t o  r e s idue  
--140. These  r e g i o n s  e x a c t l y  c o i n c i d e  w i t h  t h e  v a r i o u s  domains  of  t h e  r D N A  p romote r ,  
i n d i c a t i n g  t h a t  t h e  a c t i v e  p romote r  c o n t r i b u t e s  t o  t h e  s t a b i l i t y  of  t h e  t r a n s c r i p t i o n  
complex . 

\Ye have  a l s o  found t h a t  the  rDNA s t a b l e  t r a n s c r i p t i o n  complex can be q u a n t i t a t i v e l y  and 
s e l e c t i v e l y  sedimented from in  v i t r o  t r a n s c r i p t  i o n  r e a c t  i ons .  Comple te  t r a n s c r i p t  i ona  1 
a c t i v i t y  can be recovered  on the  p e l l e t e d  a c t i v e  templa te  under cond i t ions  where 909 of  the  
input  rDNA molecu le s  and 98% of the  e x t r a c t  p r o t e i n s  remain so lub le ;  t he  f a c t o r s  a l s o  do not  
sediment i n  the  absence of templa te .  Thus, sed imenta t ion  of  t he  s t a b l e  complex e f f e c t s  a 
major and r ap id  p u r i f i c a t i o n  of polymerase I t r a n s c r i p t i o n  f ac to r s .  i ioreover.  polymerase XI 
and I11 a c t i v e  t empla t e s  can be s i m i l a r l y  i s o l a t e d  by c e n t r i f u g a t i o n  of  i n  v i t r o  reac t ions .  

0805 
P4 has 3 late genes. 2, 6, and FC;U. These genes are clustered a t  the right end of the 
genetic rmp and ~~le have shcwn that they are a l l  transcribed in  the same direction fran a 
prcnotor near the start of the sid gene. 
the P4 late praroter. 
the absence of a P2 helper. 
minfection, a t  the same time P2 late transcription begins. 
la te  transcription is not affected by a nutation i n  the P4 6 gene. ?he -35 region of the sid 
p r m t e r  shares m h m k q y  w i t h  the late gene prolrnters of its helper phase ~2 or w i t h  ~ld 
k m  classes of E. mli  prcnvters. 

EQRESSICN OF 'RIE SA'IEUITE EiW!XPJOPH?GE P4 LATE a CLUSI'ER, Emily Dale, 
Gail E. W i s t i e  and Richard Qlenlar, University of California, Berkeley, CA 94720 

P4 0- nutants are deficient in the expression of 
P4 late transcription is delay& until 45 minutes after infection in  

*en P2 is present, late transcription begins 15 minutes after 
In the presence of a P2 helper, 

-35 -10 +1 
- -  E. o31i TRXCA TATAAT 
P2 late A T E  GFiA-CI. 4 EMet 
P4 late A ? . ~ T ' T c x K G % T ~ W ~ ~ ~ ~ ~ ~ ~  
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0806 THE CHARACTERIZATION OF PROMOTERS AND TERMINATORS OF RNA TRANSCRIP- 
TION CARRIED BY IS30, Brian P .  Dalrymple and Werner Arber, Biozentrum, 
University of Basel, Klingelbergstrasse 70, CH-4056 Basel, Switzerland 

Using plasmids carrying various fragments from IS30 (a resident mobile gene- 
tic element of E. coli K12) inserted in front of a promoterless galK gene 
several promoters of transcription have been identified. In a similar system 
insertion of fragments of IS30 between the -5 promoter and the galK gene 
has allowed us to identify sequences with terminator activity. The long open 
reading frame of IS30 is transcribed from a weak promoter (PA), the proposed 
-35 region of which is in the left hand terminal inverted repeat. Transcrip- 
tion from this promoter is not detectable immediately outside the right hand 
end. A second promoter (P,) is present in the right hand end of IS30, but 
transcription from this promoter is generally repressed. On the reverse strand 
a third promoter (P ) has been identified preceding a short open reading 
frame. A sequence whth weak termination activity follows this open reading 
frame. A much stronger terminator of transcription maps in the first two 
hundred bases of IS30 (but on the opposite strand to the large open reading 
frame). So far it is not clear whether this terminator is preceded by an 
additional active promoter. 

0807 OVERLAPPING Tngfet PROMOTERS COMPETE FOR RNA POLYMERASE, 
David W. Daniels and Kevin P. Bertrand, University of California, Irvine, C A  92717. 

The tetracycline resistance determinant in transpason Tng consists of two genes, the tetA resist- 
ance gene and the  tetR repressor gene, that  are transcribed from divergent overlapping promoters. 
There are two tetR promoters (PR1 and PR2) with transcription startpoints 20 bp apart. The tetA 
promoter (PA) overlaps both PR1 and PR?, such tha t  t he  PA-PR1 startpoints are 17 bp apart  and the 
PA-PR2 startpoints are 37 bp apart. W e  lsolated nine point mutations in PA, all but one of which lie 
outside the  -35 and -10 regions of PX1 and PR2. To study fet transcription from supercoiled DNA 
templates, we constructed a plasmid in which the divergent fet promoters are flanked on both sides 
by the efficient rrnB tl transcription terminator. Transcription of this template by purified &. 
RNA polymerase yields short PA, PR1 and PR2 RNAs. Comparison of supercoiled and linear 
templates indicates that  supercoiling stimulates PA, inhibits PR2, and has l i t t le effect  on PR1. 
With a supercoiled PA+ template,  PA is substantially more active than either PR1 or PR2. With 
supercoiled templates carrying PA-down mutations, PA activity is reduced as expected, however 
PR1 activity, and to a lesser extent PR2 activity, are substantially increased. These results suggest 
that  PA competes with both PR1 and PR2 for RNA polymerase. 

0808 STRUCTURE AND EXPRESSION OF THE LENS FIBER CELL-SPECIFIC 535-CRYSTALLIN GENE OF THE 
CHICKEN EYE LENS. G. C. Das. M. A. Thompson, J. F. Hejtmancik and J. Piatigorsky, 
Laboratory of Molecular and Developmental Biology, National Eye Institute, National 

Institutes of Health, Bethesda, MD 20205. 

Development of the chicken lens is characterized by the sequential synthesis of three major 
classes of crystallins ( u ,  6 and 6). Each crystallin mRNA displays a characteristic 
temporal and spatial pattern in the developing lens. 6-Crystallin is the first crystallin 
to appear and accumulates during lens induction whereas the 6-crystallin mRNAs accumulate 
rapidly near the end of the embryogenesis. The B-crystallins consist of several 
polypeptides. 635 (35K polypeptide) is particularly interesting because, unlike the other 
5-crystallin polypeptides, it appears only in the lens fiber cells. We have isolated the 
gene for 835 and are characterizing its promoter region by functional analysis in vitro and 
in vivo. The 835 cDNA and most of the gene have been sequenced. Each exon encodes a 
structural motif of the protein. A 600 bp fragment flanking the 5' region of the gene shows 
characteristic features of eukaryotic promoters, including a high GC-rich structure. This 
putative crystallin promoter is recognized in vitro in a Hela cell extract. S1 nuclease 
mapping of the in vitro synthesized RNA shows several transcriptional initiation sites, 
clustered in a narrow region. Detailed characterizations of the fiber-cell specific 
promoter in vitro and in vivo and its comparison with other crystallin promoters are 
underway. 
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0809 
Medicine, Houston, TX 77030 
Caseins a r e  milk p ro te ins  whose syn thes i s  in t he  mammary gland is  regulated by a complex 
i n t e r a c t i o n  of pept ide and s t e r o i d  hormones. In p a r t i c u l a r ,  t h e  l eve l  of 6-casein gene 
expression in l a c t a t i n g  mammary t i s s u e  i s  increased 260-fold over the level  in t he  v i r g i n  
gland. Lambda clones containing varying regions of t h e  6-casein gene have been i s o l a t e d  
from a rat DNA l i b ra ry .  The gene is  composed of 9 exons. 8 i n t rons ,  and spans 7.2 kb of 
DNA. Nearly the  e n t i r e  6-casein gene has been sequenced. To i d e n t i f y  those sequences 
important fo r  the hormonal r egu la t ion  of t h i s  gene by p ro lac t in  and g lucocor t i co ids ,  t he  6- 
case in  gene i s  being used i n  gene t r a n s f e r  s tud ie s .  Two cons t ruc t ions  have thus f a r  been 
made. The e n t i r e  6-casein gene with e i t h e r  2.3 or 1.3 kb of 5' f lanking DNA have been 
cloned i n t o  the  +HI s i t e  of the expression vector  pBMTH1, constructed by G. Pavlakis .  The 
vec to r  con ta ins  the  e n t i r e  BPV genome, the mouse metal lothionein gene, and a pBR322 segment, 
pML.2. The recombinant expression vector  has been t r ans fec t ed  i n t o  mammary e p i t h e l i a l  c e l l s ;  
t h e  human T-47D breast  cancer c e l l  l i n e ,  an e p i t h e l i a l  mouse mammary c e l l  l i n e ,  C O W - 1 D  
c e l l s ,  and DMBA-induced r a t  mammary c e l l s .  These e p i t h e l i a l  c e l l s  have been demonstrated t o  
respond to  p r o l a c t i n  and glucocort icoids .  Transfect ion of T-47D c e l l s  with the  B-casein- 
BMTHl vector  followed by s e l e c t i o n  with cadmium and zinc has r e su l t ed  in 25 clones which a r e  
now being analyzed fo r  r a t  B-casein gene expression. 

ANALYSIS OF 6-CASEIN GENE EXPRESSION BY GENE TRANSFER, Yvonne David-Inouye, Craig C. 
Couch, William K. Jones,  Li-yuan Yu-Lee, J e f f r e y  M. Rosen, Baylor College of 

0810 A CAT BOX BINDING PROTEIN FROM HeLa CELL EXTRACTS, Alex Elbrecht ,  Sophia Y .  Tsa i ,  
Ming-Jer Tsa i  and Bert  W .  O'Malley, Baylor College o f  Medicine, Houston, TX 77030 

Most eukaryot ic  genes r equ i r e  sequences upstream from t h e  TATA box f o r  proper  and e f f i c i e n t  
t r a n s c r i p t i o n  i n  i n  v i t r o  and i n  vivo systems. 
and i s  usua l ly  l o z t b e t w e e n % x t i d e s  -70 and -80 of t h e  cap s i t e .  
func t ion  has been a t t r i b u t e d  t o  t h i s  conserved sequence it i s  c l e a r  t h a t  d e l e t i o n  r e s u l t s  
i n  a marked decrease i n  t r a n s c r i p t i o n  f o r  both t h e  ovalbumin and globin genes.  
i d e n t i f i e d  a p r o t e i n  component of HeLa c e l l  e x t r a c t s  t h a t  binds t o  t h e  CAT box region.  
p ro t e in  i s  present  i n  a f r a c t i o n  termed P l O O O  obtained from a phosphocellulose column 
e lu t ed  with 1 M  KC1.  
a s say ,  we have shown t h a t  t h i s  f r a c t i o n  i s  required f o r  c o r r e c t  i n i t i a t i o n  o f  t r a n s c r i p t i o n  
of t h e  ovalbumin gene. 
exonuclease foo tp r in t ing  methods - conventional DNase 1 foo tp r in t ing  not being s e n s i t i v e  
enough. 
(depending on which DNA s t r and  is used) from approximately nucleot ides  -68 t o  -90. 
similar binding s i t e  i s  p ro tec t ed  on t h e  globin gene promoter.  Through f u r t h e r  f r a c t i o n -  
a t i o n  and perhaps i s o l a t i o n  o f  t h e  binder  we hope t o  determine t h e  e f f e c t  of t h i s  binding 
a c t i v i t y  on t r a n s c r i p t i o n  of t h e  ovalbumin and globin genes.  

One of t hese  sequences is c a l l e d  t h e  CAT box 
Although no 

We have 
The 

Through r e c o n s t i t u t i o n  experiments and using a runoff t r a n s c r i p t i o n  

To map t h e  CAT box binding p r o t e i n  it was necessary t o  use var ious 

For t h e  ovalbumin gene 5 ' - f l ank ing  region,  t h e  binding s i t e  spans 20-25 base p a i r s  
A 

0811 
We have s tud ied  the  t r a n s c r i p t i o n  of t he  d ihydro fo la t e  reductase gene a s  c e l l s  progress  
through the  c e l l  cycle .  We used t h e  techniques of DNA-excess f i l t e r  hybr id i za t ion  and & 
__ vivo pulse- label ing of a synchronous populat ion of c e l l s  t o  measure t h e  t r a n s c r i p t i o n  r a t e  
of the mouse d ihydro fo la t e  gene i n  the  d i f f e r e n t  phases of t h e  c e l l  cycle .  Our r e s u l t s  
i n d i c a t e  t h a t  t he  d ihydro fo la t e  reductase gene is  c e l l  cycle  r egu la t ed  a t  the  t r a n s c r i p -  
t i o n a l  l e v e l .  The t r a n s c r i p t i o n  r a t e  i s  low i n  G 1 ,  i nc reases  s i x  f o l d  a t  the  beginning of 
S phase,  decreases  almost immediately t h e r e a f t e r  and remains low throughout t he  remainder 
of S and i n t o  G 2 .  This c e l l  cyc le  r egu la t ion  seen i n  the  G1 t o  S t r a n s i t i o n  i s  achieved by 
inc reas ing  the  r a t e  of t r a n s c r i p t i o n  from a s i n g l e  promoter region.  The major s i t e  of 
t r a n s c r i p t i o n  i n i t i a t i o n  is i n  t h e  most 3'-ward of t h ree  contiguous 48 base p a i r  r epea t s .  
A secondary s tar t  s i te  is  located i n  the  same r e l a t i v e  p o s i t i o n  i n  t h e  middle r epea t .  
These r epea t s  do not  contain t h e  usua l  CAAT or TATA boxes t h a t  many euka ryo t i c  genes 
u t i l i z e ,  b u t  i n s t e a d  contain t h e  sequence CACAAATA, which may be a combination of t h e  two 
s i g n a l s ,  and the  sequence GGGCGG, a hexanucleotide p re sen t  i n  t h e  SV40 e a r l y  promoter 
region.  The f a c t  t h a t  t he  promoter of DHFR is s i m i l a r  t o  promoter regions of o the r  house- 
keeping genes suggests  t h a t  t h i s  type of r egu la t ion  may no t  be unique t o  d ihydro fo la t e  
reductase.  

TRANSCRIPTIONAL REGULATION OF DIHYDROFOLATE REDUCTASE, Peggy J .  Farnham and Robert 
T. Schimke, Stanford Universi ty ,  Stanford,  C a  94305 



Sequence Specificity in Transcription and Control 

U A N T I T A T I V E  MEASUREMENTS OF PROMOTER S T R E N G T H ,  Nancy  A .  F e d e r s p i e l  
z n d  V e r n o n  T .  O i ,  B e c t o n  D i c k i n s o n  M o n o c l o n a l  C e n t e r ,  M o u n t a i n  View,  0812 

C A  9 4 0 4 3  

We a r e  i n  t h e  p r o c e s s  o f  c o n s t r u c t i n g  v e c t o r s  c o n t a i n i n g  v a r i o u s  e u k a r y o t i c  
p r o m o t e r s  d r i v i n g  t h e p - g a l a c t o s i d a s e  g e n e .  F o l l o w i n g  t r a n s f e c t i o n  o f  t h e s e  
v e c t o r s  i n t o  mouse  t i s s u e  c u l t u r e  c e l l  l i n e s ,  i t  i s  p o s s i b l e  t o  m e a s u r e  
t h e  t r a n s i e n t  l e v e l  o f  e x p r e s s i o n  o f  t h e  @ - g a l a c t o s i d a s e  g e n e  by a c o l o r i -  
m e t r i c  a s s a y  u t i l i z i n g  o - n i t r o p h e n y l -  - D - g a l a c t o s i d e .  The  r e l a t i v e  
s t r e n g t h s  o f  v a r i o u s  p r o m o t e r s ,  s u c h  a s  t h e  SV40 e a r l y  p r o m o t e r ,  C l a s s  I 
a n d  I1  p r o m o t e r s ,  t h e  A m i c r o g l o b u l i n  p r o m o t e r ,  a n d  i m m u n o g l o b u l i n  l i g h t  
a n d  h e a v y  c h a i n  p r o m o t e r s  c a n  t h u s  b e  c o m p a r e d  i n  c e l l  l i n e s  w h e r e  t h e  
p a r e n t a l  g e n e  i s  n o r m a l l y  a c t i v e  o r  i n a c t i v e .  I n  a d d i t i o n ,  t h e  i n t e r a c -  
t i o n s  o f  e u k a r y o t i c  e n h a n c e r  e l e m e n t s ,  s u c h  a s  f r o m  SV40 a n d  t h e  immuno- 
g l o b u l i n  g e n e s ,  w i t h  h o m o l o g o u s  o r  n o n h o m o l o g o u s  p r o m o t e r s  c a n  b e  m e a s u r e d ,  
a g a i n  i n  c e l l  l i n e s  w h i c h  n o r m a l l y  e x p r e s s  o r  d o  n o t  e x p r e s s  t h e s e  g e n e s .  

0813 EARLY NODULATION GENES OF RHIZOBIUM MELILOTI, Robert  F. F i s h e r ,  Thorns Jacobs ,  John 
T. Mulligan, Thomas T. Ege lhof f ,  J a n i c e  K. Tu, and Sharon P.. Long, S tanford  
Un ive r s i ty ,  S t an fo rd ,  CA 94305 

The s o i l  bac te r ium Rhizobium m e l i l o t i  i s  a b l e  t o  e s t a b l i s h  symbiot ic  n i t rogen- f ix ing  roo t  
nodules  wi th  i t s  h o s t  p l a n t ,  a l f a l f a .  Ear ly  events  i n  t h e  i n f e c t i o n  p rocess  inc lude  bac- 
t e r i a l  a t tachment  t o  p l a n t  c e l l s ,  c h a r a c t e r i s t i c  deformation (marked c u r l i n g )  of hos t  r o o t  
h a i r s ,  and invas ion  of hos t  c e l l s  by way of  an  i n f e c t i o n  thread .  W e  have cloned t h e  genes 
involved i n  t h e  i n i t i a t i o n  of nodu la t ion  (nod genes) ;  t h e s e  are loca ted  on an  8.7-kb segment 
of t h e  E. m e l i l o t i  megaplasmid. 
a n a l y s i s  we were a b l e  t o  i d e n t i f y  fou r  genes r equ i r ed  f o r  nodula t ion .  The cloned nod genes 
from R. m e l i l o t i  were a b l e  t o  r e s t o r e  nodula t ion  a b i l i t y  t o  Nod 5. t r i f o l i i  mutants on i t s  
h o s t  p l a n t ,  c love r .  In a d d i t i o n ,  cloned E. t r i f o l i i  nod genes r e s t o r e d  Nod- R. m e l i l o t i  t o  
Nod+ on a l f a l f a .  
a l l e l i c  r e l a t i o n s h i p  between the  nod genes of R. m e l i l o t i  and 5. t r i f o l i i .  
mined t h e  DNA sequence of t h e  fou r  R. m e l i l o t i  nod genes,  t he  o rgan iza t ion  of which a r e  
schematized below. The 
a r e  sepa ra t ed  by approximately 300 bp. We are c u r r e n t l y  i n v e s t i g a t i n g  t h e  n a t u r e  of t h e  
r egu la to ry  s i g n a l s  which govern t h e i r  express ion .  

Following s a t u r a t i o n  Tn5 mutagenesis and complementation 

These genes thus  r ep resen t  common nodula t ion  func t ions  and i n d i c a t e  an 
We have de te r -  

and nodA genes ,  which are t r ansc r ibed  from d ive rgen t  promoters,  

t 4  
1 D , ,  A ,  B , c  1 b500 bp, 

0814 REGULATION OF HUMAN KERATIN GENES, Elaine Fuchs, Douglas Marchuk, 
Angela Tyner, Amlan Ray Chaudhury, Marjorie Lindhurst, Sean McCrohan, and 
M e g  Eichman, University of Chicago, Chicago, IL. 60637 

The keratins are a family of 20 different polyeptides (MW40-70kd) that comprise 8nm 
cytoskeletal filaments in virtually all epithelial cells. These proteins can be divided 
into two distinct classes on the basis of t h e  ability of their mRNAs to hybridize wi th  
one or the other of two different cloned keratin cDNAs. Different pairs of type I and 
type I1 keratin mRNAs are coordinately expressed in different epithelia and a t  different 
stages of differentiation and development, indicating the importance of both types of 
subunits in filament assembly. cDNA sequence analyses have revealed that different 
pairs of keratins have unique sequences in localized domains and these differences 
influence the properties of the resulting filaments. Through c D N A  sequencing, we have 
learned that the two types of keratins share only about 25% homology. We have now 
shown that despite this divergence in sequence, the predicted structures of these proteins 
and also the structures of their genes are remarkably similar. We are now investigating 
the regulatory regions of these genes to begin to elucidate t h e  basis for their differential 
expression. In th is  context, we are particularly interested in determining whether 
vitamin A plays any direct role in regulating the expression of the keratin genes. We 
have already demonstrated that the vitamin specifically influences the levels of certain 
keratin mRNAs. It has been proposed that the vitamin and its cellular receptor act  in 
a fashion similar to that of steroid hormones. 
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0815 PATTERN RECOGNITION IN E. COLI PROMOTERS: ARE THERE OTHER SIGNALS?, David J. Galas 
and Michael S. Waterman, University of Southern California, Los Angeles, CA 90089- 
1481 

The basic nature of the sequence features that define a promoter sequence for E. coli RNA 
polymerase have been established by a variety of biochemical and genetic methods. 
developed rigorous,analytical methods for finding unknown patterns that occur imperfectly in 
a set of several sequences, and have used them to examine bacterial promoters. The 
algorithm easily discovers the "consensus" sequences for the -10 and -35 regions, which are 
identical to the results of previous analyses (Hawley and McClure, 1983), but requireno 
prior assumptions about the patterns. 
"consensus" sequences we give a rigorous definition to this concept that is widely applic- 
able. We also provide estimates for the statistical significance of cornon patterns 
discovered. 

In addition to providing a rigorous basis for defining the known "consensus" regions we 
have found additional features in these promoters that may have functional significance. 
These added features were located on either side of the -35 region. Recent results relating 
DNA sequence to helix conformation suggest that the upstream pattern may have a function in 
the promoter. Possible roles are discussed in this light. 

We have 

By explicitly specifying the nature of the search for 

0816 REGULATION AND EXPRESSION OF THE ENTOMOCIDAL 
6-ENDOTOXIN GENE OF THE GRAM POSITIVE BACTERIUM 
B. THURINGENSIS VAR KURSTAKI. M. Geiser. S .  Schweizer, 
C. Grimm and M. Kuster. CIBA-GEIGY LDT. 
CH-4002 Basel/Switzerland 

The gram positive bacterium B. thuringiensis, var. Kurstaki 
produces a protein toxin which is lethal to the larvae of 
lepidopteran insects. The 6-endotoxin is produced during 
sporulation and deposed in the cell as parasporal crystalline 
protein inclusion. 
The gene €or the toxin has been shown to be coded by a plasmid 
and/or by the chromosome. The plasmid-coded gene for the 
B.thuringiensis. var. Kurstaki toxin has been cloned in our 
laboratory and its DNA sequence determined. An open reading 
frame for a 138 000 daltons protein has been found. 
We now have constructed E. coli lac z gene fusions with the 
6-endotoxin promoter in an appropriate vector system and we 
hope to be able to transform a plasmid-cured B. thuringiensis 
strain as well as a wildtype-strain and we will answer questions 
concerning timing, usage of the two tandem promoters and hope to 
get insights in the in vivo regulation of the 6-endotoxin gene 
in B.thurinqiensis. 

0817 EFFECTS OF DIFFERENT PROMOTERS AND TERMINATORS ON THE EXPRESSION OF pBR322 $-LAC- 
TAMASE IN BOTH E.COL1 AND B.SUBTILIS - G.Grandi, A.Mele, L.Colletti, S.Cahpagno- 
li, R.Nogarotto - ASSORENI, Via Fabiani, 1 - 20097 SAN DONATO MILANESE (MI) ITALY 

One important condition to garantee high levels of expression of a cloned gene is to 
locate it under the control of efficient promoter sequences. It has been recently shown 
that in E.coli the maintenance of strong promoters on plasmid vectors is dependent on the 
presence, on the same plasmid, of efficient terminator regions downstream from the 
promoter. This condition seems to prevent the transcription process from interfering with 
the plasmid replication and consequently allows the maintenance of the plasmid in the 
cells. In order to investigate on the influence of different promoters and terminators on 
the F-lactamase expression in both 5 and B.subtilis we have constructed a shuttle 
vector in which the pBR322-coded ?.-lactamase is inserted in such a way to present an EcoRI 
site immediately preceeding the ATG of the gene and a Hind111 site immediately following 
its stop codon. In this way we have been able to easily modify both the promoter and the 
terminator strenght and to follow the effects of these modifications on the expression of 
the gene. A comparison of the behavior of E.coli and B.subtilis under these different 
conditions is reported. 
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0821 CIDJItiG AND CHARACPERlzATION OF A NEW FAMILY RFPKWIRUS-=TED DNA S m  
FRCM THE MCUSE m, I. Horak, T. Wirth, M. Schidt, T. Baunruker and B. Kr6ger, 
Institut fur Virologie urd Imnunbiologie der UniversitSt. Versbacherstr. 7, 
8700 Wiirzburg, F E  

New family of nurine retrovirus-related sequences (WRRS) has been described. These 
5.6 kb elements are flanked by 500 bp long terminal repeats identical to previously 
described LTR-IS elements (1). ?here are abut 50 - 100 of 5.6 kb elements and abut 
500 - 1000 of solo LTR-IS elements per muse haploid genane. It is sbcwn that the 
FNA plymerase 11 regulatory signals within LTR-IS elements constitute an active 
pranoter which requires either a cis-acting enhancer element or a trans-acting tran- 
scription factor present in 293 cells. Northern blot analysis provided evidence for 
MmRS specific RM\ in muse cells. Sequence analysis of the MUFS DNA revealed an 
open reading frame and show some horrplogy with gag and p 1  proteins of other retrc- 
viruses. 

1) Wirth, T., G l m l e r ,  K., Bamruker, T., Schmidt, M. and Horak, I., Proc. Natl. 
Acad. Sci USA, 80. 1983, 3327. 

0822 A MULTICOMPONENT YEAST MITOCHONDRIAL RNA POLYMERASE, J u d i t h  A. Jaehning. 
Cynthia S. Winkley, Gregory R. Heck and Martha J. Ke l l e r ,  
Department o f  Biochemistry, Un ive rs i t y  o f  I l l i n o i s ,  Urbana, I L  61801 

We have p a r t i a l l y  p u r i f i e d  an RNA polymerase a c t i v i t y  from yeast which synthesizes a 
d i sc re te  t r a n s c r i p t  from the  upstream region o f  the yeastG&lO gene. 
i n i t i a t e s  w i t h i n  a sequence, ATATAAGTA, prev ious ly  described as a consensus yeast 
mitochondrial promoter [Osinga, DeHaan, Christ ianson and Tabak (1982) Nucleic Acids Res, 
1101, 799343006]. Although t h i s  enzyme preparat ion i s  from whole yeast c e l l s  i t  i s  
probable tha t  the a c t i v i t y  corresponds t o  the  yeast mitochondrial RNA polymerase [Levens, 
Morimoto and Rabinowitz (1981) J. B io l .  Chem., 256, 1466-14733; the a c t i v i t y  can be 
chromatographical ly separated from the three n u s a r  RNA polymerases, i t  i s  not sens i t i ve  
t o  r i f amp ic in  orN-amani t in  and i t  se lec t i ve l y  t ranscr ibes templates conta in ing known 
mitochondrial promoters. One 
i s  only  a c t i v e  on non-selective templates such as poly[d(AT)]; the second i s  only a c t i v e  
on promoter conta in ing templates. 
component ( i t  can be chromatographical ly separated i n t o  two i n a c t i v e  f rac t i ons  which can 
be recons t i t u ted  i n t o  se lec t i ve  enzyme) and i t  has k i n e t i c  proper t ies s i m i l a r  t o  those o f  
prokaryot ic  RNA polymerases. The two enzymes are d i f f e r e n t i a l l y  regulated i n  response t o  
carbon source and mutations i n  the mitochondrial genome. 

The t r a n s c r i p t  

Two separable enzyme a c t i v i t i e s  e x i s t  i n  t h i s  preparation. 

The second, se lec t i ve  RNA polylmerase i s  m u l t i -  

0823 

Leghemoglobins (Lbs) are hemoproteins synthesized exc lus ive ly  i n  the m o t  nodules o f  p lants  
dur ing symbiosis w i th  n i t rogen f i x i n g  bacteria. Soybean nodules contain four major Lbs com- 
ponents ca l l ed  Lba, Lbcl, Lbc,, and Lbc,. The Lbs are encoded by a family o f  genes arranged 
i n  bro c lusters .  DNA sequence analysis revealed four  ac t i ve  genes coding f o r  Lba, Lbcl, 
Lbc,, Lbc, and demonstrated a p r i m r y  s t ructure w i th  three in tervening sequences. Consensus 
CT/AG dinucleotides were found a t  the borders of  the in tervening sequences. Putat ive regula- 
t o r y  sequences (CAP s i te ,  TATA box, CAT box. poly A s i t e )  s i m i l a r  t o  other eukaryotic gene 
sequences were also found. Transcr ip t ion o f  the Lb genes was measured w i th  spec i f i c  probes 
These probes d i s t i ngu ish  the nRNA precursors from the d i f f e r e n t  Lb genes, and i t  was 
demonstrated t h a t  the Lbc, and Lbc, genes are t ranscr ibed before the Lbcl and Lba genes, 
dur ing nodule development. The Lba gene was t ranscr ibed a t  the highest l eve l  fol lowed by the 
Lbc,, Lbc, and Lbc, w i t h  the lowest l eve l .  Induct ion fol lowed exponential k i n e t i c s  and a l l  
f ou r  genes remained t r a n s c r i p t i o n a l l y  act ive.  An Agrobacterium based transformation system 
has been m d i f i e d  f o r  legumes. Tissue spec i f i c  t ransc r ip t i on ,  t r a n s c r i p t  processing and the 
Lb p ro te in  synthesis can therefore be fol lowed a f t e r  t rans fe r  o f  complete soybean Lb genes 
t o  other legumes. Chimeric genes tha t  a l low easy detect ion of Lb gene a c t i v i t y  has been 
constructed. Regulatory sequences requi red f o r  Lb gene a c t i v i t y  can therefore be defined by 
de le t i on  and s i t e  d i rected nutagenesis. 

REGULATION OF LEGHEMOGLOBIN GENE EXPRESSION, Jens Stougaard Jensen, K i r s ten  Bojsen, 
E r i k  II. Jensen, and K j e l d  A. Marcker, Department o f  Molecular Biology and P lan t  
Physiology, Univers i ty  o f  Aarhus, OK-8000 Aarhus C, Denmark 
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0824 SIMULTANEOUS TRANSCRIPTION OF TWO EXPRESSION SITES FOR VARIANT SURFACE 
GLYCOPROTEIN GENES IN TRYPANOSOMES. P a t r i c i a  J .  Johnson,  Albert W.C.A.  
C o r n e l i s s e n ,  J a n  N .  K o o t e r ,  T i t i a  D e  Lange, Andre Bernards  and  P i e t  B o r s t ,  
The N e t h e r l a n d s  Cancer  I n s t i t u t e ,  Amsterdam, The N e t h e r l a n d s  

Trypanosomes are p r o t o z o a n  p a r a s i t e s  which are e n t i r e l y  c o a t e d  by a s i n g l e  v a r i -  
a b l e  s u r f a c e  g l y c o p r o t e i n  (VSG) t h a t  is  p e r i o d i c a l l y  swi tched  t o  overcome t h e  
h o s t ' s  immune r e s s o n s e .  C o a t  p r o t e i n  exchange i s  meZiated by 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  and  i n a c t i v a t i o n  of VSG g e n e s .  A l l  t r a n s c r i p t i o n a l l y  a c t i v e  VSG g e n e s  
r e s i d e  w i t h i n  a telomeric e x p r e s s i o n  s i t e .  I n  T .  b r u c e i ,  s t r a i n  421, a t  l e a s t  3 
chromosome e n d s  c a n  a c t  a s  e x p r e s s i o n  s i tes .  To i n v e s t i g a t e  t h e  c o o r d i n a t i o n  o f  
m u l t i p l e  e x p r e s s i o n  s i tes ,  w e  have  s t u d i e d  t h e  i n a c t i v a t i o n  of VSG gene 2 2 1 a .  
T h i s  qene  and a t  l eas t  8 . 5  kb  of a d j a c e n t  t e l o m e r i c  sequence  a r e  d e l e t e d  i n  5 o u t  
of 6 independent  i n a c t i v a t i o n  e v e n t s  ( B e r n a r d s ,  e t  a l . ,  C e l l  36,163-70, 1 9 8 4 ) .  
I n  t h e  one  p o p u l a t i o n  i n  which t h e  221a gene  i s  r e t a i n e d ,  w e  f i n d  a 30 kb  DNA 
i n s e r t i o n  ups t ream of t h e  i n a c t i v a t e d  gene  as t h e  o n l y  t e l o m e r i c  a l t e r a t i o n .  
Whereas DNA ups t ream of t h e  i n s e r t i o n ,  known to b e  p a r t  o f  t h e  t r a n s c r i p t i o n a l  
u n i t  of t h i s  e x p r e s s i o n  s i t e ,  is s t i l l  t r a n s c r i b e d ,  t r a n s c r i p t i o n  s t o p s  i n  t h e  
i n s e r t i o n .  The newly a c t i v a t e d  g e n e ,  VSG 060, d o e s  n o t  r e s i d e  w i t h i n  t h e  i n s e r -  
t i o n  b u t  i n  a n o t h e r  telomere. These d a t a  p r o v i d e  t h e  f i r s t  o b s e r v a t i o n  of VSG 
gene  i n a c t i v a t i o n  by  i n s e r t i o n  and show t h a t  t w o  VSG e x p r e s s i o n  s i t e s  can  be  
c o n c o m i t a n t l y  a c t i v e  ( t h e  221 and 060 t e l o m e r e s )  . T h i s  s u p p o r t s  t h e  h y p o t h e s i s  
t h a t  VSG s w i t c h i n g  may r e s u l t  i n  t r a n s i e n t  e x p r e s s i o n  of more than  one  VSG g e n r  
b y  a s i i i q l e  t ryoanosonie(Bernards ,  e t  a l . ,  N A R  12.4153-70, 1 9 0 4 ) .  

0825 IMIESTIWON OF ZHE MPRESSION OF CMEPLERIC mmxxcm ZNIO PIANIS usm 
'IIMEFpcIE?& Jcnathan D. G. Jones, Diane Bad, Jeff lbwmend, 

Karen Grady, Pamela tansmir, and Jdm Bedbrook, Advanced Genetic Sciences, 
6701 San P h l o  Ave, Chkland, Ca 94608. 
Ihe objective of t h i s  mrk was to investigate which CNA sequences are necessary 
and sufficient for the expressicn in leaves of ch imer ic  genes in transformed, 
m-honmm-perturbed whole plants. A series of transcriptimal ad 
translational fusions were constructed in which a presuned pramtor regicn of a 
chlorophyll a/b binding protein (cab) gene fran the dihaploid Mitchell Wtunia 
(see IXlnsnuir et  al, J. M31. App. Gen., 2 ,  285-300, 1983) was placed adjacent 
to octcpine synthase d i n g  sequences w i a  either a short (150tp) or kng 
(700tp) stretch of octcpine synthase 3' untranslated sequence. chimer ic  
genes were introduced into tobacco a d  petunia using an Aqrobacterim s t r a in  
which conferred kanamycin resistance, ad whole plants were regenerated fran 
the transformed tissue. 

Analysis of these plants permits the follaving ccnclusicns. (1)- Expressicn 
of the chimaeric gene can be detected in the  leaves of most but not a l l  
transformants. ( 2 )  Ihe level of expressim in the highly expressing 
transformnts is 10%-100% of tha t  of the endogemus cab gene. (3) The 5' end of 
transcription of the chimer ic  gene is the same a s  for the cab gene. 
More studies cn the regulaticn of these chimeric genes and cn the influence of 
5' and 3'sequences on mFNA levels w i l l  be presented. 

0826 ENRICHMENT OF RNA POLYMERASE I 1 1  TRANSCRIPTION FACTORS BY CHROMATOGRAPHY OF 
AVIDIN-BIOTINYLATED DNA COMPLEXES ON BIOTIN-CELLULOSE, Mary Kasher, David P i n t e l  
and David C. Ward, Departments of Human Genet ics and Molecu la r  B iophys ics -  
B iochemis t ry ,  Yale U n i v e r s i t y  School o f  Medicine, New Haven, CT 06510. 

A general  a f f i n i t y  chromatography procedure f o r  t h e  r a p i d  enr ichment o f  s p e c i f i c  
DNA-protein complexes has been developed and a p p l i e d  t o  the  p u r i f i c a t i o n  o f  f a c t o r s  
requ i red  f o r  t h e  t r a n s c r i p t i o n  o f  euca ryo t i c  c lass  I 1 1  genes. 
Adenovirus type  2 gene f o r  V A I  RNA was l i n e a r i z e d  a t  a s i t e  d i s t a l  t o  t h e  gene, 
end- labeled w i t h  a b i o t i n - n u c l e o t i d e  analog o f  TTP, and incubated  w i t h  a v i d i n  t o  fo rm an 
a v i d i n - b i o t i n y l a t e d  DNA complex. 
t i t r a t e d  amount o f  t he  av id in -VAI  RNA gene, s t a b l e  t r a n s c r i p t i o n  complexes were f o m d  and 
shown t o  have the  same t r a n s c r i p t i o n a l  a c t i v i t y  as e x t r a c t s  p rog ramed  w i th  an a v i d i n - f r e e  
V A I  RNA gene. 
r e s i n  r e s u l t e d  i n  t h e  se lec t i ve ,  and v i r t u a l l y  q u a n t i t a t i v e ,  r e t e n t i o n  o f  t he  V A I  RNA gene 
t r a n s c r i p t i o n  complex. A f t e r  washing the  r e s i n  t o  remove n o n - s p e c i f i c a l l y  bound p ro te ins ,  
a t r a n s c r i p t i o n a l l y  a c t i v e  f r a c t i o n  was e l u t e d  by the  a d d i t i o n  o f  1.5 M KC1. 
and complementation assays demonstrated t h a t  t h i s  a f f i n i t y  se lec ted  f r a c t i o n  conta ined 
f a c t o r s  essen t ia l  f o r  t r a n s c r i p t i o n  o f  t h e  V A I  RNA gene and was enr iched 400- fo ld  r e l a t i v e  
t o  the  o r i g i n a l  SlOO e x t r a c t .  

Plasmid DNA con ta in ing  the  

When HeLa c e l l  SlOO e x t r a c t s  were programmed w i t h  a 

Chromatography o f  t h e  programed e x t r a c t  over a b i o t i n - c e l l u l o s e  a f f i n i t y  

Compet i t ion 
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0827 REGULATED EXPRESSION OF GLOBIP GENES I N  K562 CELLS, Khashayarsha Khazaie, 
D i m i t r i s  Kioussis ,  Frank Wilson, Frank Grosveld,  National I n s t i t u t e  f o r  Medical 
Research, The Ridgeway, H i l l  H i l l ,  London NW7 1AA. U.K. 

We have s tud ied  the  expression of globin genes i n  the myeloid erythroleukemic c e l l  l i n e  K562. 
Hybrid genes were constructed containing t h e  human 5' h a l f  of t he  e, y and P-globin genes 
and the  r a b b i t  3' half  of P-globin gene t o  allow a d i s t i n c t i o n  between the endogenous and 
the constructed genes. The human sequences have r e spec t ive ly  0.98, 2.2 and 1.5 k i lobases  
of normal 5' f l ank ing  sequences,  w h i l s t  the r a b b i t  has 0.7 k i lobases  of normal 3' f l ank ing  
sequences. These were introduced i n t o  human K562 c e l l s  by calcium phosphate p r e c i p i t a t i o n ,  
together  with the  AGPT gene which confers  G418 r e s i s t a n c e  t o  the  harboring c e l l s .  Clones of 
G418 r e s i s t a n t  c e l l s  were grown and harvested f o r  RNA and DNA preparat ion.  
probes t h e  expression of both the endogenous and exogenous genes,  or of more than one 
exogenous globin gene, can be de t ec t ed  i n  the  same S1 assay.  
we have found a high l e v e l  of expression of the t r ans fec t ed  y and E genes,  and have shown 
t h a t  n e i t h e r  the endogenous nor the exogenous p gene i s  expressed i n  K562 c e l l s .  A t  
p r e sen t  we a r e  using hybrid gene cons t ruc t s  i n  these  c e l l  l i n e s  t o  i d e n t i f y  sequences 
i n h i b i t o r y  t o  the expression of t he  p globin i n  K562 c e l l s .  

Using s u i t a b l e  

0828 

Based on r e s u l t s  f r o m  o t h e r  s t e r o i d  regu la ted  systems, one a n t i c i p a t e s  t h a t  androgen reg-  
u l a t e d  genes w i l l  share some nuc leo t i de  homologies t h a t  serve as b ind ing  s i t e s  f o r  regu la -  
t o r y  p ro te ins ,  such as t h e  androgen receptor .  Recent sequence ana lys i s  o f  t h e  r a t  SVS I V  
gene i n  t h e  -145 t o  -500 reg ion  has revea led  a 30 base p a i r  segment w i t h  s t r i k i n g  homology 
t o  a comparable u n i t  l o c a t e d  a t  -197 o f  t h e  r a t  gene f o r  p r o s t a t e  s t e r o i d  b i n d i n g  p r o t e i n  
component 3 (Hurst ,  H.C. and Parker, M.G. (1983) EMBD J. 2, 769-774). The SVS I V  sequence, 
l o c a t e d  a t  -303, i s :  ACACTTATGCTGTGGGAAGCGTGATCACAG. Nuc leo t ides  shared w i t h  the  p r o s t a t e  
C3 gene a re  under l ined .  
i s  necessary f o r  androgenic c o n t r o l  o f  t h e  SVS I V  gene. The express ion  o f  t h e  SVS I V  and 
C3 genes i s  organ s p e c i f i c ,  and i t  has been shown t h a t  undermethy la t ion  o f  t h e  C3 gene i s  
found i n  the  p r o s t a t e  b u t  n o t  i n  seminal v e s i c l e  o r  o the r  nonexpressing organs (White, R. and 
Parker, M. (1983) J. B i o l .  Chem. 258, 8943-8948). A comparable s tudy  o f  t he  SVS I V  gene 
shows t h a t  7 me thy la t i on  s e n s i t i v e  r e s t r i c t i o n  s i t e s  a re  undermethylated i n  the  seminal ves i -  
c l e  compared t o  l i v e r  and kidney. However, a l l  s i t e s  t h a t  a re  undermethylated i n  t h e  seminal 
v e s i c l e  a re  a l so  undermethylated i n  t h e  p ros ta te .  Accord ing ly ,  w h i l e  the re  may be common 
fea tu res  t o  androgen regu la ted  gene express ion  i n  t h e  seminal v e s i c l e  and p ros ta te ,  t he re  
a l s o  appear t o  be d i f f e rences .  

ANDROGEN REGULATED GENES FROM RAT SEMINAL VESICLE AND PROSTATE SHARE AN UPSTREAM 
HOMOLOGY, Steve K i s t l e r ,  Jagan C. Kandala and Ma la th i  K. K i s t l e r ,  U n i v e r s i t y  o f  
South Carol ina,  Columbia, SC 29203 

Funct iona l  t e s t s  a re  i n  progress t o  determine whether t h i s  sequence 

Supported by NIH g ran t  HD 13472 

0829 TRYPANOSOMES: ONE ~ N A , T W O  TRANSCRIPTION UNITS,MULTIPLE RNA POLYMERASES. 
Jan M.Kooter,T.de Lange, Albert  W.C.A.Cornelissen, Pe te r  W.Laird and 
P i e t  Bors t .  The Netherlands Cancer Insti tute,Amsterdam,The Netherlands.  

In  trypanosomes many,if not  a l 1 , m R N A s  con ta in  t h e  same sequence of 35 n t  a t  
t h e i r  S'end. This  sequence is  no t  cont iguously encoded with the remainder of 
t h e  gene but  encoded by a mini-exon embedded i n  a 1.35 kb repeat.The 200 cop ie s  
pe r  nucleus of these  r e p e a t s  are tandemly l inked In  c l u s t e r s  of up to 15 cop ie s .  
We have obtained evidence t h a t  t h e  35-nt sequence and the. remainder of t h e  mRNA 
a r e  encoded by'two sepa ra t e  t r a n s c r i p t i o n  u n i t s  by a n a l y s i s  of s t eady- s t a t e  RIJA 
and analy 's is  of nascent  RNA,synthesized i n  i s o l a t e d  nuc le i .  F i r s t , t r a n s c r i p t i o n  
of t he  mini-exon r epea t s  y i e l d s  a 141-nt t r a n s c r i p t  with the  35-nt Fequence a t  
i ts  5'end. N o  run throuah t r a n s c r i p t i o n  was de t ec t ed  showing t h a t  t he  141-nt 
t r a n s c r i p t  is  no t  a processing product.  Secondly, t r a n s c r i p t i o n  of mini-excn 
genes is s e n s i t i v e  t o  a moderate l e v e l  of d-amanit in  while t r a n s c r i p t i o n  of 
p r o t e i n  coding genes is i n h i b i t e d  by a lower l e v e l  suggest ing t h a t  t hese  genes 
a r e  t r ansc r ibed  by two d i f f e r e n t  RNA polymerases.We a l s o  found t h a t  t he  
t r a n s c r i p t i o n  of genes coding f o r  trypanosome su r face  an t igens  is not  i nh ib i t ed  
by up to lOOOpg a-amanitin per  m l ;  a d i s t i n c t  RNA polymerase may the re fo re  e x i s t  
f o r  t he  t r a n s c r i p t i o n  of t hese  genes.  
De Lanqe e t  a l . (1984) ,Nuc l .Ac ids  R ' i s .  12,3777-3790 ; Kooter e t  a1.(1984)  
EMBO J .  3 ,  2387-2392 : Kooter and Borst  , i n  preperat ion.  
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Transcription initiation from certain promoters is affected by DNA supercoiling by an 
unclear mechanism. The effects may be mediated by changes in DNA secondary structure 
induced by negative supercoiling. We used mung bean nuclease, a single-strand-specific 
endonuclease, to determine the location and nature of nucleotide sequences involved in 
recognizable DNA unwinding. A variety of reaction conditions were used (all at neutral pH) 
since temperature and ionic environment affect enzyme site specificity by altering the 
conformation of supercoiled DNA (NAR 2, 7071, '84). Three mutually exclusive sets of sites 
were identified. At 37°C. sites map near the end of the ampicillin-resistance (Amp-R) gene 
transcript. An 80bp dA+dT-rich sequence is nicked at many positions but in a non-random 
manner, as observed with PM2 DNA (NAR 12, 7087, '84). 
at the RNA primer promoter for DNA replication, at the promoters for tetracycline-resis- 
tance (Tet-R) and Amp-R genes, and at the terminator for RNA-I. Inverted repeat sequences 
are cleaved in the non-base-paired loops of potential hairpin structures. At 27OC, sites 
map at a promoter activated by cyclic-AMP receptor protein and near the presumed end of 
the Tet-R gene transcript. Examination of the known sequences around the 27OC sites shows 
average dA+dT-content and no strong hairpin potential. Our results demonstrate that DNA 
unwinding detectable by mung bean nuclease occurs at promoter and terminator regions in 
preference to protein-coding regions in supercoiled pBR322 DNA. 
might affect promoter function is by altering local DNA secondary structure. 

MUNG BEAN NUCLEASE RECffiNIZES PROMOTER AND TERMINATOR REGIONS IN SUPERCOILED PBR322 
DNA, David Kowalski and Lowell G. Sheflin, Roswell Park Mem. Inst., Buffalo, NY. 

With addition of Mg2+, sites map 

Thus, one way supercoiling 

0831 MATURE mRNAs OF TRYPANOSOMA - APPEAR TO ACQUIRE THEIR 5' CAP BY 
DISCONTINUOUS RNA SYNTHESIS, Peter W. Laird, Jan Kooter, Titia de Lange 
and Piet Borst, Nederlands Kanker Instituut, Amsterdam, The Netherlands 

Trypanosoma brucei displays a discontinuity in RNA synthesis,in which 35 nt from 
the 5' end of an RNA molecule of about 140 nt (mini-exon-derived precursor RNA or 
medRNA) end up at the 5' end of all mRNAs analyzed to date. Whether this dis- 
continuous transcription results from reinitiation of transcription using the 
medRNA as a primer or from bimolecular splicing is unknown. Recent studies with 
isolated nuclei indicate that mini-exon genes,VSG genes and other protein-coding 
genes each differ inof-amanitin sensitivity of transcription,which suggests that 
different polymerases are responsible for their transcription. We have investi- 
gated whether mature m R N A s  in T.brucei contain a 5' cap and if so,whether the 
cap is TJready present on the medRN9. chemical decapping and enzymatic recapping 
witha- P-GTP of total and poly(A) RNA followed by either dot blot hybridi- 
zation or polyacrylamide gel electrophoresis,electroblotting and mini-exon hybri- 
dization showed that both mature mRNAs and medRNA are 5' capped. We conclude that 
the medRNA donates its 5' cap to the mRNA molecule. These experiments also con- 
firmed the existence of a second minor medRNA of-125 nt and revealed other 
prominent small capped WAS which do not hybridize to the mini-exon. 
Laird,P.W. et al.,in prep.;De Lange,T. et al. (1984),NAR 12,3777:Kooter,J. et al. 
(1984) ,~0>.?,2387;~an der P l o e g , L . H ~ . ~ ~  2. (1~84),Cell 39,213;Kooter?.ynd 
Borst,P.,in Prep.;Campbell,D.A. et s.(l984),Nature 311,350. 

0832 ANALYSIS OF BACTERIOPHAGE N4 EARLY PROMOTERS, C. Maione, J. Chase*. and L. 8. 
Rothman-Denes. 
of  Chicago, Chicago, IL. 60637 and *Department of  Mo lecu la r  B io logy ,  A l b e r t  E i n s t e i n  
Co l lege o f  Medicine, Bronx, N. Y .  

Department of Mo lecu la r  Genet ics  and C e l l  B io logy ,  The U n i v e r s i t y  

Bacter iophage N4 has un ique requ i rements  f o r  i t s  e a r l y  t r a n s c r i p t i o n .  The enzyme respon- 
s i b l e  f o r  syn thes i s  o f  e a r l y  RNA i s  a N4 encoded v i r i o n  encapsulated RNA polymerase. 
enzyme has been p u r i f i e d  t o  homogeneity and t r a n s c r i b e s  denatured N4 DNA as templa te  w i t h  
___  i n  v i v o  s p e c i f i c i t y .  
homology between -18  and +1 w i t h  a conserved G-C r i c h  heptamer centered  a t  -10 and two se ts  
o f  i n v e r t e d  repeats;  one upstream and one c o n t a i n i n g  t h e  s i t e  o f  i n i t i a t i o n  o f  t r a n s c r i p -  
t i o n .  We are  ana lyz ing  t h e  impor tance o f  bo th  t h e  i n v e r t e d  repeats  and the  consensus se- 
quence by o l i g o n u c l e o t i d e  d i r e c t e d  s i t e  s p e c i f i c  mutagenesis t o  c rea te  mutant  promoters.  
P r e l i m i n a r y  evidence suggests t h a t  t h e  upstream i n v e r t e d  repea t  may be e s s e n t i a l  f o r  
t r a n s c r i p t i o n  a c t i v i t y .  

Th i s  

Comparison o f  t h e  t h r e e  e a r l y  N4 promoter reg ions  shows ex tens i ve  

V i r i o n  DNA, which i s  l i n e a r  and doub le-s t randed,  i s  n o t  used f o r  t r a n s c r i p t i o n  i n  v i t r o .  
_ _ _  I n  v i v o  exper iments suggest t h a t  e a r l y  t r a n s c r i p t i o n  u t i l i z e s  a superco i l ed  templa te  and 
i s  comple te ly  dependent upon t h e  presence o f  r. coli s ing le -s t randed  b i n d i n g  p r o t e i n  ( ssb ) .  
We are  t e s t i n g  t h e  a c t i v i t y  of  o u r  mutant  promoters as superco i l ed  templates i n  a t rans -  
c r i p t i o n  assay w i t h  p u r i f i e d  ssb. 
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Promoters B 

SPECIFICITIES OF THE BACTERIOPHAGE T3 AND T 7  RNA POLYMERASES. W.T. McAl l i s te r ,  
N . J .  Horn, J.F. Klement and Claire E. Morr i s ,  UMDNJ-Rutgers Medical School, 
Piscataway. New Je r sey  08854 

The RNA polymerases encoded by bac ter iophages  T3, T 7 ,  and SP6 a l though s i m i l a r  i n  s t r u c t u r e ,  
e x h i b i t  near ly  exc lus ive  templa te  s p e c i f i c i t i e s .  Nucleotide sequences of t en  promoters 
recognized by the  T3 RNA polymerase have now been determined. Like the  T 7  promoters,  t he  
T3 promoters c o n s i s t  of a h ighly  conserved 22  base  p a i r  sequence. S i g n i f i c a n t  d i f f e r e n c e s  
between t h e  two k inds  of promoters are l o c a l i z e d  i n  a th ree  base p a i r  reg ion  from -10 t o  -12. 
By use of s y n t h e t i c  promoter sequences,  t he  r e l a t i v e  importance of each of t hese  th ree  po- 
s i t i o n s  on promoter s p e c i f i c i t y  is  be ing  explored. 

a c i d  sequence of the  enzyme) has  been determined i n  o the r  l a b o r a t o r i e s .  We have determined 
the  nuc leo t ide  sequence of t he  T3 RNA polymerase gene. The p red ic t ed  amino a c i d  sequence 
of t he  T 3  RNA polymerase e x h i b i t s  very  few changes when compared t o  t h e  T 7  enzyme (82% of 
the  r e s idues  a r e  i d e n t i c a l ) .  S i g n i f i c a n t  d i f f e r e n c e s  appear t o  c l u s t e r  i n  t h r e e  d i s t i n c t  
reg ions  i n  the  amino-terminal ha l f  of t h e  p ro te in .  Analys is  of t he  d a t a  from both  enzymes 
sugges t s  f e a t u r e s  t h a t  may be important f o r  polymerase func t ion .  In p a r t i c u l a r ,  a reg ion  
t h a t  d i f f e r s  between t h e  T3 and T 7  enzyme e x h i b i t s  s i g n i f i c a n t  homology t o  the  a -a 
b i h e l i c a l  domain t h a t  is  common t o  many sequence s p e c i f i c  DNA-binding p ro te ins .  'Exieriments 
t o  t e s t  the  importance of t h i s  reg ion  i n  promoter r ecogn i t ion  a r e  i n  progress .  

0833 

The nuc leo t ide  sequence of the  gene encoding the  T7 RNA polymerase (and hence the  amino 

0834 LATE TRANSCRIPTIONAL CONTROL OF THE B. SUBTILIS BACTERIOPHAGE $29, 
Rafael P. Mellado, Jos& L. Carrascosa, I sabe l  Barthelemy, Jose M. Ldza- 

ro ,  Josd M. Sogo and Margarita Salas ,  Centro de  Biologla Molecular (CSIC-UA.'.'), 
Universidad Aut6noma. Canto Blanco, 28049 Madrid. Spain. 

T h e  8 2 9  DNA region coding f o r  t h e  v i r a l  p r o t e i n  p4 which c o n t r o l s  t h e  phage 
l a t e  t r a n s c r i p t i o n ,  has been cloned under t h e  c o n t r o l  of bacteriophage X PL 
promoter i n  a pBR322 d e r i v a t i v e  plasmid. Upon induct ion of t h e  E. c o l i  c e l l  
c u l t u r e s  harbouring t h e  recombinant plasmid, t h e  p r o t e i n  p4 produced accoun- 
ted f o r  30% of t h e  t o t a l  de  novo synthesized c e l l u l a r  pro te in .  

B .  s u b t i l i s  RNA p o l y m e r m t h e r  core  o r  holoenzyme) is unable t o  t rans-  
c r i b e  i n  v i t r o  t h e  l a t e  region of 829 DNA. Pro te in  p4 has  been assayed on i t s  
capac i ty  t o  address  t h e  B .  s u b t i l i s  RNA polymerase ( e i t h e r  core  or  holoenzyme) 
t o  t r a n s c r i b e  t h e  $29 l a t e  genes i n  v i t r o .  Analysis of t h e  t r a n s c r i p t i o n a l  
products obtained using e i t h e r  crude E. c o l i  c e l l  e x t r a c t s  containing p4 o r  
p a r t i a l l y  p u r i f i e d  p4 showed t h a t  t h e  v i r a l  DNA l a t e  region was indeed t rans-  
c r ibed .  Visua l iza t ion  under t h e  e lec t ron  microscope of t h e  R-loops made % 
- t r o  i n  t h e  presence of p r o t e i n  p4 has allowed t o  i d e n t i f y  three  new $29 prome 
t e r s .  An e a r l y  one loca l ized  a t  85% of t h e  genome and two la te  ones placed a t  
5 3 %  and 62% of t n e  v i r a l  DNA, r espec t ive ly .  The r e s u l t s  obtained so f a r  ind i -  
c a t e  t h a t  p ro te in  p4 funct ions a s  a o- l ike f a c t o r .  Experiments t o  i d e n t i f y  
$29 l a t e  promoters i n  vivo w i l l  be a l s o  presented. 

THE ROLE OF THE ntrA GENE PRODUCT I N  POSITIVE CONTROL OF NITROGEN ASSIMILATION GENES 
M . J .  Merrick,  M. Buck, R.A. Dixon, M. Drummond and W.D.P. 

S tewar t ,  AFRC u n i t  of Ni t rogen  F ixa t ion ,  Brighton, B N l  9RQ, u.K. 

I n  K. pneumoniae and o t h e r  e n t e r i c  b a c t e r i a  express ion  of many genes  r equ i r ed  f o r  n i t rogen  
a s s i m i l a t i o n  i s  coord ina te ly  c o n t r o l l e d  by t h e  n i t rogen  r e g u l a t i o n  (e) gene products .  The 
n t r  system can  act  both  p o s i t i v e l y  and nega t ive ly  and i n  t h e  case of  p o s i t i v e l y  c o n t r o l l e d  
operons,  which inc lude  t h e  n i t rogen  f i x a t i o n  (nif) regulon ,  t h e  p roduc t s  of the nt rA gene 
toge the r  w i th  e i t h e r  t h e  ntrC or t h e  nifA product  are requ i r ed  f o r  t r a n s c r i p t i o n z c t i v a t i o n .  
The promoters of genes subject to p o s i t i v e  g c o n t r o l ' a r e  a t y p i c a l  and have a concensus 
sequence CTGGCAC N TTGCA between p o s i t i o n s  -26 and -10 i n s t e a d  of  t h e  n o m a l  -35 ,  -10 
concensus.  The a d o l u t e  requi rement  for f o r  t r a n s c r i p t i o n  i n i t i a t i o n  sugges t s  t h a t  
ntrA could  encode an  a l t e r n a t i v e  RNA polymerase sigma f a c t o r .  
G n e m o n i a e  has  been c loned  and Southern b l o t t i n g  shows no h o m o l o G o  rpoD (sigma gene ) .  
The gene product  is a 75 kda l  a c i d i c  polypept ide .  N t r A : : l a c Z  fu s ions  show t h a t  t h e  gene is 
n o t  t r a n s c r i p t i o n a l l y  r e g u l a t e 4  i n  response  t o  t h e  N-status of t h e  ce l l .  
multicopy p lasmids  ca r ry ing  "t+A or rpoD i n d i c a t e  compet i t ion  between t h e  two gene p roduc t s  
c o n s i s t e n t  w i th  an  i n t e r a c t i o n  between 

- 

The n t rA gene from 

Experiments w i th  

product  and RNA polymerase. 
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08% TRAYSCRIPTIONAL REGULATORY ELEMENTS OF THE CHICK.EN LYSOZYME PROt.lOTEK, Richard J .  
Miks icek  and Gunther Schutz, Gernlan Cancer Research Center,  He ide lberg ,  F.R.G. 

Previous exper iments Wi th  a lysozymelSVl0 T an t i gen  f u s i o n  gene have shown t h a t  t he  ch i cke r  
lysozynie promoter i s  expressed e f f i c i e n t l y  o n l y  i n  pr imary  ch icken ov iduc t  ce l l :  and t h a t  
sequences respons ib le  f o r  progesterone and g l u c o c o r t i c o i d  s t imu la ted  express ion  o f  t h i s  ge'ie 
res ide  w i t h i n  the  f i r s t  208 bp upstrsam o f  t he  major i n  v i v o  t r a n s c r i p t i o n  s t a r t  s i t e .  
o rde r  t o  more c l o s e l y  de l i nea te  the  c i s - a c t i n g  t r a ! s c X p S a l  r e g u l a t o r y  elements rescons- 
i h l e  f o r  these e f fec ts ,  se lec ted  r e s t r i c t i o n  fragments f rom the  lysozfl ie promoter reg ion  
were analyzed f o r  t h e i r  a b i l i t y  t o  con fe r  s t e r o i d  i n d u c i b i l i t y  on a ch imer i c  i n d i c a t o r  gene 
c o n s i s t i n g  o f  t h e  HSV thymid ine  k insse  promoter fused t o  the  cod ing  r e g i o n  o f  t h e  b a c t e r i a l  
chlorampheniccl  a c e t y l  t ranz fe rase  gene (pTK.CAT). I n  agreement w i t h  i n  v i t r o  DNA b i n d i n g  
exper iments us ing  p u r i f i e d  recep to r  p repara t ions ,  seyences  between -2U8 -62 and between 
-94 and -47 upstream o f  t he  lysozjme cap s i t e  render  the  TK promoter i n d u c i b l e  by proges ter -  
one and dexarethascne, respec t i ve l y ,  when analyzed f o l l o w i n g  t r a n s i e n t  express ion  i n  ch i ck  
o v i d u c t  c e l l z .  Promoter hyb r ids  con ta in ing  bo th  recep to r  b ind ing  s i t e s  (-208 t o  -47) f a i l  
t o  show r e g u l a t i o n  i n  non-oviduct c e l l s ,  b u t  i n  some cases evidence a s t rong  c o n s t i t u t i v e  
enhancer a c t i v i t y  which i s  bo th  d i s tance  and o r i e n t a t i o n  independent. Th i s  enhancer a c t i v -  
i t y  has been observed i n  th ree  manunary c e l l  l i n e s  (MCF7, NMuMG, and T470) and a f e l i n e  
k idney l i n e ,  b u t  i s  n o t  observed i n  HeLa c e l l s  o r  i n  n o n - e p i t h e l i a l  c e l l  l i n e s  ( L t k -  and XC 
c e l l s ) .  The s i g n i f i c a n c e  o f  these observa t ions  w i t h  respec t  t o  the  narrow hos t  s p e c i f i c ! t y  
?f the  lysozynie pronioter i s  c u r r e n t l y  under i n v e s t i g a t i o n .  

I n  

REGULATION OF NODULATION GENES IN RHIZOBIUM MELILOTI, John T. Mulligan and 
0837 Sharon R. Long, Stanford University, Stanford, CA 94305 

The bacterium Rhizobium meliloti invades alfalfa root hairs and induces the plant to 
form symbiotic nodules in which nitrogen fixation occurs. The genes in the nodABC region 
of the R meliloti pSym megaplasmid are required for this invasion. These genes are 
closely linked, translated in the same direction and may be coordinately regulated. 
have constructed a derivative of a broad host range plasmid containing these genes in 
which a nodC-lac2 gene fusion has been substituted for the nodC gene. 
activity in this fusion is induced in the presence of a plant product. 
low molecular weight and is produced Sy both host and non-host plants. We are using RNA 
transcript mapping to determine the start site for transcription and genetic analysis to 
characterize the regulation of this locus. 

I 

Beta-galactosidase 
This product has a 

LAC 
Rm1021 

nodC-lace fusion : 
A B C ' - w  - -- 

08% 
NIH, Bethesda, MD 20205 

c l o n i n g  t h i s  promoter i n  f r o n t  o f  a gene coding f o r  chloramphenicol  ace ty l  t rans fe rase  
(CATase) and es t ima t ing  CATase and IVa, promoter s p e c i f i c  RNA syn thes ized a f t e r  t rans -  
f e c t i o n .  
(SV40 72 base p a i r  repeats )  was present  i n  cis o r  when the  adenovirus E I A  gene was present  
i n  trans. 
having an enhancer i n  cis shows t h a t  sequences between -38 and -64 o f  t he  RNA i n i t i a t i o n  
s i t e  a re  necessary f o r  e f f i c i e n t  t r a n s c r i p t i o n .  I n  con t ras t ,  sequences present  between 
-242 t o  -179 a re  necessary f o r  trans a c t i v a t i o n  o f  t h i s  promoter by adenovirus E1A gene. 
E1A gene i n  trans and an enhancer i n  cis have an a d d i t i v e  e f f e c t  on RNA syn thes is .  
Measurements o f  CATase a c t i v i t y  show t h a t  i n  o rde r  t o  produce measureable amounts o f  
CATase w i t h  the  IVa, promoter, an enhancer has t o  be present  i n  c i s .  
n o t  reduced s i g n i f i c a n t l y  even a f t e r  d e l e t i o n  o f  a l l  sequences upstream o f  t he  RNA 
i n i t i a t i o n  s i t e .  
t he  a c t i v a t i o n  o f  t r a n s c r i p t i o n  f rom c r y p t i c  promoters p resent  i n  the  plasmid. 

SEQUENCES REQUIRED FOR C I S  AND TRANS ACTIVATION OF ADENOVIRUS IVa, 
GENE TRANSCRIPTION. Venkatachala Natara jan  and Norman P. Salzman, 

The t r a n s c r i p t i o n a l  c o n t r o l  reg ion  o f  t he  adenovirus IVa, promoter was analyzed by 

Detec tab le  amounts o f  IVa, s p e c i f i c  RNA was syn thes ized on ly  when an enhancer 

Es t ima t ion  o f  IVa, s p e c i f i c  RNA syn thes is  us ing  var ious  d e l e t i o n  mutants 

CATase a c t i v i t y  was 

The discrepancy observed i n  CATase and RNA can be exp la ined based on 
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0839 Transactivation of y2 promoter-linked genes in viral genome, transformed 
lines and transient assay. P.M. Nazos, S.Silver and B.Roizman. The Kovler 
Viral Oncoloav Laboratories. The Universitv of Chicago. .,~ Y 

The HSV-1 genes form three major groups, designated as a, 8 and Y, whose synthe- 
sis is coordinately regulated and sequentially ordered in a cascade fashion. During 
productive infection, the a genes are expressed first and the products of a4 gene 
are required for the expression of 8 genes. The B polypeptides turn off the synthesis 
of a genes and enable the expression of Y genes. The yl gene expression is semi-depen- 
dent on DNA replication whereas the expression of Y2 genes requires sustained viral 
DNA replication. To determine how infected cells differentiate between 0 and y pro- 
moters, a 72 promoter was fused with the structural sequences of thymidine kinase 
(TK) gene. In the viral genome, both 0-TK and y2-m chimeras require a4 gene 
products, but y2-TK required in addition viral DNA synthesis. In transformed cells 

0 - and y2-TK chimeras required for induction functional a4 genes, but were not 
induced by a0 gene products. In transient expression systems, the chimeric y2TK gene 
and BTK gene were induced by co-transfection with DNA fragments carrying the a4 
and a0 genes, but not the DNA fragments carrying a genes 22 or 27. These results de- 
monstrate that in transient assay systems both y2- and 0- gene expression require 
only a4 or a0 gene products. The requirements for induction of 8- and y2 genes 
in transient assay system differ therefore from those observed in trans-activation of 
resident genes in transformed cells and those observed in productively infected cells. 

0840 MUTATIONS THAT AFFECT nl+fi- AND nfrG-MEDIA.IED ACTIUA'IION OF IHE 
----I---- KLEBSIELLA --------_- PNEUMONIAE NITROGENASE PROMOTER. David Ow X, Yue Xiong, Uing 

Gu, San-chiun Shen. Academia Sinica Institute ot Plant Physiology, Shanghai, 
China. X Present address: Dept. of Biology C-016, UC San Diego, La Jolla, CA. 

Nitrogen regulated ( n t r l  and nitrogen fixation (nif) gene promoters are 
structurally similar to each other, but bear little resemblance to canonic EL 
-_-- coli promoters. z t r  promoters are normally activated by the ntrZ (also known as 
slnG) product, but can also be activated by the CfrC-related K, eneumoniae .!if& 
product. In contrast, nlf promoters of KI pneumoniae such as the nitrogenase 
(nifH) promoter can only be zlffi-activated. Sequence comparisons have shown 
that git\-regulated promoters share the consensus sequence CTGti-bbp-'I.ItiCA 
between -26 and -10, whereas the consensus sequence TlTTGCA was tound centered 
at -14 among several ntr-activated promoters. We analyzed 2 classes of mutants 
isolated atter sodlum bisultite site-directed mutaqenesis oi the KL pneumonjae 
____ nitH promoter, which contains the sequence CTGG-4bp-CCCrGCA. Class A mutants 
tailed to respond to njtfi-mediated activation while class B mutants acquired the 
ability to be activated by the ntrc product. With class A mutants, we tound 
that a transition at any of 4 diiferent bases ot the consensus sequence reduced 
nitA-mediated regulation (underlined where transitions were tound: CIgG-r)bp- 
CrcjGA). With class B mutants, a change from CCClGCA to either TCClGCA, CCI'ltiCA, 
or TCT.lGCA was sufficient to confer ntyc-mediated transcription. 

0841 REGULATION OF I a AND 11 a GLOBIN GENES OF THE GOAT. Jacqueline W. Pierce, Anil G. 
Menon and Jerry B Lingrel, Department of Microbiology and Molecular Genetics, University of 

Cincinnati College of Medicine, Cincinnati, OH 45267. 
Sequences involved in reqlated expression of a globin genes have not been defined. We are 

studying differential expression of two functional a globin genes of the goat; 1 a and 11 a. These genes 
ore highly homologous (99%) throughout their coding regions, IVS and immediate 5' and 3' flanking 
regions extending 122 bp 5' to the initiation codon and 139 bp 3' to the stop codon (khan et al., 1982). 
Both l a  and I Ia contain all signals known to be important for the transcription including CTAxT ATA 
box, cap site and polyA addition site; however, l a  protein is about 3-fold more abundant than 11, in 
both fetal and adult goats. Seqences upstream of CCAAT or downstream of polyA may dictate 
different levels of expression. Notably, the repeat CACCCTACACCCT which is important in the 
transcription of ablt 8 globin genes is found upstream of l a  but not 11.. In order to delineate 
sequences which are involved in differential expression of I a over 11 a, we have assayed the transient 
expression of these genes in HeLa cells. The I a and 1 1  a genes were transfected separately into HeLa 
cells and a mRNA levels were measured by SI wclease assay. As observed for human a genes, both 
goat a genes are expressed in the absence of cis enhancer sequences. We found that 1 a is expressed at 
a higher level than IIa. These results suggest that linkage of l a  and I Ia is not required to achieve 
differential expression of these genes. In oddition, sequences dictating the different levels of 
expression are located within 500 bp 5' and 200 bp 3' of the a structural genes. W e  ore currently 
examining the expression of a fusion gene I all1 a in order to further localize sequences which determine 
the level of a globin gene expression. 

168 



Sequence Specificity in Transcription and Control 

0842 
Cal i fo rn ia ,Los  Angr les ,  CA 90024; *The Wistar I n s t i t u t e  of Anatomy and Biology, Ph i l ade lph ia ,  
PA, 19104. 
W e  have a p p l i e d  t h e  technique  of  D N A a s e  f o o t p r i n t i n g  t o  i d e n t i f y  sequences of adenovi rus  
type  2 (Adz) promoter DNA which a r e  p ro tec t ed  by f a c t o r s  i n  a whole-cell  t r a n s c r i p t i o n  
e x t r a c t .  Using a s o l u b l e  H e L a  c e l l  e x t r a c t  and a r e s t r i c t i o n  fragment con ta in ing  t h e  
promoters f o r  bo th  t h e  major la te  t r a n s c r i p t i o n  u n i t  and t h e  IVa2 gene, t h r e e  r eg ions  of 
p r o t e c t i o n  were observed. Two of  t h e  p ro tec t ed  r eg ions  are loca ted  d i r e c t l y  upstream of  
t h e  Ad2 major la te  promoter.  The f i r s t  ex tends  from approximate ly  -25 t o  +1 and t h e  
second from -48 t o  -67 n u c l e o t i d e s  r e l a t i v e  t o  t h e  mRNA start s i te .  These p ro tec t ed  
r eg ions  correspond t o  sequences which a f f e c t  t h e  e f f i c i e n c y  of t r a n s c r i p t i o n  of t h e  major 
l a t e  promoter i n  v i t r o .  
t o  -90 n u c l e o t i d e s  upstream of t h e  IVa2 mRNA start s i te .  

D N A a s e  PROTECTION OF ADENOVIRUS TYPE 2 PROMOTER SEQUENCES I N  H e L a  CELL TRANSCRIP- 
TION EXTRACTS, Leonora P o l j a k l ,  Roberto Weinmand, and Jay  Grallal, IUn ive r s i ty  of 

A t h i r d  r eg ion  of p r o t e c t i o n  is  observed from approximate ly  -46 

0843 MODULATION OF THE EXPRESSION OF A BACTERIAL GENE BY INSERTIONS OF I S I  AT OR NEAR 
ITS PROMOTER, P i e r r e  Prentk i* ,  Bruce D. Teter*, David J .  Galas*, and Michael 
Chandler+, Un ive r s i ty  of Southern C a l i f o r n i a ,  Los Angeles, CA 90089-1481*, and 
CNRS, Toulouse,  France+. 

Transposable  elements are known t o  be  a b l e  t o  a l t e r  t h e  express ion  of genes ad jacen t  t o  
t h e i r  i n s e r t i o n  po in t s .  For ISL, however, l i t t l e  is  known o t h e r  than  t h a t  i t  is  o f t e n  
po la r .  
are l o c a t e d  nea r  o r  w i th in  t h e  promoter f o r  t h e  a m p i c i l l i n  r e s i s t a n c e  (e) gene. 
of t h e  i n s e r t s ,  however, w a s  r e s i s t a n c e  t o  a m p i c i l l i n  abol i shed .  
t r a n s l a t i o n  t e rmina t ion  module (P ren tk i  and Kr isch ,  Gene 2, 303-313, 1984) w a s  i n s e r t e d  
i n  seve ra l  l o c a t i o n s  i n  t h e s e  pBR322::ISL plasrnids t o  l o c a l i z e  t h e  o r i g i n s  of t r a n s c r i p t i o n ,  
and i n  v i t r o  a n a l y s i s  w a s  c a r r i e d  o u t  on some. 
t h e  expres s ion  or' t h e  bla gene i n  a t  least  t h r e e  ways. 
moters  are c rea t ed  i n  which t h e  ISL provides  t h e  -35 r eg ion  f o r  t h e  o r i g i n a l  -10. 
ends of ISL may c o n t r i b u t e  t o  t h i s  e f f e c t .  i i )  I n t e r n a l  promoters:  readthrough 
t r a n s c r i p t i o n  o r i g i n a t i n g  i n s i d e  t h e  element d r i v e s  t h e  bla gene. 
de te rminants  of p o l a r i t y  of ISL have been l o c a l i z e d .  
p o s s i b i l i t y  t h a t  t h e  c o n t r o l  of  t r a n s p o s i t i o n  and t h e  modulation of  ad jacen t  genes may be 
r e l a t e d .  

We have i s o l a t e d  a l a r g e  c o l l e c t i o n  of i n s e r t i o n s  of ISL i n t o  pBR322. Some of t hese  
In none 

The 0 t r a n s c r i p t i o n /  

The r e s u l t s  show t h a t  ISL can in f luence  

Both 
i )  Hybrid promoters: novel pro- 

i i i )  F i n a l l y ,  t he  
Our s t u d i e s  have suggested the  

0844 RNA POLYMERASE I1 TRANSCRIPTION SYSTEM. DISECTING THE I N I T I A T I O N  REACTION 

Reinberg and Robert  G .  Roeder, The Rocke fe l l e r  Un ive r s i ty ,  New York, NY 10021. 
We have developed an  i n  v i t r o  assay  t h a t  allowed us  t o  q u a n t i t a t e  each  of  t h e  
f a c t o r s  involved i n  t h e  i n i t i a t i o n  o f  t r a n s c r i p t i o n  a t  TATA+ promoter 
sequences.  We have i s o l a t e d  t o  o r  nea r  homogeneity t h r e e  o f  t h e  fou r  f a c t o r s  
requi red  i n  t h i s  r e a t i o n .  W e  have a l s o  extended o u r  s t u d i e s  t o  look f o r  
a u x i l i a r y  p r o t e i n s  t h a t  may s t i m u l a t e  RNA polymerase I1 a c t i v i t y  a t  s p e c i f i c  
promoters. The mechanism of a c t i o n  of t hese  p r o t e i n s  w i l l  be  presented .  I n  
a d d i t i o n ,  w e  a r e  s tud ing  t h e  mechanism of  t r a n s c r i p t i o n  te rmina t ion .  We have 
cons t ruc t ed  a DNA molecule con ta in ing  a p u t a t i v e  " te rmina tor"  sequence 
downstream from t h e  adenovi rus  major l a t e  promoter. By us ing  t h i s  templa te  we 
have been a b l e  t o  show t h a t  t h e  adenovi rus  DNA encodes a t e rmina t ion  sequence. 
This  sequence i s  a ve ry  s t rong  paus ing  s i t e  f o r  RNA polymerase I1 and the  
process  of  t e rmina t ion  i s  dependent upon t h e  a d d i t i o n  of  a p r o t e i n  f r a c t i o n .  

AT TATA+ PROMOTER AND AN EXAMPLE O F  TRANSCRIPTION TERMINATION, Danny 
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0845 ELEMENTS OF TRANSCRIPTIONAL CONTROL AT THE E. c o l i  g a l  AND DPERONS, A. Revzin, 
S.H. Shanb la t t  and D.D. Lor imer.  Michigan S ta te  Un ive rs i t y ,  East Lansing, M I  48824 

The ga l  operon conta ins  over lapp ing  promoter reg ions  (Musso e t  a l . ,  C e l l  12, 847 (1977) ) .  
The P2 promoter i s  used i n  the  absence o f  t he  c a t a b o l i t e  a c t z a E r  p ro te in (CAP) ;  i f  the  
CAP/cAMP complex i s  a c t i v e  then RNA polymerase (RP) i n i t i a t e s  a t  P I ,  f i v e  base p a i r s  down- 
stream from P2. We have shown t h a t  t r a n s c r i p t i o n  f rom P 1  i nvo l ves  the  ad jacent  b ind ing  o f  
two CAP molecules (Shanb la t t  and Revzin, PNAS 80, 1594 (1983) ) .  Our cu r ren t  work i s  aimed 
a t  e l u c i d a t i n g  the  f u n c t i o n  o f  t he  second C A P . T o  t h i s  end we do i n  v i t r o  exper iments w i t h  
p u r i f i e d  p r o t e i n s  and DNA fragments. We study DNA-protein b ind ing  by means o f  ge l  e l e c t r o -  
phores is  as w e l l  as doing a v a r i e t y  o f  nuclease p r o t e c t i o n  and t r a n s c r i p t i o n  assays. Stud- 
i e s  us ing  bo th  w i l d - t ype  and mutant promoters, and w i t h  t runcated  DNA fragments, show t h a t  
t he  second CAP molecule has dual  f unc t i ons :  i t  s t a b i l i z e s  the  "one CAP/one RP" in te rmed ia te  
a t  P1, thus exc lud ing  P2 b ind ing ;  i n  add i t i on ,  i t  i s  i nvo l ved  i n  i n t e r a c t i o n s  which a i d  RP 
i n  "me l t i ng  i n "  a t  P1. The e n t i r e  process i s  e x q u i s i t e l y  dependent on the  CAMP l e v e l ,  a t  
UM concent ra t ions  l i k e l y  t o  be encountered i n  v ivo .  

The l a c  c o n t r o l  reg ion  a l s o  has over lapp ing  promoters. Our data revea l  a marked compet i t ion  
between the  P 1  and P2 s i t e s  f o r  a v a i l a b l e  RP molecules.  We f i n d  t h a t  a l though a s i n g l e  
CAP/cAMP e n t i t y  b inds  a t  t he  l a c  promoter, t he  r o l e  o f  CAP i s  s i m i l a r  t o  t h a t  a t  gal. 
can s t imu la te  t r a n s c r i p t i o n  b o t h  by exc lud ing  RP f rom P2 ( s o  t h a t  more i n i t i a t i o n  complexes 
can form a t  P1) and a l s o  by enhancing the  a b i l i t y  o f  RP t o  form s tab le  complexes a t  P I .  

I t  

0846 MOLECULAR STUDY OF THE E. COLI DIAMINOPIMELATE-LYSINE GENES. C. Richaud, J. Bouvier, 
and P. S t raa ie r ,  I n s t i t u t  de M ic rob io lop ie ,  U n i v e r s i t e  Paris-Sud, 91405 - Orsay 
Cedex (France).  

Nine genes, sca t te red  on the  E. coZi chromosome, a re  i nvo l ved  i n  t h e  b iosyn thes i s  o f  l ys i r l e  
and i t s  d i r e c t  p recursor ,  t he  diaminopimelate (DAP), component o f  t he  c e l l - w a l l  pep t idog ly -  
can. 

Aspar ta te  - --+ --+ ~ , - A -  

meso ~ . 'peptidoglycan 

- DAP L lysC a s d  dapA dap8 dapD dapC dapE dapF 
ZysA l y s i n e  

A l l  these genes a re  c u r r e n t l y  s tud ied  i n  our  l abo ra to ry  by c lon ing ,  DNA sequencing and pro- 
moter mapping. Most o f  them a re  submit ted t o  r e g u l a t i o n  by the  i n t e r n a l  l y s i n e  pool .  Our 
u l t i m a t e  goal i s  t o  e l u c i d a t e  the  molecu la r  mechanism o f  t h e i r  expression by ana lyz ing  t h e i r  
r e g u l a t o r y  sequences. No common element was so f a r  i d e n t i f i e d  t o  account f o r  t he  rep ress i ve  
e f f e c t  o f  l y s i n e  ; fur thermore  no a t t e n u a t i o n - l i k e  s t r u c t u r e  can be found. 
Several araueents l ead  us t o  propose a r  a c t i v a t o r y  mechanism o f  expression f o r  some o f  these 
qenes, l y s i n e  excess an taqon iz ing  t h i s  D o s i t i v e  e f f e c t .  

0847 IDENTIFICATION OF A STREPTOCOCCAL M PROTEIN PROMOTER SEQUENCE, John 
Robbins, Jonathan Spanier and P a t r i c k  Cleary,  U n i v e r s i t y  o f  Minnesota, 
Minneapol is,  MN 55455. 

5. ogenes, va r ies  i n  i t s  express ion  o f  t h e  an t i phagocy t i c  M p r o t e i n  and 
o t h e r  pz:ential v i r u l e n c e  fac to rs .  The aim o f  our s tudy  i s  t o  cha rac te r i ze  the  
molecu la r  sw i t ch  respons ib le  f o r  t he  "on -o f f "  s ta tes  o f  M p r o t e i n  synthesis.  
Prev ious  s tud ies  have shown prophage a c t i v a t i o n  o f  M p r o t e i n  syn thes is  and 
o the rs  have i d e n t i f i e d  s i m i l a r  50 bp d e l e t i o n s  upstream from the  s t r u c t u r a l  gene. 
A 1700 bp segment o f  DNA ab le  t o  express M p r o t e i n  syn thes is  i n  E. c o l i  has been 
used i n  h y b r i d i z a t i o n  experiments. The " o f f "  s t a t e  a l though n o t  absolute,  
c l e a r l y  r e f l e c t s  t r a n s c r i p t i o n a l  c o n t r o l .  Th i s  segment o f  DNA has been 
sequenced and an 80 bp fragment, 5 '  t o  the  p u t a t i v e  s t r u c t u r a l  gene, has been 
i n s e r t e d  i n t o  the  promoter de tec t i on  plasmid pCMl where i t  a c t i v a t e s  chloramphe- 
n i c o l  res i s tance .  
over laps  sequences known t o  con ta in  d e l e t i o n s  i n  some M- c e l l s .  

P re l im ina ry  mapping s tud ies  suggest t h a t  t h i s  fragment 
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be fo re  DNA r e p l i c a t i o n  w h i l e  l a t e  genes a re  expressed du r ing  and a f t e r  t h a t  event.  I n  
o rde r  t o  i d e n t i f y  poss ib le  c i s - r e g u l a t o r y  s igna ls ,  we have mapped th ree  l a t e  genes and 
compared the  nuc leo t i de  sequences t o  those o f  p r e v i o u s l y  mapped e a r l y  genes. Regions o f  
t he  vacc in ia  v i r u s  genome t h a t  encode l a t e  po lypept ides  were l oca ted  by h y b r i d i z a t i o n  o f  
mRNA t o  c loned DNA r e s t r i c t i o n  f ragments fo l l owed  by c e l l - f r e e  t r a n s l a t i o n  o f  t he  se lec ted  
mRNA. 
major  v i r u s  core  po lypept ides .  
S 1  p r o t e c t i o n  and po lyacry lamide ge l  e lec t rophores i s  nex t  t o  a sequence ladder .  
comparison o f  t he  sequences a t  and preceding the  RNA s t a r t  s i t e s  o f  e a r l y  and l a t e  genes 
revea led  d i f f e r e n c e s  t h a t  may p rov ide  t h e  bas i s  f o r  c i s - r e g u l a t i o n .  
revea led  two l a t e  gene consensus sequences: 
TAAATG loca ted  very  c lose  t o  the  RNA s t a r t  s i t e  and the  o t h e r  was a TGTAAC loca ted  
approx imate ly  50 base-pa i rs  upstream. 
i s  f o l l owed  by a l ong  open read ing  frame. 

CONSENSUS SEQUENCES AT THE 5 '  END OF LATE VACCINIA V I R U S  GENES. 
Johannes L. Rosel, J e r r y  P. Weir and B. Moss, NIH, Bethesda, MD 20205 

Vacc in ia  v i r u s  gene express ion  i s  t empora l l y  regu la ted .  Ea r l y  genes a re  expressed 

S p e c i f i c  an t iserum was used t o  i d e n t i f y  t h e  products o f  two o f  t h e  l a t e  genes as 
The RNA s t a r t  s i t e s  o f  each gene were l oca ted  by nuclease 

A 

Computer ana lys i s  
one was a p e r f e c t l y  conserved hexanuc leo t ide  

The former i nc ludes  bo th  s top  and s t a r t  codons and 

0849 ANALYSIS O F  THE HUMAN INTERFERON a1 PROMOTER, John Ryals, t.-Dietmar Kuhl, Peter Dierks 
and Charles Weissmann, lnstitut fiir Molekularbiologie I ,  UniversitXt Zurich, 
Hiinggerberg, 8093 Ziirich, Switzerland. 

We previously showed that induction of interferon is due to activation of transcription and that 
a segment of 117 nucleotides preceding the cap site suffices for inducibility of the IFN-ol 
gene. To identify the minimal sequence sufficient for induction, we constructed a set of hybrid 
promoters in which 3' truncated IFN promoters and 5 '  truncated 0-globin promoters were combined 
in various fashions and joined to the O-globin transcription unit. Mouse LMTK- cells were per- 
manently transformed with the modified genes by TK-linked transformation and correctly initiated 
D-globin transcripts from induced and uninduced cells were determined by quantitative 51 mapping. 
The results show that an IFN promoter segment extending from position -675 to -64 (relative to 
the IFN cap site) is sufficient to mediate viral induction of transcription when placed 56, 78 
and even 109 nucleotides upstream of the D-globin cap site. A 5 '  deletion analysis of the hybrid 
promoter with a junction at -64 of the IFN promoter and -56 of the D-globin promoter identified, 
as the minimal sequences required for induction, the following 46 nucleotides located between 
-109 and -64: 

1 2 1  2 

GAGTGCATGAAGGAAAGCAAAMCAGAAATGGAAGTGGCCCAGAA 

ThThG&st 8bp direct repeat AAGGAAAG, shows a strong homology to the core enhancer sequence 
determine if this sequence can confer inducibility to the O-globin promoter in an orientation 
and distance independent manner. 

TTG present in the polyoma, SV40. MSV and Ig enhancers. Experiments are now underway to 

0850 ISOLATION OF STABLE RNA POLYMERASE 11 PREINITIATION, INITIATION AND ELONGATION 
COMPLEXES. IDENTIFICATION OF 60,000 AND 80,000 DALTON POLYPEPTIDE COMPONENTS, 

B r i a n  Safer,  L inda Yang, H. Eser Tolunay, and W. French Anderson, Nat iona l  Heart, Lung, and 
Blood I n s t i t u t e ,  NIH, Bethesda, MD 20205 
D i s t i n c t  RNA polymerase I I t r a n s c r i p t i o n  p r e i  n i  t i  a t i  on, i n i t i a t i o n  and e longa t ion  complexes 
can be formed i n  HeLa whole c e l l  e x t r a c t s  on cloned Ad2 sequences con ta in ing  the  major l a t e  
promoter. These t r a n s c r i p t i o n  complexes a re  s t a b l e  and can be r a p i d l y  i s o l a t e d  by gel  
f i l t r a t i o n .  I n  the  absence o f  exogenous nuc leo t i des ,  a l i m i t i n g  t r a n s c r i p t i o n a l  component 
and 60 and 80 kD po lypept ides  are  sequestered i n t o  a s tab le ,  bu t  t r a n s c r i p t i o n a l l y  incom- 
p le te ,  p r e i n i t i a t i o n  complex. I n  the  presence o f  dATP, d i s s o c i a t i o n  o f  t h e  80 kD polypep- 
t i d e  occurs and RNA polymerase I1 i s  added. Th is  forms a s t a b l e  i n i t i a t i o n  complex capable 
o f  forming, bu t  p r i o r  t o  the  fo rmat ion  o f ,  t he  f i r s t  phosphodiester bond. When t h i s  com- 
p l e x  i s  i s o l a t e d  and incubated i n  the  presence o f  a l l  f o u r  nuc leos ide  t r iphosphates ,  t h e  
c o r r e c t  r u n o f f  t r a n s c r i p t  i s  generated. The abundant 60.000 da l ton  po lypept ide  assoc ia ted  
w i t h  the  t r a n s c r i p t i o n  p r e i n i t i a t i o n  and i n i t i a t i o n  complexes remains s t a b i l y  assoc ia ted  
w i t h  the  DNA templa te  du r ing  e longat ion .  I n  con t ras t ,  t he  dATP-independent b ind ing  o f  t h e  
l i m i t i n g  t r a n s c r i p t i o n  component sequestered i n  the  p r e - i n i t i a t i o n  complex i s  reversed upon 
e longat ion .  This fac to r  can reassoc ia te  w i t h  new DNA templates du r ing  subsequent rounds o f  
i n i t i a t i o n .  Class I1 genes, t he re fo re ,  do no t  appear t o  form a c t i v a t e d  t r a n s c r i p t i o n  u n i t s  
s tab le  f o r  m u l t i p l e  rounds o f  t r a n s c r i p t i o n ;  ra the r ,  t h e i r  t r a n s c r i p t i o n a l  a c t i v i t y  may be 
c o n t r o l l e d  by r e g u l a t i n g  each i n i t i a t i o n  event. 
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0851 CONTROL OF SHORT CHAIN FATTY ACID DEGRADATION IN L Lauren 

The 8-keto short chain fatty acid (SCFA), acetoacetate, can be utilized 
by wild type Escherrchla ' ' GQU as a sole carbon and energy source. The 
structural and regulatory genes responsible for the degradation of SCFAs are 
encoded by the nfn system. Three structural genes and a regulatory gene have 
been identified on a 6 . 4  kb fragment cloned into pBR322, resulting in the 
recombinant plasmid pAT0. pATO contains &QA and W which encode the 
and subunits of acetyacetyl CoA transferase, ntpB which encodes thiolase 
11, and which encodes a positive controlling element that regulates the 
activity of the nfn structural genes. These four genes have been mapped and 
are closely linked within the 47 min region of the iL & chromosome and 
may comprise an operon. 

We have identified the proteins encoded by pAT0 via the maxicell 
procedure and as expected (Frerman & aL Archives Biochem and Biophy 
171:14) have found that ntpB (the asubunit) codes for a 28 kd protein, 
(the Bsubunit) codes for a 26 kd protein, and ntpa codes for a 42 kd 
protein. We have also identified the &QC gene product as a 48 kd protein. 
Preliminary evidence has shown that the regulatory properties of the &Q 
system deviate from other well characterized positive regulatory systems 
(i.e. the ~ L L  d , u L  mal systems). 

Sallus and W.D. Nunn, U.C. Irvine, Irvine CA 92717 

0852 UPSTREAM REGION MEDIATES GLUCOSE-REGULATED EXPRESSION OF THE SUCZ GEETE OF YEAST, 

The gene produces  two mRNAs w i t h  d i f f e r e n t  5' ends .  The 1.9-kb mRNA encodes a 
Laura Sarokin  and Marian C a r l s o n ,  Columbia U n i v e r s i t y ,  New York,N.Y. 10032 

s e c r e t e d  form of i n v e r t a s e  and i s  r e g u l a t e d  by g l u c o s e  r e p r e s s i o n .  
codes  t h e  i n t r a c e l l u l a r  i n v e r t a s e  and is  produced c o n s t i t u t i v e l y  a t  low l e v e l s .  
t i f y  5' r e g u l a t o r y  sequences ,  w e  c o n s t r u c t e d  i n  v i t r o  a series of  d e l e t i o n s  and i n s e r t e d  
them i n t o  t h e  y e a s t  genome. A n a l y s i s  of t h e  e f f e c t s  of each d e l e t i o n  on SUCZ e x p r e s s i o n  
i d e n t i f i e d  a n  ups t ream r e g i o n  r e q u i r e d  f o r  d e r e p r e s s i o n  of s e c r e t e d  i n v e r E  s y n t h e s i s .  
The 3 '  boundary of t h i s  r e g i o n  i s  n e a r  -418. 
l i e s  -00 bp upstream. 
a t  -133. 

The 1.8-kb mRNA en- 
To iden- 

The 5' boundary is n o t  s h a r p l y  d e f i n e d ,  b u t  
No e s s e n t i a l  sequences  l i e  between t h i s  r e g i o n  and t h e  TATA box 

Sequences between -1900 and -86 a r e  d i s p e n s a b l e  f o r  t h e  e x p r e s s i o n  of t h e  
1.8-kb W A .  

To prove  t h a t  t h e  upstream r e g i o n  m e d i a t e s  r e g u l a t i o n  by g l u c o s e  r e p r e s s i o n ,  t h e  
sequence from -390 t o  -900 was p laced  upstream from t h e  promoter of a LEUP-lacZ f u s i o n .  
Express ion  of p g a l a c t o s i d a s e  became g l u c o s e  r e g u l a t e d  and was a p p r o p r E l s f e c t e d  by 
unl inked  m u t a t i o n s  t h a t  a l t e r  t h e  r e g u l a t i o n  of 

We t h e n  s e l e c t e d  m u t a t i o n s  s u p p r e s s i n g  t h e  d e f e c t  i n  i n v e r t a s e  e x p r e s s i o n  caused by 
p a r t i a l  d e l e t i o n  of t h e  ups t ream r e g i o n .  
and r e c e s s i v e ,  u n l i n k e d  m u t a t i o n s  were recovered .  
i n t o  t h e  protein-DNA i n t e r a c t i o n s  involved  i n  r e g u l a t i o n  of SUCZ gene e x p r e s s i o n .  

gene e x p r e s s i o n .  

Both dominant,  *-acting m u t a t i o n s  a t  
These m u t a t i o n s  may p r o v i d e  i n s i g h t  

__ 

0853 TRANSCRIPTION FACTOR SP1 BINDS TO THE PROMOTER OF THE MOUSE DIHYDROFOLATE REDUCTASE 
GENE AND STIMULATES TRANSCRIPTION I N  VITRO. S h e l l e y  S a z e r * ,  Wil l iam S. Dynan', 
Robert  Tjian' ,  and Robert  T. Schimke*, *Stanford  U n i v e r s i t y ,  S t a n f o r d  CA 94305 and 
'Univers i ty  of C a l i f o r n i a ,  Berkeley, CA 94720. 

T h e  e n z y m e  d i h y d r o f o l a t e  r e d u c t a s e  (DHFR) i s  n e c e s s a r y  f o r  t h e  p r o d u c t i o n  o f  
t e t r a h y d r o f o l a t e ,  a n  e s s e n t i a l  c o f a c t o r  i n  t h e  b i o s y n t h e s i s  of  t h y m i d y l a t e ,  p u r i n e s  a n d  
g lyc ine .  We have  demonst ra ted  t h a t  a f a c t o r  present i n  HeLa whole cell e x t r a c t  b i n d s  t o  t h e  
5' f l a n k i n g  r e g i o n  of t h e  DHFR g e n e  a n d  s t i m u l a t e s  t r a n s c r i p t i o n  i n  v i t r o .  SP1 h a s  
p r e v i o u s l y  been shown t o  r e c o g n i z e  and i n t e r a c t  s p e c i f i c a l l y  w i t h  t h e  sequence m o t i f  CCGCCC 
l o c a t e d  i n  t h e  21 b a s e  p a i r  r e p e a t s  of  t h e  SV40 e a r l y  p r o m o t e r  a n d  t o  a c t i v a t e  
t r a n s c r i p t i o n .  We h a v e  now shown by DNase f o o t p r i n t  a n a l y s i s  t h a t  f o u r  r e g i o n s ,  e a c h  
a p p r o x i m a t e l y  20 n u c l e o t i d e s  long, l o c a t e d  n e a r  t h e  s tar t  of  DHFR t r a n s c r i p t i o n ,  are a l s o  
p r o t e c t e d  f r o m  DNase d i g e s t i o n  i n  t h e  p r e s e n c e  o f  SP1. The  CCGCCC h e x a n u c l e o t i d e  l i e s  
w i t h i n  e a c h  of t h e  p r o t e c t e d  r e g i o n s  of  t h e  DHFR p r o m o t e r ,  o n  t h e  non-coding  s t r a n d .  I n  
a d d i t i o n ,  t h e r e  are 6 c o p i e s  of t h i s  hexanucleo t ide ,  t h r e e  of which bind SP1, i n  a r e g i o n  
approximate ly  700 n u c l e o t i d e s  5' of  t h e  s t a r t  of t r a n s l a t i o n  which h a s  p r e v i o u s l y  been shown 
t o  ac t  a s  a p r o m o t e r  i n  t r a n s f e c t i o n  a s s a y s .  C o m p e t i t i o n  f o o t p r i n t  a n a l y s i s  h a s  
demonst ra ted  t h a t  t h e  same t r a n s c r i p t i o n  f a c t o r ,  SP1, b i n d s  t o  t h e s e  two DHFR promoters  and 
t o  t h e  2 1  b a s e  p a i r  r e p e a t s  of SV40. P r e l i m i n a r y  e v i d e n c e  f r o m  i n  v i t r o  t r a n s c r i p t i o n  
a s s a y s  i n  which  each  of t h e s e  DHFR promoters  was i n s e r t e d  5' of  t h e  h e r p e s  thymidine  k i n a s e  
gene i n d i c a t e s  t h a t  t r a n s c r i p t i o n  from t h e s e  promoters  is a c t i v a t e d  i n  t h e  presence  of  SP1. 
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0854 
The leader sequences o f  the E. c o l i  M 1  RNA gene includes th ree  pu ta t i ve  promoter homo- 
logies. The P - 1  sequence i f  nearest t o  the 5 -end o f  mature M 1  RNA 
and most ac t i ve  i n  v i t r o .  The promoter sequences were cloned s ing l y  and combination i n t o  
the Galk expression vector, pKO-100. Only the P-1 promoter d i rected the synthesis of  
galactokinase wh i l e  the P-2 and the  P-3 promoters gave the basal l eve l s  o f  a c t i v i t y  i n  
t h i s  assay. DNAase I f o o t p r i n t i n g  experiments showed t h a t  sequences a t  P-1 were protect -  
ed by RNA polymerse t o  a greater  extent than those a t  the P-2, wh i l e  the  P-3 was not 
observed t o  be s p e c i f i c a l l y  protected by the enzyme. Bal 31 nuclease d iges t i on  experi- 
ments were used t o  examine whether upstream sequences a f fec ted  the leve l  o f  galactokinase 
made from the  M 1  RNA promoter(s). 
galactokinase synthesis from the P-1 promoter. 
i n  the M 1  RNA s t r u c t u r a l  sequence between nucleotides +22 and +168 which reduce synthesis 
o f  galactokinase. This r e s u l t  impl ies t h a t  these s i t e s  can contro l  gene expression of M 1  
RNA, perhaps by t r a n s c r i p t i o n  termination. 

TRANSCRIPTION OF THE E. COLI M 1  RNA GENE, Francis J. Schmidt and Younghoon Lee, C. 
U. Park and Stephen J. Johnson, Un ive rs i t y  o f  Missouri-Columbia. Columbia, MO 65212 

P-1, P-2, and P-3. 

The presence o f  the P-2 promoter caused a decrease of 
We show t h a t  there e x i s t  one o r  more s i t e s  

0855 IDENTIFICATION OF THE PROMOTER FOR infC, THE GENE FOR E. TRANSLATION I N I T I A T I O N  
FACTOR 3, I .Schwartz,  A.Pramanik, J .Schwartz,  Dept.Biochem. ,N.Y.Med.Coll..Valhalla, N Y  

infC,  the gene which codes f o r  t r a n s l a t i o n  i n i t i a t i o n  f a c t o r  3 ( IF3)  i s  c lus t e red  wi thseve ra l  
o the r  genes f o r  t r a n s l a t i o n a l  components i n  the  genome of E. c o l i .  Of p a r t i c u l a r  i n t e r e s t  is 
the  c lose  physical  r e l a t i o n s h i p  between infC and the  upstream gene s, which codes f o r  
threonyl-tRNA synthetase.  Sequencing of t h i s  region has  revealed t h a t  only th ree  nucleot ides  
sepa ra t e  the terminat ion codon of t h rS  from the  AUU i n i t i a t i o n  codon of infC [Sacerdot e t  a1 
(1982) EMBO J. , 1,3111. This i m p l i i s h a t  infC is e i t h e r  co- t ranscr ibed with thrS from a LhrS 
promoter sequence o r  t h a t  t h e  t r a n s c r i p t i o n a l  s i g n a l s  f o r  infC a r e  embedded wi th in  the 
upstream thrS. 
Wu e t  a1 m 4 )  J. Mol. Bz1,,1771 d id  no t  d e f i n i t i v e l y  r e so lve  these  two p o s s i b i l i t i e s .  
In the  p re sen t  work, s eve ra l  d i f f e r e n t  plasmids have been constructed which encompass infC 
and varying amounts of upstream th rS  sequences. The a b i l i t y  of the plasmid DNAprrestr ic t ion 
fragments der ived therefrom, t o  d i r e c t  the syn thes i s  of IF 3 was t e s t e d  in  an in  v i t r o  DNA- 
dependent coupled t r a n s c r i p t i o n - t r a n s l a t i o n  system and in plasmid-transformed maxicel ls .  The 
r e s u l t s  i nd ica t e  t h a t  IF 3 i s  synthesized equa l ly  wel l  in the presence o r  absence of t he=  
promoter. A promoter whose presence is s u f f i c i e n t  f o r  expression of infC has been loca l i zed  
t o  an 89 bp region which occurs  178-267 bp upstream of the  JnfC s t a r t  codon and includes 
sequences with a high degree of homology t o  the  -35  and -10 consensus sequences. A t  t h i s  
po in t  it cannot be concluded whether t h i s  is the  only promoter f o r  infC o r  i f  add i t iona l  
promoters e x i s t  f u r t h e r  upstream in  thrS. 
from a promoter w i th in  the thrS cod iEGequence .  (Snpported by N I H  grah-M 29265). 

- 
- -  

Previous in  v i t r o  s t u d i e s  [Mayaux e t  a1 (1'iBST Proc. Nat. Acad. Sci .  ,80,6152; 

I t  is  c l e a r ,  however, t h a f T f c  can be t r ansc r ibed  

0856 REGULATION OF INTACT AND HYBRID a AND 8 ACTIN GENES INSERTED INTO MYOGENIC CELLS. 
S. B. Sharp, Caltech, Pasadena, CA 91125; T. A. Kost, Norden Labs, Lincoln, NB 
68501; S. H. Hughes, Frederick Cancer Research F a c i l i t y ,  Frederick, MD 21701; C. P. 
Ordahl, UCSF, San Francisco, CA 94143; N. Davidson, Caltech, Pasadena, CA 91125. 

I n  order  t o  determine which regions o f  cytoplasmic and ske le ta l  muscle chicken a c t i n  genes 
contain c i s -ac t i ng  sequences important i n  regu la t i ng  t h e i r  developmentally timed expression, 
we have t rans fe r red  i n t a c t  and hyb r id  genes i n t o  a myogenic c e l l  l i n e  and monitored t h e i r  
expression. Each o f  f ou r  genes, i n t a c t  @-act in ,  i n t a c t  ske le ta l  a -ac t i n ,  a 5'a-3'8 hybr id ,  
and a 5'8-3'a hybrid, was i nse r ted  i n t o  a plasmid conta in ing the gene f o r  6418 resistance, 
and t rans fe r red  i n t o  the muse  myoblast - l ike c e l l  l i n e ,  BC3H-1. Transformant colonies 
f rom each o f  the t rans fe rs  were pooled and expanded. 
t i a t e d  and d i f f e r e n t i a t e d  s tates was monitored by RNA gel b l o t s  us ing 
probes f r o m  the 3' unt rans lated regions o f  the ch ick a and 8 genes. 
genes were d i f f e r e n t i a l l y  regulated. 6 mRNA was present i n  uninduced c e l l s ,  and j u s t  as f o r  
the endogenous mouse 6 mRNA, was s u b s t a n t i a l l y  reduced i n  d i f f e r e n t i a t e d  ce l l s .  Chicken a 
message was no t  appropr ia te ly  upregulated upon induction. It, l i k e  6, was present i n  unin- 
duced c e l l s ,  b u t  u n l i k e  6. showed no dramatic decrease i n  abundance upon d i f f e r e n t i a t i o n .  
Pre l iminary r e s u l t s  w i t h  the hyb r id  genes i n d i c a t e  t h a t  t he  8 promoter i s  stronger than the 
a promoter i n  und i f f e ren t i a ted  c e l l s ,  and t h a t  m s t  o f  the in format ion f o r  down-regulation 
upon d i f f e r e n t i a t i o n  resides i n  the 3' h a l f  o f  the 6 gene. 

Gene expression i n  the undi f feren-  
gene s p e c i f i c  

The i n t a c t  a and B 
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rIlE PXOl,lOTER OR THE EIBOSOIIAL T.NA GENE IS LARGE AND CONTAINS MULTIPLE DOMAINS 
Ilarbara Sol lner-Webb. Sa thryn  M i l l e r ,  John Tower, V a l e r i a  Cu lo t t a  and J o l e n e  Vindle  
The Johns IIopkins Un ive r s i ty  School of biedicine, Bal t imore ,  Maryland 21205 

V e  have examined the  nuc leo t ide  Sequences invo lved  in  d i r e c t i n g  t r a n s c r i p t i o n  of mouse and 
f rog  riWA genes by RNA polymerase I. Only a minimal promoter domain i s  de t ec t ed  a t  op t imal  
i n i t i a t i o n  condi t ions .  In mouse i n  v i t r o  systems t h i s  corresponds t o  rDNA r e s idues  -35 t o  
+9. Iiowever, a s  r e a c t i o n  cond i t ions  a r e  made more s t r i n g e n t  by vary ing  ion ic ,  t empla te  o r  
e x t r a c t  C o n d i t i o n s ,  t h e  5' b o r d e r  of  t h e  r e g i o n  n e c e s s a r y  t o  promote  e f f i c i e n t  mouse r D N A  
t r a n s c r i p t i o n  moves p r o g r e s s i v e l y  upstream t o  r e s idues  -39. -45,  -100, and -140. A l l  of 
t hese  domains a c t  by con t r ibu t ing  t o  the  formation of the  s t a b l e  t r a n s c r i p t i o n  complex. 

S i m i l a r  r e s u l t s  a r e  o b s e r v e d  w i t h  t h e  Xenopus l e a v i s  r R N A  gene. A s m a l l  p r o x i m a l  
p romote r  domain s p e c i f i e s  e f f e c i e n t  t r a n s c r i p t i o n  unde r  t h e  o p t i m i z e d  c o n d i t i o n s  o f  
mic ro in j ec t ing  oocytes  wi th  r e l a t i v e l y  high concen t r a t ions  of rDNA template.  However, a 
p romote r  e x t e n d i n g  o u t  t o  r e s i d u e  -140 becomes i n c r e a s i n g l y  o b v i o u s  unde r  t h e  l e s s  
e f f e c i e n t  cond i t ions  of t r ansc r ib ing  in  v i t r o  o r  i n j e c t i n g  oocytes wi th  low concen t r a t ions  
of  template.  The polyorerase I enhancer sequences which r e s i d e  s t i l l  f u r t h e r  upstream in  the  
X. l e a v i s  rDNA spacer  func t ion  in  concer t  wi th  the  upstream promoter domains. This  enhancer 
o n l y  a c t s  on p r o m o t e r s  w i t h  i n t a c t  ups t r eam domains and  o n l y  unde r  i n j e c t i o n  c o n d i t i o n s  
where these  domains s i g n i f i c a n t l y  a f f e c t  the  l e v e l  of synthes is .  Thus the  rDNA promoter 
c o n s i s t s  of a minimal e s s e n t i a l  domain f l ank ing  the  i n i t i a t i o n  s i t e  and a d d i t i o n a l  domains 
t h a t  extend in  the  5 '  d i r e c t i o n  and a c t  t o  augment the  process  of i n i t i a t i o n .  

0857 

0858 PROilOTER ELEMENTS OF THE MOUSE VETALLOTHIONEIN GENE IDENTIFIED BY I N  V I V O  ASSAY OF 
ZYllTHETIC SEQUEPCES, Gary W .  Stuar t ,  Pe ter  F. Sear le  and Richard 0. Pa lmi te r ,  
U n i v e r s i t y  o f  Washinqton, Sea t t l e ,  WA 98195 

Recent s tud ies  have demonstrated t h a t  t he  t r a n s c r i p t i o n a l  response o f  human and mouse 
meta l l o th ione ins  t o  heavy meta ls  i s  mediated by two o r  more s h o r t  (<12 bp) honioloqy 
u n i t s  repeated severa l  t imes i n  m e t a l l o t h i o n e i n  (MT) promoters. Syn the t i c  copies o f  
f i v e  such homology u n i t s  found w i t h i n  t h e  f i r s t  200 bp ' s  o f  t he  mouse MT-I promoter a re  
being tes ted  f o r  t h e i r  a b i l i t y  t o  induce t r a n s c r i p t i o n  f rom a heteroloqous qene. 
assay, HSV-TK qenes con ta in ing  these p o t e n t i a l  metal  r e g u l a t o r y  elements (mre 's )  
i n s e r t e d  w i t h i n  the  promoter a re  tes ted  f o r  t h e i r - a b i l i t y  t o  produce metal  requ la ted  
TK a c t i v i t y  a f t e r  DNA-mediated t r a n s f e c t i o n  o f  TK BHK c e l l s .  
Seen unambiguously i d e n t i f i e d  us ing  t h i s  approach. A t  l e a s t  one o the r  s y n t h e t i c  
homologue a c t s  as a basal  promoter element t h a t  i s  r e l a t i v e l y  unresoonsive t o  the  
presence o f  meta l .  
i nves t i ga ted .  
t o  a 5 f o l d  response. I n  con t ras t ,  a s i n g l e  copy o f  t he  i d e n t i f i e d  basal  promoter 
element appears f u l l y  f u n c t i o n a l .  
g r e a t e r  d is tances  from the  TATA box. 
p rov ides  a novel  and r e l a t i v e l y  unambiguous method o f  ana lyz inq  the  s t r u c t u r e  o f  
i n d u c i b l e  promoters and the  mechanisms by which they  operate.  

I n  our  

Two separate mre 's  have 

D is tance e f f e c t s  and promoter element i n t e r a c t i o n s  a re  a l s o  be inq  
S inq le  mre ' s  do n o t  a l l o w  i n d u c t i o n  w h i l e  d u p l i c a t e  mre 's  can g i v e  sp 

Both types o f  elements e x h i b i t  reduced e f f i c i e n c y  a t  
I n  v i v o  assay o f  s y n t h e t i c  promoter elements 

0859 

T r a n s c r i p t i o n  of t h e  small nuc lea r  RNA genes  i s  regu la t ed  by unusual promoter sequences i n  
t h e  5 ' - f lanking  DNA. 
n o t  posses s  TATA boxes a t  t h e  canon ica l  pos i t i on .  
fou r  ch icken  U1 RNA genes (Ear ley  e t  al., Nuc. Acids Res.  12  [1984] i n  p re s s ) .  I n  t h e  
5 ' - f lanking  DNA, t h e s e  f o u r  U1 genes  s h a r e  a 40-50 base  p a i r  r eg ion  of high sequence 
homology l o c a t e d  approximately 200 nuc leo t ides  upstream of t h e  U 1  RNA cap  s i t e .  W e  have 
now sequenced a ch icken  U2 RNA gene and compared i t s  5 ' - f lanking  DNA sequences t o  those  of 
t h e  U1 RNA genes. A n  ou t s t and ing  f e a t u r e  i s  t h a t  t h e  ch icken  U2 gene l i kewise  s h a r e s  t h i s  
conserved upstream sequence a t  approximately t h e  same l o c a t i o n  r e l a t i v e  t o  t h e  RNA cap  
si te.  Th i s  sequence homology i s  s h a m  below ( t h e  letter N s t ands  f o r  non-conserved 
nuc leo t ides ,  Y f o r  pyrimidine,  and R f o r  pur ine) :  

CHICKEN U2 AND U 1  RNA GENES SHARE A REGION OF HIGH SEQUENCE HOMOLOGY APPROXIMATELY 
200 BASE PAIRS UPSTREAM OF THE RNA CAP SITE, W i l l i a m  E. S t m p h  and Gina M. Korf,  
San Diego S t a t e  Un ive r s i ty ,  San Diego, CA 92182 

Although t h e s e  genes  are t r ansc r ibed  by RNA polymerase 11, they  do 
W e  have r ecen t ly  cloned and sequenced 

CHICKEN U2 -239 C C C C G G C G C _ C ATGCAAATCGWLG-C~G~~GC~CGGAGC -197 
CHICKEN U1 (consensus) -236 GGCYGGGGAYATGCAAATNRANNNCCGCGCGCTGCATGC~GCAGC -191 

In t h e  r eg ion  s h a m ,  35 o u t  of 46 nuc leo t ides  (76%) a r e  he ld  i n  common between t h e  U2 and 
U 1  gene sequences.  Th i s  f i n d i n g  impl i e s  s t r o n g l y  t h a t  t h i s  r eg ion  i s  a necessary  sequence 
element r equ i r ed  f o r  ch icken  snRNA gene express ion .  These results complement t h e  r ecen t  
S tud ie s  of Skuzeski e t  al .  (J. Biol .  Chem. 259, 8345-8352 [1984]) which demonstrate a func- 
t i o n a l  requi rement  f o r  sequences a t  t h i s  same l o c a t i o n  f o r  h m n  U1 RNA gene express ion .  
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W e  have cloned randan fragments of E. G Q U  I N A  and analyzed their ability to  
direct the expression of the chlormnphenicol acetyl transferase (CAT) gene carried 
on the pranoter selection plasnid, -232-8 (Brosius, Gene 27, 151, 1984). W e  
found two fragments that direct a greater level of CAT activity than the strong 
hybrid pranoter, tac (deBoer et al., ENAS 80, 21, 1983, as constructed by Amaan et 
al., Gene 25, 167, 1983). 
independent constructions. 
fragments reveal multiple, overlqping regions hanologous to the -35 and -10 
consensus .?quences. 
transcription start site, by s1 analysis. 
Anman et al. is three times stronger i n  our CAT assay systen than the version of 
Russell and B e n e t t ,  Gene 20, 231, 1982. Ihew pranoter fragments are identical 
up to two bases beyord the -35 region, where the Anman et al. tac pranoter 
preserves the natural t rp  pranoter upstream sequences, w h i l e  the Russell and 
Benne t t  tac pranoter substitutes non-pranoter pm22 sequences. 
upstream sequences on the tyrT pranoter has been &served by Lamond and Wavers, 
Nature 305, 248, 1983. Using one of the two randcmly cloned pranoter fragments, 
w e  have begun to  define the sequences upstream fran the -35 region that influence 
prunoter strength. 

SEQUENCE DETETWNIRTTS (r E. 9gLd pIIoM3TER SIRENGIH M YEQ, Karen 
'Ihlmadge and Andrew Lam, California Biotechnolqy, Inc., Mountain 
V i a ,  CA 94043 

Ihe relative pranoter strengths were carfirmed w i t h  
Ihe l N A  sequences of these two randomly cloned 

In one case, these regions extend beyad the unique 
Ihe tac pranoter constructed by 

The influence of 

086 1 TRANsCRIPTION~L~STATES OF THE RAT METALLOTHIONEItj-j GENE AND TWO PSEUPO$EYES, 
Susan Taplitz ' , Robert Andersen3, Bruce Birren ' , Harvey nerschman ' ' ,lDept- 
arzment of Biological Chemistry, 2 Molecular Biology Institute;3 Lab of Biomedical 
and Environmental Sciences, University of California, Los Angeles. 

The metallothionein gene i s  transcriptionally regulated by both glucocorticoia hormones and 
oy metal ions such as cadmium and zinc. Karin and co-workers have identified separate reg- 
ulatory sequences which control a metallothionein (MT) gene's response to metal and gluco- 
corticoids respectively. We have isolated a rat MT-I gene and two pseudogenes and have 
characterized the pattern of DNase I hypersensitive sites prior to and after induction. 
Both pseudogenes are cONA copies of the MT-I gene. Pseudogene 21 contains homologous sequ- 
ences only as far 5' as the cap site, but pseudogene 27 contains hanologous sequences 1 3 3  
b.p. further 5 ' -  This pseudogene contains all sequences required for metal regulated expr- 
ession of the MT gene and probably arose from a transcript initiated at an upstream promoter. 
DNase I hypersensitivity studies show a single hypersensitive site upstream fran the MT-I 
gene. Pseudogene 21 ,  which lacks all sequences required for expression, lacks this hyper- 
sensitivity.Pseudogene 27, which contains sequences required for regulated expression, also 
does not have a hypersensitive site, leading us to predict that this gene is not expressed. 
This prediction is substantiated by our failure to detect transcripts corresponding to this 
pseudogene by a variety of experimental approaches. These sequences which are required for 
expression of the MT-I gene, are therefore not sufficient to direct transcription of this 
MT-I pseudogene. 

0862 STEROID HORMONE REGULATION OF THE GENE ENCODING THE CHICKEN PROGESTERONE RECEPTOR 
B ANTIGEN, Ming-Jer Tsai, Me1 Baez, David R. Sargan and Bert W. O'Malley. 
Department of Cell Biology, Baylor College of Medicine, Houston, TX 77030. 

Using a previously isolated cDNA clone coding for progesterone receptor B (PRB) antigen as 
probes, we have studied the hormonal regulation of its expression in chick oviduct as wel l  
as other tissues. We obaerved a 50-fold increase of PRB antigen upon secondary stimulation 
with either estrogen or progesterone for 16 hrs. Testosterone and dexamethasone also 
increase PRB antigen mRNA but t o  a much lesser degree. Nuclear "run-off" assay indicated 
that only part of this increase (2-5 fold) was due to regulation at the transcriptional 
level. Therefore, both transcription of the gene and stability of mRNA are affected by the 
presence of steroid hormones. In addition, prolonged administration of progesterone and 
estrogen resulted in a reduced level of mRNA sequences in the oviduct tissue while ovalbumin 
mRNA sequence continued to increase. Therefore, the PRB gene was apparently self 
regulated. When the other tissues were examined, we were surprised to detect the mRNA 
sequence for PRB antigen, although some of these tissues have not been reported to bind 
progesterone. This suggests that progesterone target tissues may require a redefinition to 
those which can produce the hormone binding isoform. 
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0863 SEQUENCES UPSTREAM FROM THE TATA BOX ARE REQUIRED FOR EFFICIENT TRANSCRIPTION OF 
OVALGLOBIN FUSION GENE IN VITRO, Sophia Y. Tsai, Martine Pastorcic, Ming-Jer Tsai, 
and Bert W. O'Malley. Department of Cell Biology, Baylor College of 
Medicine, Houston, TX 77030. 

The promoter elements necessary for the initiation of transcription of the ovalbumin gene 
have been localized previously by transfer of an ovalglobin fusion gene into HeLa S3 
cells. A region containing the "TATA" box, a highly conserved sequence located around 25 to 
30 base pairs upstream from the cap site of most mRNA-encoding genes, is required for 
initiation of transcription. A second region spanning between -95 to -48 upstream from the 
cap site is also required for efficient initiation of transcription. Although the 
requirement of the "TATA" sequence for initiation of ovalbumin gene is well demonstrated & 
-, the importance of the upstream sequence is not yet defined. Here we show that in 
addition to the "TATA" box, DNA sequences located between positions -95 and -77 upstream of 
the cap site are also essential for efficient in vitro initiation of ovalbumin gene using 
various deletion mutants of ovalglobin fusion gene as template. The enhancement of 
initiation of transcription by the upstream sequence can be demonstrated using circular or 
linear DNA as template and total cell or nuclear extracts from HeLa cells as source of 
transcription factors. In addition, the upstream sequence dependency is markedly influenced 
by the transcription factors to DNA ratio. These results are consistent with the notion 
that two promoter elements, the "TATA" box and the upstream sequences are necessary for 
efficient initiation of transcription in vitro as wel l  as in vivo. 

0864 
Rhodopseudomonas blastica and Rhodospirillum are purple non-sulphur photosynthetic 
bacteria that can p o w  either by photosynthesis o r  by respiration. Under both growth condi- 
tions their ATP synthase uses the energy of a transmembrane proton gradient to synthesize 
AT?. The enzyme comists of an extrinsic membrane sector (Fi) with five polypeptides ( a ,  p, 
y, 6 and E )  and an intrinsic membrane sector (F,) with at least three subunits. 
The genes for the five F1 subunits of the enzyme from 
cloned and sequenced. Analysis of transcription by Sq?uclease mapping v r  extension 
techniques showed that the five F1 genes form an operon in both organisms. 
genes is conserved in both bacteria and is the same as that in the Escherichia coli unc 
operon except that genes for Fo subunits are not associated with the F1 genes (asheyare 
in E. coli). 
and further experiments showed the existence of a second promoter internal to the operon 
which transcribes only the two distal genes. 
(Shine & Dalgarno sequences) and termination of transcription in the photosynthetic bacteria 
resemble those in E. coli. On the other hand, in R S. blastica no E. coli-like promoter 
sequences can be identified in regions adjacent to zites of initiat-transcription, and 
in R. rubrum, though there is a "Pribnow" box et -10, no -35 sequence can be seen. It is 
clear that promoter sequences in these photosynthetic bacteria are rather different from 
those in E. coli and thus probably reflect divergence in the sigma factor of ANA polymerase. 

TRAI23CRIPTIOK OF AT? SYNTHASE GKNES OF PHOTOSYIJTHETIC BACTERIA, V.L.J. @bulewicz, 
G. Falk aad J . E .  Walker, MRC Laboratory of Molecular Biology, Cambridge, England. 

S. blastica and R. rubnun have been 

The order of 

I n  RPS. blastica a sixth gene of unknown function was found within the operon 

Signals involved in initiation of translation 

0865 REGULATION OF BACILLUS AMYLOLIQUEFACIENS PKOTEASES I N  BACILLUS SUBTILIS, 
N. Vasantha and L.D. Thompson, Genex Corpora t ion ,  Gaithersburg,-7 

B a c i l l i  s e c r e t e  two major  p ro teases ,  an a l k a l i n e  pro tease ( s u b t i l i s i n )  and a n e u t r a l  
p ro tease (metal  l o p r o t e a s e ) .  We have c loned t h e  genes f o r  a l k a l i n e  pro tease (apr[BamP]) 
and n e u t r a l  p ro tease ( ~ [ B a m P l )  f rom B. amy lo l iquefac iens .  Expression o f  each gene 
on a m u l t i c o p y  plasrnid i n  r s u b t i l i s  i n  e i t h e r  s y n t h e t i c  o r  complex media revea l  t h a t  
they  a r e  r e g u l a t e d  di f ferext l - r  these c o n d i t i o n s ,  t h e  amount o f  n e u t r a l  p ro tease 
made i s  maximal d u r i n g  exponent ia l  growth. I n  c o n t r a s t ,  t h e  amount o f  a l k a l i n e  pro tease 
made i s  maximal a f t e r  t h e  end o f  t h e  exponent ia l  growth. The p o s s i b l e  reasons f o r  t h i s  
d i f f e r e n c e  i n  r e g u l a t i o n  w i l l  be discussed. 

176 



Sequence Specificity in Transcription and Control 

0866 IS PROMOTER RECOGNITION FOR THE GONADOTROPIN 6 SUBUNIT G E N E S  TISSUE-SPECIFIC?, 
J.B. Virgin and J.H. Nilson, Case Western Reserve University, Cleveland OH, 44106 

Glycoprotein hormones, i n c l u d i n g  gonadot ropins ,  a r e  composed of two non-covalen t ly  
a s s o c i a t e d  s u b u n i t s ;  a common a s u b u n i t  and unique 8 s u b u n i t  which c o n f e r s  b i o l o g i c a l  
spec i f ic i ty .  To study the  regulation of gonadotropin gene expression, we have i so la ted  
and character ized cDNA and genomic clones f o r  the 6 s u b u n i t  of bovine lu t ropin  (bLH). The  
bLH6 gene i s  expressed i n  the  p i t u i t a r y  and i s  present as  a s i n g l e  copy spanning l e s s  than 
1.1 kbp, c o n t a i n i n g  t h r e e  exons encoding an m R N A  of 550 n u c l e o t i d e s .  The m R N A  f o r  bLH6 
contains an unusually shor t  5'-untranslated region of only 6-11 nucleot ides;  an unexpected 
f i n d i n g  s i n c e  t h e  h i g h l y  conserved 6 s u b u n i t  genes of  t h e  human L H B / C G B  gene f a m i l y  
(expressed i n  p i t u i t a r y  and placenta) have 5I-untranslated regions i n  excess of 350 nuc- 
leot ides .  Further comparison between the  bLH6 and hLH6/hCG6 genes reveals t h a t  both have 
consensus TATA sequences i n  ident ical  positions. However, when the  human gonadotropin 8 
subunit gene family i s  expressed in  placenta, t ranscr ipt ion s t a r t s  a t  an upstream promoter 
which bears  no homology t o  t h e  consensus TATA sequence. Recent ly ,  we t r a n s f e c t e d  t h e  
bovine LH8 gene i n t o  a human placental c e l l - l i n e  which normally expresses gonadotropin 8 
subuni t s .  O u r  p r e l i m i n a r y  d a t a  sugges t  t h a t  t r a n s c r i p t i o n  o f  t h e  bovine LH6 gene may 
begin preferen t ia l ly  a t  an upstream promoter s i t e ,  c lose ly  related t o  t h a t  normally used 
by the  human genes. Additional experiments i n  progress should reveal whether promoter 
recognition for  t h e  gonadotropin 6 subunit genes i s  t issue-specif ic .  

0867 GENERATION OF POTENTIAL Z-DNA WITHIN THE METALLOTHIONEIN PROMOTER, Daniel Visentin 
and Calvin B. Harley, McMaster University, Hamilton, Ont. Canada, L8N 325 

Alternating purine-pyrimidine DNA sequences can undergo B to Z transitions when stabilized 
by negative supercoiling in physiological conditions. Studies with anti-2 antibody in bio- 
logical systems strongly suggest a role in gene expression or DNA packaging, but there has 
been no direct evidence for this in vivo. The mouse metallothionein-I promoter has a poten- 
tial Z-DNA sequence 86-102 base pairs from the transcription start site within the 216 bp 
Sst I-Bgl I1 region of the promoter thought to be involved directly with heavy metal induc- 
tion. This sequence 5'-GCGCGGGTGETATGCGTG-3' is an alternating purine/pyrimidine sequence 
except for the central two base pair interruption. The Sst I-Bgl I1 fragment was cloned into 
pUC 12 and shown not to flip into Z conformation by two-dimensional chloroquine gel electro- 
phoresis. To facilitate the B to Z transition and study its effect on transcription, we 
cloned this fragment into ml3-mpl0 and inverted the central AC to CA by oligonucleotide 
mediated mutagenesis. This creates a 17 base alternating purinejpyrimidine sequence within 
the potential Z-DNA region. The wild type and mutant sequence was confirmed by dideoxy 
sequencing. A 216 bp region containing the mutation was re-cloned into pUC 12. Two-dimen- 
sional chloroquine gel electrophoresis of the mutant metallothionein promoter demonstrated 
a structural transition which may involve Z-DNA. The effect this mutation has on transcrip- 
tion of linked genes with respect to heavy metal induction is currently being assayed by 
transfection and Northern Analysis. 

STRUCTURE AND FUNCTION OF EXTRACHROMDSOMAL rDNA IN PHYSARUM. 

Cornell University, Ithaca NY 14853. 

Volker M. Vogt, 
0868 Eileen Epstein, Patrick J .  Ferris, and Sheri Kostelny. Section of Biochemistry, 

The genes encoding rRNA in the acellular slime mold Physarum polycephalum are located 
on linear palindromic extrachromosomal UNA molecules of 60 kb. Transcription initiates 
at sites 18 kb from each end and proceeds outwards. Two introns interrupt the 26s RNA 
coding region. (1) We have determined the DNA sequence of the 22 kb comprising 
the central spacer region. ihe structure of this region is a complex array of palindromes 
within palindromes. Unlike in some other organisms, the promoter sequences are not 
repeated in the spacer. (2) We are characterizing a strain of p. polycephalum 
that contains a third rUNA intron about 1 kb in size. UNA sequencing shows that this 
intron is located exactly at the nucleotide where an intron is found in species of 
Tetrahymena. L%romosomal DNA from the strains of Physarum lacking the third intron 
contains low or single copy sequences homologous to this intron. (3) We are purifying 
and characterizing two nuclear proteins that bind specifically to sequences on the rDNA. 
One protein, purified over lOO-fold, recognizes a sequence about 100 nucleotides 
upstream of the RNA start site. A second protein fraction recognizes sequences at or 
near the telomers of the rDNA. 
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0869 DIRECT SELECTION FOR MUTATIONS REDUCING EXPRESSION OF THE E. COLI RECA GENE, 
George M. Weinstock and Jane M. Weisemann, U n i v e r s i t y  o f  Texas Medical School, 
Houston, TX 77225 

A A phage c a r r y i n g  a recA-lacZ p r o t e i n  f u s i o n  grew normal ly  on w i l d - t y p e  E. c o l i ,  bu t  i t s  
growth was severe ly  i n h i b i t e d i n  lexA(Def )  mutant s t r a i n s  t h a t  express re rA c o n s t i t u t i v e l y  
a t  h igh  l e v e l s .  Mutants o f  t h e  t ransduc ing  phage t h a t  grew on the  l exA(De f )  s t r a i n s  were 
i s o l a t e d  and found t o  a f f e c t  p roduc t ion  of  t he  R e c A - @ - g a l a c t o s i d a s e b r i d  p r o t e i n .  Most 
mutants were pheno typ i ca l l y  L a d  and inc luded a number o f  nonsense mutants. LacZ+ mutants 
were a l s o  i s o l a t e d  and most o f  these expressed lower basal  and induced l e v e l s  o f a - g a l a c -  
t os idase  a c t i v i t y .  DNA sequence ana lys i s  revea led  t h a t  some o f  t he  LacZ+ muta t ions  were i n  
the  recA promoter. Unexpectedly, t h ree  of  t h e  muta t ions  t h a t  reduced expression were l o -  
ca ted  i n  the  recA s t r u c t u r a l  gene. Fu r the r  ana lys i s  showed t h a t  these most l i k e l y  a f f e c t -  
ed t ranslat io-hese muta t ions  a l s o  reduced syn thes is  o f  RecA p r o t e i n  when present  i n  a 
complete recA gene. Thus, syn thes is  o f  RecA p r o t e i n  may be sub jec t  t o  t r a n s l a t i o n a l  as 
we1 1 as t r a n s c r i p t i o n a l  c o n t r o l .  

0870 SEQUENCES INVOLVED IN THE TRANSCRIPTIONAL REGULATION OF VACCINIA VIRUS GENES, 
J e r r y  P. Weir and Bernard M o s s ,  N I A I D ,  N I H ,  Bethesda, MD 20205 

Ba131 d e l e t i o n  ana lys i s  was performed t o  cha rac te r i ze  the  promoter reg ion  o f  an e a r l y  
v a c c i n i a  v i r u s  gene t h a t  encodes thymid ine  k inase (TK), and a l a t e  gene t h a t  codes f o r  a 28K 
po lypept ide  o f  t he  v i r u s  core.  
i n f e c t i o n  by the  v i rus -spec i f i c  RNA polymerase, and t h e i r  expression i s  no t  preventea by i n -  
h i b i t o r s  o f  e i t h e r  p r o t e i n  o r  DNA syn thes is .  
gene a re  switched on du r ing  the  t ime o f  DNA r e p l i c a t i o n  concomitant w i t h  the  s h u t o f f  n f  
most e a r l y  genes. 
genes has revea led  an ex t remely  A-T r i c h  reg ion  t h a t  d i f f e r s  markedly f rom the  upstream regu- 
l a t o r y  reg ions  o f  bo th  p roka ryo t i c  and euka ryo t i c  genes. 
common sequences were found i n  t h e i r  5 '  ends t h a t  d i s t i n g u i s h  them from e a r l y  genes. It i s  
a l s o  no tab le  t h a t  i n  most l a t e  genes examined, the  f i r s t  poss ib le  i n i t i a t i o n  o f  t r a n s l a t i o n  
codon i s  l oca ted  almost imned ia te ly  ad jacent  t o  the  mRNA s t a r t  s i t e .  To determine, i n  a 
func t i ona l  way, what sequences a re  i nvo l ved  i n  vacc in ia  t r a n s c r i p t i o n a l  regu la t i on ,  we have 
fused the  promoter and regu la to ry  reg ions  o f  t he  thymid ine  kinase and 28K genes t o  the  s t ruc -  
t u r a l  gene f o r  t he  p roka ryo t i c  enzyme, chloramphenicol  ace ty l  t rans fe rase  (CAT). A f t e r  a 
se r ies  o f  5 ' - 3 '  de le t i ons  was made i n  the  promoter regions, t he  r e s u l t i n g  ch imer ic  genes 
were r e i n s e r t e d  i n t o  the  v i r u s ,  and the  e f f e c t  on CAT expression was determined. 
o f  bo th  e a r l y  and l a t e  vacc in ia  promoters, a sho r t  reg ion  upstream from the  mRNA s t a r t  s i t e  
was necessary and s u f f i c i e n t  f o r  promoter and regu la to ry  a c t i v i t y .  

Ea r l y  genes such as TK a re  t ransc r ibed  w i t h i n  minutes a f t e r  

La te  genes such as the  one coding f o r  t he  28K 

Examinat ion o f  t he  DNA sequences preceding the  s t a r t  o f  several  e a r l y  

Several l a t e  genes were mapped and 

I n  the  case 

THREE INTERGENIC REGIONS OF CORONAVIRUS MHV-A59 GENOME CONTAIN A CONSERVED SEQUENCE 0871 THAT i s  HOMOLOGOUS TO THE 3 '  END OF THE MESSENGER RNA LEADER SEQUENCE, Susan R.Weiss, 
Carol J. Budzi lowicz,  and Sharon P. Wi lczynsk i ,  Department o f  M ic rob io logy ,  U n i v e r s i t y  o f  
Pennsylvania,  Ph i l ade lph ia ,  PA 19104 
Mouse h e p a t i t i s  v i r u s  (MHV), a p o s i t i v e  s t rand  RNA v i r u s ,  generates a se t  o f  7 subgenomic 
mRNAs over lapp ing  a t  t he  3 '  ends. Each mRNA conta ins  a leader sequence o f  about 70 nucleo- 
t i d e s ,  p robab ly  de r i ved  from the  5 '  end o f  genome RNA. I n  o rde r  t o  look f o r  poss ib le  t rans-  
c r i p t i o n a l  c o n t r o l  sequences i n  the  MHV genome, we sequenced the  regions j u s t  upstream o f  
t h ree  MHV genes. Thus, cloned cDNAs con ta in ing  i n t e r g e n i c  reg ions  preceding genes 5 ,6  and 7 
were subcloned i n t o  M 1 3  and sequenced by the  dideoxy cha in  te rm ina t ing  method. A conserved 
11 nuc leo t i de  sequence CUAAUCU(C)AAAC, was found preceding the  coding reg ion  o f  each gene. 
Th is  sequence i s  homologous t o  the  3 '  end o f  t he  leader  sequence found upstream from the  cod- 
ing  regions o f  mRNAs 6 and 7. These da ta  suggest t h a t  t he  conserved 1 1  nuc leo t ides  may be a 
b ind ing  s i t e  fo r  a leader  RNA t h a t  primes the  t r a n s c r i p t i o n  o f  mRNAs. Nuc leo t ide  #7 o f  the  
conserved sequence probab ly  marks the  end o f  t he  leader sequence and the  beginning o f  the  
body o f  t he  messenger. The f a c t  t h a t  nuc leo t ides  #7-#I1 are  a l so  conserved suggests they are  
important f o r  t he  attachment o f  a leader RNA o r  pr imer/polymerase complex. The v a r i a t i o n  i n  
homology between the  leader  and i t s  p u t a t i v e  b ind ing  s i t e  among the  th ree  genes examined may 
e f f e c t  t he  d i f f e r e n t i a l  e f f i c i e n c y  o f  t r a n s c r i p t i o n  o f  the  mRNAs. 
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0872 TRANS-ACTING TRANSCRIPTIONAL REGULATION OF A CLONED FROG VIRUS 3 PROMOTER BY 
VIRION PROTEINS, D.B. Willis and A. Granoff, St. Jude Children's Research 
Hospital, Memphis, TN 38101 

Frog virus 3 (FV3) is a large icosahedral DNA virus whose genes are expressed in an 
orderly stepwise manner. Immediate-early RNAs, defined as those RNAs synthesized in the 
presence of cycloheximide, are not inhibited by a-amanitin in a mutant CHO cell line 
with an a-amantin resistant RNA polymerase 11, but are inhibited by a-amanitin in 
wild-type CHO cells, implicating the host polymerase in the synthesis of immediate-early 
viral RNA. We have cloned and sequenced the 78 base pair promoter region of a major 
immediate-early FV3 gene and found an A-T rich region (TATTTTA) at -30 bp upstream from 
the transcription start site. This presumed promoter was ligated into a plasmid 5' to 
the coding region of the bacterial chloramphenicol acetyl transferase (CAT) gene; the 
FV3 promoter-CAT construct was then introduced into a-amanitin sensitive and resistant 
cells by Cap04 co-precipitation. After 24 hr, one set of dishes was treated with 
W-inactivated FV3; extracts were prepared for CAT assay 6 hr later. CAT synthesis 
occurred only in UV-FV3 treated cells having a functional RNA polymerase 11. Therefore, 
a trans-acting component of the virion was required for recognition of the promoter by 
the host enzyme. 

0873 
I n  a currently popular model of eukaryotic tRNA gene Control, two small coding regions 
corresponding to conserved parts of tRNAs direct transcription of tRNA genes. At variance 
with this view are the observations that certain mutant tRNA genes do not have the expected 
phenotypes. In some cases, removal of one of the internal control elements does not abolish 
transcription; in others, mutations outside the critical regions have pronounced eftects on 
transcriptional activity. We have shown that the requirement for particular sequences down- 
stream from the transcription initiation site is highly dependelfaon certain transcription 
reaction parameters. The full control region for a Bombyx tRNA gene defined by our exper- 
iments is larger than the transcription unit itself (98 bp), extending from at least -14 to 
+147 bp relative to initiation (+l). The large control region is separable into two func- 
tional domains -- a region including 5' flanking sequences, and a large (5140 bp) coding and 
3' flanking region that binds a necessary transcription factor. 

What has complicated the analysis of tRNA gene control is a DNA-binding inhibitory 
substance present in the cell-free extracts typically used to catalyze transcription in vitra 
Specitically, conditions that permit the inhibitory substance to mask the contribution of 
certain control elements can make the control region appear smaller. When the effects of 
the inhibitor are minimized by the addition of non-specific DNA to transcription reactions, 
assays become more sensitive to mutant phenotypes, and the full size of the Bombyx tRNAAla 
gene control region is observed. We propose that this finding explains much of the ob- 
served variability in the sequence requirements for transcription of different tRNA genes. 

A NEW WAY TO THINK ABOUT tRNA GENE CONTROL, Ellen T. Wilson, Lisa S .  Young and 
Karen U .  Sprague, Inst. of Molecular Biology, Univ. of Oregon, Eugene, OR 97403 

0874 A RAPID SENSITIVE TRANSIENT ASSAY SYSTEE! ' -JPSIS OF PROMOTER ACTIVITY. 
Clive R. Wood, John H. Kenten. Paul E. Strr.+.ens, Christopher C. Hentschel, and 
Michael A. Boss, Celltech Ltd., 244-250 Bath Road, Slough, Berks. SLl 4DY, U . K .  

Transient assays of gene expression have proved very valuable for the study of the 
in vivo function of mammalian gene sequences. 
activator (tPA), in combination with the fibrin agar overlay method, we have 
demonstrated that we can detect the transient expression of promoter - tPA cDNA 
constructs when introduced into the hybridoma SPZ/O-Ag 14. 
in tPA activity produced by different promoters, correlates well with the differences 
observed between the same promoters using the less sensitive chloramphenicol 
acetyltransferase assay. 
relative strengths/activities of the anti-NP Ig heavy chain gene, SV40 early and RSV 
LTR promoters. In addition, we have carried out experiments to examine the function 
of the Ig heavy chain enhancer. 

Using a cDNA of human tissue plasminogen -- ' 

Furthermore, the difference: 

We have used the tPA transient assay to determine the 
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0875 ALTERED SEQUENCE AND DISTANCE BETWEEY THE TWO CONSENSUS SEQUENCE BLOCKS AFFECT 
TRANSCRIPTION OF A02 VA1 RNA GENE, Guang-jer Wu, Ronald E. Cannon and Johnny F. 

The boundar ies o f  t he  t r a n s c r i p t i o n a l  c o n t r o l  reg ion  o f  Ad2 V A 1  RNA gene have been d e l i m i t e d  
i n t e r n a l l y  a t  about t9 t o  +72. However i t  i s  n o t  known whether a l l  t he  DNA sequence i n  the  
reg ion  i s  abso lu te l y  requ i red  f o r  an a l l - o r -none  t r a n s c r i p t i o n a l  c o n t r o l  e f f e c t .  To answer 
t h i s  ques t ion ,  l i nke r -scann ing  muta t ions  w i t h  Kpnl  l i n k e r ,  dCGGTACCG, rep lac ing  the  DNA se- 
quence between the  two b locks  were cons t ruc ted .  Four mutants i n  which f o u r  d i f f e r e n t  c l u s t e r s  
o f  DNA sequence between t h e  two b locks  rep laced w i t h  the  Kpnl  l i n k e r ,  respec t i ve l y ,  were ob- 
ta ined .  The t r a n s c r i p t i o n  e f f i c i e n c i e s  o f  these mutants were about 50% t h a t  o f  t he  w i l d  type  
gene i n d i c a t i n g  t h a t  t he  DNA sequence between t h e  two b locks  i s  no t  abso lu te l y  essen t ia l  f o r  
t r a n s c r i p t i o n a l  c o n t r o l ,  b u t  i t  may be requ i red  f o r  e f f i c i e n t  t r a n s c r i p t i o n .  Furthermore, 
t h ree  mutants w i t h  longer  DNA d i s tance  between the  two b locks  were a l s o  cons t ruc ted .  The 
t r a n s c r i p t i o n  e f f i c i e n c i e s  o f  these th ree  mutants, ( + - l o ) ,  (+17) and (+27), were 140, 120 and 
42% t h a t  o f  t he  w i l d  type  gene, respec t i ve l y ,  i n d i c a t i n g  t h a t  t he  d i s tance  between the  two 
b locks  can be extended t o  about 6 1  bp and probab ly  more, however the  op t ima l  d i s tance  i s  a- 
bout  44 bp. Moreover, s i x  mutants w i t h  s h o r t e r  d is tance between the  two b locks  were con- 
s t ruc ted .  The t r a n s c r i p t i o n  e f f i c i e n c i e s  o f  some of these mutants w i t h  a d is tance between 
the  two b locks  G bp s h o r t e r  than the  w i l d  type  gene were d r a s t i c a l l y  abo l i shed i n d i c a t i n g  
t h a t  t he  minimal d i s tance  between the  two b locks  i s  about 28 bp. These r e s u l t s  c l e a r l y  prove 
t h a t  t he  c o n t r o l  reg ion  o f  t he  V A 1  RNA gene i s  s i m i l a r  t o  t h a t  o f  tRNA genes i n  eukaryotes.  

Ra i ley ,  Emory U n i v e r s i t y  School o f  Medicine, A t l an ta ,  Ga. 30322. 

0876 'TRANSCRIPTION OF A MUTANT DIPHTHmIA TOXIN GENE (CRM228) I N  CORYNEBACTERIW 
DIPHTHERIAE AND ESCHERICHIA COLI, Gerd Z e t t l m e i s s l ,  Rol f  E .S t reeck ,  V i c h e l  Kaczorek 
I n s t i t u t  P a s t e u r ,  Groupement de  G&ie CCnbtique, F-75015 P a r i s  

I r o n  p l a y s  a n  i m p o r t a n t  r e g u l a t o r y  r o l e  i n  t h e  e x p r e s s i o n  of d i p h t h e r i a  t o x i n  by C.d iphthe-  
r i a e  i n f e c t e d  by a phage c a r r y i n g  t h e  tax g e n e  (Vurphy and Bacha, 1979, Microbio logy ,  181-  
186) : i n  t h e  p r e s e n c e  of i r o n  i n  t h e  medium no e x p r e s s i o n  i s  o b s e r v e d ,  whereas tax produc- 
t i o n  i s  induced  under  c o n d i t i o n s  of i r o n  l i m i t a t i o n .  

In  C . d i p h t h e r i a e  s t r a i n s  c a r r y i n g  t h e  mutant  phage 0228,  t o x i n  s p e c i f i c  nRNA i s  d e t e c t a b l e  
o n l y  f o l l o w i n g  i n d u c t i o n .  I t  i s  t h u s  p r o b a b l e  t h a t  t h e  r e g u l a t i o n  of e x p r e s s i o n  by iron 
o c c u r s  at  t h e  l e v e l  of t r a n s c r i p t i o n .  

T'he mutant tax gene  CP24228, t o g e t h e r  w i t h  i t s  p u t a t i v e  p r m o t o r  have been c loned  i n  E . c o l i ,  
v h e r e  t h e  mutant  p r o t e i n  is e x p r e s s e d  w i t h  low e f f i c i e n c y  (Kaczorek e t  a1 . ,1983,  S c i e n c e ,  
221,855-658). S1-nuclease  mapping and p r i m e r  e x t e n s i o n  d e m o n s t r a t e  t h a t  t h e  s t a r t - s i t e s  
of t r a n s c r i p t i o n  a r e  i d e n t i c a l  bo th  i n  induced C . d i p h t h e r i a e  and E . c o l i .  
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0877 INTERACTION OF RNA POLYMERASE I TRANSCRIPTION FACTOR(S) WITH rDNA PROMOTER 
ELEMENTS, Ingrid Grumt, Detlev Buttgereit and Joachim Clos, Institut fur 
Biochemie der Universitat, Rontgenring 11, D-8700 Wurzburg, F.R.G. 

The transcription of the ribosomal genes is very efficiently regulated according to the 
proliferation rate of the cells. A more or less efficient transcription is brought about 
by modulation of the initiation frequency of RNA polymerase I on the rDNA. The elucidation 
of the molecular mechanism of this transcriptional regulation requires both the identifica- 
tion of the promoter sequences and the protein factors which are required for the initia- 
t ion process. 
A cell-free system consisting of crude nuclear extracts from cultured Ehrlich ascites 
cells was used which faithfully initiates transcription on a cloned 5'terminal fragment 
of mouse rDNA. The following results were obtained: 
(1) The cell-free transcription system reflects the rRNA synthetic activity of the cells. 
Only extracts from rapidly proliferating cells promote transcription of cloned rDNA; 
extracts from growth-inhibited cells are transcriptionally inactive. 
(2 )  The transcription of ribosomal rDNA requires extracts from homologous cells, which 
indicates that species-specific factor(s) are involved in the initiation reaction. 
(3) Fractionation of cell-extracts on several ion exchange columns showed that in addition 
to RNA polymerase I at least two proteins are required for accurate and efficient transcrip- 
tion initiation. TFIA is present or active only in rapidly proliferating cells and co- 
purifies with RNA polymerase I .  TFIIB is a species-specific DNA binding protein which 
is required for stable transcription complex formation. It is present both in growing 
or growth arrested cells. 
(4 )  An RNA polymerase I control region essential for the initiation of pre-rRNA transcrip- 
tion has been identified by mutagenesis in vitro of mouse rDNA and transcription in cell- 
free systems derived from Ehrlich ascite= Substitution of nucleotides between 
-35 and -14 by foreign DNA sequences caused a loss of template activity, which indicates 
that an important promoter element is located within this region. At least two evolutionary 
highly conserved nucleotides a G at position -16 and a T at -1 play an important role 
in the interaction of TFIB with the rDNA promoter. 

References: 1) Grumnt, I., Roth, E. and Paule, M. (1982), Nature 296, 173-174 
2 )  Skinner, J., tlhrlein, A. and Grumnt, I. (1984), P r C N a t l .  Acad. Sci. 

3) G r u m 6  I. and Skinner, J. (1983), Proc. Natl. Acad. Sci. USA in press 
USA 81, 2137-2149 

0878 
Keith R. Yamamoto, Dept. Biochemistry, University of California, San Francisco, CA 94143. 
Steroid hormone effects are mediated by intracellular harmone-specific receptor proteins; 
the hormone-receptor interaction increases the affinity of the receptor for nuclear binding 
sites, thereby modulating the expression of specific genes, 
of  steroid action are not understood, the glucocorticoid receptor is perhaps the most fully 
characterized eukaryotic positive transcriptional regulatory factor. 
coid receptor binds in vitro with high affinity to defined regions of DNA near regulated 
promoters, and sequences essential for these interactions are functional in vivo as hormone- 
dependent transcriptional enhancer elements. We have employed polysome immunoadsorption 
using glucocorticoid receptor-specific antibodies to obtain eight overlapping cDNA clones 
which together appear to contain the entire coding sequence of the rat glucocorticoid 
receptor gene. One of these clones containing a cDNA insert of 2 . 6  kb was used for a 
preliminary analysis of glucocorticoia receptor gene organization and expression. 
receptor seems to be encoded by a single copy gene which is indistinguishable in DNA 
isolated from rat liver or fibroblast cell lines. Wild type rat and mouse cells accumulate 
a 5.8 kb receptor transcript; receptor deficient (r-) mutants, which display reduced steroid 
binding activ.ity, accumulate reduced amounts of the 5.8 kb transcript. 
transfer (ntl) mutants, which produce a receptor of 40 kd rather than the 94 kd protein 
observed in wild type cells, contain a receptor transcript of only 4 .8  kb. 
experiments of receptor coding sequences into receptor mutant cell lines are being performed 
to assess directly the functional potential of these clones. 

CHARACTERIZATION OF THE GLUCOCORTICOID RECEPTOR GENE AND TRANSCRIPTS IN WILD TYPE 
AND MUTANT CELLS USING CLONED cDNA, Roger Miesfeld, Sandro Rusconi and 

Although the precise mechanisms 

Purified glucocorti- 

The 

Increased nuclear 

Gene transfer 
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0879 PROEIOTER SPECIFICITY AND THE EUKARYOTIC TRANSCRIPTION MACHINERY. R .  Tjian, W. Dynan, 
D. Gidoni, K. Jones, M. Briggs, U. Heberlein, and M. Learned. Department of Biochem- 
istry, University of California, Berkeley CA 94720. 

By fractionating various types of transcription extracts and examining different genes, we 
have recently identified several promoter-specific transcription factors that impart selecti- 
vity to RNA polymerases I and 11. The first of these auxiliary transcription factors identi- 
fied was Spl, which binds specifically to the "GC-boxes" that are contained within the con- 
trol sequences located upstream of the SV40 early promoter. More recently, this cellular 
transcription factor has been shown to bind and activate not only SV40 transcription, but 
also several other promoters, including the immediate-early promoter of the HSV ICP4 gene as 
well as cellular promoters such as the mouse dihydrofolate reductase gene and the promoter 
for a cellular monkey gene. In each of these cases, spl was found to bind multiple GC-box 
containing sequences located upstream from the start site of transcription and that activa- 
tion of RNA synthesis required the presence of Spl. In addition to studying the interaction 
of specific transcription factors with viral and cellular genes, we have also begun to inves- 
tigate the transcription of developmentally regulated and tissue-specific genes in Drosophi- 
la. Transcription of the alcohol dehydrogenase gene is under the control of two tandem pro- 
moters (proximal and distal) that are activated in a temporally-regulated fashion during Dro- 
sophila development. We have fractionated a Drosophila tissue culture extract system and 
identified a specific transcription factor, Adf-1, that binds to the upstream region of the 
distal Adh promoter and activates transcription. Footprint analysis also revealed the pre- 
sence of additional sequence-specific binding proteins present in the extract that recognize 
and interact with the upstream regions of the proximal promoter of Adh. 

that is required to activate transcription from the human ribosomal promoter by RNA polymer- 
ase I. Analysis of mutant templates suggests that the "core" control element of the human 
ribosomal promoter is required for activation of transcription by SL1. We have purified sL1 
approximately 200,000 fold and have shown that addition of SL1 can reprogram the otherwise 
nonpemissive mouse transcription system to recognize and initiate accurate m A  synthesis 
from the human ribosomal RNA promoters. 
a protein in the nucleolus of primate cells but not rodent cells. Moreover, anti-SL1 speci- 
fically inhibits in vitro transcription initiating from the human ribosomal promoter but not 
the mouse promoter. These findings suggest that SL1 is a nucleolar factor that imparts pro- 
moter recognition to RNA polymerase I, and that it can discriminate between promoters from 
different species. DNA binding studies suggest that, unlike the RNA polymerase 11 factors, 
SL1 is not a sequence-specific DNA binding protein. 

As a third case study, we have identified a promoter-specific transcription factor, sL1, 

Antibodies raised against SL1 bind preferentially to 

Terminator Selection 
ELEMENTS OF THE N TRANSCRIPTION ANTITWINATION REACTION: STUDIES ON THE E. COLI 0880 & AND & GENES AND h nut REGION. D.I. Friedman, A.T. Schauer, and E.R. Olson. 

Department of Microbiology and Immunology, The University of Michigan, Ann Arbor, Michigan 
48109. 

Effective action of the N transcription antitermination function of X ,  gpN, requires the 
participation of a number of bacterial functions, Nus,as well as &, where the transcribing 
RNA polymerase is modified to a form that can overcome many downstream termination signals 
(1). We report studies: 1) defining, in part, domains of the & region and 2) analyzing 
two Nus functions, the products of the 
- nut: Three regions of potential or proven importance have been identified in the & 

region: u, pyGCTCTT(T)A, the & stem-loop structure and m. Two mutations have proven 
that & is important in the gpN reaction, wl and -5. The -1 (2) mutation results 
in a transversion that substitutes an A-T bp for a T-A bp. This change from CGCTCTTA to 
CGCTCTTT is necessary for the h N product to function with the NusA protein from Salmonella 
typhimurium. Two other related phages with different & products that can function with the 
NusA of Salmonella, phages 21 and P22, have & sequences with the three T's. The -5 
mutation was synthesized and results in the change of one bp in the & sequence so that it 
now reads CTCTCTTA. A & region with the -5 mutation no longer will support the 
N-directed modification leading to a termination-resistant polymerase. Manipulation of the 
translation reading frame upstream of &R shows that if translation of the promoter-proximal 
- cro gene extends 4 bp towards &R, there is interference with the modification reaction (3). 
This steric hindrance by ribosomes suggests an interaction between protein(s) and RNA. 

__ nusA: Comparison of the & sequences of 5. tvphimurium and E. coli (4) reveals that 
the two genes are very similar. Most of the nucleotide differences are in wobble positions 
and thus do not result in amino acid heterogeneity. The most significant difference is in 
one codon resulting in a basic amino acid in the place of an acidic amino acid. 

nusE: The &-71 (5) mutation was mapped to the FDBJ gene (ribosomal protein SIO). In 
ordertoassess the nature of the role of the SlO protein in the N modification reaction, we 
have selected for mutations that suppress the effect of the & mutation. Mapping and 
complementation studies place one suppressor in the ~JIJ gene (ribosomal protein L16). This 
observation is consistent with ribosomal involvement in the N modification reaction. 

and L ~ S J  (nusE) genes. 

(1) Friedman, D.I. and Gottesman, M. (1983). Lambda 11: 21-51. 
(2)  Friedman, D.I. and Olson, E.R. (1983). Cell 34: 143-149. 
(3) Olson, E.R. et al. (1982). Cell 31: 61-70. 
(4) Ishii, S. et al. (1984). Nucleic Acid Research 12: 3333-3341. 
(5) Friedman, D.I. et al. (1982). Proc. Natl. Acad. Sci. 78: 1115-1119. 
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0881 REGULATION OF TRANSCRIPTION BY THE NUS PROTEINS OF E .  COLI, Jack Greenblatt, Yukiko 
Goda, Robert Horwitz, Joyce Li, and Linda Peritz, Banting and Best Department of 
Medical Research, University of Toronto, Toronto, Canada M5G 1L6 

Antitermination of transcription by the N protein of bacteriophage )I requires several g.&i 
proteins, one of which is the NusA transcription termination factor. We have used photolabeled 
NUSA to study the interaction of NusA with other proteins. Free NUSA is a dimeric protein. 
When NusA dimers bind to multimers of the core component of RNA polymerase, both disaggregate 
to monomers. In standard transcription conditions NUSA binds tightly to RNA polymerase only 
after the initiation subunit U70 has disociated from the enzyme and RNA polymerase has paused 
at a NusA-sensitive pause site. However, the NusA-binding site on RNA polymerase is different 
from the o7O-binding site. 
affinity for NUSA and which is different from the conformation R stabilized by NusA. We sug- 
gest that NusA extends transcriptional pause times at NusA-SensiFive sites by stabilizing the 
Rp conformation of RNA polymerase. 

entation I1 of the insertion element IS1. The terminal octanucleotide, CUCAAAAU, in IS1 (11) 
is identical to the one in the Rho- and NusA-dependent terminator trpt'. 
UCAA is a signal for Rho action and that the terminal As signal NusA involvement. IS1 (11) and 
the other cloned NusA-dependent terminator also have the perfect upstream match GCTGTITTA, and 
this is a sequence believed to be a signal for NUSA action. A model for regulation by 
NUSA and N at the nucleic acid level will be presented. 

N cannot function in a strain with the nusE71 mutation in ribosomal protein S10. We have 
purified two proteins that restore N function in vitro when added back to a reaction contain- 
ing SlOO extract from a nusE71 mutant. One is probably S10 itself functioning in transcrip- 
tional control as an extraribosomal protein. The other is a new E. coli transcription termin- 
ation factor that we have called Zeta. Some of the properties of these proteins will be dis- 
cussed. 

U70 stabilizes a conformation of RNA polymerase Re which has low 

We have cloned two NusA-dependent terminators. One is the Rho-dependent terminator in ori- 

We will argue that 

- 
-~ 

0882 
E. Mott ,  J i l l  L. Galloway. and Raymond A. Grant,  Department o f  Mo lecu la r  B iophys ics  & 
B iochemis t ry ,  Yale U n i v e r s i t y ,  333 Cedar S t ree t ,  New Haven CT 06510 

t h e  E. c o l i  * operon. 
f a c t o r  rho  w h i l e  t ' ,  250 bp downstream i n  an AT-r ich reg ion  w i t h  l i t t l e  secondary s t r u c t -  
u r e  p o t e n t i a l ,  i s  v i r f u a l l y  100% e f f i c i e n t ,  bu t  requ i res  rho  f a c t o r  bo th  i n  v i v o  and i n  
v i t r o .  
i c a l l y ,  readthrough t r a n s c r i p t i o n  a t  D,t i s  observed i n  v i v o  i n  rho- s t r a i n s ,  o r  i n  
s t r a i n s  w i t h  d e l e t i o n s  o f  t h e  t ~ t  region. 
model t o  e x p l a i n  these observat ions.  

(1) a1 promoter and t h e  ga lac tok inase gene (m), t h e  
te rm ina to r  e f f i c i e n c i e s  i n  v ivo ,  e h e r  s i n g l y  o r  i n  tandem c o n f i g u r a t i o n ,  agree w i t h  those 
observed i n  v i t r o .  Thus t e r m i n a t i o n  a lone cannot account f o r  t h e  puzz l i ng  resu l t s .  

( 2 )  I n  v i t r o ,  t r a n s c r i p t s  t e r m i n a t i n g  a t  t h e  d i s t a l  rho-de endent tr&' s i t e  can be 
trimmed by t h e  3 '  exonuclease RNase I 1  i n t o  s h o r t e r  species s i m i f a r  t o  t ose t e r m i n a t i n g  a t  
t h e  proximal s i t e .  

(3 )  With vec tors  c a r r y i n g  - t '  alone d i s t a l  t o  alK, t h e r e  i s  3 - f o l d  l e s s  
a c t i v i t y  than w i t h  bo th  s i t e s  presenf;  exper iments i n  a b a s e  11- s t r a i n  a re  underway. 

Ana lys is  o f  t h e  at' reg ion  shows t h a t  an impor tan t  component ( i f  no t  a l l )  o f  t h e  rho 
r e c o g n i t i o n  reg ion  res ides  i n  RNA sequences cons iderab ly  upstream from t h e  p o i n t s  o f  te rmin-  
a t ion .  
a c t i v i t y  o f  rho  f a c t o r  essen t ia l  f o r  i t s  a b i l i t y  t o  ca ta l yze  te rmina t ion .  Subs tan t ia l  3 
degradat ion  would remove t h i s  RNA r e c o g n i t i o n  reg ion  and reduce t h e  de le te r i ous  RNA-dependent 
NTPase a c t i v i t y  o f  rho f a c t o r  i n  t h e  c e l l .  I n  summary, as t r a n s c r i p t i o n  proceeds beyond t h e  a operon s t r u c t u r a l  genes, 20-40% o f  t h e  polymerase molecules te rm ina te  a t  t h e  t h a i r -  
p i n  s i t e .  The remaining 60-80% read th rough t o  t h e  d i s t a l  t r ~ ~ '  reg ion ,  where rho dFpendent 
te rm ina t ion  occurs. 
degraded by a 3 '  exonuclease back t o  t h e  RNA h a i r p i n  (cor respond ing  t o  - 5 ) .  y i e l d i n g  a 3 '  
end i d e n t i c a l  t o  t h a t  produced by t h e  l ow  l e v e l  t e r m i n a t i o n  a t  at. 
major te rm ina to r  o f  t he  operon, and a t  has a dual f unc t i on ,  as a-minor te rm ina fo r ,  and as 
a p r o t e c t i v e  b a r r i e r  t o  degradat ion  o f  upstream s t r u c t u r a l  mRNA. The i n t e r p l a y  between these 
two s i t e s  suggests a mechanism and r a t i o n a l e  f o r  t h e  e v o l u t i o n  o f  two d i s t i n c t  c lasses o f  
t e rm ina t i on  s i t e ,  i n  t h e  con tex t  o f  a model l i n k i n g  requirements f o r  operon expression t o  t h e  
c o n f i g u r a t i o n  o f  t h e  t e r m i n a t i o n  s i t e s  themselves. 

RHO FACTOR, TANDEM TERMINATION SITES, AND RNA PROCESSING ARE ALL REQUIRE0 TO 
GENERATE THE MATURE 3 '  END OF E. COLI TRYPTOPHAN OPERON mRNA, Te r ry  P l a t t ,  John 

Tandem s i t e s ,  a t  and at', are  i nvo l ved  i n  t r a n s c r i p t i o n  t e r m i n a t i o n  a t  t h e  end o f  
I n  v i t r o ,  at i s  on l y  25% e f f i c i e n t  and una f fec ted  by te rm ina t ion  

I n  v ivo ,  t h e  3 '  end o f  % mRNA co inc ides  w i t h  t h e  RNA h a i r p i n  o f  *t. Paradox- 

Three l i n e s  o f  evidence support  a processing 

When cloned between t h e  

These sequences a re  presumably requ i red  f o r  b ind ing  and/or a c t i v a t i o n  o f  t h e  NTP?se 

Subsequently, t h e  l ong  un t rans la ted  and uns t ruc tu red  t r a i l e r  reg ion  i s  

Thus, 9 t '  i s  t h e  
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ANTITERMINATION BY PHAGE LAMBDA PROTEIN IN VITRO Jeffrey W. Roberts, Elizabeth 
J. Grayhack, Xianjie Yang, and9 Jeffrey A. GoligeK, Section of Biochemistry. 
Molecular 6 Cell Biology, Wing Hall, Cornell University, Ithaca, N.Y. 14853 

0883 

Gene Q of phage lambda, and corresponding genes of related phages, are positive regulators 
of phage late gene expression. They encode antiterminator proteins whose role is to allow 
transcription through terminators that precede and block expression of the phage late genes. 
We have purified the late gene regulators of phage lambda and its relative phage 82. They 
are active as antiterminators in transcription by purified RNA polymerase, and each is 
specific for the late gene promoter of its own phage. NusA protein, a transcription factor 
required for function of the lambda gene antiterminator, greatly stimulates 
antitermination by Q protein but is  not absolutely required. The sequences that encode 
specificity for lambda Q extend from within the promoter to about nucleotide 20 of DNA 
encoding the late transcript, although the antitermination activity is expressed at sites 
far distant from the promoter. Lambda Q protein can act after initiation of RNA synthesis: 
transcription from the lambda late promoter pauses at nucleotide 16 of the late transcript, 
and addition of Q protein to the paused transcription complex drives RNA polymerase out of 
the pause. NusA protein also is required for this activity of Q protein; thus NusA can act 
as early as nucleotide 16, and, in this case, does not bind free RNA as it acts. A B o a  
sequence, suggested by Friedman to be the target of NusA protein, is present i n  DNA just 
after the pause site. We suggest that the capacity of Q protein to inhibit transcriptional 
pausing accounts for its action as an antiterminator. 

0884 MECHANISMS OF RHO-DEPENDENT TRANSCRIPTION TERMINATION, Peter H. von Hippel, James A. 
McSwiggen, Johannes Ckiselmann, Thomas Yager, kvid G. Bear" and William D. Morgant, 
Institute of Molecular Biology and Department of Chemistry, University of Oregon, 
Eugene, OR 97403 

A three-step wdel has been proposed to account for transcription termination at 
rhodependent termination sites in E. coli. 'his model is based on in vitro studies of rho- 
dependent termination of the transcript initiated at the PI( promoter of phage X ( 1 . 2 )  and on 
physical chemical studies of rho-polynucleotide interactions (papers i n  preparation); it is 
supported by analyses of the sequence and secondary structure of transcripts subject to rho- 
dependent termination that have been reported i n  the literature (Morgan s e., submitted). 
(See ref. 3 for a summary and complete literature review.) 

psuses at or near potential termination sites. This pausing does not require rho, shows an 
-- in  vitro relaxation time of at least 10 seconds, and depends only on local DNA template 
composition and sequence. 
hexamer must exist on the proximal portion of the nasceut transcript. This putative binding 
site i s  proposed to be 70 to 90 nucleotides in length, to be relatively unencumbered by 
stable secondary structure, and (other than a requirement for some cytosine residues) to be 
non-sequence-specific. (iii) Binding to this site activates the RNA-dependent ATPase of rho, 
leading to termination at the site of polymerase pausing Sy presently unknown processes. 

In this lecture recent studies bearing on the mechanism of each of the above steps will 
be presented, and the present state of our overall knowledge of rho-dependent transcription 
termination will be summarized. 
GH-15792 and Q4 29158 and by USPHS research training grant Q4 07750.) 

References: (1) Morgan, Bear and von Hippel, J. Biol. Chem. 258, 9565, 1983; (2) Morgan, 
Bear and von Hippel, J. Biol. Chem. 259 8664, 1984; (3) von Hippel, Bear, Morgan and 
McSwiggen, Ann. Rev. Biochem. 2 389, 1984. 
"Resent Address: 
tResent &dress: 

The steps involved in the proposed model are as follows. (i) Transcribing RNA polymerase 

( i i )  At the point of pausing a potential binding site for a rho 

(These studies have been supported by USPHS research grants 

Dept. of Cell Biology, U of New Mexico, Albuquerque, NM 87131 
Dept. of Biochemistry, U of California, Berkeley, CA 94720 
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TRANSCRIPTION OF HIS'NNE H5 GENE DOES NOT TERMINATE AT A UNIQUE SITE. Markus 0885 Affolter and Adolfo Ruiz-Carrillo, Cancer Research Center and DepartEnt of 
Biochemistry, School of Medicine, Lava1 University, Quebec, Canada 

Control of transcription termination has been shown to be an important mechanism in 
procaryotic gene expression. However, much less is known whether a similar regulation 
exists in eucaryotic gene transcription. To define the transcriptional unit of the H5 gene, 
DNA fragments covering the whole genmic locus were subcloned into Kl3. Single stranded 
recombinants were then fixed on nitrocellulose filters and hybridized with in vitro nuclear 
transcripts of anemic chicken red blood cells. The results obtained shod that 1) the 
sequences imnediatly upstream of the 5' end of H5 m m  are not transcribed, 2) only the 
coding strand serves as template for FNA polymerase I1 3) sequences as far as 470 bp 
downstream of the polyadenylation site are actively transcribed whereas no transcriptional 
activity is detectable 80 bp further downstream. To identify mre precisely the region of 
transcription termination, overlapping single-stranded probes of high specific activity were 
annealed to total anemic chicken RNA and digested with S1 nuclease. The results obtained 
with this method showed that transcription ,i~ y& continues beyond the site of 
polyadenylation, but no unique termination site was found. Interestingly, a 158 bp region 
situated 100 bp beyond the polyadenylation site was found to be extremely sensitive to Mase 
I digestion in erythrocyte chromatin. Nucleotide sequence analysis of the saw region 
revealed a stretch of 200 nucleotides which is capable of forming stable secondary 
structures. We are now examinating whether these features influence the process of 
termination of transcription. 

0886 EXPRESSION OF PRO42(1) COLLAGEN MINIGENE. Sirpa Aho, Mitchell Finer 
and Helga Boedtker. Harvard University, Cambridge, MA 02138 

We have constructed a minigene of chicken proa2(1) collagen gene to study 
a) the formation of the 3' end of the mRNA and the use of the four different 
AAUAAA signal sequences, b) the correct splicing of the 1.9 kb intron 1 and 
0.6 kb intron 2 resulting in the addition of the 11 bp exon 2 to the mRNA, 
and c) the role of GC-rich intron 1 in the regulation of gene expression. 
The minigene extends from BamHI site at -1086 to the HindIII site in 

intron 3 ,  which is ligated to HindIII site in intron 51, includinq exons 1, 
2, 3 and 52 and introns 1 and 2, 200 bp of intron 3 and 400 bp of intron 51 
and 5 0 0  bp of DNA sequences after the last poly-A addition site. It is 
ligated to NdeI-BamHI fragment (from 2297 to 375) of pBR322. 
Preliminary experiments including transient transfection of human 293 

cells with the minigene, indicate that this gene may be accurately tran- 
scribed and results mainly in fully spliced transcripts, 680 and 1150 bp in 
size, with the 680 bp species predominating. Small Quantities of unspliced 
transcripts 3800 and 4250 bp, could also be detected. To determine sequences 
necessary for correct generation of each 3' end and to study the use of poly- 
A addition sites in 3 '  end deletion mutants, DNA seauences from the 3' end 
of the gene have been inserted into SP64 vector to make anti-RNA probes. 

0887 CAMP-CRP AS A NEGATIVE REGULATOR FOR TRANSCRIPTION, Hiroji Aiba, 
Kyoto University, Kyoto 606, Japan 

Studies on the regulation of E .  coli adenylate cyclase gene revealed that 
CAMP-CRP acts as a transcriptional repressor for the w expression both 
-- in vivo and in vitro. Quantitative analyzes of % mRNA by a dot blot and 
an S1 digestion assays indicated that crp cells produce about 5-fold more - mRNA than do wild type cells. The level of mRNA in cells was 
dramatically reduced by introducing a 9 plasmid and by adding CAMP 
exogenously. In vitro transcription of purified DNA fragments containing 
the % promoter region gave direct evidence that the transcription of CJ= 
gene is specifically inhibited by CAMP-CRP. DNAase footprinting showed 
that CAMP-CRP interacts with a unique site, containing a consensus CRP 
binding sequence, which overlaps with RNA polymerase binding region. In 
addition, it was shown that the REIA polymerase-promoter interaction is 
alteredinthepresenceof CAMP-CRP. It is concluded that CAMP-CRP inhiDits 
the 9 transcription by preventing the functional binding of RNA polymerase 
to the promoter. 
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Massachusetts General Hosp i ta l ,  Boston, MA 02114 
Enzymes whose r e l a t i v e  r a t e  o f  syn thes is  i s  a l t e r e d  by i n s u l i n  a re  be ing  i d e n t i f i e d  t o  serve 
as markers t o  d e f i n e  how gene express ion  i s  a l t e r e d  by i n s u l i n  ( i .e. ,  t r a n s l a t i o n  o r  t rans -  
c r i p t i o n ) .  Once the  locus  o f  i n s u l i n ' s  a c t i o n  i s  i d e n t i f i e d ,  one cou ld  i d e n t i f y  t he  enzymes 
which regu la te  these i n s u l i n - s e n s i t i v e  pathways and de f i ne  areas i n  the  p u r i f i e d  DNA o f  these 
marker enzymes which migh t  con fer  i n d u c i b i l i t y  on c o n s t i t u t i v e  genes. To i d e n t i f y  enzymes 
modulated s p e c i f i c a l l y  by i n s u l i n  as the  so le  hormonal per tubant ,  i n s u l i n ' s  e f f e c t  on biosyn- 
t h e s i s  was examined i n  d i f f e r e n t i a t e d  3T3-Ll and 3T3-F442A adipocytes.  Independent o f  insu-  
l i n ' s  a b i l i t y  t o  hasten expression o f  t he  ad ipocy te  phenotype, i n s u l i n  a l t e r e d  the  r e l a t i v e  
r a t e  o f  syn thes is  o f  s p e c i f i c  p ro te ins .  We i d e n t i f i e d  a M r  33,000 p r o t e i n  as glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) by p u r i f i c a t i o n  o f  a c t i v i t y  and comparison o f  pept ide  maps 
w i t h  t h a t  o f  r a b b i t  s k e l e t a l  muscle enzyme. Exposure o f  3T3 adipocytes t o  i n s u l i n  spec i f i c -  
a l l y  increases GAPDH a c t i v i t y ,  p r o t e i n  conten t  and syn the t i c  r a t e  2-3 f o l d ,  accounted fo r  by 
an inc rease i n  r e l a t i v e  r a t e  o f  syn thes is  o f  GAPOH w i t h i n  4 h r  o f  i n s u l i n  exposure, preceded 
by a p ropor t i ona te  inc rease i n  hyb r id i zab le  GAPDH mRNA. These responses cou ld  no t  be demon- 
s t r a t e d  i n  unconverted 3T3 preadipocytes even a t  250 m U / m l .  The inc rease i n  GAPDH mRNA (20 
f o l d  a t  7 h r )  as we l l  as GAPDH b iosyn thes is  (2-5 f o l d  a t  24 h r )  i n  3T3 adipocytes cou ld  be 
demonstrated w i t h  phys io log i c  concent ra t ions  o f  i n s u l i n .  Thus i n s u l i n  can inc rease the  syn- 
thes i s  o f  c e r t a i n  3T3 ad ipocy te  p ro te ins  by a l t e r i n g  the  c e l l u l a r  con ten t  o f  a s p e c i f i c  IIIRNA. 

INSULIN REGULATION OF PROTEIN B I O S Y N T H E S I S  I N  3T3 ADIPOCYTES: REGULATION OF GLYCER- 
ALDEHYDE-3-PHOSPHATE DEHYDROGENASE mRNA LEVELS, M. Alexander 8 P.M. Goodman, 

0889 ATTENUATION IN SV40 AS A MECHANISM OF TRANSCRIPTION-TERMINATION BY 
W A  POLYMERASE 11, Yosef Aloni, Nissim Hay and David King, Weizmann 
Institute of Science Rehovot. Israel & Princeton University, 
Princeton, N.J. 08544. 

In eukarvotes, despite several attempts, transcription-termination sites of 
RNA polymerase I1 transcripts have not been clearly identified. Conse- 
quently, the regulatory elements involved in the process of transcription- 
termination and antitermination could not be properly investigated, and they 
are almost unknown. 

;ie have developed a system of isolated nuclei in which an efficient transcrip- 
tion-termination at the SV40 attenuation site is occuring. This system allows 
to start defining the regulatory elements involved in the mechanism of termine 
tion and antitermination. 

Experiments will be described indicating the involvement of the SV40 agno- 
protein in enhancing attenuation, of a heat labile nuclear factor and RNA 
secondary structure involved in the process of transcription-termination and 
of an heat stable nuclear factor involved in the process of antitermination. 

0890 REGULATION OF THE GENES RESP3NSIBLE FOR PARTITION OF P I  PLASMID DNA. S tua r t  J. 
Aus t in  and Ann L. Abeles, NCI-Frederick Cancer Research F a c i l i t y ,  LBI-Basic 
Research Program, Freder ick ,  MD 21701 

The par reg ion  o f  t h e  P 1  p lasmid  ac ts  r a t h e r  l i k e  t h e  centromere o f  a euka ryo t i c  chromo- 
some, ensur ing  t h a t  one o f  t h e  two produc ts  o f  DNA r e p l i c a t i o n  i s  p laced i n  each daughter 
c e l l  d u r i n g  c e l l  d i v i s i o n .  I n  a d d i t i o n  t o  con ta in ing  t h e  apparent r e c o g n i t i o n  s i t e  f o r  
t h i s  process, t h e  par reg ion  conta ins  an operon t h a t  encodes two p r o t e i n s  t h a t  a re  essen- 
t i a l  f o r  p a r t i t i o n .  
i s  c r i t i c a l  and i s  ma in ta ined by a t i g h t  au to regu la to ry  loop. The complete sequence o f  
t h e  reg ion  has been determined. 
promoter. Between t h i s  sequence and t h e  p u t a t i v e  Shine-Dalgarno sequence f o r  k f i r s t  e '  a r  AT-r ich reg ion  i s  p resent  i n  t h e  p a r t i t i o n  s i t e ,  downstream o f  t h e  operon. We p re -  
sent evidence t h a t  par p r o t e i n s  i n t e r a c t  a t  t h e  upstream s i t e  t o  e f f e c t  au to regu la t i on  
and a t  t h e  downstream s i t e  t o  promote p a r t i t i o n .  
Research sponsored by t h e  Nat iona l  Cancer I n s t i t u t e ,  DHHS, under con t rac t  No. N01-CD-23909 
wi th  L i t t o n  B ione t i cs ,  Inc .  

The balance between t h e  concent ra t ions  o f  t h e  par reg ion  components 

There i s  o n l y  one probab le  cand ida te  f o r  t h e  a r  operon 

A s i m i -  a r  c i s t r o n  l i e s  an ex t remely  AT-r ich s t r e t c h  t h a t  i nc ludes  a 20-bp palindrome. 
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0891 SEGMENTAL DIFFERENCES I N  STABILITY WITHIN THE POLYCISTRONIC rxcA 
TRANSCRIPT RESULT I N  DIFFERENTIAL EXPRESSION OF PHOTOSYNTHESIS GENES 
Joel G. Belasco, J. Thomas Beat ty ,  Camel l ia  W. Adams, Alexander 
von Gabain, and Stan ley  N. Cohen, S tan ford  U n i v e r s i t y ,  S tan ford ,  CA 94305 

The molecu la r  bas i s  f o r  t he  10- t o  25 - fo ld  d i f f e r e n c e  i n  express ion  o f  t he  
photosynthes is  genes w i t h i n  the  
been inves t i ga ted .  
t he  d i spa ra te  s t a b i l i t i e s  of t he  component segments o f  t he  p o l y c i s t r o n i c  rxcA t r a n s c r i p t .  
Th i s  2.7 kb t r a n s c r i p t  encodes t h e  l i g h t - h a r v e s t i n g  8870 po lypept ides  a n d t h e  r e a c t i o n  
c e n t e r  L and M subun i ts .  The 3 '  p o r t i o n  o f  t he  rxcA t r a n s c r i p t  i s  q u i c k l y  degraded 
t o  produce two s l o w l y  decaying 5 '  mRNA remnants (0.50 and 0.49 kb  i n  l eng th ) ,  bo th  o f  
which encode o n l y  the  8870 po lypept ides .  The g rea te r  s t a b i l i t y  o f  t he  5 '  segment o f  
t he  t r a n s c r i p t  accounts f o r  most o f  t he  excess o f  8870 po lypep t ides  over  r e a c t i o n  cen te r  
p r o t e i n s  found i n  v ivo .  
e i t h e r  o f  two a1 t e r n a t i v e  stem-and-loop s t r u c t u r e s ,  which apparent ly  a c t  as b a r r i e r s  
t o  3 '  exor ibonucleases and thereby  p r o t e c t  t he  upstream RNA segment. 

operon of  Rhodopseudomonas capsu la ta  has 
D i f f e r e n t i a l  express ion  has been found t o  r e s u l t  l a r g e l y  f rom 

Degradat ion o f  t he  3 '  p o r t i o n  o f  t he  9 t r a n s c r i p t  stops a t  

0892 
We have evaluated the usefulness of different promoters and terminators for expressing 
the human tissue plasminogen activator (tPA) gene in mouse C127 cells. The tPA cDNA gene 
was linked by transcriptional fusion to promoters such as the mouse metallothionein (MMT) 
promoter, the Rous sarcoma long terminal repeat (LTR), or the mouse Moloney leukaernia 
virus LTR. 
the MMT polyA site or the SV40 early polyA site. The reconstructed tPA genes were 
inserted into bovine papilloma virus (BPV) vectors containing the BPV genome, the MMT 
gene, and bacterial plasmid DNA. Cells were transfected with the DNA constructs and 
tPA-producing foci were easily identified using a novel application of the fibrin- 
agarose assay method for detecting tPA activity. Stably-transformed, tPA-producing 
cell lines were analyzed in detail for the physical state and copy number of the tPA 
gene in the cells, the level and authenticity of tPA transcription, and the amount of 
active tPA protein being secreted. 

EXPRESSION OF HUMAN TISSUE PLASMINOGEN ACTIVATOR IN MOUSE CELLS, Mary M. Bendig, 
Paul E. Stephens, Christopher C .  Hentschel, Celltech Limited, Slough SL1 4DY, U.K. 

Terminators were provided by linking the 3'  end to DNA fragments containing 

0893 SYNTHESIS OF MOUSE ANTIBODY PEPTIUES I N  ESCHERICHIA COLI, R.E. B i rd ,  D.J. 
Graham, L. Martarano, M. M a t t i n g l y ,  S. Pope and D. Scandel la,  Genex Corpora t ion ,  
Gaithersburg,  Maryland 20877 

We have s tud ied  t h e  express ion  o f  a y l  (heavy) cha in  and a K ( l i g h t )  cha in  from a 
mouse monoclonal an t ibody  ( IgG) t o  bov ine  growth hormone i n  Escher ich ia  c o l i .  The 
two chains were expressed as met-mature pept ides  i n  pBR322 de r i ved  p l a s m m  We i n -  
se r ted  t h e  sequence ATCGATG a t  t he  5 '  end o f  t h e  mature sequences t o  p rov ide  an ATG 
f o r  t r a n s l a t i o n  i n i t i a t i o n  and a G I  s i t e .  
h y b r i d  A phage r e g u l a t o r y  reg ion ,  OL/PR, i n  f r o n t  o f  t h e  cod ing  sequence. S t ra ins  
c a r r y i n g  t h e  x C1857 muta t i on  i n  the  hos t  chromosome were used t o  induce syn thes i s  
o f  t h e  IgG pep t ides  by r a i s i n g  t h e  c u l t u r e  temperature o f  42'. The Y cha in  i s  syn- 
thes i zed  as 12-15% o f  t h e  t o t a l  c e l l  p r o t e i n  and t h e  y cha in  as 0.1-0.3%. The d i f -  
fe rence appears t o  be t h e  r a t e  o f  t r a n s l a t i o n  i n i t i a t i o n .  Exper iments t o  a l t e r  t h e  
r a t e  o f  t r a n s l a t i o n  i n i t i a t i o n  by changing t h e  sequence o f  t h e  5 '  end o f  t h e  mRNA 
f o r  t h e  K cha in  a re  i n  progress.  I n  a d d i t i o n  we w i l l  d iscuss  t h e  e f f e c t s  o f  remov- 
i n g  t h e  3 '  un t rans la ted  reg ion  o f  t h e  c lones  on t h e i r  expression. 

The %I s i t e  was used t o  p o s i t i o n  a 
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0894 

We are studying the fllnction of the agnoprutein of SV40. which is encoded in the leader region of 
late v i r a l  &N4. Previous studies indicated that agmpmtein plays a role in late tmnscn ' p t i d  
r€gulatim, although the prgise lmhmisn of this cmtrol is not understmd. In order to defitk? the 

CIXUMWATIW OF SV40 KWWIlTN MJl'MS BY AQGFXWSING IXL LINS. 
carswell and h C. Alwim. Deparmpnt of klimbiolOgy/G2, Univ. of h., 
Fhiladelplia, PA 191M. 

Susan 

speciric role of agmprotein in the sv40 lytic cycle, we have ccnstructed nmkey a-lP cell Lines in 
which the agnogene, lmder the control of a retrovirus LlR, is stably integrated and 
colstitutively expressed. Viruses with pint ad deletion nutatians in the agnogene, thich mke 

cell l i n ~ ~ .  hthm blot analysis of the viral DNA extracted franapz-prducing cell Lirrs 
infected with agm mtants dmmstrates that the agmgene has not rembimi into the mhant vinrsg 
to r-mt wild-type virus. lhs, the agmptein f m n  the cell Lines restores wild-type 
plaquirtg size in tlans, indicating a positive role of the agnoprotein with respect to plaque size. 
n-anscripticnal studig will be dkuss€d. 

smll plaques in no& a-1p cells, @lKe wild-type sized plaques in the agmptein prcduzing 

0895 
The anthracycline antibiotic duanomycin is widely used in cancer chemotherapy. The drug 
is a potent inhibitor of both transcription and DNA replication. Previous results from 
this laboratory have shown that duanomycin will bind preferentially to alternating 
purine-pyrimidine DNA sequences. Since these are the sequences able to undergo the 
transition from B form DNA to the left handed 2 form, the effect of daunomycin on the B 
to 2 transition has been examined. Daunomycin inhibits the rate B to 2 transition. 
Binding of the drug to poly d(G-C) under solution conditions that favor the Z form is 
cooperative, a finding consistent with a model in which the drug preferentially binds to 
the B form, and allosterically converts 2 DNA to an intercalated B form. The allosteric 
conversion of 2 DNA back to the B form has been directly demonstrated by circular dichro- 
ism, sedimentation, and enzymatic methods. The conversion of 2 DNA to the B form is 
strongly dependent on ionic strength, and under some conditions as little as one drug 
molecule for every 25 b.p. is sufficient to completely convert the polymer to the B form. 
This is a striking demonstration of how a small molecule may exert long-range allosteric 
effects on DNA conformation. These observations are important for understanding the 
molecular mechanism by which daunomycin acts, and may be of interest as an indication of 
long-range conformational effects of molecules on DNA that may be important in transcrip- 
tional control. Supported by NCI Grant CA 35635-0181. 

SPECIFICITY OF THE DAUNOMYCIN-DNA INTERACTION. J. B. Chaires, The University 
of Mississippi Medical Center, Jackson, MS 39216-4505. 

0896 AMS INHIBITION OF AN EARLY ESTROGEN INDUCED mRNA SPECIES IN HUMAN BREAST CANCER 
CELLS. Jolanta J. Cholon, Lee F. Al len, Department of Pathology, UMDNJ, New Jersey 

Meaical School, Newark, New Jersey 07103. 
Aminonucieoside of puromycin (AMS), a selective inhibitor of the growth of estrogen- 

responsive as opposed to estrogen-unresponsive mammary tumor cells, has been found to 
inhibit a particular class of poly(A)-containing mRNA species in estrogen-responsive cells 
in rltcn. Estrogen-responsive, MCF-7 cel is and estrogen-unresponsive, BT-474 cel Is were 
maintained for one day prior to hormonal stimulation on media supplemented with hormone- 
stripped serum. in a parallel series of experiments, the strlpped media was replaced for 
b th cell iines with meaia supplemented 51th a physiological concentration of estradioi (10 

Cytoplasmic RNA was 
extracted from magnesium precipitated polysomes by SDS-phenol-chloroform extraction 
procedures, and poly(A1-containing species were separated by poiy(U)-sepharose column 
chromatography, eluting wlth increasing concentrations of formamide. The mRNA species were 
fractionated by sucrose gradients, and assayed for radioactivity through I lquld 
scintillation counting. Inclusion of AMS (100 ug/ml) in the stimulating medium resulted in 
inhibition of a particular class of poly(A)(+) mRNA In estrogen-responsive cells, within 1/2 
hr, while this class was resistant to AMS in estrogen-unresponsive cells. These results 
indicate sane alteration in the mRNA metabol Ism of estrogen-unresponsive mammary tumor 
cells. and point to a possible growth regulatory function for this AMS reslstant class of 
mRNA in these cells. (Supported in part by a grant from the Foundation of UMDNJ.) 

M), and simultaneously labeled with [ HI-adenosine for 30 minutes. 
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0897 NERVE GROWTH FACTOR INDUCES ORNITHINE DECARBOXYLASE BY CHANGING THE 
mRNA LEVEL, P. Coffino, S. Dana, L. McConlogue, E. Shooter* and S. 
Feinstein*, UCSF, San Francisco, CA and Stanford U., Stanford, CA* 

The activity of mammalian ornithine decarboxylase (ODC) changes signifi- 
cantly and promptly in response to multiple effectors of cell growth and 
differentiation. The availability of a cDNA probe for mouse ODC has facili- 
tated study of the mechanism of induction (PNAS g:540 ( 8 4 ) ) .  

Nerve growth factor (NGF) causes differentiation of cultured rat PC12 
pheochromocytoma cells and induces ODC activity about 10-fold within 4 hours. 
Both time-course and dose-response experiments indicate an excellent concor- 
dance between ODC activity and the level of ODC mRNA. A substantial (but 
lesser) degree of induction of mRNA by NFG is seen when protein synthesis 
is inhibited by cycloheximide. We conclude that most or all of the induction 
lies at the level of mRNA and that the action of NGF is not dependent on 
protein synthesis. 

0898 TARGET SITES FOR POSITIVE AND NEGATIVE REGULATORY ELEMENTS CONTROLLING 
EXPRESSION OF AN INDUCIBLE EUCARYOTIC GENE. R.A. Sumrada & T.G. 

Cooper, Department of Microbiology & Immunology, University of Tennessee 
Center for the Health Sciences, Memphis. Tennessee 38163. 

Transcription of the C A P 1  6 C A R 2  genes in S .  c e r e v i s i a e  is induced by 
arginine. Both positive and negative ( C A E 8 0 )  regulatory elements have been 
demonstrated to control expression of the genes. Our objective w a s  to 
localize the upstream target sites that interact with these elements. The 
negative element target site was identified by a cis-dominant mutation 
causing constitutive CAR1 expression. This mutation was shown to be a single 
C to G transversion at position -153. A 13 bp deletion covering position 
-153 also generates the constitutive phenotype. Since C A R 1  and C A R P  are 
similarly regulated, the sequence containing the C-G transversion should be 
present in the 5' flanking regions of both genes. It is. Deletion analysis 
identified a positive element target site required for expression of C A P 1 .  
Deletion of this site, situated 5 '  to position - 2 0 0 ,  resulted in complete 
loss of L A C 2  expression in a C A M - L A C 2  fusion. These data suggest that CAR1 
expression is regulated by positive and negative control elements whose 
targets are situated in the order: positive site-negative site-TATAT, and 
raise the possibility that action of the positive element is blocked or neu- 
tralized by interaction of the negative element with its corresponding site. 

0899 
J. E. Darnell, Jr. >mefeller Univ. New York, N.Y. 10021, 2Princeton Univ., Princeton N.J. 

region 600-1500 nucleotides downstream from the poly(A) site (Citron et al. Nuc. Acids Fes. 
in press). 
transcription when mved to another genomic site, portions of the putative termination region 
have been inserted into the ademvirus (type 5) chrclrrom. 'Ibe present series of viral 
insertions were made within the second exon of the EIA transcription unit. 
labeled either in isolated nuclei or in &le cells early after infection with reconstructed 
viruses indicated that transcription is termi~ted if the inserted DNA contains the globin 
ply(A) site plus an additional 1395 nucleotides downstream. 
must be in - direction with respect to transcription as in the B globin transcriotion 
unit. 
transcriptional termination. 
tion unit, the insertion of the terminator region hEd a negative cis effect on the E1B 
transcription unit which begins 363 base pairs downstream from the globin insert. The E1B 
transcription unit was the only early gene affected, and caplerentation of the virus con- 
taining the functioning terminator region within a functional ElA did not restore transcrip- 
tion Of the ElEl gene. 
n*r of functional transcription units, the terminator efficiency is slightly reduced, and 
E1B transcription is recovered. 

Telmination of the EIA pdemvirus 'Transcription Unit by Insertion of the muse 
3-MajOr Globin Terminator E l a n t .  E. Falck-Pedersen', J. wan2, T. Shenk2 and 

In induced emleukemia cells, transcription of the 6 globin gene terminates in a 

To determine whether this region of the muse DNA functions to terminate 

Analysis of RIW 

T h e  orientation of the insert 

Insertion of this sqmzmt of DNA in the reverse orientation dces not result in 
In addition to halting transcription within the FIA transcrip- 

Late in infection follming DNA replication and amplification of t% 
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PURIFICATION AND STRUCTURE OF A CHROMATIN ASSOCIATED PROTEIN, R o d r i g o  F r a n c o ,  
M.G. R o s e n f e l d ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  La J o l l a  ,CA 92093 

Our l a b  i s  w o r k i n g  i n  the g e n e r a l  area o f  p e p t i d e  hormone r e g u l a t i o n  o f  gene  e x p r e s s i o n .  
We h a v e  i d e n t i f i e d  a 25,000 Dalton c h r o m a t i n  a s s o c i a t e d  p r o t e i n  whose i n c r e a s e d  phosphory -  
l a t i o n  c o r r e l a t e s  w i t h  the increase i n  p r o l a c t i n  gene  t r a n s c r i p t i o n  seen upon  t r e a t m e n t  
o f  GH4 ra t  p i t u i t a r y  tumor c e l l s  w i t h  t h y r o t r o p i n  r e l e a s i n g  hormone and  cer ta in  o t h e r  
hormones a n d  p h a r m a c o l o g i c  a g e n t s .  I have p u r i f i e d  t h i s  p r o t e i n  (BW for b a s i c  r e g u l a t e d  
p h o s p h o p r o t e i n )  a n d  o b t a i n e d  a p a r t i a l  amino a c i d  s e q u e n c e .  S e a r c h  o f  p r o t e i n  s e q u e n c e  
l i b r a r i e s  i n d i c a t e  tha t  BRP is  a p r e v i o u s l y  u n c h a r a c t e r i z e d  p r o t e i n  w i t h  n o  s i g n i f i c a n t  
h o m o l o g i e s  w i t h  a n y  o t h e r  classes o f  p r o t e i n s .  C u r r e n t  work is  f o c u s i n g  o n  o b t a i n i n g  f u r -  
t h e r  amino a c i d  s e q u e n c e  a n d  s y n t h e s i z i n g  o n e  o r  more l o n g  o l i g o n u c l e o t i d e s  w i t h  w h i c h  
w i l l  b e  o b t a i n e d  a cDNA c l o n e  wh ich  w i l l  b e  s e q u e n c e d  t o  o b t a i n  the en t i re  s t r u c t u r e  o f  
t h e  p r o t e i n .  S u b s e q u e n t l y ,  m o n o c l o n a l  a n t i b o d i e s  c u r r e n t l y  b e i n g  r a i s e d  t o  BRP and  
a n t i - s e n s e  message  d e r i v e d  f r o m  t h e  cDNA clone w i l l  h e  u s e d  t o  t r y  t o  l i n k  t h i s  p r o t e i n  
d i r e c t l y  t o  t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  t h e  p r o l a c t i n  g e n e .  

0901MUTATIONAL ANALYSIS OF THE ANTITERMINATION N PROTEIN OF COLIPHAGE LAMBDA, Naomi 

The E p r o t e i n  o f  c o l i p h a g e  l ambda  i s  b e i n g  e x t e n s i v e l y  m u t a g e n i z e d  i n  a n  e f f o r t  t o  
u n d e r s t a n d  t h e  s t r u c t u r e  o f  the p r o t e i n  i n  r e l a t i o n  t o  i t s  known f u n c t i o n s .  I n t e r -  
a c t i n g  w i t h  the E. & t r a n s c r i p t i o n  complex  s u b s e q u e n t  t o  t r a n s c r i p t i o n  i n i t i a t i o n ,  
t h e  s m a l l  p r o t e i n  (107 amino a c i d s )  f u n c t i o n s  as an a n t i t e r m i n a t o r ,  a l l o w i n g  polymer-  
ase t o  i g n o r  mos t  t e r m i n a t i o n  s i g n a l s .  N p r o t e i n  may i n t e r a c t  w i t h  p o l y m e r a s e  t h r o u g h  
i n t e r m e d i a r y  h o s t  t r a n s c r i p t i o n  p r o t e i n s 7  a m u t a t i o n  i n  h o s t  =A p r o t e i n  b l o c k s  5 
f u n c t i o n ,  b u t  c a n  b e  compensa ted  by m u t a t i o n  w i t h i n  E (D. I .  Fr i edman  l a b o r a t o r y ) .  5 
p r o t e i n  a l s o  n e e d s  t o  r e c o g n i z e  s p e c i f i c  genome s e q u e n c e s  i n  o b j e c t  o p e r o n s .  So f a r ,  
r e g i o n s  essential  f o r  t o t a l  f u n c t i o n  or f o r  - nusA i n t e r a c t i o n  h a v e  b e e n  i d e n t i f i e d  b y  
m u t a t i o n  w i t h i n  5.  
F r a n k l i n ,  N .  C . ,  J. Mol. B i o l .  i n  p r e s s ,  1984: 
p r o t e i n s  of b a c t e r i o p h a g e s  l ambda ,  021 a n d  P22.  

C .  F r a n k l i n ,  U n i v e r s i t y  o f  U t a h ,  S a l t  Lake  C i t y ,  Utah 84112 

The "N" t r a n s c r i p t i o n - a n t i t e r m i n a t i o n  

09(M I N  VITRO 4 S D  IN \'NO MRNA S P L I C I S G  O F  THE AL)E\O\.IRLS 2 LATE 
T R I P A R T I T E  LEADER. Greg  A. Freye r .  K a t h y  E. O'Nei l l .  h a t h l e e n  A.  Tohil l .  and 
Richard J .  Rober t s .  Cold Spring Harbor  L a b o r a t o r y ,  Cold Spring Harbor .  Sl' 11724 

O u r  in  vilro mRXA spl ic ing s tud ie s  Kave c o n c e n t r a t e d  on using a s u b s t r a t e  t ha t  con ta ins  the 
f i r s t  and second  l e a d e r  s equences  of adenov i rus  2 (Ad21 . a t e  mRN.4 s e p a r a t e d  b\- a t r u n c a t e d  
ve r s ion  of t h e  f i r s t  i n t ron  con ta in ing  only 86 nuc leo t ides .  Th i s  s u b s t r a t e  is syn thes i zed  from a 
plasmid in a HeLa whole ce l l  e x t r a c t .  Th i s  t r ansc r ip t  when  spl iced in  a "Dignam" e x t r a c t  and 
ana lyzed  on a 10% acry lamide  u rea  g e l  p roduces  t h e  following: t h e  41 nuc leo t ide - long  f i r s t  
l e a d e r .  f i na l  sp l i ce  p roduc t .  a 1 1 8  nuc leo t ide - long  f r a g m e n t .  and a band u.hose mobil i ty  depends  
o n  t h e  l eng th  of t h e  runoff t r ansc r ip t .  T h e  118 nuc leo t ide  band behaves  like a c i r cu la r  RNA 
and .  by f inge rp r in t  ana lys i s .  has  been  shown t o  be con ta ined  within t h e  in t ron .  This  R S A  com- 
p r i se s  the  c i r cu la r  po r t ion  of t he  l a r i a t  t h a t  has  been  desc r ibed  by o the r s .  but d o e s  no t  con ta in  
the  handle .  No o t h e r  c i r cu la r  mo lecu le s  a r e  d e t e c t e d .  T h e  band whose mobil i ty  depends  on  
t h e  l eng th  of t h e  runoff  co r re sponds  in s i z e  t o  t h e  d i s t a n c e  f r o m  t h e  point a t  \\hich t h e  c i r c l e  
f o r m s  t o  the  end of  t he  runof f .  This  implies  t h a t  l i nea r  RSAs combine t o  fo rm a f inal  spl ice  
p roduc t  and t h a t  l a r i a t s  a r e  not  ob l iga t e  in t e rmed ia t e s  in spl ic ing.  

O u r  in vivo s tud ie s  have  examined t h e  f a t e  of t h e  f i r s t  and second  in t rons  f rom the Ad2 
t r i p a r t i t e  l e a d e r  f r o m  HeLa cel ls  during l a t e  i n fec t ion .  Nor the rn  analvsis  of nuc lea r  and 
c y t o p l a s w c  RNAs has  s h m n  t h a t  both in t rons  a c c u m u l a t e  in  t h e  cytoplasm. a r e  not  d e t e c t e d  in  
t h e  nucleus,  d o  not con ta in  poly(.A) and a r e  ceen a s  mul t ip l e  bands.  suggest ing e i t h e r  d i f f e r e n t  
f o r m s  01 t h e  RSA.  i . e .  l inear .  c i r cu la r  o r  branched molecu le s .  o r  p rocessed  in t e rmed ia t e s .  
S t r u c t u r a l  analysis  of t h e s e  n\s is c u r r e n t l y  in p rogres s .  
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0903 EXPRESSION OF A HUMAN OIHYDROFOLATE REDUCTASE MINIGENE, Merr i l l  E .  Goldsmith, 
Carolyn A. Beckman, and Kenneth H .  Cowan, C l i n i c a l  Pharmacology Branch, National 
Cancer I n s t i t u t e ,  National I n s t i t u t e s  of Health,  Bethesda, MO 20205 

DNA sequences from t h e  human d ihydro fo la t e  reductase (OHFR) gene were i s o l a t e d  from an 
MCF-7 b r e a s t  cancer  c e l l  l i n e  containing amplif ied OHFR genes. These genomic sequences 
i n  conjunct ion with human DHFR cDNA sequences were used t o  cons t ruc t  a funct ional  
minigene. 
Chinese hamster ovary c e l l s  conve r t s  t h e  c e l l s  t o  a DHFR+ phenotype w i t h  a frequency of 
0.12%. 
Individual  c lones of minigene t r a n s f e c t e d  c e l l s  contain 20-30 minigene copies .  
o f  m R N A  from t r a n s f e c t e d  c e l l s  shows t h a t  a 3.8 kb DHFR mRNA i s  synthesized.  
gene i n  t h e  MCF-7 human c e l l s  syn thes i zes  several  mRNAs including a 3.8 kb spec ie s .  
These mRNAs a r e  produced by mul t ip l e  polyadenylation s i t e s  i n  t h e  3' nontranslated region 
of t h e  gene. T h e  amount of DHFR pro te in  produced i n  t h e  t r ans fec t ed  c e l l s  i s  s i m i l a r  t o  
t h a t  produced by t h e  wild type MCF-7 c e l l  l i n e .  
modulators which funct ion a t  t r a n s c r i p t i o n a l  or pos t - t r ansc r ip t iona l  l e v e l s .  As i n  normal 
c e l l s ,  DHFR l e v e l s  i n  minigene t r a n s f e c t e d  c e l l s  a r e  regulated i n  response t o  growth 
modulation by serum and amino acids .  
has begun. Our results suggest  t h a t  DHFR regu la t ion  by these  growth m d u l a t o r s  is  caused 
by DNA sequences 5' t o  t h e  s t a r t  of t r a n s c r i p t i o n  o r  i n  i n t ron  1 and not  by sequences i n  
t h e  long 3 '  non t r ans l a t ed  port ion of t h e  gene. 

Calcium phosphate mediated t r a n s f e r  of t h e  minigene i n t o  DHFR gene deleted 

This  t r a n s f e c t i o n  frequency was obtained without  added enhancer sequences.  
Analysis 

T h e  DHFR 

DHFR expression i s  con t ro l l ed  by 

Analysis of a s e r i e s  o f  minigene de le t ion  mutants 

0904 
Menlo Park, CA 94025 

MODEL SYSTEM FOR IN VITRO PROCESSING OF tRNA PRECURSORS FROM BACILLUS SUBTILIS, 
Christopher J. Green and Barbara S. Vold, SRI International, Biomedical Research, 

A cluster of 21 tRNA genea from aubtilia haa been cloned 
into pSP64. 
SP6 RNA polymeraae. Tranacripts have been produced in vitro 
from thia conatruct containing all 21 tRNA genes. The template can 
alao be ahortened by cleavage with appropriate restriction enzymes to 
produce tranacripta containing either 1 or 6 tRNAs. Theee tranecripta 
have been proceaaed in vitro by RNaae P and the catalytically 
active component of the enzyme, P-RNA. A transcript of the aane gene 
cluater cloned into pSP65, in the reverae orientation, produces a 
transcript which ia not cleaved by either P-RNA or the holoenzyme 
atteating to the specificity of the reaction for tRNA precuraora. The 
reaction products from the 6 tRNA containing precursor have been 
characterized by chemical sequencing analysis and shown to be 
proceeaed correctly at the 5'-terninua of each tRNA. 

Thia plaamid has the atrong, highly apecific promoter for 

MAPPING OF THE 5' TRANSCRIPTION INITIATION SITE IN THREE INSULIN-EXPRESSING 
TISSUES. Nancy Z. Guggenheim and M. Alan Permutt ,  Washington University School of 

Medicine, St. Louis, Missouri 63110. 
Proinsulin mRNA was analyzed by RNA blot hybridization in three insulin-expressing tissues from the 
rat, adult pancreas, an insulinoma cell line and f e t a l  pancreas. The proinsulin mRNA transcripts from 
the tumor cell line and f e t a l  pancreatic tissue were estimated to  be respectively 100 bases and 50 bases 
larger than the adult pancreatic transcript. I t  has been shown that glucose is an important regulator of 
proinsulin mRNA fi 9. There is  known to be a marked increase in the concentration of proinsulin 
mRNA and insulin in the developing rat neonate although plasma glucose levels are quite low. 
Expression of proinsulin mRNA independent of glucose levels is  also found in insulinoma tissue. In 
addition, there is a second TATA sequence upstream of the putative start site in rat insulin gene 11. 
These observations, including the f ac t  that  the transcription initiation site(s) has never been mapped in 
these tissues, suggested that alternative promoter si tes may be important in control of initiation of 
gene transcription. To map the  5' end of the gene, primer extension was performed using a synthetic 
oligonucleotide primer complementary to the first  twenty bases of the coding portion of the two rat 
insulin genes. The extended products of the proinsulin mRNAs from the three tissues were identical 
indicating that  at least 95% of proinsulin mRNA transcription occurs at the putative s t a r t  site. The 3' 
ends of the proinsulin mRNA transcripts were evaluated by ribonuclease H digestion and i t  was shown 
that  the noted size differences could be accounted for by different length poly A tails. Experiments are 
currently in progress to define the potential  role of poly A tails  in stability and physiologic regulation of 
proinsulin mRNA. 
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0906 
We have incorpora ted  a dG re s idue  i n  p l ace  of a dA re s idue  a t  pos i t i on  -82 of the  l eade r  
sequence of t he  threonine  operon of E. c o l i .  This  mutation des t roys  the  t r a n s l a t i o n  s t o p  
codon of t he  p u t a t i v e  l eade r  pept ide .  The s t o p  codon r e s ides  i n  a reg ion  of RNA t h a t  is  
thought t o  be involved  i n  the' format ion  of a n  an t i t e rmina to r  stem-loop s t r u c t u r e  when the  
c e l l  has ample Thr and I l e .  The consequence of t r a n s l a t i o n  of the  l eade r  pep t ide  t o  the  
s t o p  codon i s  t o  prevent  t he  an t i t e rmina to r  from forming thereby  allowing the  t r a n s c r i p t i o n  
te rmina tor  stem-loop s t r u c t u r e  t o  form and prevent t he  express ion  of t he  operon s t r u c t u r a l  
genes.  I n  the  mutant,  t r a n s l a t i o n  of the  l e a d e r  pep t ide  would be expected t o  cont inue  t o  
the  next downstream inframe s t o p  codon. 
t he  reg ion  of RNA t h a t  i s  thought t o  form the  t r a n s c r i p t i o n  te rmina tor .  An octadecamer was 
used a s  a primer on a templa te  of thr c o n t r o l  reg ion  DNA t h a t  had been cloned i n  M13mp9. 
The poin t  mutant was t r a n s f e r r e d  onto  a mini-ColEl plasmid conta in ing  the t h r  r egu la to ry  
reg ion  fused t o  t h e  
lysogens could be formed. 
t h e  mutation causes  a 2- t o  3-fold inc rease  i n  the  express ion  of the  enzyme i n  t h e  presence 
of Thr and Ile. These da t a  may be expla ined  by an a t t e n u a t i o n  model i n  which the  l eade r  
pep t ide  coding r eg ion  i s  t r a n s l a t e d  and, i n  t h e  case  of t he  mutant,  t r a n s l a t i o n  t o  t h e  new 
s top  codon prec ludes  the  t r a n s c r i p t i o n  te rmina tor  s t r u c t u r e  from forming thus l ead ing  t o  
express ion  of t h e  gene. This work was supported i n  pa r t  by N I H  GM 28717. 

I N  VITRO MUTAGENESIS OF THE THREONINE.REGULATORY REGION OF ESCHERICHIAE,  
R. I .  Gumport, A l i  Roghani, and J.F. Gardner,  Univers i ty  of I l l i n o i s ,  Urbana, I L  61801 

Such a codon occurs  36 nuc leo t ides  away and l i e s  i n  

gene. The mutated th r - l ac  Z f u s i o n  was cloned into h g t 4  s o  t h a t  
Assays of 6-ga lac tos idase  i n  single-copy lysogens i n d i c a t e  t h a t  

0907 THE DNA SEQUENCE OF THE lacA GENE AND THE 3' END OF THE LACTOSE OPERON OF 
Escher i ch ia  fl. 
N i e r l i c h  and I r v i n g  Zabin, U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, CA 90024 

Fur ther -  

M a t t h X A .  Hediger, David F. Johnson, Donald P. 

The lac tose  operon o f  Escher i ch ia  c o l i  has been one o f  t he  most i n t e n s i v e l y  s tud ied  
genet ic  systems and y e t  u n t i l  now K D N A  sequence has no t  been completed. 
more, t he re  a re  s t i l l  impor tan t  f ea tu res  t o  be understood concerning the  t r a n s c r i p -  
t i o n a l  and t r a n s l a t i o n a l  r e g u l a t i o n  o f  t h e  l ac  genes. The DNA sequence o f  t h e  JacJ 
gene and the  3' end o f  t he  l a c  operon i s  presented here. DNA sequencing was per- 
fonned us ing  t h e  Sanger d i d z y  sequencing technique. DNA fragments were produced 
by c leav ing  plasmid pGM 8, a PER322 d e r i v a t i v e  which conta ins  a l a c  DNA segment. 
The fragments were separated us ing  a novel apparatus f o r  p r e p a r a m e  gel e l e c t r o -  
phores is  and then  used f o r  c l o n i n g  i n t o  the  M13 vec tors  mp 18 and 19. 
sequence a t  t h e  3' end o f  t h e  l ac  operon a l so  inc ludes  a fragment downstrean froin 
t h e  3 gene. 
which may represent  s igna ls  f o r  t enn ina t i on  o f  t r a n s c r i p t i o n .  
s t r u c t u r e  may form 15 nuc leo t i des  downstream from the  3 '  end o f  t h e m  gene. 

The DNA 

Th is  reg ion  h a x e e n  analyzed f o r  secondary s t ruc tu res  o f  t he  M N A  
A s tab le  h a i r p i n  

0908 TRANSCRIPTIONAL CONTROL OF GENE EXPRESSION BY OLIGODEOXYNUCLEOTIDES COVALENTLY LIN- 
KED TO INTERCALATING AGENTS, Claude HGlSne*, Tula Behmoaras-Saison*, Aure l io  Zerial-  
Ulysse Asse l inex  and Nguyen T .  Thuongx, "Laboratoire de Biophysique, MusBum Nat iona l  
d ' H i s t o i r e  Na tu re l l e ,  INSERM U.201, CNRS UA 481, 75005 PARIS, -Centre de Recherche 
de Vi t ry ,  Rh6ne-Poulenc SantB, 94400 VITRY,  XCentre de Biophysique MolBculaire,  
45045 ORLEANS, France.  

We have r e c e n t l y  synthes ized  a new family of molecules i n  which an  o l igodeoxynucleo t ide  is  
cova len t ly  l i nked  t o  an i n t e r c a l a t i n g  agen t (  1-3). These O N B I  (ZligodeoxyEucleotide-bridge- 
- i n t e r c a l a t o r )  b ind  s e l e c t i v e l y  t o  the  complementary sequence. The i n t e r c a l a t i n g  agent  provi- 
des an a d d i t i o n a l  b inding  energy thereby  s t a b i l i z i n g  the  mini-duplex s t r u c t u r e s .  O N B I s  can 
be used t o  s e l e c t i v e l y  con t ro l  gene express ion  a t  t he  t r a n s c r i p t i o n a l  or  t r a n s l a t i o n a l  l eve l .  
Using O N B I s  w i th  sequences complementary t o  the  open reg ion  of a RNA polymerase-promoter 
complex i t  i s  poss ib l e  t o  b lock  gene t r a n s c r i p t i o n .  Experiments c a r r i e d  o u t  w i th  the  ampR 
gene of pBR 322 w i l l  be presented .  

The t r a n s c r i p t i o n  o f  i n f luenza  v i rus  RNAs can a l s o  be blocked by ONBIs whose sequence i s  
complementary t o  the  3' sequence common t o  a l l  e i g h t  v i r a l  RNAs. 

(1)  U. Asse l ine ,  N.T. Thuong & C. HBlZne (1983) C.R .  Acad. Sc i .  P a r i s ,  297, 369-372. 
( 2 )  U. Assel ine  C t L  (19841 EMBO J . ,  3, 795-800. 
(3) U. Assel ine  (1984) Proc .  Nati. Acad. Sc i .  USA, 81, 3297-3301. 
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0909 TRANSCRIPTIONAL ACTIVATION OF CELLULAR DNA ADJACENT TO RANDOMLY INTEGRATED RETRO- 
VIRUS DNA,  Steven A. Herman and John M. Coffin,  Tuf t s  U. Sch. o f  Med.. Boston, MA 

The long terminal  r epea t s  (LTRs) t h a t  f l ank  in t eg ra t ed  r e t r o v i r u s  DNA contain t r ansc r ip t ion -  
a l  c o n t r o l  elements i n  an unusual arrangement. The polyadenylat ion s i g n a l  i s  between t h e  
promoter "TATAA" box and t h e  s t a r t  s i t e  of i n i t i a t i o n ,  and t h e  polyadenylat ion s i t e  is a t  
base 21. Normal v i r a l  t r a n s c r i p t s  a r e  i n i t i a t e d  i n  t h e  upstream LTR and polyadenylated i n  
t h e  downstream LTR. Two o the r  t ypes  o f  v i r a l  t r a n s c r i p t s  can be imagined: ( i )  downstream 
t r a n s c r i p t s ,  i n i t i a t e d  i n  t h e  downstream LTR and elongated i n t o  t h e  adjacent  c e l l u l a r  DNA 
and ( i i )  readthrough t r a n s c r i p t s  i n i t i a t e d  within t h e  upstream LTR, but  elongated p a s t  t h e  
normal polyadenylat ion s i t e  i n  t h e  downstream LTR. Downstream t r a n s c r i p t s  have been shown 
t o  a c t i v a t e  t h e  c - w  gene i n  r e t r o v i r u s  induced lymphomas of chickens.  

We used nuclease mapping techniques t o  f u r t h e r  c h a r a c t e r i z e  v i r a l  t r a n s c r i p t s  t h a t  a r e  
elongated i n t o  adjacent  c e l l u l a r  DNA i n  c lona l  and non-clonal populat ions of i n fec t ed  Ce l l s .  
We found readthrough R N A  i n  tumors and f i b r o b l a s t s  i n fec t ed  i n  c u l t u r e  a t  r e l a t i v e l y  high 
l e v e l s ,  approximately 5% of v i r a l  t r a n s c r i p t s .  Downstream R N A  was detected a t  lower l e v e l s  
in tumors, but  not  i n  i n fec t ed  t i s s u e  c u l t u r e  c e l l s .  Readthrough and downstream R N A s  were 
polyadenylated.  

These r e s u l t s  i n d i c a t e  t h a t  a f r a c t i o n  o f  normal v i r a l  RNA escapes processing a t  t h e  
downstream LTR, but  i s  elongated and polyadenylated a t  a downstream s i t e ,  and suggest  t h a t  
DNA adjacent  t o  proviruses  could be t r ansc r ibed  by readthrough R N A .  

0910 m 3' ENDS OF ui  AND uz SMALL NUCLEAR RNA ARE mmwm BY mo STEPS OF RNA PROCESSING, 
Nouria Hernandez, Chung-Yee Yuo, Manuel Ares, Jr. and Alan M. Weiner, Molecular 
~iophysics  and Biochemistry, Yale Medical School, New Haven, CT 06510. 

Histone mRNA and small nuclear RNAs such as U1 and U2 a r e  the only s table  products of RNA 
polywrase I1 lacking a 3' terminal poly(A) t ract .  Work i n  other laboratories has shown that 
the 3' end of histone mRNA i s  formed by mRNA processing; the reaction requires a stem and loop 
structure as well as a CAAGAA signal located at  a fixed distance downstream. Like histone mRNA, 
u1 and U2 have a 3' terminal stem and loop s t ructure ,  but the stem and loop stuctures of the 
two genes d i f f e r  i n  s ize  and i n  sequence. Sequences downstream from the stem and loop are 
sonewhat conserved armng U1 and U2 genes from different  species, but do not strongly resemble 
the histone CAAG4A signal. We have assayed normal and mutagenized h m n  U1 and U2 genes using a 
variety of heterologous and homologous systems, including microinjection of the genes or 
labeled SP6 runoff transcripts i n to  Xenopus oocytes, and transient expression i n  HeIa ce l l s  
using SV4O-based vectors. We can show that the 3' end of U2 RNA is generated by RNA processing 
i n  wo d i s t inc t  steps:  cleavage of a longer precursor t o  an intermediate known as U2+10 (about 
198 n t )  and maturation of U2+10 t o  U2 (188 n t ) .  In contrast  t o  histone mRNA processing, we find 
that the 3' telminal stem and loop s t ructure  of U2 is  not required for processing, and that an 
W4 sequence located between +6 a d  + 23 downstream from the mature 3' end of U2 i s  
independently capable of directing an RNA cleavage at  the U2+10 site. Ihe processing of U1 
snRNA appears t o  be substantially similar t o  that of U2. 

STRUCTURE AND EXPRESSION OF THE 

R I K E N (The I n s t i t u t e  of Physical  and Chemical Research) ,  Wako-shi, Saitama, 
351-01, Japan 

AND S GENE I N  E . E .  AND FUNClION OF THE 
Shunsuke I s h i i ,  Toshio Maekawa and Takahiro Nagase, 

The & and g genes of E . e  have been cloned i n  plasmid pBR322 by us ing  gene t i c  
complementation as assay f o r  t h e  genes.  The nuc leo t ide  sequence of t h e s e  genes and 
t h e i r  f l ank ing  reghops were determined. The & gene c o n s i s t s  of an  operon inc lud ing  
t h e  genes for t R N A d  , a 15 kDa p r o t e i n  whose func t ion  is  unknown, nusA p r o t e i n  a q  

I n  t h e  DNA region between g e n e s f o r  t h e  tRNA$ 
and t h e  15 kDa p r o t e i n ,  t h e r e  a r e  two inve r t ed  sequences followed i n  each case  by a run 
of thymidines.  These a r e  t h e  t y p i c a l  p-independent t r a n s c r i p t i o n a l  terminat ion s i g n a l s .  
Expression of t h i s  operon i s  poss ib ly  r egu la t ed  autogenously by t h e  nuSA pro te in .  The 

~ nusA p r o t e i n  has  s i g n i f i c a n t  s i m i l a r i t y  t o  t h e  sigma p r o t e i n  i n  t h e  chemical na tu res  
such as composition and d i s t r i b u t i o n  of amino a c i d s  i n  t h e  polypept ide.  The number of 
t h e  & o r  nusB p r o t e i n  i n  a c e l l  i s  suggested t o  be comparable with t h a t  of sigma 
p ro te in .  
and func t ion  of t h e  g p r o t e i n  a r e  a l s o  presented.  

i n  t h i s  o rde r  from t h e  promoter. 

The s t r u c t u r e  of t h e  f lanking region and mode of expression of t h e  nuSB gene, 

Re fe rences : ( l )  S . I s h i i ,  K.Kuroki & F.Imamoto, Proc. N a t l .  Acad. Sc i . ,  - 81, 409 (1984) 
( 2 )  S . I s h i i ,  M.Ihara, T.Maekawa, Y.Nakamura, H.Uchida & F.Imamoto, N U C .  

( 3 )  S . I s h i i ,  E.Hatada,T.Maekawa & F.Imamoto, Nuc. Acid. Res. ,  12, 4987 
Acid. Res., 12, 3333 (1984) 

(1984) 
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GENETIC ANALYSIS OF TWO 2. CEREVISIAE RNA POLYMERASE GENES C . J .  I ng le s ,  H.H. 0912 Himtnelfarb, M. Moyle, L.A. A l l i son  and J . D .  F r i e sen .  Universi ty  o f  Toronto, 
Toronto,  Ontar io ,  M5G 1L6, Canada 

A gene t i c  ana lys i s  of mRNA syn thes i s  i n  S. ce rev i s i e  would be f a c i l i t a t e d  by t h e  
a v a i l a b i l i t y  of mutant s t r a i n s  wi th  d e f e c t s  i n  RNA polymerase 11. The conservat ion of t h e  
s t r u c t u r e  of t h i s  enzyme through evo lu t ion  enabled us t o  use t h e  DNA of a 2. melanogaster 
RNA polymerase I1 gene t o  i d e n t i f y  and clone t w o  r e l a t e d  genes from y e a s t  ( Ing le s  e t  a l .  
PNAS 81, 2157, 1984) .  one of t h e s e  genes e, encodes t h e  l a r g e s t ,  Mr 220,000, 
polypept ide of RNA polymerase 11, t h e  o t h e r s ,  encodes a smaller  polypept ide.  DNA 
sequence a n a l y s i s  of each of t h e s e  genes has  confirmed t h a t  both and share  
ex tens ive  sequence homology. 

These DNAs a r e  being used t o  c r e a t e  cond i t iona l  l e t h a l  mutants by a technique of 
mutagenesis and gene replacement. By i n t e g r a t i n g  mutagenized plasmids bear ing p a r t  
of t h e  s t r u c t u r a l  gene and its 5 '  f l ank ing  sequence a t  t h e  Rpo21 chromosomal locus,  s e v e r a l  
TS RNA polymerase I1 s t r a i n s  have been i s o l a t e d .  
used as pa ren t  i n  t h e  s e l e c t i o n  of Ts+ r e v e r t a n t s .  
c l a s s e s  of second s i t e  suppressors ,  some which confer  unique p l e i o t r o p i c  phenotypes on t h e  
c e l l s .  Some suppressor  s t r a i n s  a r e  unable t o  undergo meiosis and sporu la t ion  while  o t h e r s  
have acquired new C s  phenotypes. The c h a r a c t e r i z a t i o n  of t h e s e  mutants may i d e n t i f y  novel 
RNA polymerase- t ranscr ipt ion f a c t o r  i n t e r a c t i o n s .  (Supported by MRC, Canada). 

One of t hese  Ts Rpo21 mutants w a s  t hen  
These Ts+ r e v e r t a n t s  include s e v e r a l  

M 1 2  MITOCHONDRIAL TRANSCRIPTS ARE DIFFERENTIALLY EXPRESSED BE'PWEEN LIFE 
"7L, CYCLE STAGES OF T R W A N O S O ~  BRUCEI, Douglas P. Jamser, Jean E. Feagin, 
Mark Payne, Kenneth Stuart, I s s a q u a m t h  Research Institute, 
Issaquah, WA. 98027 

Mitochondria1 genes of the African trypanosome Trypanosoma brucei are differ- 
entially expressed between the procyclic and bloodstream stages. Several 
classes~of mitochondria1 ene transcripts were observed: 1)thuse present in 
the procyclic stage only $COX 11) 2) those more abundant in the procyclic 
stage (apocytochrorne b, COX I), 3 )  those more abundant in the bloodstream 
stage (mammalian URF1+/5, other transcripts), and 4) those with similar 
abundance in both stages (mammalian URFl and several small transcripts). 
Class 1 and 2 transcripts all correspond to the respiratory proteins. Many 
but not all transcripts exist as pairs, and differential expression is 
usually evident in anly one transcript of the pairs. Large transcripts, 
presumably precursors f o r  contiguous genes, are observed for some but not all 
transcribed regions. Small transcripts corresponding to flanking sequences 
of identified genes have in common purine rich sequences. 

0914 MODULATION OF YEAST RNA POLYMERASE 111 TRANSCRIPTION BY  FLANKING SEQUENCES. 
J e r r y  D. Johnson, Gregory Raymond and Kathleen Campbell, Universi ty  of Wyoming, 
Laramie , UY 82071 

The in t r agen ic  promoter elements found i n  c l a s s  I11 genes of a l l  eukaryotes a r e  w t  
s u f f i c i e n t  f o r  e f f i c i e n t  t r a n s c r i p t i o n  by yeast  RNA po lyyEase  111. This conclusion is 
drawn from r e s u l t s  of de l e t ion  analyses  of a yeast  tRNA gene and comparisons of 
template a c t l v l t i e s  of cloned Xenopus tRNA and 5.9 RNA genes as well  as an adenovirua VA 
RNA gene. The heterologous genes a l l  contain func t iona l  i n t e r n a l  con t ro l  regions,  a s  
evidenced by t h e i r  t r a n s c r i p t i o n  i n  Hela ce l l - f r ee  efg5act.s. but a r e  very weak templates 
f o r  the yeast  t r a n s c r i p t i o n  apparatus .  Y e a s t  tRNA genes with de l e t ions  i n  the 
5 '-flanking regions can form s t a b l e  t r a n s c r i p t i o n  complexes but apparent ly  do not 
i n i t i a t e  t r a n s c r i p t i o n  e f f i c i e n t l y  i n  a ce l l - f r ee  e x t r a c t .  The in v i t r o  r e s u l t s  have 
been v e r i f i e d  viva using an amber suppressor form ofe:RNA%d seve ra l  yeast  
s t r a i n s  bear ing amber mutat ions.  The a b i l i t y  of cloned tRNA genes to e f f e c t i v e l y  
suppress mutants c o r r e l a t e s  well  with the e f f i c i e n c y  of t r a n s c r i p t i o n  measured 
v i t r o .  Heterologous tRNA, 5s RNA and VA RNA genes vary i n  t h e i r  a b i l i t y  t o  compete 
with yeast  tRNA o r  5s RNA genes in an assay designed to  meaure s t a b l e  complex formation. 
A conserved sequence has been i d e n t i f i e d  i n  the 5 '-flanking region of some, but m t  a l l ,  
yeast  tRNA genes. We pos tu l a t e  t h a t  t h i s  sequence may be used to enhance expression of 
s p e c i f i c  tRNA spec ie s  which a r e  abundant in yeast .  The sequence may a c t  by f a c i l i t a t i n g  
i n i t i a t i o n  by the  yeas t  form of RNA polymerase 111. 

- 
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0915 REGULATION OF p i 5 ~  PREPRIMER RNA SYNTHESIS BY A PLASMID ENCODED PROTEIN, 
Syd Johnson, Vanderbi l t  Univers i ty ,  Nashvi l le ,  TN 37235 

A gene has been i d e n t i f i e d  on the plasmid p15A which i s  invo lved i n  regu la t i ng  the l eve l  
o f  t r a n s c r i p t i o n  o f  the p15A preprimer RNA. 
ment o f  the plasmid. 
homologous t o  t h a t  o f  the ColEl z gene. 
open reading frame i s  60 percent homologous t o  the  63 amino ac id  ColEl Rop prote in .  
the region conta in ing the p15A primer promoter and R N A I  coding region i s  fused t o  the 
galactokinase gene, expression o f  galactokinase i s  decreased g rea t l y  by the presence o f  
the p15A 9 gene on a second plasmid i n  the same c e l l .  
va t i ve  i n  which the RsaI B fragment i s  de leted i s  increased only 50 percent over i t s  =+ parent. We c o n s d e  t h a t  the p15A Rop p ro te in  regulates t r a n s c r i p t i o n  o f  the pre- 
primer RNA a t  a l eve l  a f t e r  i n i t i a t i o n  o f  t r a n s c r i p t i o n  o f  the preprimer. 
a model i n  which R N A I  i n h i b i t i o n  o f  primer formation i s  mediated by two d i s t i n c t  modes 
o f  b ind ing t o  the nascent preprimer t ransc r ip t ,  one o f  which requi res the Rop prote in .  
I n  the absence o f  Rop. RNAI  b ind ing a l t e r s  the secondary s t ruc tu re  o f  the preprimer RNA 
i n  such a way t h a t  hyb r id i za t i on  t o  the template a t  the o r i g i n  i s  prevented. 
presence o f  Rop, R N A I  binds i n  such a way as t o  lead t o  at tenuat ion o f  the t r a n s c r i p t .  

The gene i s  contained on a 330 bp =I frag-  

When 

This fragment contains an open reading frame which i s  63 percent 
The 62 amino ac id  p ro te in  predic ted by t h i s  

The copy number o f  a p15A d e r i -  

We propose 

I n  the 

CELL CYCLE REGULATION AND GENE AMPLIFICATION OF DIHYDROFOLATE REDUCTASE, Randal N. 
johnston and Robert  T. Schimke, Universi ty  of Calgary,  Canada, and Stanford Univ- 
e r s i t y ,  Ca l i fo rn ia  

The frequency of ampl i f i ca t ion  of t h e  gene for d ihydro fo la t e  reductase (DHFR) is  e l eva ted  
when DNA syn thes i s  i s  t r a n s i e n t l y  i n h i b i t e d  (by chemotherapeutic agents  such as metho- 
t r e x a t e ,  hydroxyurea and aph id ico l in )  i n  c e l l s  i n  v i t r o .  The i n h i b i t i o n  o f  DNA syn thes i s  
r e s u l t s  i n  a block i n  t h e  progression o f  c e l l s  through t h e  c e l l  cyc le ,  and c e l l s  t he re fo re  
accumulate i n  S phase and a t  t h e  G1-S boundary. 
t h e s i s  cont inue,  and S phase s p e c i f i c  enzymes, i nc lud ing  DHFR, accumulate wi th in  t h e  c e l l .  
when t h e  metabolic block is  removed, DNA syn thes i s  resumes a t  l e v e l s  i n  excess  of con t ro l s .  
This  i s  a s soc ia t ed  with t h e  damage and fragmentat ion o f  chromosomes, and t h e  generat ion of 
extrachromosomal DNA. I n  add i t ion ,  such c e l l s  show an e l eva t ion  i n  DNA content ,  and an 
enhancement of DHFR gene ampl i f i ca t ion  and o f  MTX drug r e s i s t ance .  The magnitude of t h i s  
response inc reases  with du ra t ion  o f  t h e  block,  and i s  i n  accordance with t h e  accumulation 
of DHFR enzyme. We suggest ,  t h e r e f o r e ,  t h a t  t r e a t i n g  c e l l s  with chemotherapeutic agents  
such a s  methotrexate prolongs t h e  pe r iod  of t r a n s c r i p t i o n  o f  genes f o r  S phase s p e c i f i c  
enzymes, i nc lud ing  DHFR, and t h a t  t h i s  con t r ibu te s  t o  abe r ran t  p a t t e r n s  of DNA r e p l i c a t i o n  
and t o  gene ampl i f i ca t ion  during recovery from drug i n h i b i t i o n .  

0916 

During t h e  block,  RNA and p r o t e i n  syn- 

0917 
Cincinnati College of  Medicine, Cincinnati, Ohio 45267. 

A N W  FAMILY OF ANDROGEN-INDUCIBLE RNAs IN MOUSE, Donna King, Louren Snider 
and Jerry B Lingrel, Deportment of Microbiology and Molecular Genetics, University of 

We have identified a family of messenger RNAs whose abundance in mouse kidney and liver is 
regulated by testosterone. Some ar al l  of these RNAs are present at constitutive levels i n  various other 
tissues. Northern blots of  kidney RNA show six species ranging in size from 1350 t o  2500 nucleotides. 
Charccterization of  cDNA clones and preliminary results o f  genomic DNA blots indicates that some of  
these mRNAs may be transcribed from the same gene, w i th  the use of  alternative polyadenylation sites 
explaining the observed differences i n  size. A single polypeptide of  mol. wt. 42,000 daltons is 
translated from these pooled RNAs. Amino acid sequence as deduced from the cDNAs does not 
correspond to any known sequenced protein. Hence, we have termed this family o f  RNAs "MAK" 
(mouse-androgen-kidney). A polymorphic difference exists between some mouse strains. A B I 
repetitive element is present i n  the 3' untronslated region of  large MAK transcripts in DBA/2J mice. 
This repeat is precisely missing in the corresponding regions of  C57BL/6J and BALB/cJ transcripts. 
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0918 M)LEL'uLAR EVENTS FOLJXWING T2ANSFECTION OF MoNKFi CELLS BY CWNED C-DNA OF 
POLIOVIRUS TYPE-1. KOPECKA,H., KEAN,K., CTRINIAN,S. and GIW!,M. Institut Pasteur 

Gennrlic c-DNA of poliovirus type 1 cloned in bacterial plasmids can induce a viral cycle 
when introduced into the monkey cells.However the infectivity is very low. 
One can essentially increase the infectivity of such sequences by inserting them downstream 
of regulatory sequences of SV40. Effect of these signals on the replication and transcrip- 
tion of poliovirus sequences and the molecular events following the transfection of monkey 
cells bu sych plasmids will be discussed . 

0919 HORMONAL AND TISSUE SPECIFIC CONTROL OF THE EXPRESSION OF RAT 3 
GLOBULIN, David T. Kurtz. Willian R. Addison. Janet I. MacInnes. Debra A. D m 8  
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724. 

MY laboratory is investigating the hormonal, developmental. and tissue-specific control of the 
synthesis of a rat protein called 3 
lachrymal gland, submaxillary gland, Kammary gland and preputial gland of rats. 
encoded by a multigene family and it appears that different gene sets are being transcnbed 
in the different tissues. Further, the hormonal regulation in each tissue is distinct. W e  are 
investigating the hormonal control of 02 
tissue culture cell, which contain the ap$opriate hormone receptors, and we aye studying the 
tissue specificity of 3 
which express 0 " ~ ~  in &o, and by purifiying tissue-specific transcription factors. 

globulin. This protein is synthesized in the liver, 
3u 9 

genes into 

gene expression in cell lines which are analagous to the tissues 

synthesis by introducing cloned 3 

09-20 TRANSLATION RELEASES PAUSED RNA POLYMERASE DURING TRANSCRIPTION OF THE9ATTENUATCR 
REGION, Robert Landick and Charles Yanofsky, Stanford University, Stanford, CA 94305 

Expression of the 9 operons of E. coli and other enteric bacteria is regulated by transcrip- 
tion attenuation. According to the current model of attenuation, formation of alternative 
secondary structures in the 9 leader transcript controls termination at the attenuator. 
Translation of a leader peptide coding region containing tandem Trp codons governs formation 
of the alternative secondary structures. Ribosome stalling on the Trp codons promotes 
formation of a secondary structure that allows transcription of the operon, while ribosome 
movement to the stop codon causes transcription termination. For attenuation to be efficient, 
translation of the leader peptide coding region must be coupled to transcription of the leader 
region. A transcription pause site in the leader region may accomplish this synchronization 
by halting transcription until the translating ribosome releases the paused RNA polymerase. 
We have demonstrated that the translating ribosome does indeed release the transcription 
pause in the a leader region during coupled transcription/translation. Plasmid DNA tem- 
plates with wild type and mutant sequences incapable of directing leader peptide synthesis 
were analyzed for the quantity of steady state pause RNA during coupled transcription/trans- 
lation reactions. The mutant templates produced levels of pause RNA 10-fold greater than 
wild type. All templates gave nearly identical pausing kinetics in a purified transcription 
system lacking translational machinery. Release of the paused transcription complex by 
translation of the leader peptide coding region was confirmed by adding the translation 
inhibitor kasugamycin to coupled reactions with the wild type template. 
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0921 CYCMHEXIMIDE SELECTIVELY ENHANsZES INTERFERON a-INDUCED TRANSCRIPTION OF TWO GENES 
IN HUMAN FIBROBLASTS, BUT NOT IN HELA CELLS, A. C. Larner, A. Chaudhuri and J. E. 
DARNELL, Jr., The Rockefeller University, New York, N. Y. 10021 

The treatment of cultured cells with interferons results in the synthesis of a number Of 
unique polypeptides. We have recently characterized two cDNA's (pIF-IND1 and 2) which hybri- 
dize to two W A ' s  whose transcription is activated when human diploid fibroblasts or HeLa 
cells are treated with type 1 interferons (Larner et al. PNAS, in press). In fibroblasts, 
enhanced transcriptional activity of the genes corresponding to IF-IND1 and 2 occurs with 
less than 30 min of interferon (IFN) treatment, and the transcriptional activation of these 
genes declines to basal levels after 8 hrs of IFN treatment. Treatment of fibroblasts with 
cycloheximide prior to the addition of IFN-a both increases the rate and the period during 
which these genes are transcribed compared to cells incubated with only IFN-a. The action of 
cycloheximide is specific, since it has no effect on the transcription rates of other genes 
not induced by IFN such as 8-tubulin, arginine tRNA, or 28s ribosomal RNA. HeLa cells treat- 
ed with IFN-a demonstrate a similar time course for the initial transcriptional activation of 
IFNl and 2. However, these genes are actively transcribed for 24 hrs in the continuous pres- 
ence of interferon. In addition, treatment of HeLa cells with cycloheximide prior to the 
addition of IFN is without effect on the rate of IFN-a-induced transcription of these genes. 
These results suggest that a factor(s) is present in fibroblasts, but not in HeLa cells that 
Selectively Prevents the transcription of the IFN-induced genes. Protein synthesis appears 
to be required for this factor(s) to exert its action in human fibroblasts. 

REGULATION OF THE SYNTHESIS OF BACTERIORHODOPSIN, Diane U. Leong, Mary Betlach, 
Felicitas Pfeifer and Herbert W. Boyer, Univ. California, San Francisco, CA 94143 09" 

We are investigating the regulation of the gene encoding bacterio-opsin (&) which is the 
protein moiety of bacteriorhodopsin in the purple membrane of the archaebacterium, 
Halobacterium halobium. On limitation of the oxygen concentration, the level of bacterio- 
rhodopsin in the cell increases up to five-fold (Sumper, M. 6 Herrmann, G., FEBS Lett 
- 69:149-152, 1976). A second putative gene affecting the synthesis of bacteriorhodopsin has 
been identified as the site of insertions resulting in a Bop phenotype. This gene (desig- 
nated &) is located 526 bp upstream of the &gene and is transcribed in the opposite 
direction (Betlach. M. et al., Nucleic Acids Res., in press). The * mRNA is complementary 
to the & mRNA for 13 residues near the 5' terminus. As with the & gene, translation 
begins at or near the 5 '  terminus of the mRNA and the 5 '  terminus of the mRNA is capable of 
forming a hairpin loop. The DNA sequences immediately upstream of the & and 9 genes 
have significant homology suggesting that they have common promoter and/or regulatory 
signals. 
mRNA indicate a significant increase under low oxygen tension, suggesting that the 9 and 
& genes are regulated to some extent at the level of transcription. 
was further characterized by constructing fusions of portions of the & gene to the 9 F  
and &Z genes using an open reading frame vector. The tribrid proteins expressed from gene 
fusions can be used as an antigenic source for antibodies to the exogenous gene product 
(Weinstock, G., et al., PNAS 80:4432-4436, 1983). The use of the antibodies to isolate the * gene product and to localize the protein in g. halobium cells is underway. 

Currently studies on the effect of oxygen tension on the levels of & and 

The &gene product 

0923 A STUDY OF pyrEl REGULATION IN E. coli WITH DELETION MUTATIONS, Henry L. 

Aspartate transcarbamyiase in E. coli is encoded by the pyre1 operon. The DNA 
sequence 5' to the beglnnlng of the pyrE gene contains a short open readlng frame and 
a G-C rich region of dyad symmetry followed by a string of eight T's. suggesting that 
an attenuation mechanlsm may be responsible for the 70-fold increase in expression 
observed upon pyrimldlne starvation. This hypothesis was tested by subcloning the pro- 
moter region of the pyrE1 operon so as to be Immediately upstream of the €. coli galK 
coding sequence in the plasmld pKO1. Cells containing this piasmid. pPYRB10. exhibit 
70-fold gaiactokinase regulatlon characteristic of pyrEl operon expression when starved lor 
pyrlmidlnes. Deletlons constructed in the promoter reglon of pPYRBlO from the 3' side 
produced one plasmid that exhibits wild-type regulation and several plasmids that overex- 
press gafK even In the presence of large pyrimidine pools. The functionally wild-type 
plasmid was sequenced and found to contain the entire region of dyad symmetry. includ- 
ing the 8 T's The overexpression deletions lack the region of DNA with dyad symmetry 
or the 8 T's. However. ail deletions of this kind stlli exhiblt residual levels of regula- 
tion. even though one deletion extends past the entire sequence coding for the putative 
leader peptide up to the major promoter. These results support an attenuation model. but 
suggest that other mechanisms may also participate in the regulatlon of the pyrEf 
operon. 

Levln and H K. Schachman. Universlty of Calllornla. Berkeley, 94720. 
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0924 EFFECT OF A GRAM-NEGATIVE BACTERIAL TRANSCRIPTION TERMINATOR IN THE GRAM-POSITIVE 
BACTERIUM BACILLUS SUBTILIS, Chih-Kai Lin, Laurie A .  Quinn and Raymond L .  Rodriguez, 

U.C. Davis, Davis CA 95616. 

In the last few years, a number of viral and bacterial terminators have been cloned, 
sequenced, and analyzed. The majority of these studies concern transcriptional termi- 
nation in gram-negative bacteria. 
Escherichia &, very little information is available on transcriptional termination in 
-~ B. subtilis. A number of 8. subtilis genes have been sequenced and reports indicate 
that some of these genes have terminator-like sequences similar to those observed in 
gram-negative bacteria. 
to gram-negative terminators, we have used well-characterized E. coli terminators, TlT2, 
located at 3' end of rrnB gene to investigate this problem. 
that the promoterless cat cartridge derived from the transposon Tn-9 lacks transcriptional 
terminators. We fusedTT2 terminator to the 3' end of these cartridges to study the 
in vivo function of prokaryotic terminators in E. coli and B. subtilis. 
and S1 nuclease mapping of recombinant plasmids carrying this terminator in B. subtilis 
demonstrate that the T1T2 terminator derived from E. coli rrnB operon functions in 
-~ B. subtilis. 
nator exhibited a two-fold increase in cat expression. 

In contrast to the extensive study of termination in 

To discern whether B. subtilis in fact uses sequences similar 

Previous studies indicated 

Northern blot _ _ _  

Moreover, in B. subtilis cells harboringe plasmids carrying T1T2 termi- 

0925 CO-ORDINATE REGULATION OF A SET OF EARLY GENES IN DICTYOSTELIUM DISCOIDEUM, 
Sandra K. 0. Mann and Richard A. Firtel: University of California, San Diego; 
La Jolla, California 92093 

we are examining a set of co-ordinately regulated genes expressed early in the develop- 
mental cycle of Dictyostelium. These genes are not expressed in vegetative cells and 
transcripts are first detectable at about 4 hours during normal development on filter 
pads. 
of these genes is stimulated by pulsing cells with low levels of CAMP, a condition that 
mimics the in vivo pulsing during aggregation (4  to 8 hours into development). Expression 
is inhibited by high, continuous levels of CAMP, a condition found later in the develop- 
mental cycle at a time when the expression of these genes decreases in vivo. 

We have examined the structure of these co-ordinately regulated genes, particularly 
the sequences at the 5' ends, and have identified regions of homology that may be involved 
in their regulation. We are attempting to better determine the function of these regions 
using the DNA-mediated transformation system developed in our laboratory. 

The complementary mRNA levels peak around 6 hours and then decrease. The expression 

0926 ANALYSIS OF NORMAL AND TRANSDUCED GENES OF CATECHOL k?ETABOLISN IN DROSOPHILA 
DEVELOPI!EHT, J. Lawrence Marsh. R. Erfle, D. Eveleth, P. Gibbs, D. Haymer and 

C. Leeds, University of California-Irvine, Irvine, California 92717 
Although the foundation of our  understanding of gene regulation comes from studies of the 
biochemical genetics of enzymes in a variety of netabolic pathways in prokaryotes and lower 
eukaryotes, most of the gene systems studied in metazoans have been non-catalytic structural 
genes which are terminal differentiation products. The 37E,C region on chromosome I1 in 
Drosophila contains a cluster of genes which affect cuticle formation and at least three 
genes which affect catechol and biogenic amine metabolism directly. At least one of these 
genes (dopa decarboxylase, Ddc) passes through five cycles of expression and repression in 
response to developmental and hormonal cues. The l(2)amd gene has been localized irrimedi- 
ately adjacent to Ddc (0.002 map units) and like Ddc appears to affect cuticle formation 
and catechol metabolism. Genetic evidence sugeests that l(2)and and I)dc are required at 
similar stages of development. The gene structure, organization and transcription pattern 
of l(2)amd and && are being examined in order to identify developmental regulatory sequen- 
ces which they may share in common. These are being compared at the DNA sequence and func- 
tional levels. 
determined by examining 15 new transformed chromosomal locations of Ddc with respect to 
tissue and temporal regulation. The putative functional significance of the organization 
of this cluster of related genes is discussed. 

The functional autonomy of closely linked control sequences of Ddc was 
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Am Imditect INAaae h o t s o t i o n  Asaay for D e t e m i r i n ~  Specif ic  
Prote in  Binding S i t e s  on KINA. Glenn A. YcConkey and Daniel  F. 
Bogenhagen. S t a t e  Un ive r s i ty  of New York a t  Stony Brook, Stony 
Brook, NY. 11794.  

0927 

An i n d i r e c t  f o o t p r i n t i n g  assay has  been dev i sed  based on t he  method of 
Gala. and Schmitz (NAB 5:3157-3170. 1978). The modified technique d e t e c t s  
the s p e c i f i c  binding of a p r o t e i n  to un labe led  DNA fo l lowing  p a r t i a l  DNAase 
t reatment  of the complex a s  i n  a t y p i c a l  d i r e c t  f o o t p r i n t i n g  experiment. A 
s p e c i f i c  r a d i o l a b e l e d  primer i s  hybridized t o  DNAase t r e a t e d  templates.  
The annealed primer i s  extended to t he  DNAase generated termini  of t he  
fragments with AYV r e v e r s e  t r ansc r ip t a re .  This  i n d i r e c t  f o o t p r i n t i n g  
method can de tec t  p r o t e i n  binding t o  nn labe led  snpe rco i l ed  DNA and and i s  
w e l l  s u i t e d  t o  screening p r o t e i n  binding t o  l a r g e  numbers of mutant DNAs 
without t he  requirement f o r  end-label ing each DNA. The i n d i r e c t  
f o o t p r i n t i n g  assay has  been used t o  survey TFIIIa binding t o  mutants of a 
SS RNA gene. Sodium b i s u l f i t e  was used t o  indnce t r a n s i t i o n s  i n  a 5s RNA 
gene. Mutants with t r a n s i t i o n s  i n  the  3'end of t he  in t r agen ic  con t ro l  
region were scanned f o r  TFIIIa binding a b i l i t y  by the  i n d i r e c t  f o o t p r i n t i n s  
method. Addit ional  s t u d i e s  using i n d i r e c t  f o o t p r i n t i n g  have been conducted 
t o  study the  binding of TFIIIa to supe rco i l ed  and r e l a x e d  c i r c u l a r  DNA. 

0928 MECHANISMS OF RHO-DEPENDENT TRANSCRIPTION TERMINATION, J.A. McSwiggen, 
J. Geiselmann, T. Yager, D.G. Bear* and P.H. von Hippel, I n s t i t u t e  of 
Molecular Biology, University of Oregon, Eugene, OR 97403 

We are  invest igat ing,  by a var ie ty  of biophysical and biochemical approaches, the 
following three-step mechanism for rhodependent t ranscr ip t ion  termination i n  E. c o l i .  (i) 
Termination is i n i t i a t e d  by the rho-independent pausing of RNA polymerase i n  regions of the 
template that a r e  GC-rich or  contain palindromic sequences. (ii) lhis is followed by the 
r e l a t i v e l y  non-sequence-specific binding of rho hexamers to a s i t e  on the nascent RNA that 
is largely devoid of secondary s t ruc ture .  (iii) This binding, i n  tu rn ,  a c t i v a t e s  the 
RNAdependent ATPase of rho, which leads to  termination. 

We will report  s tud ies  on: (i) the exact DNA sequence-dependence requirements f o r  
pausing, based on analyses of template constructions i n  which spec i f ic  double-stranded 
sequences have been inser ted immediately downstream of the pXJOO2 consensus promoter; (ii) 
the stoichiometry and binding a f f i n i t y  of ATP and ATP-analogues to  rho hexamers with and 
without bound RNA; and (iii) the binding a f f i n i t y  and resu l tan t  ATPase a c t i v i t y  of rho 
hexamers by RNA oligomers of defined length, to e s t a b l i s h  binding mechanisma and in te r -  
subunit cooperat ivi ty  i n  rho ATPase act ivat ion.  
GM-15792, GM-29158 and GM-32055) 

"Present address: Department of C e l l  Biology, University of New Mexico School of Medicine, 

(Supported by USPHS Research Grants 

Albuquerque, tW 87131. 

0929 THE EFFECT OF CYCLIC-AMP RECEPTOR PROTEIN ON THE OVERLAPPING PRCMOTERS OF THE LAC 
OPERON, A n i t a  L. Me ik le john  and Jay D. Gra l la ,  UCLA, Los Angeles, CA 90024 

The e f f e c t  o f  E. c o l i  c y c l i c  AMP recep to r  p r o t e i n  (CRP) on the  r e g u l a t i o n  o f  
t r a n s c r i p t i o n  f rom The= operon was s tud ied  us ing  a p u r i f i e d  i n  v i t r o  t r a n s c r i p t i o n  
system. DNA fragments con ta in ing  the  w i l d - t ype  l a c  regu la to ry  sequences were used t o  
con f i rm  t h e  ex is tence o f  a second p roduc t i ve  bu t i -n 'e f f i c ien t  promoter (P2) which over laps  
bo th  the  normal &p romote r  ( P l )  and the  CRP b ind ing  s i t e .  
polymerase forms a s tab le  open complex a t  P2 e f f e c t i v e l y  b lock ing  P 1  u t i l i z a t i o n .  
a d d i t i o n  o f  CRP subsequent t o  open complex fo rmat ion  a t  P2 a c t i v e l y  removes RNA polymerase 
from t h i s  promoter and r e d i r e c t s  i t  t o  t h e  pr imary  promoter. I n  the  presence o f  CRP t h e  
h a l f - l i f e  o f  open complex a t  P2 decreases from two hours t o  several  minutes. The 
dependence o f  t h i s  process on cyclic-AMP i n d i c a t e s  t h a t  P2 d e s t a b i l i z a t i o n  i s  due t o  s i t e  
s p e c i f i c  CKP binding. The sho r t  d i s tance  between the  t r a n s c r i p t i o n a l  s t a r t  s i t e s  o f  t h e  
two promoters migh t  suggest s l i d i n g  as a model f o r  t h i s  red i rec t i on .  However, compet i t ion  
exper iments suggest t h a t  on l y  a smal l  p o r t i o n  o f  t he  polymerase molecules r e d i r e c t e d  by 
CKP do so wi thou t  d i s s o c i a t i n g  from the  DNA. We i n t e r p r e t  these r e s u l t s  as i n d i c a t i n g  
t h a t  CRP i s  a c t i n g  as a c l e a r i n g  p r o t e i n  t o  remove polymerase from a nonproduc t ive  
compet i to r  s i t e .  

I n  the  absence o f  CRP, RNA 
The 
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0930 ALTERNATIVELY PROCESSED CHICKEN TK TRANSCRIPTS ARE STABLY EXPRESSED I N  NON- 

Biophysics,  Oregon S t a t e  Universi ty ,  and Department of Embryology, Carnegie I n s t i t u t i o n  of 
Washington. 

from ten-day chicken embryo, which contain many a c t i v e l y  p r o l i f e r a t i n g  c e l l s ,  express  a 
r ead i ly  de t ec t ab le  TK messenger RNA 2 kb i n  length.  Tissues  from hatching chicks,  which 
contain r e l a t i v e l y  few p r o l i f e r a t i n g  c e l l s ,  e x h i b i t  g r e a t l y  reduced l e v e l s  o f  t h i s  message. 
Using SP6-generated RNA t r a n s c r i p t s  a s  hybr id i za t ion  probes and longer  autoradiographic  
exposure t imes,  Northern b l o t  analyses  revealed a second, l e s s  abundant spec ie s  of TK mRNA 
approximately 4.5 kb i n  length.  I n t e r e s t i n g l y ,  l e v e l s  of t he  4 .5  kb message a r e  not  marked- 
l y  reduced i n  t i s s u e  from hatching chicks.  Prel iminary r e s u l t s  suggest  t h a t  t h e  molecular 
b a s i s  f o r  v a r i a t i o n  i n  TK mRNA s i z e  i s  d i f f e r e n t i a l  s p l i c i n g  i n  t h e  3'  non-translated por- 
t i o n  o f  t he  t r a n s c r i p t .  Whereas the  2 kb mRNA is  co l inea r  with genomic sequences f o r  a t  
l e a s t  800 bp downstream from t h e  t r a n s l a t i o n  s top  codon, t h e  4 . 5  kb mRNA is  co l inea r  f o r  
only 73 bp and is  then sp l i ced  t o  sequences 937 bp downstream from t h e  t r a n s l a t i o n  codon. 
I t  is  i n t r i g u i n g  t h a t  removal of t h i s  864 bp in t ron  r e s u l t s  i n  a t r a n s c r i p t  t h a t  i s  s t a b l y  
expressed i n  pos t - r ep l i ca t ive  c e l l s .  

REPLICATING CELLS, G. F. Mer r i l l  and F. D. Tufaro,  Department of Biochemistry and 

The enzyme thymidine kinase is  p r e f e r e n t i a l l y  expressed i n  r e p l i c a t i n g  c e l l s .  Tissues  

0931 NUCLEOTIDE SEQUENCE AND EXPRESSION OF A MOUSE INTERLEUKIN-2 RECEPTOR cDNA. 
J im M i l l e r ,  Thomas Malek, Warren Leonard,* Warner Greene,* Ethan Shevach, and 
Ronald Germain, L I ,  NIAID, and *ME, NCI, NIH, Bethesda, MD 20205 

I n t e r l e u k i n - 2  ( IL -2)  i s  a hormone-l ike growth fac to r ,  secre ted  by T lymphocytes f o l l o w i n g  
an t i qen ic  o r  mi togen ic  s t i m u l a t i o n .  I n  o rde r  f o r  I L -2  t o  s t i m u l a t e  p r o l i f e r a t i o n  i n  T c e l l s ,  
i t  must f i r s t  i n t e r a c t  w i t h  a h igh  a f f i n i t y  receptor ,  which i s  expressed on ac t i va ted ,  b u t  
no t  r e s t i n g  lymphocytes. Therefore,  I L -2  mediated growth o f  T c e l l s  i s  unique i n  t h a t  bo th  
the  l i g a n d  and the  recep to r  need t o  be induced. The IL -2  recep to r  i s  a membrane bound, c e l l  
sur face  g l ycop ro te in  w i t h  an a p p x e n t  mo lecu la r  we igh t  o f  55 kD. 
h y b r i d i z a t i o n  w i t h  cDNA f o r  t he  human IL -2  recep to r ,  we have i s o l a t e d  and sequenced a 1.3 kb 
cONA, which conta ins  the  e n t i r e  804 bp cod ing  reg ion  o f  t he  murine IL -2  receptor ,  92 bp o f  
5'UT, and a complete 3'UT ex tend ing  t o  the  poly-A t a i l .  I nse r ted  i n t o  the  express ion  vec to r  
pcEXV-3, t h i s  cDNA d i r e c t s  func t i ona l  membrane express ion  of t he  IL -2  recep to r  on t rans fec ted  
COS c e l l s .  
d i s t i n c t  po lyadeny la ted  t r a n s c r i p t s  rang ing  i n  s i z e  from 1.7 t o  4.7 kb. Some o f  t he  s i z e  
he terogene i ty  i s  due t o  d i f f e r e n t i a l  po lyadeny la t ion ,  r e s u l t i n g  i n  mRNAs d i f f e r i n g  i n  the  
3'UT reg ion .  Al though the  d i f f e r e n t i a l  s p l i c i n g  w i t h i n  the  cod ing  reg ion  o f  t he  human I L - 2  
recep to r  gene cannot occur i n  the  mouse ( t h e  downstream acceptor s p l i c e  s i t e  i s  absent) ,  we 
cannot exclude o the r  a l t e r n a t i v e  s p l i c i n g  pa t te rns  o r  d i f f e r e n t  upstream i n i t i a t i o n  s i t e s  
f rom c o n t r i b u t i n g  t o  the  s i z e  he terogene i ty  i n  murine mRNA. 
t i o n a l  processing p a t t e r n  and i t s  poss ib le  r o l e  i n  r e g u l a t i o n  awa i ts  ana lys i s  o f  r d d i t i o n a l  
cDNA clones and e l u c i d a t i o n  o f  t he  genomic o rgan iza t i on  o f  t he  I L - 2  recep to r  gene. 

Using c ross  species 

Ana lys is  o f  cy top lasmic  RNA from IL -2  recep to r  bear ing  T c e l l s  revea ls  f i v e  

Determinat ion  o f  t he  t r a n s c r i p -  

0932 S I T E - S P E C I F I C  CLEAVAGE A N D  POLYADENYLATION OF EUKARYOTIC m R N A  I N  A 
CELL-FREE SYSTEM, C l a i r e  L. Moore a n d  P h i l i p  A .  S h a r p ,  M a s s a c h u s e t t s  
I n s t i t u t e  o f  T e c h n o l o g y ,  C a m b r i d g e ,  M a s s .  02139  

We h a v e  d e v e l o p e d  a c e l l - f r e e  s y s t e m  u s i n g  HeLa n u c l e a r  e x t r a c t  w h i c h  
a c c u r a t e l y  c l e a v e s  e x o g e n o u s l y - a d d e d  R N A  a t  t h e  L 3  ( h e x o n )  s i t e  o f  
a d e c o v i r u s  R N A ,  a n d  a d d s  a t r a c t  o f  a p p r o x i m a t e l y  200  a d e n i n e  r e s i d u e s .  
T h e  r e a c t i o n  r e q u i r e s  ATP a n d  e x h i b i t s  a 15 m i n u t e  l a g  b e f o r e  a p p e a r a n c e  of  
p r o d u c t .  T h e  r e a c t i o n  p r o c e e d s  i n  t h e  p r e s e n c e  o f  1 m M  EDTA, a n d  u n d e r  
t h e s e  c o n d i t i o n s ,  a n  R N A  s p e c i e s  c o r r e s p o n d i n g  i n  s i z e  t o  s e q u e n c e s  down- 
s t r e a m  o f  t h e  p ( A )  s i t e  c a n  be  d e t e c t e d ,  s u g g e s t i n g  t h a t  an e n d o n u c l e a s e  
r a t h e r  t h a n  a n  e x o n u c l e a s e  i s  r e s p o n s i b l e  f o r  t h e  s i t e - s p e c i f i c  c l e a v a g e .  
U n d e r  n o r m a l  c o n d i t i o n s ,  p o l y a d e n y l a t i o n  i s  t i g h t l y  c o u p l e d  t o  c l e a v a g e .  
T h e r e  is n o  a c c u m u l a t i o n  o f  c l e a v e d  b u t  n o t  p o l y a d e n y l a t e d  p r o d u c t  u n l e s s  
t h e & - @  a n a l o g  o f  ATP i s  a d d e d  t o  t h e  r e a c t i o n .  T h e  s t r u c t u r e  o f  t h e  e n d s  
o f  t h e s e  two c l e a v a g e  p r o d u c t s  i s  now u n d e r  i n v e s t i g a t i o n  a n d  s h o u l d  y i e l d  
i n s i g h t  i n t o  t h e  m o l e c u l a r  m e c h a n i s m s  o f  t h i s  p r o c e s s .  The  i n  v i t r o  s y s t e m  
w i l l  be u s e d  a s  a n  a s s a y  i n  t h e  p u r i f i c a t i o n  of  t h e  e n z y m a t i c  a c t i v i t i e s  
i n v o l v e d  a n d  i n  c h a r a c t e r i z a t i o n  o f  t h e  s p e c i f i c  R N A  s e q u e n c e s  w h i c h  s e r v e  
a s  s i g n a l s  for cleavage-polyadenylation i n  v i t r o .  
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TRANSCRIPTIONAL REGULATION OF THE rp0 BC OPERON I N  ESCHERICHIA COLI,  
0933 Brian  A.  Morgan and Richard S .  Hayward, D e p t .  of Molecular Biology, Edinburgh 

Un ive r s i ty ,  Edinburgh, Scot land .  

The RNA polymerase s u b u n i t s  6 and 6 '  of Esche r i ch ia  c o l i ,  encoded by t h e  genes  rpoB and 
@, a r e  co - t r ansc r ibed  with f o u r  50s ribosomal p r o t e i n  genes,  rplKIWL, i n  a rather 
i n t e r e s t i n g  operon. Under va r ious  c o n s t r a i n t s ,  such  as cha l l enqe  wi th  t h e  a n t i b i o t i c  
r i f ampic in ,  or par t ia l  amino a c i d  s t a r v a t i o n ,  a p a r t i a l  uncoupling of rpoBC from rplWLJL 
t r a n s c r i p t i o n  occur s .  

- 

K A  J L rpo €3 rpoC 
- a=-= rl) 4 H 

P 
Ll 1 

P 
Ll 0 

partjal 
terminator 

W e  are i n v e s t i g a t i n g  t h e  r o l e s  p layed  i n  uncoupling by va r ious  t r a n s c r i p t i o n a l  s i g n a l s  
p r e s e n t  i n  t h e  operon, e s p e c i a l l y  two s t r o n g  promoters and a p a r t i a l  t e rmina to r  of t r ans -  
c r i p t i o n .  I n  p a r t i c u l a r  w e  are apply ing  SI -nuc lease  mapping t o  examine t r a n s c r i p t i o n  
i n  v ivo  through t h e  DNA reg ions  ca r ry ing  t h e  above s i g n a l s .  W e  have a l s o  examined t h e  
p o s s i b i l i t y  t h a t  t h e  dominance of  t h e  rpoB3 (Xr i fd l8)  a l l e l e  has  a r egu la to ry  b a s i s .  
-- 

STUDIES OF NATURAL POLARITY OF l a c  0PEROi.I EXPRESSION, George J. 
mrakawa, i d t h e r i n e  Kwan, and uonald P. N ie r l i ch .  Un ive rs i t y  o f  
Ca l i f o rn ia ,  Los Angeles, LA. CA 90024. 

0934 

It has been knordn f o r  maiiy years t h a t  although the l a c  Z, Y ,  and A genes o f  
Esctierici i ia c o l i  are t ranscr ibed polycistronically,Te-diStal, AS gene i s  
expressed a t a u c h  lower  l e v e l  than the 2 gene. 
t rdnsc r i  p t i o n  o f  the l a c  operon by "Northzrn" b l o t  hyb r id i za t i on  and found 
f i r s t ,  as seen e a r l i e r y  ot i iers. t h a t  a lacZ messenger RNA species, 
approximately JOOO b.p. long, i s  present -ells. and second, t h a t  i n  E. c o l i  
CRbJ, i t  i s  several f o l d  nore abundant than the ZYA species (5000 b . p ; ) - a n E  
conta in ing fragments together. 
terminus by S1 nucledse mapping i d e n t i f i e s  a chromosomal s i t e i n  the 
i n t e r c i s t r o n i c  space between the Z and Y genes t h a t  i s  homologous w i t h  
t ransc r ip t i ona l  terminat ion sequekes f5und i n  bac te r ia l  a t tenuat ion and 
ten l i inat ion s i tes.  Tnus, the p o l a r i t y  o f  gene expression o f  the l ac  operon 
inay be mediated by i n t e r c i s t r o n i c  termination. 
p o s s i o i l i t y  f u r rhe r  oy cha rac te r i za t i on  of the t r a n s c r i p t  by recombinant OlJA 
techniques us ing t i le  pK0 gal kinase vector  system. 

We have s tud iea the 

Ivbreover, a n a l y s x o f  the lacZ m R I A  3 

We are examining ms 

0935 NUCLEOTIDE SEQUENCE ANALYSIS OF WILD TYPE AND MUTANT FORMS OF THE B I O T I N  OPERON 
REPRESSOR GENE FROM ESCHERICHIA m, Anthony Otsuka, P e t e r  Howard, J a n e t  Shaw and 
Mar t in  Buoncr i s t i an i ,  Un ive r s i ty  of C a l i f o r n i a ,  Berkeley, Ca. 94720 

The b i o t i n  b iosyn the t i c  operon of  Escher ich ia  & i s  under the  nega t ive  t r a n s c r i p t i o n a l  
c o n t r o l  of t h e  birA pro te in .  The b i f u n c t i o n a l  birA p r o t e i n  con ta ins  both co rep res so r  syn- 
t h e s i z i n g  ( b i o t i n  holoenzyme syn the ta se  o r  BHS) and b i o t i n  operon r ep res s ing  a c t i v i t i e s .  
Our DNA sequence a n a l y s i s  of the  wi ld  type  birA gene r evea l s  an open r ead ing  frame capable  
of  coding a 35,318-dalton p r o t e i n .  W e  have determined the  DNA sequences of muta t ions  t h a t  
S t rong ly  a f f e c t  e i t h e r  the  BHS o r  r ep res so r  a c t i v i t i e s  o r  bo th .  F ine - s t ruc tu re  mapping and 
DNA sequence s t u d i e s  o f  the  birA muta t ions  i n d i c a t e  t h a t  r eg ions  near  the  middle of the  
p r o t e i n  sequence a r e  necessary  f o r  BHS a c t i v i t y  and sequences near  t he  amino te rmina l  two- 
t h i r d s  of the  p r o t e i n  a r e  r equ i r ed  f o r  r e p r e s s o r  func t ion .  Changes i n  r ep res so r  a c t i v i t y  
can  r e s u l t  from d e f e c t i v e  co rep res so r  b inding ,  a l t e r e d  DNA b inding ,  i n e f f i c i e n t  aggrega t ion  
O f  p r o t e i n  s u b u n i t s  o r  i n a b i l i t y  t o  syn thes i ze  co rep res so r .  Mutations t h a t  r e s u l t  i n  
decreased  s e n s i t i v i t y  t o  b i o t i n  r ep res s ion  map near  the  middle of  the  p r o t e i n ,  sugges t ing  
t h a t  t h i s  r eg ion  may be involved  wi th  b i o t i n  b inding .  The mapping of p a r t i a l l y  complemen- 
t i n g  birA a l l e l e s  near  the  middle of  the  p r o t e i n  sequence sugges t s  t h a t  t h i s  reg ion  is a l s o  
impor tan t  f o r  subun i t  i n t e r a c t i o n .  
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DEVELOPXEP7TAL REGULATION OF RIBOSOMAL RNA TRANSCRIPTION: MOLECULAR MECHANLSM AND 
TEMPLATE SEQUENCES INVOLVED, M. R. Paule, C. Iida, P. Kownin and D. Knoll, 
Colorado State University, Fort Collins, C0 80523. 

Ribosomal RNA transcription is regulated by a stable modification of RNA polymerase I(RNAP I). 
rRNA transcription is down regulated in response to starvation in Acanthamoeba. This regu- 
lation can be reproduced in a faithful in vitro transcription initiation system: SlOO ex- 
tracts from vegetative cells actively transcribe rRNA while extracts from starved cells 
cannot unless they are supplemented with RNAP I purified from vegetative cells. The levels 
of both the transcription initiation factor(s) [TIF I] and the levels of RNAP I assayed on 
nonspecific templates (i.e. calf thymus DNA) are constant, but the RNAP I from the starved 
cell cannot specifically initiate transcription. This property is retained in RNAP I puri- 
fied to near homogeneity from the starved cell even though its specific activity on calf 
thymus DNA matches that of the vegetative polymerase. RNAP I from starved cells has the 
same subunit composition as that from vegetative, but is 5X more heat labile than vegeta- 
tive enzyme when assayed on nonspecific template. The small amount of enzyme active in the 
specific initiation assay has heat denaturation properties of vegetative polymerase. BAL-31 
deletion mapping has shown that the sequence from -47  to +8 is necessary and sufficient to 
promote rRNA transcription - no far upstream sequence requirement can be detected in vitro. 
This sequence region has been shown to contain two domains involved in TIF-I binding plus a 
third required motif, and to be sufficient to demonstrate regulation in vitro. Therefore, 
the steps in transcription involving this DNA sequence and RNAP I are impaired by the modi- 
fication of the enzyme from starved cells. Supported by NIH GM26059 and GM22580. 

0937 DEGRADATION OF THE ESCHfRlCHlA COLl LEXA4l REPRESSOR B Y  THE LON RROTEASE AN0 

Kenneth R. Peterson and David V. Mount, Univ. of Arizona, Tucson, Arizona. 85724 
EXPLANATION OF THE "SPLIT-PHENOTYPE" ASSOCIATED WITH THIS ~ A ( T S )  ALLELE. 

The SOS regulon in E. a is induced in response to treatments that damage DNA or interrupt 
its synthesis. At least seventeen operons negatively regulated by LexA protein are dere- 
pressed following RecA protein-promoted inactivation of LexA repressor. The lexA4l (former- 
ly tsl-1) mutant, a lexA(Ts) allele, is a UV-resistant, t e m p e r a t u r e - s e n s i t i v e y e u d o r e v e r -  
t a n t f  the &A(Ind?-al lele &A3. Cel Is exhibit a so-called "spl i t-phenotype", a phen- 
omenurn in which only a subset of the SOS responses can be detected physiologically following 
inducing treatments. 
and has a second mutation downstream. 
RecA protein-catalyzed route in vivo, but is degraded by the Lon protease at both permissive 
and non-permissive temperatures. 
were measured at 30' and 42OC to determine levels of expression; the differentialexpression 
of SOS functions oives a plausible explanation for the "split-phenotype'' associated with 
lexA4l. 

k A 4 1  has been cloned and sequenced; it retains the lexA3 mutation 
We show that LexA41 protein is not cleaved by the 

B-aalactosidase activities of fifteen S0Sop::lac fusions 

I 

0938 
The cluster of four a interferon genes was identified in the 28kb long  fragment of mouse 
genomic DNA. The DNA sequence analysis indicated high homology (90-95%) on nucleotide levels 
among three of these four genes. The fourth gene (a,,), which showed only about 80-85% 
homology to the others, contained an internal deletion of 15 nucleotides in the coding regioq 
all of these genes coded for biologically active interferons when expressed In =, how- 
ever, the activity of the ah peptide was 100-fold lower than the activity of the other a in- 
terferons. Three of the four genes were expressed in virus (Newcastle disease virus - NDV) 
infected, but not in the uninfected L-cells as found by S-1 nuclease analysis. The relative 
levels of the a s  mRNA was, however, about 10-fold higher than that of the other a genes. The 
DNA sequences of the promoter region of these four genes were compared and it was found that 
the 5' flanking region of the a4 gene contains a number of point mutations and the insertion 
of a 17 nucleotide long G rich repetitive sequence not present in the 5' flanking region of 
the other genes. 
In addition to a interferon genes, NDV induces in L-cells also the expression of 61 inter- 
feron gene, while in poly rI.rC induced cells, the 6 interferon gene was expressed predomin- 
antly. Surprisingly, however, it was found that in poly rI.rC induced cells both positive 
and negative DNA strardsof the 6 interferon gene were transcribed, while the virus induction 
led to the transcription of the proper strand only. This data are the first indication that 
the Induction of 8 interferon gene by virus and dsRNA may not be identical and suggest a 
novel mechanism for the regulation of B interferon synthesis in the induced cells. 

REGULATION OF EXPRESSION OF MOUSE TYPE 1 INTERFERON GENES, P.M. Pitha-Rowe and 
K.A. Kelley, The Johns Hopkins University School of Medicine, Balto., MD 21205 USA 
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0939 CHROMOSOMAL MUTATIONS THAT ALLOW READTHROUGH OF THE rrnB T1T2 TERMINATION 
REGION, E. Sarubbi, K. Rudd, and M. Cashel, LMG, N I C K N I H ,  Bethesda, MD 20205 

The T1T2 dual terminators of the E. coli, rrnB operon are able to atop anti-terminating 
rRNA transcripts. 
through the TIT2 region. 
phenotype, which result in expression of a downstream gal K gene on a plasmid. 
these mutations map in or near rpo B: the remaining two map elsewhere. 
None of the mutants reads t h r o u m T 2  unless an 80 bp fragment required for 
anti-termination is present. 
indep.) or the I32 terminator (rho-dep) will atop transcription rendering the cells Cal- 
Therefore, the defect in the mutants may specifically affect anti-terminating tran- 
scripts. 
In addition, about 50% of spontaneous rifampin resistant (rpo B) mutants allow read 
through of TlT2. 
also in normal rho-indep. termination at T1 alone, yet terminate of the IS2 rho - dep 
terminator. 
These data suggest that the mechanism of termination of anti-terminating transcripts may 
be distinquished from those yielding normal termination. 
super-termination, for the ability to terminate an anti-terminating transcript. 

We have obtained E. coli mutants that allow RNA polymerase to read 
We have isolated four independent host mutations with this 

Two of 

In the absence of this 80bp fragment T1 alone (rho- 

Two of these mutants have been examined andurned out to be defective 

We propose a special term, 

0940 

We have constructed a plasmid cloning and expression system for E. coli in which direct 
attachment of a gene to sequences regulating transcription and tFanmion can be achieved 
rapidly and efficiently. The system includes the following main features: 1) A multi-copy 
cloning plasmid contains a bank of 10 unique restriction sites which are flanked by trans- 
criptional terminators. A gene (clockwise 5' to 3 ' )  can be inserted at one of the restric- 
tion sites. It is protected by the 5' terminator from unregulated transcription which 
prevents its establishment. The gene can be conveniently modified in the cloning vector 
to contain a restriction site at the desired 5' end. 
regulated promoter is positioned to initiate transcription clockwise. 
APR contains 0 2 and O L ~  in place of 0 
the 
be used to provide or omit the initiating ATG codon to a gene. 
in the bla gene are unique in the vector family. The promoter can be attached to a gene 
by digesting each plasmid within bla and at the desired gene or promoter end. Only cor- 
rectly ligated isolated fragments711 yield transformants on ampicillin plates. This 
ensures a high frequency of correct recombinants. 4) Other unique restriction sites are 
conveniently placed to allow replacement of the translation initiation region and the 3 '  
transcriptional terminator. 

A TIGHTLY-REGULATED, MODULAR CLONING AN0 EXPRESSION SYSTEM, D. Scandella, P. Arthur, 
M. Mattingly, and L. Neuhold, Genex Corporation, Gaithersburg, MO 20877 

2) In a similar vector, a tightly 
This variant of 

and  OR^. This operator-promoter region and the 
Shine-balgarno sequence are foefowed by either of two restriction sites which can 

3)  Three restriction sites 

0941 

Although it is well documented that actively transcribed genes are contained within a more 
open, DNase I sensitive chromatin conformation, little is  known of how this structure is 
established. One model suggests that the DNA sequence at the transition from the inactive 
to active chromatin, through the binding of a sequence specific protein, causes the 
disruption of the highly compact closed chromatin structure. By defining the DNase I 
sensitive domain around the ovomucoid gene we hope to identify such a sequence by comparison 
to the previously defined ovalbumin chromatin domain. From a cosmid library we constructed 
a clone containing the ovomucoid gene and 16 kb of 5' and 18 kb of 3' flanking DNA has been 
isolated. The DNase I sensitivity of DNA fragments around the ovomucoid gene has been 
determined via a novel probe-excess solution hybridization assay using SP6 RNA polymerase 
synthesized RNAs as probes. The DNase I sensitive region extends approximately 15 kb beyond 
the 5' end of the ovomucoid gene and about 10 kb from the 3' end of the gene. Further 
analysis should precisely define the boundaries of this domain. As was the case with the 
ovalbumin DNase I sensitive domain, members of the CRI family of middle repititive sequences 
are found near the transition from an open to a closed structure. This is in agreement with 
the proposal that these CRI sequences may act through the binding of a sequence specific 
protein these open chromatin structures during diEferentiation of the chicken oviduct cell. 

DEFINITION OF THE 5' AND 3' STRUCTURAL BOUNDARIES OF THE OVOMUCOID DNase I 
SENSITIVE CHROMATIN DOMAIN, Maxwell J. Scott, Ming-Jer Tsai, and Bert W. O'Malley. 
Department of Cell Biology, Baylor College of Medicine, Houston, Texas 77030. 
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0942 

A fusion gene consisting of the promoter region from the mouse metallothionein-I (IQ-I) gene 
joined to the coding region of the HSV thymidine kinase (TK) gene is  efficiently regulated 
by. zinc when transfected into baby hamster kidney cells in a transient assay. Analysis of 
similar plasmids containing 5' deletions, internal deletions and linker scanning mutants of 
the MT-I promoter region confirmed the function of the previously recognized metal regulatory 
sl?ment-a (MRE-a), sequence CCTTTGCGCCCG, between -55 and -44 bp from the cap site, and 
further localized upstream sequences with regulatory function to short regions of DNA conta- 
ining sequences related but not identical to MRE-a. In total we recognize five MRE's within 
180 bp of the hT-I cap site. 
taken the annroach of trying to build a metal-responsive promoter by inserting a 17-bp 
synthetic DNA fragment containing the MRE-a sequence into the non-responsive promoter of the 
TK gene. No induction by zinc was observed with single insertions of the regulatory sequence, 
whereas many different construccioci with two copies of MRE-a were inducible. The precise 
position of t h  two MKB's relative to ex?, other or to other promoter elements had relatively 
little effect upon t5e efficiency of induction, but the inducibility could be further incre- 
ased by introduction of a third and fourth HRE-a seauence. The MRE's act cooperatively with 
the TK distal promoter elements, but in the presecce of the TATA-box alone they function as 
zinc-dependent positive promoter elements. 

COOPE?.ATIVE INTERACTIONS OF METAL REGULATORY CLEMENT-a OF Ti11 MCV-CE ?"FTRLOTHIONEIN 
- I  GENE. Peter  F. Sear le,  Gary W. S t u a r t  and Richard D. Pa lmi te r .  HHYI, Dept.Biociien 
9.-15.  U n i v e r s i t y  o f  IdashinqtGn, S e a t t l e  'JaSrP1°z. 

To explore further the function of the multiple MRE's we have 

0943 GLUCOCORTICOID REGULATION OF HUMAN GROWTH HORMONE EXPRESSION IN TRANSGENIC MICE. 
Richard F Selden. Thomas E. Wagner*. and Howard M. Goodman, Massachusetts General 

Hospital. Boston, MA 02114 and *Ohio University. Athens. Ohio 45701 

Transgenic mice were generated by microinjection of a mouse metallothionein I/human growth 
hormone fusion gene into fertilized mouse eggs followed by implantation of the embryos into 
pseudopregnant foster mothers. Five of twenty-six mice born after one series of injections 
contsined from 1 to 8 copies of the fusion gene stably integrated into their genomes and 
expressed human growth hormone in their serum. 
transgenic offspring were treated with glucocorticoids, serum growth hormone levels were 
induced from 1.5- to 6.3-fold. 
of the five mice was also observed after treatment with glucocorticoids. 
DNA sequences responsible for the observed inductions must be present in the human growth 
hormone portion of the fusion gene since other fusion genes containing the mouse metallo- 
thionein I promoter were not glucocorticoid inducible in previous gene transfer experiments. 
In particular. a recently identified glucocorticoid receptor binding site within the first 
intmmof the human growth hormone gene might be able to confer inducibility on otherwise 
uninducible mouse metallothionein I gene constructs. 

When several of these transgenic mice and 

A &-fold induction in fusion gene mRNA in the liver of one 
We conclude that 

0944 
With  mRNA precursors  con ta in ing  m u l t i p l e  i n t rons ,  what p a i r s  t h e  s p l i c e  s i t e s  on oppos i te  
s ides o f  an i n t r o n ,  t o  t h e  v i r t u a l  exc lus ion  o f  a l l  o ther  poss ib le  combinat ions? Two models 
have been proposed. One assumes t h a t  a secondary o r  h igher -order  s t r u c t u r e  b r ings  the  op- 
posing s p l i c e  s i t e s  together ;  t h e  o the r  pos tu la tes  t h a t  a f t e r  one s p l i c e  s i t e  i s  recognized 
t h e  s p l i c i n g  apparatus scans t h e  RNA u n t i l  t he  opposing s p l i c e  s i t e  i s  found. To t e s t  t h e  
scanning model, I in t roduced i n t o  a s p l i c i n g  subs t ra te  a s t r u c t u r e  t h a t  might a c t  as a 
roadhlock t o  scanning. The suhs t ra te  was synthesized by t r a n s c r i p t i o n  o f  an adenovirus tem- 
p l a t e  con ta in ing  t h e  f i r s t  two l a t e  leaders  and the  i n t r o n  hetween them. The roadblock took  
t h e  form o f  an RNA-DNA hybr id ,  and was generated by annea l ing  DNA fragments t o  var ious  
pa r t s  o f  t he  i n t r o n  and exons. The hyb r id i zed  subs t ra tes  were incubated i n  a HeLa c e l l  ex- 
t r a c t  con ta in ing  s p l i c i n g  a c t i v i t y ,  and the  produc ts  were assayed by pr imer  extension. 
I n t r o n  fragments a r res ted  s p l i c i n g ,  regard less  o f  t h e i r  l e n g t h  or l o c a t i o n  i n  t h e  i n t r o n .  
Exon fragments d i d  not.  Further,  d e l e t i o n  o f  most o f  t he  i n t r o n  d i d  no t  i n h i b i t  s p l i c i n g ,  
ye t  s p l i c i n g  was a r res ted  when a DNA fragment complementary t o  t h i s  dispensable reg ion  was 
annealed t o  w i l d  t ype  precursors.  Wi th  an RNA subs t ra te  con ta in ing  the  th ree  adenovirus 
l a t e  leaders  and the  two i n t r o n s  between them, a DNA fragment annealed t o  one i n t r o n  a r -  
res ted  the  exc i s ion  o f  t h a t  i n t ron ,  bu t  had l i t t l e  o r  no e f f e c t  on exc i s ion  o f  t h e  other.  
These r e s u l t s  suggest t h a t  some event requ i red  f o r  s p l i c i n g  i nvo l ves  movement along the  
i n t r o n ,  presumabl du r ing  a search t o  b r i n  s p l i c e  s i t e  pa r tne rs  together ,  and t h a t  t he  
search goes on inieependently i n  d i f f e r e n t  i n f rons .  

AN INTRON SCANNING MECHANISM FOR SPLICING mRNA PRECURSORS, David So ln ick ,  
Yale Un ive rs i t y ,  New Haven, CT 
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0945 && PBPPBSSOP PUNCTDATBS TBANSCPIPTION OR !& CONTROL PBOION DNA, 
Y l r g w r i t e  A. S e l l i t t i  and Deborah A. Steege, Duke University, I h u h u ,  NC 27710. 

Vhen t h e  r e p r e s s o r  gene i s  t r a n s c r i b e d  & m, the  products a r e  LaeJ. rPNAa with 
d i s c r e t e  3 '  ends i n  t h e  l.c c o n t r o l  reg ion .  These e n d p o i n t s  a r e  p o s i t i o n e d  J u s t  
upstream f r a  the CAP s i t e  ( I ) ,  the  -35 region (11) and the -10 region (111) of the 
p r o m o t e r .  Prom an a n a l y s i s  of  i n  v ivo  t r a n s c r i p t i o n  p a t t e r n s ,  t h e  f a a t o r s  which 
i n f l u e n o e  DOVemont of RNA polymerase through the fi aontrol  region and generation of 
l.oX DRNA 3 '  end8 emerge. S1 nualease mapping data  and f ingerpr in ts  of PNA hybridirable  
t o  c o n t r o l  region DNA indicate  t h a t  DNA seqwnaes a t  the  gene end do not t h a s e l v e s  
provide  an e f f i c i e n t  s i g n a l  f o r  t e r m i n a t i o n .  RNAs with endpoints I, 11. and I11 e r e  
present. but  a r e  minor aaponents  a a p a r e d  t o  readthrough t ranscr ip ts .  Of t h e  p r o t e i n s  
t h a t  have b inding  s i t e s  i n  t h e  & c o n t r o l  region,  only the  repressor  has  a d r u a t i c  
i n f l u e n c e  on t h e  outaome of t r a n s c r i p t i o n .  S1 nuc lease  mapping and Nor thern  b l o t  
ana lys i s  show t h a t  WAS with endpoints I1 and I11 are  the major  mBNA s p e c i e s  genera ted  
by t r a n s a r i p t i o n  of a repressorbound template, together comprising more than 5m of the 
products .  Pepresaor  b i n d i n g  t o  t h e  o p e r a t o r  t h u s  h a s  a dual  f u n c t i o n .  It b l o a k s  
i n i t i a t i o n  Of t r a n s c r i p t i o n  from t h e  l.cZ promoter. In a d d i t i o n ,  i t  s e r v e s  a s  a 
t r a n s a r i p t i o n  f a a t o r  t o  a n t  t h e  l e n g t h  of i t s  own t ransar ip t ,  separating the  LaeJ. and 

genes i n t o  d i a t i n a t  t ranscr ip t ion  uni ts .  

0946 
Issaquah Health Research Institute, Issaquah, Washington. 98027 

African trypanosomes contain numerous variant surface glycoprotein 
(VSG) genes. Each trypanosome expresses these genes only during restricted 
stages of the life cycle, expresses only one VSG gene at a time, end can 
switch expression among the VSG genes. We have found that the IsTat 1.1 VSG 
gene is located near the telomere of a stable minichromosome (-100 kb) which 
lacks restriction sites over most of its length and lacks a spliced leader 
coding sequence. We have cloned and sequenced the expressed 1 VSG gene and 
have found characteristic telomeric sequences downstream. The 1 VSG gene is 
transcribed in variants of the 1 variant antigenic type but not in other 
variants from the same trypanosome clonal lineage that contain this gene nor 
upon conversion to another life cycle stage. The Lranscriptional activation 
and inactivation of the 1 VSG gene does not involve its duplication nor 
sequence alterations detectable by restriction enzyme mapping. Using probes 
cloned from the 5' flank of the expressed I VSG gene we have demonstrated 
apparent VSG mRNA precursors and a stable processing product. Transcription 
appears to be initiated near the beginning of the region lacking restriction 
sites. 

DIFFERFNTIAL TRANSCRIPTION OF MINICHROMOSOMALVSG GENES IN TRYPANOSOMA 
BRUCEI. Stuart, K., Scholler, J., Rothwell, V., and Aline R. Jr. 

Supported from NIH and WHO. 

0947 
The mutant allele G1 of the Droso hila locus Glued has a dominant effect primarily on the 
development of the visual system,Pi6cluding the eye and i t K u E 1  connections to the 
opiic lobe of the brain. Restriction site mapping of genomic DNA clones from the normal 
G1 and mutant G1 locus showed that G1 contains a 9 kbp insertion of a retroviral-like 
transposon 8104 into a transcribed region. The insertion causes formation of a truncated 
polyadenylated G1 transcript which terminates within the 5' terminal repeat of 8104. 
We are focussing on three aspects of this findinq. One is the mechanism of the dominant 
effect of G1, and the role of transposon-induced mutations in producing such dominant 
effects. Another is the regulation and function of the normal Glued locus during Orosophila 
development. The third is the remarkable cis interaction between the 8104 insertion in G1 
and nearby insertions of the P-element transposon, which results in the excision of 8104 
and partial restoration of normal Glued function. 

on the sequences involved in the requlation of the Glued locus. 

MOLECUL4R ANALYSIS OF THE OROSOPHILA LOCUS K D  , Anand Swaroop and Alan Garen, 
Yale University, New Haven, CT 06511 

1 would like to present a poster showinq our results 
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~ r A : x w x I x r m  ,,Y .4 SGXT L I V Z D  SPBCIFIC ~3::;; 9~ :xL 
e r ,  V a l e r i a  C u l o t t a  a n d  C a r ' u a r a  S o l l n e r - d e b o ,  

P ~ o s p ; i o c e l  l u l o s e  cxoina tograpny o i  c n  S-100 e x t r a c t  of  inouse t i s s u e  c u l t u r e  c e l l s  r e s o l v e s  
t u r c e  l r a c t i o n s  r e p o r t e i  n e s s e c a r y  f o r  i n  v i t r o  r-?Xii t r d t i s c r i i ) t i o n  (::isnit.ta, e t  a l ,  ::'uc. 
A c i d s  Les .  U:G659). ::e h a v e  C u r t h e r  p u r i f i e d  iwo oS t r i e s e  a c t i v i t i e s  ('C' a n d  '2') a n i  
f i x ,  t i m t  they a r e  s u f f i c i e n t  f o r  a c c u r a t e  i n i t i a t i o n .  D for:;rs a scyuencc-s:secific s t a b l e  
c o r . p i e r  w i t i i  t k c  r::::li p r o i . i o t e r .  C a y p e a r s  t o  oe  a s u b i 7 o p u l a t i o n  o f  L.:!:L X i o l y u e r a s e  I 
n e s s e c a r y  f o r  s s e c i f i c  r-?l!A s y n t h e s i s ,  which s t a b l y  a s s o c i a t e s  w i t i i  tile c ' l p r o n o t e r  coL.g ler  
i n  v i t r o .  T h i s  complex p r e c i p i t a t c s  Tror:: ail S-130 t r a n s c r i p t i o n  r e a c t i o n .  a n d  w ~ i l e  tile 
p o l y a . . c r a s c  I . . : o l e c u l e s  whic i i  r e m a i n  s o l u b l e  ( -93, ) )  c a t a l y z e  non-speciLic L : i L  s y n t l i e s i s ,  
t l iey a r e  i n c a o a b l e  o i  s p c c i f i c  r1Ji:A i n i t i a t i o u  ?:!;en s u p p l e  ... e n t e d  wi t i i  i). Tile ' S J e c i i i c -  
Sori.i' y o l y , . i e r a s e  a i i i  D a r e  e f i i c i e n t l y  r e c o v e r e ;  f r o - )  t ire iiilii Leper idant  s r c c i g i t a t e  an; 
r e s o l v e o  by c!iromatoyray.iy. Tile r e s u l t a n t  specii ic-lor: . :  poly!,icrase f r a c t i o n  (-130-200 :old 
purii ' ic;)  i s  c a g a b l e  of r e s t o r i n g  t r a n s c r i p t i o n a l  a c t i v i t y  t o  e x t r a c t s  fro;.i uotll r .u iesccnt  
c e l  I s  and c c l l s  ii: .vii;iiclL p r o t e i l i  syrit.:esis has  been i r5 i ib i teL 'up a one nour cycloi.cxae.idc 
t r e a t ; n e x t .  .,. '.iile t l i c s c  e x t r a c t s  c o n t a i n  norL.:al  ai:ioiints o t  D anti ' n o n - s p e c i f i c  Cor1.i' 
p o l y i . i e r a s e  I ,  (a:i(. n o  i c t e c t a b l c  a i d i t i o n a i  i i i i , i b i t o r s )  t h e y  a r e  
t r a n s c r i p t i o n  L n l e s s  so s u y p l e o r n t e u .  TLis  s n z g e s t s  t l :at ,  it1 v i v o ,  
ue r e L u i a t e d  by t h e  a v a i l a u i l i t ;  o f  a suu.>ogulatioi. of .3:;~ i : o l y ~ 1 c r 3 s e  1. t i i s t i n c t  i n  i t s  
c a p a u i i i t y  ;o r  s 3 e c i I i c  i n i t i a t i o n  a t  t.re r...i:. ilro..iotcr. 

s .iop;;ins U n i v e r s i t y  Schooi  o i  Tietiicine, Galti . . lore,  i j a ry lan t i  21205 

0949 A POLYMORPHIC FAMILY OF BRAIN mRNA Ann-Ping Tsou, Cary La i ,  P a t r i a  Danielson, Dan 
Noonan and J .  Gregor S u t c l i f f e ,  Scr ipps  C l i n i c ,  La J o l l a ,  CA 92037 

I n  s tudy ing  the  cDNA clones o f  r a t  b r a i n  messages, we i d e n t i f i e d  a cDNA c lone  (0-44) t h a t  
hyb r id i zed  t o  a group of  heterogeneously s ized  t r a n s c r i p t s  (100-1300 n t s )  which va r ied  i n  
abundance (0.01-0.1%) i n  b ra in ,  l i v e r  and kidney, most of t he  l a r g e  species were b r a i n  spec i -  
f i c .  We i s o l a t e d  33 independent cDNA clones w i t h  sequence homology t o  0-44 from an Okayama- 
Berg r a t  b r a i n  cDNA l i b r a r y ,  and found th ree  s i t e s  o f  s t r u c t u r a l  v a r i a b i l i t y .  There a re  two 
3 '  ends o f  t h e  message, u t i l i z i n g  d i f f e r e n t  po lyadeny la t ion  (AATAAA) s igna ls  88 n t s  aDart. 
S i t e  s e l e c t i o n  appears t o  be equal accord ing  t o  the  33 clones examined. The messages were 
polymorphic a t  t h e i r  5 '  ends as revea led  by the  presence o f  more than 20 bands i n  p r imer  ex- 
t ens ion  assays us ing  an i n t e r n a l  DNA fragment o f  0-44 as the  pr imer.  L i v e r  and kidney mRMA 
gave r i s e  t o  on l y  a few bands corresponding t o  the  sho r te r  b r a i n  bands. Th is  f i n d i n n  i s  f u r -  
t h e r  conf i rmed by S 1  p r o t e c t i o n  assay us ing  a probe de r i ved  from the  5 '  p o r t i o n  o f  t he  long-  
e s t  apparent ly  f u l l - l e n g t h  b r a i n  cDNA clone. Th is  probe p ro tec ts  more than 20 5 '  mRNA ends 
i n  b ra in ,  b u t  o n l y  a few i n  l i v e r  o r  k idney. Apar t  from these s t r u c t u r a l  polymorphisms i n  the 
un t rans la ted  reg ions  o f  t he  messages, 10% o f  t he  c lones con ta in  a 19 bp i n s e r t i o n  a t  t he  car- 
boxyl  terminus o f  t he  open-reading frame t r a n s l a t e d  from the  DNA sequences. The 19 bps r e -  
s u l t  i n  a reduc t i on  o f  t he  s i z e  o f  t he  p red ic ted  p r o t e i n  f rom 127 t o  116 amino ac ids .  We are  
c u r r e n t l y  ana lyz ing  the  t i s s u e  d i s t r i b u t i o n  of  t he  messages con ta in ing  these 19 bps w i t h  S1 
assay and a re  s imu l taneous ly  i n v e s t i q a t i n g  the  i d e n t i t y  and d i s t r i b u t i o n  o f  those p u t a t i v e  
p ro te ins  us ing  a n t i s e r a  t o  syn the t i c  pept ides  de r i ved  from va r ious  reg ions  o f  t he  p ro te ins .  

0950 TISSUE-SPECIFIC EXPRESSION OF A MIUSE y-CRYSTALLIN GENE I N  CHICK EMBRYO LENS 
EXPLANTS Lap-Chee Tsui l ,  S i  Lokl, Ana Cheplinsky2, Joram Piatigorsky2, and 

W z t i n  Breitmnl, ' lDept. of G n e t i c s ,  Hospital f o r  Sick Children, Dept. of Wdical  Genetics, 
University of Toronto, Toronto Cht. and 2National Eye I n s t i t u t e ,  Bethesda. 

W e  have been studying the  d e v e l o p n t a l  regulation of a family of genes encoding the  y- 
c r y s t a l l i n s  of t h e  muse eye lens .  Our previods nucleotide sequence analyses of cEN& and 
genomic clones revealed rerrarkable h m l o g y  m n g  the individuals genes, each specifying 
a highly conserved y=t d i s t i n c t  polypeptide of 174 or 175 amino acid residues. To 
invest igate  the  elentmts governing the  expression of these genes, HR have p e r f o m d  ENA 
t ransfect ion assays using plasmids containing sequences upstream f r m  the  coding sequence 
of the  muse y2 gene f u e d  t o  the  bac ter ia l  chlorarrphenicol acetyl t ransferase (CAT) gene. 
The resu l t s  of these experirrents ind ica te  that the y-crystal l in  p r m t e r  is not functional 
i n  mnkey COS-1, humn 293 and chick &ryo neural r e t i n a  c e l l s ,  but is act ive i n  lens 
e p i t h e l i a l  explants isolated from 14-day old chick e~Wryos. Preliminary delet ion analyses 
indicate  that sequences extend.ing 400 base pa i r s  upstream of t h e  cap s i t e  are required 
f o r  expression of t h e  y-crystallL? p r m : ~ .  Failure of t h i s  p r a t e r  t o  function in non- 
lens t i ssues  suggests the presence of lens-specific t ranscr ipt ional  f a c t o r ( s ) .  Since 
chickens Go r o t  have y-crystal l in  genes, these fac tors  are preswably not y-specific 
yet are able  t o  ac t iva te  t:-iz.:;:ription of c r y s t a l l i n  F n e s  fran d i f fe ren t  species. 
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0951 
Hinter.Laboratory of Molecular Riology, Medical Research Concil Centre, 
Hills Road, Cambridge CB2 2QH. ENGLAND 
The several E.coli amino-acyl tRNA synthetases studied appear to have 
different patterns of regulation. For example, alanyl-tRNA synthetase and 
phenylalanyl-tRNA synthetase appear to be autoregulated (Putney and 
Schimmel,l981; Springer et al, 1983). but glutaminyl-tRNA synthetase is not 
(Cheung and Soll, 1984). We have characterized the 5' non-coding region of 
the tyrosyl-tRNA synthetase gene (tyrS) of Bacillus Stearothermophilus and 
have experimentally identified a promoter and terminator. Presumably, the 
terminator is involved i n  regulation of tyrosy-tRNA synthetase levels, but 
our data indicates that it is not regulated directly by the enzyme. 
Furthermore, the terminator differs from those found i n  amino acid 
biosynthetic operons in that there is no peptide rich in tyrosine i n  the 
putative attenuator region. 
References:- Putney and Schimmel (1981) Nature 291:632-635. 

TRANSCRIPTIONAL REGULATION OF BACILLUS STEAROTHERMOPHILUS 
TIROSYL-TRNA SYNTHETASE GENE, Mary M.W. Waye and Greg 

Springer et a1 (1983) .I. Mol. Biol. 171:263-279. 
Cheung and Soll (1984) J. Biol. Chem. 259:9953-9958. 

0952 ZF#SCRbPTION OF H4 HItTOflE GENES AN I{OL#TE# SEA URCHhN.EMBRY0 NU LEI, Eric 
ein erg, Lawrence . ager, an Jo n . aumeyer. niverslty o f  

Pennsylvania, Philadelphia, PA 19104. 

Genes coding for H4 histones expressed in sea urchin embryos at different stages are 
highly diverged and organized in a very different way. The early H4 gene is part of 
the tandemly reiterated 5 histone gene unit whereas the late H4 gene occurs mostly 
in H3-H4 pairs present in far fewer copies per genome (40 VS. several hundred early 
H4 genes). We have demonstrated that nuclei isolated from the sea urchin, S, 
puruuratus, transcribe H4 histone sequences which are specific to early and late 
embryonic stages, as in vivo. 
late H4 RNA (>50 -fold in 4 hr) is the result of transcriptional activation. The 
5' ends of the nuclear H4 transcripts have been mapped by an RNase T(protection 
assay. 
but there are also run-through transcripts from upstream promoters. 
terminate in an area spanning the spacer sequence between the H4 and H2B genes. 
The late transcripts start at several closely spaced sites near the cap site. 
have identified 3 upstream sequences which are present in, and unique to,all 
genes examined thus far. 
both early and late nuclei, initiation may be taking place in vitro. We are testing 
this possibility now. 

These experiments indicate that the great increase in 

A major portion of the early gene transcripts begins at the expected cap site 
The transcripts 

We 

Since there is a very high level of H4 transcription in 
late H4 

0953 
Using a Drosoph i la  Rpo I1 probe, k i n d l y  p rov ided by O r .  A. Greenleaf,  we have i s o l a t e d  the  
homologous human genomic sequences. Several  c r i t e r i a  were used t o  e s t a b l i s h  t h a t  these 
genomic sequences encode f o r  t he  l a r g e  subun i t  o f  RNA polymerase 11. F i r s t ,  these probes 
a re  ab le  t o  h y b r i d i z e  t o  a 7.35 kb po ly  At WNA, which i s  l a r g e  enough t o  code f o r  t he  
l a r g e s t  RNA polymerase I1 subun i t .  Second, h y b r i d  s e l e c t i o n  ( o r  h y b r i d  a r r e s t )  f o l l owed  by 
-- i n  v i t r o  t r a n s l a t i o n  i n  r e t i c u l o c y t e  l ysa tes  suggests t h a t  t h i s  7.35 kb mRNA encodes a 220 
kd po lypept ide .  Th i rd ,  a genomic DNA fragment was i n s e r t e d  i n t o  the  expression vec tor  
s e r i e s  pUR 278, 288 and 289. A f us ion  po lypept ide ,  con ta in ing  approx imate ly  20 kd  o f  
euka ryo t i c  RNA polymerase I1 sequences, was generated i n  j u s t  one o r i e n t a t i o n  i n  pUR 289. 
Th is  140 kd fus ion  p r o t e i n  c ross- reac ts  w i t h  anti-RNA polymerase I1 ant ibod ies .  I n  tu rn ,  
an t ibody  d i r e c t e d  aga ins t  t he  fus ion  p r o t e i n  reac ts  w i t h  the  l a r g e  subun i t  o f  human and c a l f  
RNA polymerase 11. Four th  and l a s t ,  we have independent ly  i s o l a t e d  cDNA clones from a pUC 8 
express ion  l i b r a r y  us ing  t h e  anti-RNA polymerase I 1  ant ibody .  These cDNAs c ross-hybr id ize  
t o  the  human genomic sequences homologous t o  the  Drosoph i la  Rpo I1 sequences. Using these 
genomic sequences as probes, approx imate ly  30 kb o f  c o l i n e a r  genomic recombinants f rom an a -  
aman i t i n - res i s tan t  mutant have been i s o l a t e d .  Exper iments a re  underway t o  e s t a b l i s h  the  
a b i l i t y  o f  t he  recombinants t o  render the  w i l d  t ype  c e l l s  a -amani t in  r e s i s t a n t  by t rans fec -  
t i o n ,  and t o  study the  r e g u l a t i o n  o f  220 kd  subun i t  syn thes is  i n  t h e  presence and absence o f  
a-amanit in.  

ISOLATION OF GENOMIC SEQUENCES ENCODING FOR THE 220 KD SUBUNIT OF HUMAN RNA 
POLYMERASE 11: K. Cho, K. K h a l i l i ,  S.  Per, L. Weiner, and R. Weinmann 
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INTERACTIONS OF N AND HOST FACTORS AT THE PHAGE LAMBDA nut LOCUS. 

University of Connecticut Health Center, Farmington, CT 06032. 

The N-dependent antitermination system of phage lambda requires a number of 

0954 William Whalen and Asis Das, Department of Microbiology7 

genetically defined host proteins, one of which is the S10 ribosomal protein. 
Also essential is the site at which N modifies RNA polymerase to form a 
termination-resistant transcription apparatus. 
shown that translation terminating 19bp upstream of impairs N function, 
whereas termination 23bp o r  97bp upstream of & does not (1). 
suggest that the nut site RNA is a component of the antitermination process. 

Using gene fusions, we have 

These results 

To further explore the role of RNA in N function, NusA, NusB, and N 
proteins were purified using a sensitive in vitro assay (2,3), and nutR RNA was 
purified using a complementary M13 probe. 
Interactions between N, host factors, and & RNA will be presented. 

(1) Warren, F. and Das, A. (1984) PNAS %:3612-3616. 
(2) Das, A .  and Wolsks, K. (1984) CellE:165-173. 
(3) Ghosh, B. and Das, A. (1984) PNAS %:6305-6309. 

The biochemical a n a l y s i s 7  

0955 DIFFERENT 2 DNA SEQUENCES IN 9x174 6ENES AND TRANSCRIPTION CONTROL RE610NS. 
David A. Zarling', Bernard Revet, Thomas M. Jovin, and Etienne Detain. 
*University of California, Naval Biosciences Laboratory, Oakland, C A ,  94625. 

The specific interaction between left-handed 2 DNA sequences in negatigely superc3iled 6x17; 
R F I  DNA and anti-2 DNA IgG (2arling et. a[., 4'. No[. B i c ! .  1:1984) 176, 369-415) was 
investigated by high resolution darkfield immuno-EM. DNA-IgG complexes were tormed under 
optimal binding conditions, purified by column chromatographr, and visualized alter uranyl 
acetate staining without use of aldehyde fixation, shadowing, or second antibad>. Biialent 
anti-2 lqGs bound to R F I  DNAs, thus forming intramolecular bridges. They csuld also 
oligomerize separate molecules by intermolecular linking of 2 sequences. llndcr low ionic 
and thermal conditions high affinity anti-2 Iqt was retained at certain loci even 3tter 
restriction endonuclease cleavage of the DNA. In these cleaved molecules some superhclices 
could be preserved in the loops generated by the bivalent IgG. This is the tirst example 3 f  

IgG stabilization of local superhelical strain in a cut moleculc. L seauenccs in hXli'4 kF1  
DNA were mapped. Alternating tracts of purines and pyrimidines at nucleotides 763, 1027. 
1714, 2146, 2363, 3504, 4161. 4911, and 5345 occur within the 9 difrerent anti-?. IgG binding 
sites, which were expressed with varying frequencies (3-53X) on the molecules. Onl'i a 
limited number o f  sites (generally < 2 )  exist on any one moleculc. The formation ot 
multiple 2 sites in a given molecule, at the extracted superhelix densitv, was probably 
non-cooperative due to Z DNA's relaxation of torsional stress. Ditterent Z sites can cccur 
within several different genes, including regions where transcription is attentuated and in 
one case was located in front of a prorotor of transcription. 

Transcriptional Repressors and Activators 

NEGATIVE CONTROL OF THE GAL OPERON BY REPRESSOR REQUIRES TWO OPERATOR ELEMENTS, 
Sankar Adhya, Alokes Majumdar and Mihael Polymeropoulos, Laboratory of Molecular 
Biology, National Cancer Institute, NIH, Bethesda, MD 20205 

m6 

Analysis of constitutive mutations that derepress the gal operon of Escherichia coli 
shows the existence of a gene (e) coding for the repressor and two non-tandem operator 
loci needed for gal repression. One operator (&) is located immediately upstream to the 
two overlapping &.promoters and the other (5) is inside the first structural gene. We 
have investigated the ability of the wild type and mutant & and 9 DNA sequences to bind 
to purified gal repressor. 
of free and protein bound DNA fragments, we have shown specific binding of gal repressor to 
each of the two operator DNA segments. The repressor binding protects the two operator DNA 
fragments from DNase I digestion. Each of the protected regions is about 24 bp long and 
covers the 16 bp homologous operator sequence. 
one of the two sites prevents repressor interaction with that operator. 

We have studied the relationship of the two operators with the intervening DNA. We have 
found that the addition of a 15 bp DNA sequence, which do not affect the promoter activi- 
ties, between 9 and 9 derepresses the operon. The implication of these and other results 
on the mechanism of gal repressor action will be discussed. 

Based on the difference between the eleCtKOphOKetiC mobilities 

An operator constitutive mutation (gc) at 
9 and 9 are separated by 100 bp and encompass the two gal promoters, 4 and 9.  
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0957 
Irwin, Susan Varnum, and Robin P. Wharton, Department of Biochemistry 
and Molecular Biology, Harvard University, Cambridge, MA 02138 

An alpha helix (the "recognition helix") can determine DNA binding 
specificity of a repressor. Thus, if this (presumed) helix of the 434 
phage repressor is replaced (by gene manipulation) with the (presumed) 
analogous region of 434 cro protein or of P22 repressor, the DNA binding 
specificity of the hybrid protein is in both cases that of the parent 
that donated the alpha helix. 

Using mutagenesis in vitro we have created a mutant of the CAP protein 
of E.coli that binds to DNA but is defective in stimulation of tran- 
scription of &, gal, and !@ genes. 

A 17 base pair synthetic oligonucleotide has been synthesized and shown 
to mediate = stimulation of transcription in yeast. Footprinting 
vivo indicates that, as expected, interacts with this sequence and 
that there are four such GAL4 binding sites in the GAL UAS. A bacterial 
repressor (lex) s y n t h e s i z n n  yeast blocks G& mediated stimulation of 
transcription if the lex operator had been inserted between UAS and 
TATA. A yeast putative transcriptional terminator similarly placed also 
blocks this =-mediated stimulation of transcription. 

HELIX SWAPS; GENE ACTIVATION IN BACTERIA AND YEAST, Mark Ptashne, 
Roger Brent, Karen Chapman, John Douhan 111, Edward Giniger, Nina 

0958 MUTATIONS THAT INCREASE THE AFFINITY AN0 SPECIFICITY OF LAMBDA REPDESSOR- 
OPERATOR BINDING. R. Sauer, H. Nelson, M. Hecht and R. Steaman, Dept. o f  
Biology, T1.I.T., Cambridge 1.W 02139 

We have used revers ion and d i r e c t  se lec t i on  techniques t o  ob ta in  mutations 
t h a t  increase the a f f i n i t y  o f  the bacteriophage lambda repressor f o r  i t s  
oberator s i t e s .  
w i t h  ooerator and non-operator DNA have been characterized. 
the presumed molecular basis f o r  the increased a f f i n i t y  and s o e c i f i c i t y  o f  
these mutant repressors w i t h  respect t o  the i n t e r a c t i o n  oroposed f o r  the 
w i l d  type repressor-operator i n t e r a c t i o n  (1,2). 

(1) Pabo, C.O. and Lewis, M. (1982) Nature 298:4.43. 
(2) Lewis, M. gtd. (1983) Cold Spring Harbor Symp. 47:435. 

The mutant p ro te ins  have been p u r i f i e d  and t h e i r  i n te rac t i ons  
He w i l l  discuss 
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0959 A GENETIC INVESTIGATION OF THE S P E C I F I C I T Y  OF AN ACTIVATOR PROTEIN OF PHAGE LAMBDA 
FOR ITS DNA B I N D I N G  SITE, Daniel  L .  Wulff, Department o f  B i o l o g i c a l  Sciences, 
S ta te  U n i v e r s i t y  o f  New York a t  Albany, Albany NY 12222 

The A C I I  p ro te in ,  which a c t i v a t e s  t r a n s c r i p t i o n  f rom the  p R E  promoter o f  phage lambda, 
b inds  t o  the  f o u r  base repeat  sequence 5'-TTGCN6TTGC-3', where N6 denotes s i x  i n te rven ing  
bases between the  TTGC repeats  ( 1 ) .  
promoter. Promoter minus (pRE-) muta t ions  which a l t e r  t he  f o u r  base repeat  sequence r e s u l t  
i n  decreased b ind ing  o f  C I I  p r o t e i n  t o  pRE, w h i l e  p R E  muta t ions  i n - t h e  -10 and -35 reg ions  
o f  the  promoter a f f e c t  RNA polymerase contac ts  (1 ) .  However no p R E  muta t ion  has been found 
i n  the  f i n a l  C o f  t he  repeat  sequence, even though methy la t i on  exper iments i n d i c a t e  t h a t  t he  
C I I  p r o t e i n  makes c lose  con tac t  w i t h  t h i s  G.C p a i r .  The X pRE promoter and the  NH2-terminal 
reg ion  o f  t he  A c I I  gene s t r u c t u r a l l y  over lap ,  and muta t ions  w i t h i n  the  reg ion  o f  ove r lap  may 
be examined f o r  T h e i r  e f f e c t s  on bo th  func t i ons .  The c t r - 1  muta t ion ,  which was i d e n t i f i e d  
as an u p - t r a n s l a t i o n  mu ta t i on  o f  t he  511 gene, l i e s  w i t h i n  the  reg ion  o f  over lap  and a l t e r s  
the  f i n a l  C o f  t he  repeat  sequence t o  y i e l d  the  sequence 5'-TTGCv6TTGT-3'-(2). Since Xc t r -1  
i s  pRE+, and s ince  a mutant promoter o f  sequence 5'-TTGTN TTGC-3 i s  p R E  , the  two T T G T  
sequences must n o t  be recognized i n  i d e n t i c a l  fashion by Elhe C I I  p r o t e i n .  

promoters. The p R E  promoter o f  phage 21 has the  same f o u r  base TTGC sequences as phage A, 
and the  ERE promoter o f  phage P22 has the  sequence 5'-TTGCN TTGT-3' ( l i k e  Ac t r -1 ) .  
i n t e r v e n i n g  sequences f o r  these th ree  promoters a re  a l l  q u i t e  d i f f e r e n t  f r o E n e  another.  
The p R E  promoters o f  a l l  t h ree  phages over lap  t h e i r  c I I - l i k e  genes a t  p r e c i s e l y  the  same 
pos i t i ons .  A C I I - l i k e  p r o t e i n  of one phage u s u a l l y  Tioes n o t  e f f i c i e n t l y  a c t i v a t e  the  pRE 
promoter o f  another,  a l though c ross- reac t ions  a re  observed (3 ) .  
one f i f t h  as a c t i v e  as P22 pRE when assayed i n  v i v o  w i t h  the  $11- l i ke  p r o t e i n  o f  phage P22. 
The X e - 1  p R E  promoter i s  about h a l f  as a c t i v e  as the  X p R E  
w i t h  e i t h e r  the  A C I I  p r o t e i n  o r  t he  C I I - l i k e  p r o t e i n  o f  P22. 
promoter ( e - 5  i s  a C t o  T change four  bases t o  the  l e f t  of  t he  5 ' -end o f  the ~'-TTGCN TTGC-3' 
sequence) i s  f i v e - f o l d  more a c t i v e  than 
and i s  as f u l l y  a c t i v e  as P22 ERE. 

Th is  repeat  sequence f l a n k s  the  -35 reg ion  o f  t he  

Bacter iophage A i s  one o f  a f a m i l y  o f  bacter iophages w i t h  C I I - l i k e  p ro te ins  and PRE- l i ke  

The 

For example, A p R E  i s  about 

promoter when assayed i n  v i v o  
However the  X &-5 p R E  

pRE+ when assayed w i t h  the  P22 C I I - l i k e  p ro te in ,  

(1) do, Y.S., Nu l f f ,  D.L. and Rosenberg, M. (1983), Nature 304, 703-708. 
( 2 )  Place, N., F ien,  K., Mahoney, M.E., Wulff, D.L., Ho, Y.S., Debouck, C., Rosenberg, 

( 3 )  Fien, K., Turck, A., Kang, I . ,  K i e l t y ,  S., Wu l f f ,  O.L., McKenney, K. and Rosenberg, 
M., Shih, M.C. and Gussin, G.N. (1984) J .  Mol. B io l . ,  i n  press.  

M. (1984), Gene, i n  press.  

Ribosome Binding Sites 

0960 
G a r y  D. S t o r m o  ', L a r r y  G o l d ' ,  Moshik L e i t n e r 3  a n d  M a r v i n  C a r u t h e r s ' ,  

C o l o r a d o ,  B o u l d e r ,  C o l o r a d o ,  3 1 s r a e l  I n s t i t u t e  f o r  B i o l o g i c a l  R e s e a r c h ,  
Nes s c i  o n a  . 

A t y p i c a l  r i b o s o m e  b i n d i n g  s i t e  i n  E .  & c o n t a i n s  a S h i n e  and 
D e l g a r n o  r e g i o n  a n d  a n  i n i t i a t o r  c o d o n  t h a t  is n o r m a l l y  AUG; t h e  two domains  
a r e  s e p a r a t e d  by  5 t o  9 b a s e s .  A l t h o u g h  b o t h  e l e m e n t s  a p p e a r  t o  p l a y  a 
s i g n i f i c a n t  r o l e  in r i b o s o m e  b i n d i n g ,  o t h e r  b a s e s  s u r r o u n d i n g  t h e  i n i t i a t o r  
c o d o n  a r e  p r o b a b l y  i m p o r t a n t .  F o r  e x a m p l e ,  b e t w e e n  b a s e s  -20 and  + 1 3  f o u r  
a d d i t i o n a l  r e g i o n s  h a v e  a non-random d i s t r i b u t i o n  of b a s e s  ( 1 ) .  S i n c e  t h i s  
i s  t h e  r e g i o n  p r o t e c t e d  by r i b o s o m e s  in b i n d  and chew e x p e r i m e n t s ,  t h e  
n o n - r a n d o m n e s s  may be r e l a t e d  t o  r i b o s o m e  b i n d i n g .  To d e t e r m i n e  t h e  
c o n t r i b u t i o n  o f  e a c h  b a s e  t o  r i b o s o m e  b i n d i n g ,  we h a v e  c o n s t r u c t e d  a p l a s m i d  
f o r  c l o n i n g  r andom s y n t h e t i c  s i n g l e  s t r a n d e d  D N A  i n t o  t h e  5 '  end  o f  a = 
g e n e  t h a t  h a s  a p r o m o t e r ,  b u t  l a c k s  b o t h  t h e  f i r s t  e i g h t  n o n - e s s e n t i a l  
c o d o n s  and  a r i b o s o m e  b i n d i n g  s i t e .  When t h i s  v e h i c l e  is c u t  b e t w e e n  3 
a n d  t h e  p r o m o t e r  w i t h  =I1 a n d  = I ,  5 '  a n d  3 '  o v e r h a n g s  a r e  c r e a t e d ;  we 
v i s u a l i z e  t h i s  a r r a n g e m e n t  a s  a n o t c h .  We h a v e  s u c c e s s f u l l y  c l o n e d  s i n g l e  
s t r a n d  D N A  w i t h  e n d s  c o m p l i m e n t a r y  t o  t h o s e  o f  =I1 and  =I i n t o  t h i s  
v e c t o r ,  a p r o c e d u r e  we t e r m  " n o t c h  c l o n i n g " .  B e c a u s e  t h e  D N A  h a s  t w e l v e  
" a m b i g u o u s "  b a s e s  i n  t h e  r e g i o n  p r i o r  t o  t h e  i n i t i a t i o n  c o d o n ,  we h a v e  
o b t a i n e d  h u n d r e d s  o f  d i f f e r e n t  r i b o s o m e  b i n d i n g  s i t e s  i n  a n  i s o g e n i c  
b a c k g r o u n d .  Many s e q u e n c e s  and  a s s o c i a t e d  8 - g a l a c t o s i d a s e  v a l u e s  h a v e  been  
d e t e r m i n e d .  C o r r e l a t i o n  of t h e s e  d a t a  s h o u l d  t e l l  us how e a c h  b a s e  e f f e c t s  
r i b o s o m e  b i n d i n g .  
1. S t o r m o ,  G . D . ,  S c h n e i d e r ,  T . D . ,  G o l d ,  L.M. ( 1 9 8 2 )  N u c l .  A c i d s  R e s .  9, 

COPPELATIYG BIBOSOlE BIYDfYG SITE SEQUEY5ES WITE PUNCTIGN, J o h q  D .  
C h i l d s  I ,  K e i t h  V i l l a n u e b a  , Doug B a r r i c k  , Thomas D .  S c h n e i d e r  , 

' A t o m i c  E n e r g y  o f  Canada  L i m i t e d ,  C h a l k  R i v e r ,  O n t a r i o ,  * U n i v e r s i t y  o f  

2971-299 6 .  
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I. TRANSLATIONAL EFFICIENCY: A MUTATIONAL ANALYSIS OF A RIBOSOME BINDING SITE AND 
OF ITS COMPLEMENT ON THE 16.5 rRNA. 11. THE ROLF, OF THE BOX A REGION IN THE RIBO- o%l 

SOMAL RNA ANTITERMINATION SYSTEM, Herman de Boer, Lisa Comstock, Dennis Eaton and Anna Hui, 
Molecular Biology Department, Genentech, Inc., So. San Francisco, CA 94080 

In the past two years, we have examined the sequences around the start codon with regard 
to their role In the efficiency of protein initiation in E. coli. Using synthetic oligonu- 
cleotide primers, mutagenized in specific regions by simultaneous couplings of all nucleo- 
tides, we obtained two large collections of mutants that differ only at: (1) the three bases 
preceding the start codon of the a-galactosidase messenger and (2) the three bases following 
the start codon (i.e., the second triplet) of this messenger. In both of these groups, we 
found mutants that differ dramatically in the &gal levels. 

In another approach to study the sequence requirements of ribosome binding sites, we de- 
veloped a portable Shine-Dalgarno region (PSDR). In this system, the Shine-Dalgarno (SD) 
area of a given sequence was replaced by several other sequences. We have found that an in- 
crease in the length of complementarity with the 3'-end of the 165 rRNA (i.e., the anti- 
Shine-Dalgarno sequence) results in a decrease in translational efficiency. Using the same 
system, we also found that the sequence in the spacer region; i.e., the region between the 
SD-sequence and the start codon, affects the mRNA translatability; A's and T's favor the ex- 
pression, C's lower the expression, and G's essentially abolish translatability. (Note that 
G residues are almost never found in natural messengers in the spacer region.) 

the anti-SD sequence (as found on the 16s rRNA) and the anti-SD-sequence on the 165 rRNA 
with the SD-sequence. The messenger in which the sequence 5' GGAGG as the SD-region was re- 
placed by 5' CCUCC was completely inactive. We mutated (by site-directed M13-mutagenesis 
procedures) the anti-SD-region in a 16s rRNA gene of the plasmid pKK3535 from 5' CCUCC (its 
natural sequence) to 5' GGAGG. Upon reconstruction of the plasmid, transformants were ob- 
tained that contained large deletions in the plasmid borne 16s rRNA gene, showing that such 
a mutation is lethal. (Similar observations were made by A. Dahlberg's group at Brown 
University, personal comunication.) Currently, we are replacing the authentic ribosomal RNA 
promoters of pKK3535 by an inducible promoter in an attempt to prevent lethality. 

Expression of ribosomal RNA genes by other than its own promoters may lead to premature 
transcriptional termination. For this purpose, we identified the precursor region of 16s 
rRNA as the region that gives RNA polymerase transcribing rrn-operons antitermination pro- 
perties. This region contains a "so-called" box A sequence. Using M13 mutagenesis techniques, 
we made several mutations in and around this region and have demonstrated that the box A 
sequence is crucial for antitermination. 

Finally, using the same PSDR system, we exchanged the SD sequence on the messenger with 

0962 
Many of the peculiarities of translation in eukaryotes can be explained by postulatina that 
ribosomes scan the 5'-end of messenger RNA. Our working hypothesis is that a 405 ribosomal 
subunit binds initially at the 5'-end of m W A  and then advances linearly until it reaches the 
first AUG triplet: if the first AUG codon occurs in an optimal sequence c~ntextl,~'~ all 40s 
subunits stop there and that AUG serves as the unique site of initiation. Rut if the firstAUG 
triplet occurs in a suboptimal context, only some 405 subunits stop and initiate there; some 
bypass that site and initiate at another AUG codon that lies farther downstream. This ':modi- 
fied scanning model" makes several predictions which I have evaluatedbyintroducing mutations 
around, and upstream from, the AUG initiator codon in a cloned preproinsulin gene. To moni- 
tor the effects of sequence variations near the initiator codon, SV4O-based plasmids that 
carry point mutations or small insertions were introduced into monkey (COS) cells and the 
yield of (prelproinsulin wasmeasured 48 hours later. 

A number of parameters have been studied using this system: 
(a) Single nucleotide changes in position -3 (i.e., 3 nucleotides upstreamfromthe AUG codon) 

or position +4 were found to modulate the yield of proinsulin over a 15-fold range. The 
optimal nucleotides are A in position -3 and G in position +4; the contributions of those 
two positions are not simply additive. Single nucleotide changes in positions-1, -2, -4  
or -5 have much smaller effects on translational efficiency. 

(b) An oligonucleotide has been inserted upstream from the AUG initiator codon that is comple- 
mentary to a block of 13 nucleotides, includingthe AUG codon. The formation of a stable 
hairpin structure in which the AUG triplet is completely base paired does not preclude 
translation, implying that ribosomes can melt secondary structure barriers in mRNA. 

(c) The ability of eukaryotic ribosomes to reinitiate translation following a terminator codon4 
has been confirmed. Theefficiency of reinitiation has been shown to depend on the posi- 
tion of the terminator codon relative to the second (downstream) initiator codon. 

(d) The possibility that triplets other than AUG can serve as initiator codons in higher eu- 
karyotes was tested by introducing point mutations that changed the AUG codon to AUA,AUU, 
GUG or UUG. The nonstandard initiator codons that work, at least to some extent, in pro- 
karyotes do not function to a detectable extent in higher eukaryotes. 

SELECTION OF TRWSLATIONAL START SITES IN EUKRYYOTIC mRNAs, Marilyn Kozak: Depart-. 
ment of Biological Sciences, University of Pittsburgh, Pittsburgh, PA 15260 
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of Radiation Biology & Biophysics and Biochemistry, University of Rochester School of 
Medicine, Rochester, NY 14642 and *Department of Botany, University of Hawaii 
Honolulu, HI 96844 

RULES OF TRANSLATION, Fred Sherman, Steven B. Baim, Michael Labhard, Linda R. 
Friedman, D. Michael Hampsey, Charles T. Goodhue and John I. Stiles*, Departments 

A systematic analysis of mutational alterations within the transcribed region of the 
CYCl  gene has revealed certain essential features of the translational process in yeast. 
Altered DNA sequences were obtained by a variety of techniques, including the selection of 
mutations, revertants and recombinant i n  vivo and the alteration of cloned DNA segments i n  
v i t r o .  The following alterations have been extensively characterized: point mutations of 
the AUG initiator codon; small deletions and insertion in the 5' untranslated region; bp 
substitutions adjacent to the AUG initiator codon; relocation of the AUG initiator codon; 
and formation of sequences with two AUG codons. The levels of the CYCl mRNA and of the gene 
product, iso-1-cytochrome c ,  were determined in strains containing single copies of the 
altered CYCl  genes at the normal chromosomal position. 

codon is required for effective initiation of translation; however, certain other codons can 
be used at below 1% of the normal efficiency, and these levels can be enhanced by suppressors 
unlinked to the CYCl locus. (ii) Deletions and AUG relocation indicate there is no require- 
ment for specific sequences o r  a ribosome binding site adjacent to the AUG initiator codon. 
(iii) Insertions and deletions indicate that the distance between the CAP sites and the AUG 
initiator codon can be varied without appreciably affecting the efficiency of translation. 
(iv) Hairpin and possibly other secondary structures in the mRNA can greatly diminish trans- 
lation; the degree of inhibition is dependent on the strength of the hairpin structure and 
on the position of the AUG codon relative to the hairpin structure. (v) The translational 
efficiency is influenced by nucleotides at position -1 and -3; however, this context effect 
varies with the position of the AUG initiator codon along the mRNA. (vi) Protein synthesis 
initiates at the 5 '  proximal AUG codon in most sequences. Insertion of an upstream AUG codon 
can prevent OK diminish initiation from the normal downstream start site, and the efficiency 
is a function of the sequence context. This result implies that protein synthesis can ini- 
tiate concomitantly at more than one AUG codon with special contexts. 

1. Sherman, F. and J. W. Stewart, In: M o l e c u l a r  B i o l o g y  of Y e a s t  S a c c h a r o m y c e s :  M e t a b o l i s m  

The following major conclusions concerning translation have been reached. (i) An AUG 

a n d  Gene E x p r e s s i o n .  Edited by J. N. Strathern, E. W. Jones and J. R. Broach. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N. Y., 1982, pp. 301-333. 

Translational Controls; Regulatory Loops 

0964 POST-TRANSCRIPTIONAL REGULATION OF COLLAGEN GENE EXPRESSION. S h e r r i l l  L. Adams, 
Richard J. Focht and E i l een  S. Al lebach, Department o f  Human Genetics, U n i v e r s i t y  
of  Pennsylvania, Ph i lade lph ia ,  PA 19104 

We have examined co l lagen gene express ion  i n  severa l  types o f  d i f f e r e n t i a t e d  cells f rom 
ch ick  embryos, and i n  v i r a l  t ransformants o f  these c e l l s .  Our s tud ies  i n d i c a t e  t h a t  t he  
type  I co l l agen  genes may be regu la ted  n o t  o n l y  a t  t he  l e v e l  o f  t r a n s c r i p t i o n ,  b u t  a l s o  a t  
t he  l e v e l s  of  RNA processing and t r a n s l a t i o n .  Tendon and s k i n  f i b r o b l a s t s  and smooth 
muscle c e l l s  syn thes ize  type  I co l lagen a t  w ide l y  d i f f e r i n g  ra tes ,  a l though they  d i sp lay  
i d e n t i c a l  amounts o f  h y b r i d i z a b l e  type I co l l agen  RNAs. Chondrocytes syn thes ize  no de- 
t e c t a b l e  type  I co l lagen,  a l though they  d i s p l a y  subs tan t i a l  amounts of  h y b r i d i z a b l e  type  I 
co l l agen  RNAs which d i s p l a y  a l t e r e d  e l e c t r o p h o r e t i c  m o b i l i t i e s .  These r e s u l t s  i n d i c a t e  
t h a t  t he re  may be a l t e r n a t i v e  processing pathways which g i v e  r i s e  t o  type  I co l l agen  RNAs 
o f  d i f f e r i n g  t r a n s l a t i o n a l  e f f i c i e n c i e s .  Transformat ion o f  chondrocytes r e s u l t s  i n  a 
dramat ic increase i n  type  I co l l agen  RNAs. These RNAs have e l e c t r o p h o r e t i c  m o b i l i t i e s  
comparable t o  those found i n  f i b r o b l a s t s  and can be t r a n s l a t e d  very  e f f i c i e n t l y  i n  v i t r o ,  
b u t  no t  i n  v ivo ,  i n d i c a t i n g  t h a t ,  regard less  o f  t he  form and q u a n t i t y  o f  t h T t F I  
co l lagen m A G h o n d r o c y t e s  a re  unable t o  u t i l i z e  them e f f i c i e n t l y .  We suggest t h a t  t he  
type  I co l lagen genes a re  t ransc r ibed  c o n s t i t u t i v e l y ,  and t h a t  p o s t - t r a n s c r i p t i o n a l  
mechanisms i n v o l v i n g  RNA process ing  and t r a n s l a t i o n a l  c o n t r o l  have been e labora ted  t o  
compensate f o r  t h i s  . 
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0965 DIRECT MAPPING OF ADENO-ASSOCIATED VIRUS CAPSID PROTEINS B AND C :  A POSSIBLE ACG 
INITIATION CODON. S .  P a t r i c i a  Becerra, James A. Rose, Medora Hardy* and Car l  W .  

Anderson*, N I A I D ,  NIH, Bethesda, MD 20205; *B io logy  Department, Brookhaven Na t iona l  
Labora tory ,  Upton, NY 11973 

Adeno-associated v i r u s  (AAV) v i r i o n s  a re  composed o f  t h ree  major caps id  po lypept ides ,  
A, B and C, w i t h  mo lecu la r  we igh ts  o f  90,000, 72,000 and 60,000. T h e i r  molar r a t i o  i n  the  
v i r i o n  i s  s i m i l a r  t o  t h a t  found i n  i n f e c t e d  c e l l s  (A:B:C=1:1:10), suggest ing t h a t  t h e i r  pro- 
duc t i on  i s  h i g h l y  regu la ted .  For AAV type  2, these p ro te ins  a re  s p e c i f i e d  by the  e n t i r e  
r i g h t  h a l f  o f  t he  v i r a l  genome which i s  4675 bp i n  length .  
amino a c i d  sequences equ iva len t  t o  a l l  o f  C,  an ove r lap  which produces a common carboxy 
te rm ina l  segment. The longes t  open read ing  frame i n  the  r i g h t  h a l f  o f  t he  genome, however, 
i s  o n l y  s u f f i c i e n t  t o  code f o r  a 503 amino a c i d  po l ypep t ide  ( i . e . ,  a p r o t e i n  about the  s i z e  
o f  C). I n  ou r  c u r r e n t  s tud ies ,  us ing  an amino a c i d  sequencing technique, we have conf i rmed 
t h a t  p r o t e i n  C i s  encoded by t h i s  open read ing  frame. As expected, t he  i n i t i a t i n g  AUC l i e s  
w i t h i n  a favo rab le  sequence con tex t  f o r  a f u n c t i o n a l  i n i t i a t o r  codon. The s t a r t  s i t e  f o r  
p r o t e i n  B maps 195 bases upstream from the  i n i t i a t i o n  s i t e  f o r  C. I n t e r e s t i n g l y ,  t he  pu ta-  
t i v e  i n i t i a t o r  codon f o r  B i s  a Thr codon, ACG, which a l s o  l i e s  w i t h i n  a p r e f e r r e d  sequence 
con tex t  f o r  a f u n c t i o n a l  i n i t i a t o r  codon. Add i t i ona l  evidence supports the  p r o b a b i l i t y  t h a t  
t h i s  ACG t r i p l e t  i s  t he  i n i t i a t o r  codon f o r  p r o t e i n  B. I n i t i a t i o n  by an ACG codon would be 
novel  i n  eukaryotes.  U t i l i z a t i o n  o f  an ACG codon as a f u n c t i o n a l  i n i t i a t o r  and i t s  r o l e  i n  
r e g u l a t i n g  v i r a l  p r o t e i n  syn thes is  w i l l  be discussed. 

I n  add i t i on ,  A, B and C share 

0966 Human a I n t e r f e r o n  Genes: D ive r s i ty  and Pseudogene Express ion ,  Arthur P .  Bollon, 
Richard Torczynski,  and Cheryl Hendrix,  Wadley I n s t i t u t e s  of Molecular Medicine, 
Da l l a s ,  Texas 75235 

Human a I n t e r f e r o n s  r ep resen t  a fami ly  of r e l a t e d  p r o t e i n s  con ta in ing  a n t i - v i r a l  and 
a n t i - p r o l i f e r a t i v e  a c t i v i t i e s .  Considerable e f f o r t  has  been made on explor ing  a I n t e r f e r o n  
an t i -cancer  a c t i v i t i e s  a g a i n s t  s e l e c t  carcinomas, a s  wel l  as i n h i b i t o r y  a c t i o n s  aga ins t  
r e t r o v i r a l  p r o l i f e r a t i o n  and express ion .  We have developed a method which has permi t ted  the  
i s o l a t i o n  of s eve ra l  a i n t e r f e r o n  genes from a human genomic l i b r a r y ,  u s ing  17 base oligomeric 
probes.  The method requi red  s e v e r a l  t e c h n i c a l  re f inements ,  and r e s u l t e d  i n  the  i s o l a t i o n  of 
novel a I n t e r f e r o n  genes,  which had no t  prev ious ly  been i s o l a t e d  from e i t h e r  cDNA o r  genomic 
l i b r a r i e s .  These r e s u l t s  may i n d i c a t e  t h a t  sho r t  probes a r e  u s e f u l  f o r  i d e n t i f y i n g  subse t s  of 
genes of gene f a m i l i e s ,  f o r  which cDNA probes a r e  l e s s  e f f i c i e n t ,  i n  a r e l a t i v e  sense ,  i n  
r l l i c i t i n g  s t rong  s i g n a l s .  One of t h e  novel a I n t e r f e r o n  genes,  IFN-aWA, has been sequenced 
and compared t o  o t h e r  a I n t e r f e r o n s  which previous ly  have been descr ibed .  The IFN-aWA 
con ta ins  approximately a 10% d i f f e r e n c e  i n  DNA sequence, compared t o  human a I n t e r f e r o n s  A-L. 
IFN-aWA i s  most homologous wi th  IFN-aC (2.6% d i f f e r e n c e )  a t  t h e  5' end which then  d ive rges  t o  
about a 7% d i f f e r e n c e  a t  t h e  3' end, whereas t h e  3 '  end of IFN-aWA i s  most homologous with 
IFN-aH (2 .4% d i f f e r e n c e ) ,  which d ive rges  as one moves t o  the  5' end (16.6% d i f f e r e n c e ) .  Such 
comparisions were done a t  150 base  i n t e r v a l s .  IFN-aWA d i f f e r s  wi th  IFN-aA-L a t  5 conserved 
amino ac id  p o s i t i o n s ,  two of which r e s u l t  i n  changes from hydrophobic r e s idues  t o  a c i d i c  
r e s idues .  The IFN-aWA has  been expressed i n  E .  c o l i  u s ing  an M13 l a c  fus ion  system. A second 
novel human a I n t e r f e r o n  gene a s  wel l  a s  p r o p e r t i e s  of t hese  i n t e r f e r o n s  a r e  under a n a l y s i s .  
A t h i r d  i s o l a t e d  human a I n t e r f e r o n  gene human i s  IFN-aL, which i s  cons idered  a pseudogene 
s i n c e  i t  con ta ins  a s t o p  codon i n  t h e  s igna l  sequence. I n  an e f f o r t  t o  ana lyze  whether t h e  
whole IFN-aL gene product was i n a c t i v e ,  t h e  s t o p  codon i n  the  s i g n a l  sequence was co r rec t ed .  
The modified IFN-aL was engineered i n  E .  c o l i  f o r  express ion ,  us ing  a M13 +,ac y s i o n  system. 
Upon induct ion  wi th  I P T G ,  an  a c t i v e  I n t e r f e r o n  p r o t e i n  was genera ted  (10 -10 u / l ) .  These 
r e s u l t s  i n d i c a t e  t h a t  t h e  mature i n t e r f e r o n  coding sequence of IFN-aL has been conserved f o r  
a c t i v e  i n t e r f e r o n  p r o t e i n .  These r e s u l t s  may bear on the  s i g n i f i c a n c e  and func t ion  of so 
c a l l e d  pseudogenes. One can specu la t e  t h a t  c e l l s  a r e  capable  of u t i l i z i n g  the  mature sequence 
informat ion  of IFN-aL, e i t h e r  by bypassing t h e  s t o p  codon v i a  some form of suppress ion  o r  by 
DNA o r  R N A  o rgan iza t ion .  A l t e rna t ive ly ,  t h e r e  may be polymorphisms f o r  IFN-aL. Examination 
of t h e  sequence of IFN-aL gene uncovers some p o t e n t i a l  i n t e r n a l  express ion  sequences.  One can 
f u r t h e r  specu la t e  t h a t  mu l t ip l e  forms of a I n t e r f e r o n  may be synthes ized ,  s ec re t ed  and 
non-secreted forms. It  i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  s eve ra l  i n t e r n a l  procaryot ic  
express ion  s i g n a l s  have been recognized i n  n o t  only IFN-aL, bu t  i n  a l l  the  a I n t e r f e r o n  genes,  
which may bear  on t h e  na tu re  of i n t e r f e r o n  p r o t e i n  products  genera ted  by g e n e t i c a l l y  
engineered b a c t e r i a .  

21 3 



Sequence Specificity in Transcription and Control 

0967 TRANSLATIONINITIATION OF THE ECCRV ENOONUCLEASE IS MODULATE0 BY A mRNA TERTIARY 
STRUCTURAL SIGNAL. J.H. Ba t te rman '  & 3. Labeau*.  ' S t a t e  U n i v e r s i t y  o f  Ghent, 

' P l a n t  G e n e t i c  Systems N.V. Ghent, Be lg ium.  
The 9 r e s t r i c t i o n - m o d i f i c a t i o n  system has r e c e n t l y  been c h a r a c t e r i z e d .  A n a l y s i s  of t h e  
mRNA secondary  s t r u c t u r e  r e v e a l e d  a v e r y  s t a b l e  stem and l o o p  s t r u c t u r e  i n  t h e  r e g i o n  imme- 
d i a t e l y  downstream of t h e  endonuclease c o d i n g  sequence, c o n t a i n i n g  a b u l g e  l o o p  o f  7 bases, 
w h i c h  i s  p e r f e c t l y  complementary t o  t h e  sequence f l a n k i n g  t h e  A T G  i n i t i a t i o n  codon. The 
p o s s i b i l i t y  t h a t  a t e r t i a r y  s t r u c t u r e  i n t e r a c t i o n  between t h e s e  two sequences m i g h t  i n h i b i t  
t r a n s l a t i o n ,  has been t e s t e d  by s i t e  d i r e c t e d  mu tagenes is .  P r i o r  s t u d i e s  showed t h a t  t h i s  
r e g i o n  canno t  be removed. Consequen t l y  we f u s e d  t h e  gene w i t h  i t s  r i bosome b i n d i n g  s i t e ( r b s 1  
t o  a r e g u l a t a b l e  lambda P promoto r .  b u t  no a p p r e c i a b l e  o v e r p r o d u c t i o n  of t h e  gene p r o d u c t  
was o b t a i n e d .  Ev idence  w k l l  be p r e s e n t e d  t h a t  subsequent m u t a t i o n  o f  t h e  p u t a t i v e  r e g u l a t o r y  
s i g n a l  l e a d s  t o  i n c r e a s e d  e x p r e s s i o n .  The e x p r e s s i o n  of  t h e  endonuclease m i g h t  t h u s  be r e g u -  
l a t e d  a t  t h e  l e v e l  of t r a n s l a t i o n  i n i t i a t i o n  by a t e r t i a r y  s t r u c t u r e  i n t e r a c t i o n  between t h e  
r b s  and t h e  s i g n a l .  when t h e  RNA c h a i n  i s  comp le ted ,  t h e  r b s  becomes masked and hence o n l y  
n a s c e n t  mRNA's can  be t r a n s l a t e d .  T h i s  ensu res  a s t r i n g e n t  c o n t r o l  o f  endonuclease expres- 
s i o n  by l i m i t i n g  t h e  number of enzyme m o l e c u l e s  s y n t h e s i z e d  f r o m  each mRNA. 

0968 TRANSCRIPTIONAL AND TRANSLATIONAL STUDIES ON THE MuMTV UNIT I 1  PROVIRUS, Richard 
W. Connors and Akh i l  B. Vaidya, Hahnemann Un ive rs i t y ,  Ph i lade lph ia ,  PA 19102-1192 

The e t i o l o g i c  agent o f  adenocarcinoma o f  the  b reas t  i n  the  mouse model system i s  the  Mouse 
Mammary Tumor V i rus  (MuMTV). 
and C57BL revea l  two common MuMTV prov i ruses ,  designated-hiit I 1  and u n i t  111. High l e v e l s  
o f  f u n c t i o n a l  MuElTV t r a n s c r i p t s  a re  found i n  C57BL l a c t a t i n g  mamnary glands (LMG), whereas 
no MuMTV mRNA can be de tec ted  i n  BALB/c LMG. 
To examine t h i s  d i f f e r e n t i a l  r e g u l a t i o n  o f  endogenous MuMTV expression, we have i s o l a t e d  
molecu la r  c lones c a r r y i n g  the  MuMTV u n i t  I 1  p rov i rus  f rom BALB/c and C57BL/6 genomic 
l i b r a r i e s .  
p r o v i r u s  i s  i n t e g r a t e d  a t  t he  same chromosomal locus  i n  bo th  C57BL and BALB/c mice. I n  
add i t i on ,  t he re  a re  no r e s t r i c t i o n  s i t e  polymorphisms between these clones over a 35 kb 
reg ion .  
r e g u l a t i o n  o f  express ion  i n  C57BL and BALB/c LIlG, we a re  sequencing a 500 bp Pst I fragment.  
Th is  f ragment conta ins  the  g l u c o c o r t i c o i d  receptor  b ind ing  s i t e  as w e l l  as t r a n s c r i p t i o n a l  
s t a r t  s igna ls  f o r  MuMTV expression. To i n v e s t i g a t e  the  r e g u l a t i o n  o f  MuMTV u n i t  I 1  expres- 
s i o n  i n  v ivo ,  we have t rans fec ted  bo th  the  BALB/c and the  C57BL/6 c lones i n t o  NIH3T3 c e l l s  
and a mamnary e p i t h e l i a l  c e l l  l i n e  o f  C57BL o r i g i n .  P re l im ina ry  r e s u l t s  i n d i c a t e  bo th  
BALB/c and C57BL u n i t  I 1  p rov i ruses  a re  t ranscr ibed;  f u r t h e r  s tud ies  a re  be ing  conducted t o  
determine t h e i r  t rans1 a t i o n a l  s t a t e .  

Southern b l o t  ana lys i s  o f  Eco R I  r e s t r i c t e d  DNA from BALB/c 

I n  n e i t h e r  s t r a i n  a re  MuMTV p r o t e i n s  detected. 

R e s t r i c t i o n  endonuclease ana lys i s  o f  t he  c loned DNA has shown t h a t  the  u n i t  I 1  

To examine nuc leo t i de  sequence d i f f e rences  t h a t  may account f o r  the  d i f f e r e n t i a l  

0969 

Non-manipulated euka ryo t i c  genes a re  very  p o o r l y  expressed i n  p r o k a r y o t i c  systems because 
they  l a c k  a p roper  r ibosomal b ind ing  s i t e .  I n  v i t r o  t r a n s c r i p t i o n  o f  cDNAs, c loned a f t e r  
a p r o k a r y o t i c  promoter, i s  simple, s p e c i f i c  and r a t h e r  e f f i c i e n t .  Such t r a n s c r i p t i o n s ,  
however, cannot be t r a n s l a t e d  i n  euka ryo t i c  systems because they  l a c k  a 5 ' - t enn ina l  cap 
s t r u c t u r e .  
capping o f  t he  RNA. 
c loned cDNA th rough a combinat ion o f  p roka ryo t i c  t r a n s c r i p t i o n  and euka ryo t i c  t r a n s l a t i o n .  

I N  V I T R O  EXPRESSION OF CLONED GENES, R. Contreras and W .  F i z r s ,  Labora tory  o f  
Mo lecu la r  B io logy ,  S ta te  U n i v e r s i t y  o f  Ghent, 8-9000 Ghent, Belgium 

Add i t i on  o f  chemica l l y  syn thes ized caps t o  the  t r a n s c r i p t i o n  mix a l l ows  e f f i c i e n t  
A c l o n i n g  procedure i s  descr ibed which a l l ows  the  express ion  o f  t he  

0970 SEOUENCE OF THE MOUSE ALCOHOL DEHYDROGENASE CDNA: TRANSLATION STARTS 
AT THE SECOND AUG, Howard J. Edenberg and Ke Zhang, Department of 
Biochemistry, Indiana Univ. School of Medicine, Indianapolis IN 46223 

The cDNA encoding the mouse-liver alcohol dehydrogenase (ADH-A subunit) has 
been cloned from a liver cDNA library, and its sequence has been determined. 
The cDNA contains 1 B R  nucleotides of 5 '  non-translated sequence, the entire 
coding sequence of the ADH-A subunit, and 133 nucleotides of 3' 
non-translated sequence followed by a short poly(A). This represents the 
first complete sequence of a cDNA for a mammalian alcohol dehydrogenase. 
The amino acid sequence deduced from this cDNA closely resembles that of the 
horse-liver ADV-E subunit: 316 of 374 residues are identical, and 29 of the 
differences are conservative substitutions. The 5 '  end of this cDNA is 
interesting: the second AUG initiates synthesis of the ADH polypeptide. It 
is preceded by a n t h a t  could direct synthesis of a tri-peptide before 
reaching a termination codon. The sequences surrounding both AUGs are 
similar. Kozak's hypothesis that ribosomes initiate synthesis at the first 
AUC: and, after termination of the peptide, continue traveling along the RNA 
to reinitiate at the second AUG might explain the initiation of the ADH 
polypeptide. Such a mechanism might influence the efficiency of 
translation of this mRNA. 
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,0971 THE RIBOSOWL RNA INTERVENING SEQUENCE OF TETRAHYENA; NUCLEOTIDE SEQUENCE DATA 
FROM SIX DIFFERENT SPECIES, Jan Engberg and Henrik Nielsen,  Biochemical I n s t i t u t e  B 
Universi ty  of Copenhagen, Denmark 

We have determined t h e  nucleot ide sequence o f  t h e  rDNA i n t r o n  region of s i x  d i f f e r e n t  
Tetrahymena s p e c i e s  i n  o rde r  t o  t e s t  model secondary s t r u c t u r e s  which may be involved i n  
the  i n  v i t r o  and i n  v ivo  s p l i c i n g  r eac t ion .  The IVS o f  T. hyperangular is  and T. cosmopoli- 
t a n i s  a r e  i d e n t i c a l  i n  s i z e  (407 nuc leo t ides )  and sequence and d i f f e r  from the  IVS o f  
- T. pigmentosa and 2. sonneborni by s i n g l e  base s u b s t i t u t i o n s  a t  two pos i t i ons  only.  The 
IVS of T. thermophila and 2. malaccensis a r e  413 nuc leo t ides  and 403 nuc leo t ides  long, 
r e spec t ive ly ,  and con ta in  s e v e r a l  i n s e r t i o n s ,  d e l e t i o n s  and s i n g l e  base s u b s t i t u t i o n s  r e l a -  
t i v e  t o  the  IVS of the  o t h e r  Tetrahymena spec ie s .  When the  d i f f e rences  a r e  pos i t i oned  on 
the IVS secondary s t r u c t u r e  map of T. thermophila ( c f .  Cech e t  a l .  (1983) PNAS 80, 3903) 
the  i n s e r t i o n s ,  d e l e t i o n s  and most o f  the s i n g l e  base s u b s t i t u t i o n s  map i n  s i n g l e  s t r anded ,  
looped-out regions.  I n  th ree  cases  we found t h a t  s i n g l e  base s u b s t i t u t i o n s  i n  duplex stem 
regions have been compensated by secondary base s u b s t i t u t i o n s .  One of t h e  s i n g l e  base dele-  
t i o n s  i n  T. malaccensis map wi th in  t h e  so-cal led I n t e r n a l  guide sequence which has  been 
impl i ca t ed  i n  t h e  alignment process  during the  s p l i c i n g  r eac t ion  (Waring e t  a l .  (1983) JMB 
167, 5 9 5 ) .  This  d e l e t i o n  becomes o f  s p e c i a l  i n t e r e s t  s i n c e  it has been shown - i n  T. t he r -  
mophila - that  the  nucleot ide i n  t h i s  pos i t i on  i s  d i r e c t l y  involved i n  the  c i r c u l a t i o n  
process  (Zaug e t  a l .  (1983) Nature 301, 578) .  The e f f e c t  of t h i s  s i n g l e  base d e l e t i o n  on 
t he  s p l i c i n g  and c i r c u l a r i z a t i o n  r eac t ions  is no t  known a t  t he  molecular l e v e l ,  y e t .  

- 
~ 

- 

0972 
o f  CUNY, New York, NY 10021 and 'Dept.  o f  Biocheqist . -y,  6 .  o f  Miss.  Pled. C t r . ,  Jackson, 
MS 39216. 

D I R E C T  MEASUREMENT OF THE INTERACTION OF F I F - ~ A  WITH mRNA AND NUCLEOTIDES. 
0. J. Goss', C .  L .  Woodley*, and A. J. Wahba', Dept. o f  Chemistry, Hunter Co l lege 

We iiave p -ev ious l y  used f luorescence techniques 10 moni to r  d i r e c t l y  p r o t e i n - p r o t e i n  
and p r o t e i n - n u c l e i c  ac ia  i n t e r a c t i o n s .  F luorescent  l a b e l i n g  o f  euca ryo t i c  i n i t i a t i o n  
f a c t o r  2 (e IF-2)  a l lowed us t o  desc r ibe  a mechanism f o r  t he  i n t e r a c t i o n  o f  e IF-2  w i t h  
t h e  guanosine nuc leo t i de  exchange f a c t o r  (GEF), GDP and GTP (J .  B i o l .  Chem., 259, 7347 
(1984) 1. To exp lo re  f u r t h e r  t h e  r o l e s  o f  va r ious  f a c t o r s  i n  po l ypep t ide  c h a i n T i t i a t i o n ,  
we have f l u o r e s c e n t l y  l abe led  euca ryo t i c  i n i t i a t i o n  f a c t o r  4A. By mon i to r i ng  changes 
i n  f luorescence i n t e n s i t y  and f luorescence an iso t ropy ,  d i r e c t  i n t e r a c t i o n  o f  eIF-4A, 
w i t h  ATP, ADP, eIF-4B, and va r ious  mRNAs has been detected. Ana lys is  o f  f luorescence 
quenching da ta  a l lowed us t o  determine the  The 
e q u i l i b r i u m  cons tan ts  ( p ) 2 9 b t a i n e d  were approx imate ly  the  same (80 uM) f o r  bo th  nucleo- 
t i d e s .  The presence o f  l g  decreased KD more than 2 - f o l d .  Messenger RNAs w i t h  and 
w i thou t  t h e  5 '  t e rm ina l  cap and having d i f f e r e n t  l e v e l s  o f  secondary s t r u c t u r e  w i l l  
be assayed f o r  b i n d i n g  t o  eIF-4A and o the r  i n i t i a t i o n  f a c t o r s .  

f o r  ATP and ADP b ind ing  t o  eIF-4A. 

Grant Support: N I H  GM 25Q51(AJW) 

0973 REGULATION OF HlSTONE mRNA DEGRADATION I N  MOUSE CELLS. Reed A .  Graves,NuntaChodchoy 
and William Marzluff ,  Dept.Chemistry,Florida S t a t e  University,Tallahassee,Fl.32306 

The l e v e l s  of h i s tone  mRNAs encoding the  repl icat ion-dependent  h i s tone  v a r i a n t s  a r e  re- 
gulated coord ina te ly  with DNA syn thes i s .  When mouse c e l l s  a r e  t r e a t e d  with i n h i b i t o r s  of 
DNA syn thes i s  which i n t e r f e r e  wi th  deoxynucleotide metabolism, both t h e  h a l f - l i f e  of t he  
h i s tone  mRNA and t h e  r a t e  of t r a n s c r i p t i o n  a r e  a l t e r e d .  We have inves t iga t ed  the  sequences 
required f o r  r egu la t ing  the  h a l f - l i f e  of h i s tone  mRNA by cons t ruc t ing  a l t e r e d  mouse h i s tone  
genes and r e in t roduc ing  these  genes i n t o  mouse c e l l s .  Delet ion of t h e  h a i r p i n  loop a t  the  
3' end of a h i s tone  H3 gene r e s u l t s  i n  the  formation of longer  t r a n s c r i p t s  which a r e  poly- 
adenylated.  These longer  RNAs a r e  found i n  the  cytoplasm and a r e  no t  r ap id ly  degraded when 
DNA syn thes i s  i s  i n h i b i t e d .  Delet ion of 200 nuc leo t ides  from t h e  cen te r  of t he  coding re- 
gion of t he  H3 o r  H 2 a  gene and replacement of t h i s  sequence with a po r t ion  of t he  pBR322 
t e t r a c y c l i n e  gene r e s u l t e d i n  formation of cytoplasmic h i s tone  mRNAs which were i n i t i a t e d  
and terminated c o r r e c t l y ;  These hybrid mRNAs a r e  s t a b l e  when DNA syn thes i s  is  inh ib i t ed .  
W e  conclude t h a t  whtle  t he  3' end of t h e  h i s tone  mRNA i s  required f o r  mRNA degradat ion,  
t he  coding regions sequences i n  the  middle of t h e  gene a r e  a l s o  required f o r  a l t e r e d  de- 
g rada t ion  of h i s tone  mRNA. The extreme conservat ion of mouse h i s tone  coding region se- 
quences among d i f f e r e n t  genes coding f o r  t he  same h i s tone  p r o t e i n  may r e f l e c t  t h e  r o l e  of 
t hese  sequences i n  r egu la t ing  h i s tone  mRNA degradat ion.  Supported by grant  GM29832 from 
NLH. 
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0974 GLYCOSYLATION OF THE CELL-MEMBRANE ALTERS THE BIOFUNCTION OF THE mRNA TRANSLATION 
PRODUCTS. Anwar A. Hakim. Charles M. Siraki and Charles E. Joseph". loyola Universi- 
ty Medical Center. Maywood, Illinois 60135 and" Univ. Southern Calif, Los Angeles, 
Calif. 90024. 

Several studies have been conducted to identify the target cell membrane determinants that 
binds to the effector cells. The present studies were aimed at the chemical nature of the 
receptor. Human Natural Killer (NK) cells and peripheral blood lymphocytes (PBL) from hepati- 
tis B virus surface antigen vaccine (HBsAg) are cytotoxic (CTL) to human hepatocellular car- 
cinoma (HHCC) .When incubated with NK or CTL, neuraminidase (VCN) increased the cytotoxicity 
of these cells by 10-14 folds. Whereas, if the target cells were treated with VCN, they beca- 
me resistant to the killing effects. When HHCC are cultured in presence of non-toxic levels 
(0.3 to 1.0 ug/ml) of tunicamycin (Tn), a potent inhibitor of glycosylation, the cells resist 
the killing 

of target cells 
from HHCC and glycosylation-deficient-HHCC, and were used in an in vitro mRNA-protein synthe- 
sis system. On Oligo(dT) columns the two types of mRRA differed in elution patterns. The pro- 
tein coded by mRNA from HHCC enhanced, whereas the protein coded by mRNA from glycosylation- 
deficient HHCC had no effect on NK or CTL cytotoxic activities. When applied on SDS-polyacryl- 
amide gel electrophoresis, the protein coded by mRNA from IIIICC resembled. whereas that coded 
by mRNA from glycosylation-deficient cells differed from HBsAg. Therefore, glycosylation of 
the cell membrane alters mRNA translation products. 

ffects of NK and CTL cells. Both HfCC and glycosylation-deficient fIIiCC were la- belled with s H-N-Acetylglucosamine. Using Ficoll-Hypaque gradient centrifugation, both types 
bound to the effector cells, but only W-ICC were lysed. mRNA was isolated 

0975 
Several bacterial plasmid vectors (pBR322 derivatives) have been constructed in an 
effort to express human prosomatostatin in bacterial cells. These expression vectors 
were designed to place the human prosomatostatin cDNA sequence under the regulation of 
the bacterial tryptophan promoter. Probing of cellular fractions for the prosomato- 
statin peptide (11,500 MU) and mRNA from cells transformed with initial plasmid con- 
structs indicated very high levels of somatostatin specific mRNA but no prosomatostatin 
peptide. Northern blots revealed the somatostatin specific transcripts (300-400 bases) 
were of sufficient length to encode the complete precursor peptide although apparently 
terminating in the 3' untranslated region of the eukaryotic sequence (present in all 
constructs). A computer analysis revealed terminator-like sequences in this 3' un- 
translated region similar to those known to terminate beta-lactamase and tetracycline- 
resistance genes also present on pBR322. Deletion of the 3' untranslated region and 
reintroduction into bacterial cells of this otherwise unmodified vector resulted in 
significant levels of prosomatostatin peptide expression. Analysis of RNA from these 
cells indicated the presence of specific transcripts two to three times the size 
necessary to code for the 9 2  amino acid precursor peptide. The results suggest that 
bacterial expression of this relatively small eukaryotic peptide requires a minimum 
size mRNA transcript in order to be efficiently translated by the bacterial ribosome. 

EXPRESSION OF HUMAN PROSOMATOSTATIN IN BACTERIAL CELLS, Peter M. Hobart and 
Philip .I. Pawlowski, Pfizer Central Research, Groton, CT 06340 

0976 VARIATION IN THE NUCLEOTIOE SEQUENCE OF THE 8-LACTAMSE S-D AND LEADER REGION IN 
TWO STRAINS OF CEREUS. Erik Hornes and Lars Korsnes, A/S Apothekernes 
Laboratorium for Specialpreparater , O s l o  Norway 

The 8-lactamase I gene from B. cereus NilOR, a strain isolated from stream mud was found 
to be located on a 8 . 3  kb EcoRI fragment, as opposed to a previously reported 4.3 kb 
fragment in strain 569/H. Restriction analysis indicates that the flanking regions are 
different in these two strains. Sequence data from the 8-lactamase genes show differences 
both in the Shine-Delgarno region, leader sequence and structural gene. A series of 
secretion vectors was constructed using the leader sequence of 8-lactamase genes. We are 
now comparing their function according to the sequence variation in S-D and leader 
region. 
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0977 USE OF VACCINIA VIRUS AS AN ELIKARYOTIC CLONING AND EXPRESSION VECTOR, 
Dennis E. Hruby, and Christine A. Franke, Center for Gene Research, Department of 

Microblology, Oregon State University, Corvallis, OR 97331 
The use of cloning and expression vectors to study and experimentally manipulate individual 
genes, independent of their normal resident environment, is a central and vital theme in 
modern molecular genetic experimentation. h e  to a number of unique biological attributes, 
vaccinia virus (W) would seem to offer an ideal system for such studies. A number of 
laboratories have demonstrated the feasibility of this approach by constructing recombinant 
W strains which contain and express heterologous viral antigens. Such hybrid vaccine 
strains may prove useful against a variety of human and animal diseases. Unfortunately, 
the current methodologies employed to construct recombinant W are slow, time-consuming, 
expensive, and do not facilitate genetic engineering of the foreign insert. These 
drawbacks have thus far retarded the development of W as a generalized eukaryotic 
expression vector. 

employed to construct chimeric genes and to assay their biological activities; 2)  To 
construct insertion plasmids containing dominant selectable markers which will allow 
direct, one-step, selection of W recombinants containing foreign inserts; and 3) To use W 
as a research tool with which to study gene systems that are not readily amenable to more 
conventional approaches - RNA viruses (animal and plant), histocompatibility antigens, and 
immunoglobulin genes. 

Experiments currently in progress have three objectives: 1) To streamline the methods 

0978 EFFECTS OF C O D O N  B I A S  O N  I F N - y  E X P R E S S I O N  I N  YEAST. M .  J o n e s ,  
R .  K o s k i ,  K .  Egan,  a n d  G .  A .  B i t t e r .  Amgen, T h o u s a n d  Oaks ,  C A  
9 1 3 2 0 .  

Two s y n t h e t i c  I F N - y  genes  w h i c h  d i f f e r  i n  c o d o n  u s a g e  h a v e  b e e n  
c o n s t r u c t e d .  One gene c o n t a i n s  o p t i m a l  y e a s t  c o d o n s .  t h e  o t h e r  h a s  
c o d o n  u s a g e  o p t i m i z e d  f o r  E .  c o l i .  B o t h  genes  w e r e  e x p r e s s e d  i n  t h e  
y e a s t  S, c e r e v i s i a e  f r o m  m u l t i - c o p y  p l a s m i d s ,  u s i n g  t h e  P G K  p r o m o t e r ,  
o r  a m o d i f i e d  G3PDI-1 p r o m o t e r .  a n d  t h e  P G K  t r a n s c r i p t i o n  t e r m i n a t o r , .  
S i d e - b y - s i d e  c o m p a r i s o n s  h a v e  b e e n  p e r f o r m e d  on  y e a s t  t r a n s f o r m a n t s  
c o n t a i n i n g  e i t h e r  t h e  I F N - y  Y C  o r  t h e  I F N - y  E C  gene .  R e s u l t s  i n d i c a t e  
use  o f  y e a s t  o p t i m a l  c o d o n s  s i g n i f i c a n t l y  i n c r e a s e s  t r a n s l a t i o n  
e f f i c i e n c y  o f  I F N - y  m R N A .  C o m p a r i s o n  o f  c o d o n  b i a s  e f f e c t s  on  I F N - y  
e x p r e s s i o n ,  p l a s m i d  s t a b i l i t y ,  m R N A  l e v e l s  and  p o l y r i b o s o m e  
s e d i m e n t a t i o n  w i l l  be d i s c u s s e d .  

0979 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, CA 90024 

remnants t o  c e l l u l a r  receptors  thereby e f f e c t i n g  t h e i r  removal f rom the  c i r c u l a t i o n .  We 
have i s o l a t e d  and determined the  sequence o f  a nea r l y  f u l l - l e n g t h  cDNA c lone o f  C57B1/6J 
mouse apo E. The c lone  encodes 284 amino ac ids  and t h e  e n t i r e  3 '  un t rans la ted  reg ion  o f  
112 nuc leo t ides .  Comparison w i t h  t h e  sequences o f  human and r a t  apo E revea ls  a h i g h  
degree o f  conservat ion.  There a re  two reg ions ,  however, which i n  each species i s  
cha rac te r i zed  by unique i n s e r t i o n s  and de le t i ons .  The r e s u l t i n g  read ing  frame s h i f t  i s  
most ex tens ive  i n  muse and cou ld  a l t e r  an e n t i r e  p o t e n t i a l  amph ipa th i ca -he l i x .  
Ana lys is  o f  t h e  sequence homologies w i t h i n  apo E revea ls  t h a t  t he  e n t i r e  sequence i s  made 
up of r e p e t i t i v e  u n i t s  desp i te  an i n t r o n  i n t e r r u p t i o n .  The most p r i m i t i v e  u n i t  appears 
t o  be an 11-nuc leo t ide  repeat w i t h i n  h ighe r  o rder  repeats o f  22 o r  33 nuc leo t ides .  These 
repeats a re  read i n  d i f f e r e n t  read ing  frames i n  var ious  p o r t i o n s  o f  t he  molecule;  hence, 
a t  t he  amino a c i d  l e v e l ,  t he  homologies are  no t  always apparent. We p o s t u l a t e  t h a t  apo E 
and those o the r  apo l i pop ro te ins  r e l a t e d  t o  i t  have a r i s e n  by d u p l i c a t i o n  and subsequent 
mod i f i ca t i ons  of an 11-nuc leo t ide  u n i t  o r  m u l t i p l e s  thereo f .  Furthermore, i n s e r t i o n s  and 
d e l e t i o n s  i n  one p a r t i c u l a r  reg ion  have been t o l e r a t e d  because the  a l t e r n a t e  amino a c i d  
sequence y i e l d s  comparable s t r u c t u r a l  fea tures .  

MOUSE APOLIPOPROTEIN E cDNA SEQUENCE: ANALYSIS OF INTERNAL HOMOLOGY, John S .  
Kaptein,  T r i p a t h i  Ra javash is th ,  Karen L. Reue, S t u a r t  Rich and Aldons J. Lus is ,  

Apo l i pop ro te in  E (apo E) i s  respons ib le  f o r  t he  b ind ing  o f  VLDL and chylomicron 
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IDENTIFICATION OF THE COMPONENTS NECESSARY FOR ADENOVIRUS 
TRANSLATIONAL CONTROL AND THEIR UTILIZATION IN cDNA EXPRESSION VECTORS, 
Randal 1. Kaufman, Genetics Institute, Boston, MA 02115 

09'0 

A transient expression system was used to study the role of the adenovirus 
late and SV40 early mRNA leader sequences and adenovirus virus-associated 
(VA) RNAs in mRNA translation. Hybrid transcription units containing 
the adenovirus late and SV40 early promoters fused to various coding 
regions were introduced into monkey COS cells on plasmids containing an 
SV40 origin of replication. The translational efficiencies of the mRNAs 
produced from these plasmids were determined after alterations in the viral 
leader sequences or  in the presence of VA RNAs provided by adenovirus 
infection of the transfected cells or by cotransfection with plasmids 
containing the VA genes. Efficient translation of mRNA with either 
adenovirus or SV40 leader sequences is dependent upon the presence of VA 
RNA. Translational stimulation by VA RNA of mRNAs containing the adenovirus 
tripartite leader sequences is dramatically reduced i f  leader exons 2 and 3 
are removed or i f  their orientation is altered. Sequence analysis has 
indicated a homology between the nontranslated 5 '  end of S V 4 0  early mRNA 
and sequences at the border of the 2nd and 3rd tripartite leader exons 
which m y  be responsible for the increased translation of these mRNAs in 
the presence of VA RNA. 

0981 HOST tRNA CLEAVAGE AND REUNION IN T4-INFECTED E. COLl STRAINS RESTRICTING 
POLYNUCLEOTIOE KINASE AND RNA LIGASE MUTANTS. G. Kaufmann, Biochemistry Dept., 

Tel Aviv University. Ramat-aviv, Israel 69978. 

Anticodon loop cleavages of two host tRNAs occur in T4-infected E. cot i CTr5x. a strain 
restricting phage mutants deficient in polynucleotide kinase (pnk) or RNA ligase (a). 
The cleavage products accumulate with the mutant infections but are religated with wild 
type. Some revertants of pr& or *- phage, with a second mutation in a, lack the 
anticodon nuclease. Other pnk revertants lack in addition an endonuclease that cleaves 
the host leucine tRNAl, suggesting the existence of a phage-coded factor common to both 
enzymes. a transduced host strain carrying the restrictive E. cot i 
CTr5x locus prr (Abdul Jabbar and Snyder (19841, J. Virol 51, 522), the anticodo! nuclease 
reaction products appear transiently during infection, accumulate with pnk and Tlj- 
mutants and are absent with fi- mutants. T4e genomes of the restrictive donor and 
transductant bacteria, but not of the permissive recipient, contain a common DNA 
restriction fragment that hybridizes to a CTr5x-specific tRNA fragment probe, suggesting 
that encodes tRNA species vulnerable to the anticodon nuclease. Regarding the 
restriction mechanism, it is proposed that the anticodon nuclease reaction products 
inhibit late phage gene expression, unless further processed by polynucleotide kinase and 
RNA I igase. 

In E. cot i BJMnlO, 

0982 HYBRID-ARREST OF INJECTED mRNA IN XENOPUS OOCYTES USING COMPLEMENTARY 
OLIGONUCLEOTIDES, Ernest S. Kawasaki, Cetus Corp., Emeryvi l le, CA 94608 

Several ol igonucleotides, complementary t o  the I n t e r l e u k i n  2 and I n t e r l e u k i n  3 
coding sequences, were tested f o r  t h e i r  a b i l i t y  t o  hybr id-arrest  the t r a n s l a t i o n  o f  
t h e i r  respective mRNAs i n  Xenopus oocytes. The ol igonucleotides, which ranged i n  
s ize from 18 to 23 bases, were a l l  found t o  be very e f f e c t i v e  i n  b lock ing the 
b i o l o g i c a l  a c t i v i t i e s  o f  IL-2 and IL-3 mRNA, and i n  some cases more than 99% o f  the 
a c t i v i t y  could be el iminated. (1) 
Whether the oligomer was derived from the 5 , middle or  3'  po r t i on  o f  the coding 
sequence. (2)  The mo la r i t y  o f  NaCl used i n  the hyb r id i za t i on  bu f fe r .  (3)  The 
concentrat ion o f  oligomer used. I n  summary, we found t h a t  the pos i t i on  o f  the 
oligomer i n  the coding sequence was not  too s i g n i f i c a n t  i n  i t s  a b i l i t y  t o  block mRwA 
t r ans la t i on .  Oligomers were able t o  hybr id ize t o  M N A  AFTER i n j e c t i o n  i n t o  the 
oocyte since near ly  quan t i t a t i ve  i n h i b i t i o n  could occur even when no NaCl was used 
i n  the hyb r id i za t i on  bu f fe r .  Under optimal condi t ions,  as l i t t l e  as 5 p o l e s  o f  
oligomer was e f f e c t i v e  i n  e l im ina t i ng  greater than 90% o f  the mRNA a c t i v i t y .  

Several paramyters were tested which included: 
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0983 MECHANISM OF TRANSLATIONAL A C T I V A T I O N  OF GENE 14 OF BACTERIOPHAGE 77. 
Peter  C. Keck, John J. Dunn, Sarbara Lade and F. W i l l i a m  S tud ie r ,  
Brookhaven Nat iona l  Labora tory ,  Upton. NY 11973 

Genes 13 and 14 o f  T 7  a re  t ransc r ibed  as a s i n g l e  mRNA i n  which the  s top  codon o f  gene 13 i s  
seven bases ahead o f  t he  s t a r t  codon o f  gene 14. 
Dalgarno sequence, b u t  never the less ,  t r a n s l a t i o n  o f  t he  gene 14 message i s  s t r o n g l y  coupled 
t o  t r a n s l a t i o n  o f  t he  gene 13 message. 
analyzed the  r a t e  o f  syn thes i s  o f  gene 14 p r o t e i n  i n  E. c o l i .  us ing  mRNAs t ransc r ibed  by T 7  
RNA polymerase from c loned f ragnents  c a r r y i n g  gene 1 4 a n d r i o u s  upstream sequences. High 
r a t e s  o f  syn thes i s  o f  gene 14 p r o t e i n  a re  observed when bo th  gene 13 and 14 a r e  t rans la ted .  
b u t  a very  low r a t e  i s  found when the  mRNA con ta ins  155 bases o f  un t rans la ted  upstream gene 
13 sequence. 
gene 13 sequence, and a l s o  res to res  the  normal r a t e  o f  syn thes i s  o f  gene 14 p r o t e i n .  
Removing a l l  b u t  t he  l a s t  60 bases o r  so o f  t he  gene 13 cod ing  sequence e l i m i n a t e s  the  
requ i rement  f o r  t r a n s l a t i o n  o f  the  gene 13 message. and increases  the  r a t e  o f  syn thes i s  of  
gene 14 p r o t e i n  above t h a t  found i n  coup led  syn thes is .  
t he  s t a r t  codon f o r  gene 14 by the  sequence ahead o f  t he  s t a r t  codon f o r  gene 10 produces a 
s t i l l  h ighe r  r a t e  o f  syn thes is .  I n  the  na tu ra l  gene 13-14 mRNA. p o t e n t i a l  secondary 
s t r u c t u r e s  i n  which the  gene 14 i n i t i a t i o n  r e g i o n  i s  base-pa i red  t o  sequences l o c a t e d  more 
than 70 bases upstream have been i d e n t i f i e d .  Presumably, t r a n s l a t i o n  o f  t he  gene 13 message 
m e l t s  o u t  these s t ruc tu res ,  thereby making the  gene 14 i n i t i a t i o n  s i t e  access ib le .  

The gene 14 message has a good Shine- 

To examine the  mechanism o f  t h i s  coup l i ng  we have 

An in - f rame fus ion  between gene 10 and 13  res to res  t r a n s l a t i o n  o f  t he  upstream 

Replacement of  t he  sequence ahead o f  

0984 PAIEWC BEIVEPH ISlO'S PIN AND pQTT 'IPANS(PIPl3 I N  VIRO, J . D .  K i t t l e  J r .  and N. 
Kleckner, Dept. of B l o c h a l a t r y  and Molecular Biology.  Earvard U.,Cubridgm NA.02138 

A t  h igh c o n  nmberr  of  tranrporon TalO and ISlO. expreraion of  ISlO t r a n s p o s i t i o n  I n n s t i o n  
i a  n e g i t i v e l y  regulated a t  a p o s t - t r a n s c r i p t i o n a l  l e v e l  bl. 1 n i l 1  t r i o s - a c t i n g  ISlO encoded 
t r a n s c r i p t ,  XNA-CWT. WA-QTT and t h e  tranapoaaae d N A ,  W-IN. ahare a 36 bare region of  
c a p l n e n t a r i t y  a t  t h e i r  5 '  enda. T h i a  overlap region inc ludes  t h e  t r a n a l m t i o w l  s t a r t  a i g -  
wla of t h e  tranapoaaam gene. 
t h i s  region. thereby prevent in8  t h e  t r a n s l a t i o n  of  t h e  tranrpoaaai measage. 
developed an 
W. A mixture of  XNA-IN and WA-WT tranacripta  from o w  or more t a p l a t e a  l a  obtained by 
t r a n s c r i p t i o n  of  r e s t r i c t i o n  f r a p e n t a  with  p u r i f i e d  g. 
P N A - I N  end WA-QTT occnra a f t e r  t h e  completion of t r i n s c r i p t i o n .  and t h e  paired apecler'a 
d e t e c t e d  by non-dimtoring p o l y a c r y l y i d e  g e l  e lectrophoreaia .  
a tant  f o r  - pair ing  i s  3 x 10 , which i s  very  s i m i l a r  to  t h e  p a i r i n g  r a t e  of WAI 
with primer XNA In t h e  ColEl a y i t r .  ( T a i r a w a ,  J. ( 1 9 8 4 ) .  C e l l  s, 861-870.) The c a l c u l a t e d  
secondary s t r u c t u r e  of  f r e e  ENA-W p r e d l c t a  t h a t  of t h e  region c a r p l r e n t i r y  to  XNA-IN i n  
i m o l v i d  in l a r g e .  a t a b l e  i n t r a i t r a n d  at-loop atruetore ,  wi th  t h e  3 '  port ion of t h i a  
r e l i o n  r e s i d i n g  10 the  loop. Our workin8 model propoama that interatrand basepair ing  i n i t i -  
a t e s  when t h e  5 '  end of  WA-IN c o n t a c t s  t h i  WA-m loop. Mutations t h a t  a c t  t o  c l o s e  up 
t h i a  l o o p  or prevent t h e  propagation of p i i r i n g  from beyond t h e  i n i t a l  oontact point  a b o l i s h  
t r a n s c r i p t  p a i r i n g  13 rLttp. and n e g a t i v e  r e g o l a t i o n  13 1zFzp. Ihele  ind other  erperimenta 
support our working model. 

Genet ic  a n a l y r i a  s u g g e s t s  that  X N A - a p T  p a i r s  w i t h  WA-IH a t  
We harm no1 

liup maaiy that  meaanrea t h e  k i n e t i c s  of  pairing between PNA- IN  and XNA- 

WA p o l p e r a r i .  Pair in8  b e h i i n  

The iecond order r a t e  con- 

0985 ANALYSIS OF m R N A  DEGRADATION I U  ESCHERlCHIA w. Sidney K. Kushner .  
Cecilia M .  Arraiano.  Stephanie  D .  Yanrey .and  William P .  Donovan, Univ of Georgia.  
Athens ,  G A  30602 

E. coli m R N A s  a r e  rapidly dcg raded  to mononucleotidcs u i t h  an aLeragc half life of 60-90 
? e c o X s .  Although p rev ious  work  has  sugges t ed  t h e  involvement of a number of r ibonu-  
cleases s u c h  a s  r ibonuclease I1 and  polvnucleotide phosphorylase in m R N A  t u r n o v e r ,  unti l  
recent ly  it hds not been possible to demonstrate  any  clear  chdnge in the  degraddt ion pa t t e rn  
of  mRUAs. T h e  f inding tha t  (polynucleotide phosphorylase)  r& (RNase 11) double mu- 
t a n t s  could not be cons t ruc t ed  b y  P I  t ransduct ion sugges t ed  a means of examining R N A  meta- 
bolism in E _ .  e. Using in v i t ro  mutdgenesis of t h e  cloned r n b  s t r u c t u r a l  gene ,  i t  hds  been 
possible to isolate t empera tu re  sensi t ive r n b  mutations.  
allele ( r n b -  500) and  an  absolute  m u t a t i o n x t h c  s t r u c t u r a l  gene for polynucleotide phosphor-  
yldse (=arc conditionally lethal for  growth dnd accumulate partially deg raded  m R N A  
species  at t he  nonpermissive temperature .  Thesc  partially deg raded  m R U A  species  r ange  in 
S I L C  fro-n 20-500 nucleotides.  In  viabil i ty IS direct ly  correlated with t h e  inabili ty to totally 
d e g r a d e  m R N A  species .  
per iments  a r e  cu r ren t ly  in p r o g r e s s  to determine t h e  fate  of individual m R N A s  s u c h  as & 
and u\.rD in o r d e r  to examine t h e  n a t u r e  of  the  init lal  deg rada t ive  s t e p s  in t h e  overall  pro-  
ces s  of m R N A  t u r n o v e r .  (Th i s  work was s u p p o r t  by  g r a n t s  f r o m  NIH. GM28760 and  GM27997) 
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0986 AUTOREGULATION OF TUBULIb! SYNTBESIS, Joseph T. Y. Lau and Don !V. 

An apparently autoregulatory pathway determines the level of new tubulin synthesis in 
virtually all animal cells. Increase in the intracellular pool of free tubulin subunits 
results in dramatically lowered levels of tubulin mRNAs. To understand the molecular basis 
for this regulation, we have transiently introduced a cloned tubulin gene into cultured 
niouse fibroblasts and demonstrated that the heterologous gene is transcribed and correctly 
processed into stable mRNA. 1,loreover. using colchicine to induce depolymerization of  
endogenous microtubules and a corresponding elevation of the pool o f  free tubulin 
subunits, we have shown that the expression of the heterologous tubulin gene is suppressed 
concomitantly with that of the endogenous mouse tubulin genes, nowever, such down- 
regulation is not observed following transfection of a hybrid actin gene which is 
transcribed under the control of a tubulin proniotor. This observation, together with our 
previous findings that tubulin gene transcription in nuclei from control and colchicine- 
treated cells is not subject to down-regulation. strongly suggests that the autoregulation 
of tubulin synthesis i s  not modulated on a transcriptional level. Results with other 
recombinant gene constructs are consistent with this hypothesis and serve to define more 
closely the genetic region(s) which contains the regulatory signal. 

Cleveland, Johns IIopkins University School of Medicine. Baltimore, Md 

ANALYSIS OF mRNA SECONDARY STRUCTURE BY CROSSLINKING 
Charles L ia rakos ,  Univ. Arkansas f o r  Medical Sciences, L i t t l e  Rock, AR 72205 

l i n k i n g  reagent  4'-aminomethyl-4,5' , 8 - t r ime thy l t r i oxsa len  (AMT) has been i n v e s t i g a t e d  a s  a 
method o f  s t a b i l i z i n g  i n t ramo lecu la r  secondary s t r u c t u r e  f o r  f u r t h e r  ana lys i s .  Fluoresence 
emission spectroscopy revea led  t h a t  t h i s  r e a c t i o n  occurs i n  two stages - monoadduction 
fo l l owed  by c r o s s l i n k i n g .  Measurement o f  3H-AMT inco rpo ra t i on  i n t o  ova l  bumin mRNA i n d i c a t e d  
t h e  maximum l e v e l  of  monoadduction bu t  no t  c r o s s l i n k i n g  depended on t h e  r e a c t i o n  cond i t i ons .  
I n  a l l  cases,ovalbumin mRNA c ross l i nked  w i t h  AMT e x h i b i t e d  a c h a r a c t e r i s t i c  p o s i t i v e  e lec-  
t r o p h o r e t i c  m o b i l i t y  s h i f t  on agarose ge ls ,  which cou ld  be reversed by breaking t h e  c ross-  
l i n k s .  P a r t i a l  T1 RNase d i g e s t i o n  o f  c ross l i nked  ovalbumin mRNA fo l l owed  by "nor thern  
b l o t "  h y b r i d i z a t i o n  w i t h  an 86 bp cDNA r e s t r i c t i o n  fragment con ta in ing  t h e  ovalbumin mRNA 
reg ion  used t o  i n i t a t e  p r o t e i n  syn thes is  i n d i c a t e s  t h a t  t he  RNA fragment con ta in ing  t h i s  
i n i t i a t i o n  r e g i o n  a l s o  undergoes a p o s t i v e  e l e c t r o p h o r e t i c  m o b i l i t y  s h i f t  r e l a t i v e  t o  the  
corresponding n a t i v e  RNA fragment. 
o f  a h a i r p i n  s t r u c t u r e  i n  the  i n i t i a t i o n  reg ion  o f  ovalbumin mRNA (Kuebbing, 0. and 
L ia rakos ,  C. D. (1978) Nuc le ic  Acids Res.5,2253-2266) and suggests t h a t  c r o s s l i n k i n g  w i t h  
AMT can be developed as a method f o r  mapping i n t ramo lecu la r  secondary s t r u c t u r e  i n  RNA. 

0987 
The UV photoreac t ion  o f  t h e  hen ov iduc t  mRNA f o r  ovalbumin w i t h  the  nuc le i c  a c i d  cross- 

Th is  r e s u l t  i s  cons i s tan t  w i t h  the  prev ious  p r e d i c t i o n  

0988 TRANSLATIONALLY ASSOCIATED HELIX-DESTABILIZING A C T I V I T Y  IN  RABBIT 
RETICULOCYTE LYSATE, Stephen A. L iebhaber,  F a i t h  E. Cash and Susan H. 
Shakin, U n i v e r s i t y  o f  Pennsylvania, Ph i lade lph ia ,  Pa 19104 

The problem addressed i n  t h i s  work i s  t o  examine how the  ribosome reads 
through reg ions  o f  secondary s t r u c t u r e  i n  mRNA du r ing  pep t ide  e longat ion .  We 
have approached t h i s  problem by t e s t i n g  the  a b i l i t y  o f  t he  r a b b i t  r e t i c u l o c y t e  
l y s a t e  system t o  t r a n s l a t e  human g l o b i n  mRNA which i s  hyb r id i zed  t o  spec i -  
f i c a l l y  pos i t i oned  cDNA fragments. These cDNA-mRNA hyb r ids  a re  used as an 
exper imental  model o f  i n t r a - s t r a n d  mRNA duplexes. H y b r i d i z a t i o n  o f  g l o b i n  
mRNA t o  :DNA fragments which ex ten t  5 '  o f  p o s i t i o n  t 1 0  t o  t15  (10-15 nucleo- 
t i d e s  3 t o  the  i n i t i a t i o n  PUG) f u l l y  b lock  mRNA t r a n s l a t i o n  wh i l e  cDNA 
fragments beg inn ing  3 '  t o  t h i s  p o s i t i o n  have no adverse a f f e c t  upon t rans -  
l a t i o n .  Using two independent approaches we demonstrate t h a t  cDNAs i n  the  
l a t t e r  group remain a t tached t o  the  mRNA dur ing  t r a n s l a t i o n .  These r e s u l t s  
imp ly  t h a t  t he  ribosomal complex, once f u l l y  assembled a t  t he  AUG i n i t i a t i o n  
codon can l o c a l l y  d e s t a b i l i z e  secondary s t ruc tu res  as i t  moves along the  mRNA. 
Th is  a c t i v i t y  may be c r i t i c a l  f o r  t h e  t r a n s l a t i o n  e longa t ion  reac t i on .  
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0989 
Mycoplasmas are genome-limited organisms: their 500 or 1000 Mdalton genomes limit the 
genetic complexity of these cells. 
G+C) puts additional constraints on their information storage and codon usage. 
shown that mycoplasmas arose by degenerative evolution from Gram-positive eubacteria: the 
initial phylogenetic branch produced mycoplasmas with 1000 Mdalton genomes (hence, cell wall 
loss and genome reduction were probably coupled), and subsequent branchings gave rise to 
mycoplasmas with 500 Mdalton genomes. Recent DNA sequence studies show that mycoplasma 
ribosomal protein cistrons make maximal use of codons rich in A and T, and 16s-23s rRNA 
spacer DNA is noncoding and rich in A and T. 
of G+C than eubacterial rRNAs, but are still close to 50% G+C. We have identified Shine- 
Delgarno sequences near the 3'-terminus of mycoplasma 16s rRNA, but no data are available on 
promoter or Shine-Delgarno sequences upstream from DNA coding regions. 
structure and regulation in mycoplasmas, we are studying mycoplasma virus L2: a temperate 
noncytocidal phage, containing 11.8 kb circular DS DNA. We used L2 DNA as template in & 
vitro E. coli and -- B. subtilis coupled transciption-translation systems. Both systems 
produce most virion proteins, plus several other different proteins. These data will be 
discussed and the two in vitro systems compared, both for L2 and L51 (a mycoplasma virus 
containing 4.5 kb SS DNA). 
sequences are being described by sequencing the L2 genome, and will be discussed. 

TRANSCRIPTION AND TRANSLATION IN GENOME-LIMITED ORGANISMS, Jack Maniloff and Todd 
L. Sladek, Dept. of Microbiology, Univ. of Rochester, Rochester, NY 14642 

The low % G+C of mycoplasma DNAs (in general, 23-34% 
We have 

Mycoplasma rRNAs have slightly lower amounts 

To investigate gene 

In addition, mycoplasma transcription and translation regulatory 

0990 
USE OF A PORTABLE RIBOSOME B I N D I N G  SITE FOR STUDYING THE EFFICIENT EXPRESSION OF A 
EUKARYOTIC GENE UNDER VARIOUS PROKARYOTIC PROMOTERS. David Marquis, Jo Marie Smolec and 
David H. Katz. QUIDEL. 11077 North Torrey Pines Road, La Jo l l a .  CA 92037. 

The c lon ing  o f  eukaryot ic  genes, f o r  p o t e n t i a l l y  therapeut ic  prote ins,  has prompted 
s tud ies on maximizing expression o f  eukaryot ic  genes i n  p roka ryo t i c  c e l l s .  It i s  known 
t h a t  f o r  h igh  l e v e l  expression, a s t rong p roka ryo t i c  promoter and an e f f i c i e n t  ribosome 
b ind ing s i t e  are required. Contained w i t h i n  the ribosome b ind ing s i t e  i s  a Shine-Dalgarno 
sequence, fo l lowed by the  i n i t i a t i o n  codon. The d is tance between the Shine-Oalgarno 
sequence and the ATG has been shown t o  have some e f f e c t  on the  e f f i c i e n c y  o f  t rans la t i on .  
I n  order t o  maximize expression o f  a eukaryot ic  gene i n  E. c o l i ,  we constructed a por tab le 
cassette conta in ing a syn the t i c  ribosome b ind ing s i t e  i n x w t h e  Shine-Oalgarno sequence 
was in termixed w i t h  s top codons i n  a l l  t h ree  reading frames. Fol lowing the  Shine- 
Oargarno. a t  a d is tance vary ing from 5-9 bases, was an i n i t i a t i o n  codon and our  model 
eukaryot ic  gene, human T c e l l  growth f a c t o r  (TCGF). The cassette was inse r ted  i n t o  seven 
d i f f e r e n t  expression systems t h a t  va r ied  w i t h  regards t o  promoter and the presence o r  
absence o f  necessary t r a n s l a t i o n a l  signals. The l e v e l  o f  p r o t e i n  produced var ied 
considerably and was dependent upon the promoter and the distance between the Shine- 
Dalgarno sequence and the  i n i t i a t o r  codon. 

0991 ADENOVIPUS VA PNA REGULATES TEE INITIATION OF PROTEIN SYNTEESIS 
VIA eIF-2 PBOSPBORPLATION, Yichael B. Hathewal, Patricia Reichell. 

William C. Herrick2 and John Siekierka3. 1Cold Spring Barbor Laboratory. 
Cold Sprin Barbor, NP 1172C; ZCase Vestern Reserve University, Cleveland. 
OB 44106; !The Poche Institute of Yolecular Biology, Nutley, NJ 07110. 

Large amounts of two small (160 nuoleotide) RNAs, the VA RNAs, accumulate 
in the cytoplasm of adonovirus-infected cells. A mutant virns unable to 
produce the major species, VA RNAI, is deficient in the translation of both 
viral and cellular m R N A s .  The defect occurs at the level of polypeptide 
chain initiation and i,s corrected in sigtn by addition of the initiation 
factor eIF-2 or its recycling factor GEF: none of the other initiation and 
elongation factors tested are effective. Furthermore. assays for GEP show 
that the activity of this factor is severely depressed in mutant-infected 
Cells. Two lines of evidence suggest that the role of VA RNA is an 
indirect one: addition of this PNA fails to rescue initiation activity, and 
mixing experiments reveal the presence of a translational inhibitor in 
motant-infected cells. This inhibitor appears to be a protein kinace 
capable of phosphorylating the a subunit of SIP-2, thereby trapping GEF and 
Preventing the recycling of eIF-2 in its catalytic role. Identification is 
underway of the VA RNAI sequences important for its function. 

221 



Sequence Specificity in Transcription and Control 

0992 PROPERTIES OF THE mRNA DISCRIMINATING PROTEINS eIF-4A and eIF-4F, William C. 
Merrick. Richard D. Abramson, Angela Caliendo and Jamie A. Grifo, Case Western 
Reserve University, Cleveland, Ohio 44106 

Recent studies have indicated that two of the initiation factors required for the binding 
of mRNA to ribosomes are RNA-dependent ATPases (Grifo &. J. Biol. Chem. 259, 8648, 
1984). Both of these factors, eIF-4A and eIF-4F. seem to share a common peptide> 46,000 
daltons, although identity has not been proven yet. However, the specificity of these two 
factors is quite different. eIF-4A is an active ATPase in the presence of all four 
ribohomopolymers although poly(G) works poorly. eIF-41F is quite dependent on the presence 
of eIF-4B for ATPase activity and then displays an m GDP sensitive preference for globin 
W A .  Neither protein is an effective ATPase in the presence of poly(dA), poly(dT) or 
oligo(dT) . 

Current studies are intended to extend the biochemical studies into the area of 
protein chemistry to identify regions of similar sequence such as the peptide site 
responsible for reacting with the affinity label flourosulfonylbenzoyl adenosine (FSBA) 
and by double label peptide mapping of the 46,000 dalton peptides of eIF-4A and eIF-4F. 
At present, very preliminary data indicate a high degree of similarity, but non-identity 
of these two peptides. Supported in part by NIH Grant GM 26796. 

0993 
G. Theodorakis and Sunandita S. Ranerji, nept. of Biochemistry, Yolecular and Cell Biology 
"orthwestern University. Rvanston. Illinois 60201 

of one heat shock protein, HSP70, and the repression of normal cellular proteins such as 

modified and is apparently blocked in vivo at the level of initiation. The preferential 
synthesis of HSP70 following heat shock is not due to an increase in HSP7cI mRNA as the 
level of messenger RhJA increases only two-fold following heat shock while the level of 
HSP70 synthesis increases over twenty-fold, We find that HSP70 mRNA is maintained in the 
cytoplasm of normal red cells in a translationally repressed state that can be activated 
following heat shock. Over 707 of the HSP7O mRNA is associated with polysomes in its 
translationally repressed state, and can be released from ribosomes by treatment with EnTA. 
Furthermore, we find that HSP7n mRNA is associated with. XW particles with the density 
expected of polysomes on metrizamide gradients. Our data suggests that the control of 
MSP70 synthesis in avian reticulocytes is regulated at the level of elongation of protein 
synthesis, 

TFL4NSLATIO"IAI. CONTROL OF PROTEIN SYNTHESIS - ACTIVATION OF TRANSLATIONALLY 
REPRESSET) ESP70 mRNA AT THE LEVEI, OF ELONGATION. Rickrd T .  Morimoto, ?!icholas 

rhicken reticulocytes respond to elevated temperatures (43C) hy the increased synthesis 

a and 6 globin. The globin mRNA in heat shocked cells is neither degraded nor structurally 

0994 
In most cases, regulation of eukaryotic gene expression at the translational 
level probably occurs by regulation of mRNA association with ribosomes. 
Several protein factors have been identified as being necessary for the bind- 
ing of mRNA to 40s ribosomal subunits. However, very little is known about 
how these proteins act during messenger binding and how their activities 
might be regulated. One Of the initiation factors required for mRNA binding 
is eIF4A, a single polypeptide of 43kd. Interestingly, it is required as a 
single polypeptide for mRNA binding, and is present, along with several other 
proteins, in a high molecular weight complex involved in cap recognition. It 
also has the ability to discriminate between different mRNAs, that is, it 
stimulates the translation of different messengers to different extents. In 
order to better understand the function and possible regulation of eIF4A. we 
have isolated mouse cDNA clones coding for this factor. We describe the iso- 
lation and characterization (including the nucleotide sequence) of these 
clones. We have used these clones to examine the expression of mRNA coding 
for eIF4A and present evidence suggesting the existence of two different 
messengers coding for eIF4A. 

ISOLATION OF cDNA CLONES ENCODING INITIATION FACTOR eIF4A, Peter J. 
Nielsen, Gary K. McMaster and Hans Trachse1,Univ. of Base1,Switzerland 
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HIGH-LEVEL EXPRESSION OF CLONED EUKARYOTIC GENES I N  E .  COLI  PLASMID VECTORS 
0995 P e t e r  0. Ol ins ,  Monsanto Co., S t .  Louis ,  MO 63167 

The l eve l  3 f  express ion  of euka ryo t i c  genes i n  E. c o l i  us ing  e s t a b l i s h e d  v e c t o r s  is  h ighly  
v a r i a b l e  and unpredic tab le .  Various f e a t u r e s  of t h e  mRNA s t r u c t u r e  were examined and 
a l t e r e d  i n  o rde r  t o  g ive  both  increased  nRKA s t a b i l i t y  and improved e f f i c i e n c y  of t r a n s l a t i o n  
i n i t i a t i o n .  A scheme was devised  which may make t h e s e  improvements gene ra l ly  app l i cab le  t o  
the  express ion  of o the r  euka ryo t i c  genes i n  E. c o l i .  

09% RNA PRODUCT OF THE POUT PROMOTER OF IS10, F r a n c i s  J .  
Schmidt and Younghoon Lee, U n i v e r s i t y  o f  M issour i -  

Columbia. Columbia, MO 65212 

RNA species encoded by ou tward  promoters o f  t h e  IS lO  elements bC have been proposed t o  t r a n s l a t i o n a l l y  i n h i b i t  t a n s p o s i t i o n  
of TnlO by sequester ing  t h e  mRNA encoding t ransposase f u n c t i o n s  
(Simons, R.W. and K leckner ,  N., E, 34, 683-691). 
p resent  work, RNA spec ies  h y b r i d i z i n g  t h e  o u t e r  400 bp o f  
t h e  IS20 sequences f l a n k i n g  t ransposon TnlO were analyzed by 
h y b r i d  se lec t i on ,  nuc lease S 1  mapping and RNAase T f i n g e r -  .-" 
p r i n t i n g .  

syn thes ized f rom POUT o f  I S l O  ( r i g h t )  b u t  no t  POUT o f  I S l O  
( l e f t )  even though these promoter  sequences are  i d e n t i c a l .  
A sequence a l t f r n a t i o n  i n  a p o t e n t i a l  stem and loop  s t r u c t u r e  
o f  t he  I S l O  ( l e f t )  t r a n s c r i p t  apparen t l y  decreases i t s  
s t a b i l i t y  i n  v i vo ,  l e a d i n g  t o  a reduced s teady -s ta te  RNA 
concen t ra t i on  and a concomi tan t  i n a b i l i t y  t o  i n h i b i t  TnlO 
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U.. 
u-a V-. 4 

I n  t h e  
Y-. " ".-" u 
Y . 0  U-4 

* 0-c These exper iments de tec ted  a s i n g l e  RNAl t ransc r ip t  p-. 
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(RNAoutl) which was 70 n u c l e o t i d e s  i n  length .  RNAoutl was 
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.-" ::s Y 

t r a n s p o s i t i o n .  

0997 INITIATION OF TRANSLATION AT INTERNAL ATG COOONS IN  MAMMALIAN CELLS, C h r i s t i a n  C. 
Simonsen and Ar thu r  D. Levinson. Genentech, Inc., 460 P t .  San Bruno Blvd., South 
San Francisco, CA 94080. 

We have s tud ied  the  consequences o f  i n s e r t i n g  ATG t r i p l e t s  i n  a l l  t h ree  read ing  frames 
upstream o f  t he  t r a n s l a t i o n a l  i n i t i a t i o n  codon o f  t he  H e p a t i t i s  B v i r u s  sur face  an t igen 
(HBsAg) gene. As expected, these a d d i t i o n a l  ATG codons can severe ly  depress the  
i n i t i a t i o n  o f  t r a n s l a t i o n  a t  t he  au then t i c  s t a r t  codon. Such i n h i b i t i o n ,  however, can be 
t o t a l l y  suppressed by the  presence o f  in-frame t r a n s l a t i o n a l  s top  codons f o l l o w i n g  the  
upstream ATG codon. We have pos i t i oned  t r a n s l a t i o n a l  s top  codons a t  var ious  p o i n t s  a f t e r  
t he  upstream t r a n s l a t i o n a l  s t a r t  codon i n  o rde r  t o  ask whether the  r a t e  o f  t r a n s l a t i o n a l  
i n i t i a t i o n  a t  t he  au then t i c  HBsAg s t a r t  codon i s  a f f e c t e d  by  the  d is tance between t h e  
t r a n s l a t i o n a l  s top  codon o f  t he  u p s t r  
HBsAg gene. Imnunoprec ip i ta t ion  o f  Sgg-labeled i n t r a c e l l u l a r  e x t r a c t s  prepared from 
c e l l s  t rans fec ted  w i t h  vec tors  hav ing  the  upstream AUG i n  the  same t r a n s l a t i o n a l  read ing  
frame as the  HBsAg gene demonstrated t h a t  t he  upstream ATG codons are  e f f i c i e n t l y  
recognized. 
i n t e r n a l  ATG codons a f t e r  hav ing  te rmina ted  t r a n s l a t i o n  f rom an upstream read ing  frame. 
Th is  suggests t h a t  p o l y c i s t r o n i c  mRNAs may indeed f u n c t i o n  i n  mamnalian c e l l s .  

m read ing  frame and the  i n i t i a t i o n  codon o f  t he  

These r e s u l t s  show t h a t  mamnalian ribosomes can r e i n i t i a t e  t r a n s l a t i o n  a t  

0998 
Immo E. S c h e f f l e r ,  Univers i ty  of C a l i f o r n i a  a t  San Diego, La J o l l a ,  CA 92093 

POST-TRANSCRIPTIONAL CONTROL OF ORNITHINE DECARBOXYLASE AND THYMIDINE KINASE 
ACTIVITIES I N  SYNCHRONIZED MAMMALIAN CELLS, Thelma C .  S lezynger ,  Ann M. Grens, and 

I n  the  course  of cha rac t e r i z ing  s e v e r a l  temperature s e n s i t i v e  Chinese hamster c e l l  
mutants we focused our  a t t e n t i o n  on the  enzymes o r n i t h i n e  decarboxylase (ODC) and thymidine 
k inase  ( T K ) .  These enzymes are regula ted  i n  a c e l l  cyc le  dependent manner i n  synchronized 
c e l l s .  ODC reaches  a sha rp  maximum a t  6 hours a f t e r  s t imu la t ion  of qu ie scen t  c e l l s  wi th  
serum, whi le  TK a c t i v i t y  r i s e s  ab rup t ly  wi th  the  onse t  bf DNA syn thes i s  (S-phase) a t  about 
10 hours .  

i n  s t imu la t ed  c e l l s  fo l lowing  a 48 hour serum s t a r v a t i o n .  While w e  observed the  dramat ic  
changes i n  enzyme a c t i v i t i e s  prev ious ly  repor ted  by ou r se lves  and o t h e r s ,  w e  found no 
corresponding changes i n  the  l e v e l s  of the  s p e c i f i c  mRNAs a s  measured by both  s l o t  b l o t s  and 
Northern b l o t s .  The l e v e l s  of both mRNAs remained almost cons t an t  dur ing  progress ion  
through the  c e l l  cyc le .  These obse rva t ions  sugges t  t h a t  p o s t - t r a n s c r i p t i o n a l  r egu la to ry  
mechanisms ope ra t e  t o  c o n t r o l  a number of enzyme a c t i v i t i e s  dur ing  the  c e l l  cyc le .  

cDNA probes f o r  ODC and TK were used t o  monitor the  l e v e l s  of ODC mRNA and TK mRNA 
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0999 REGULATION OF PHAGE T4 GENE 32 TRANSI;ATION BY OLIGONUCLEOTIDES COVALENTLY L1NK:D 
TO INTERCALATING AGENTS, J.J. Toulm6 ,H.M. Krisch', N.T. Thuongg and C .  HBline 
'Labora to i re  de Biophysique, INSERM U.201, M.N.H.N.  75005 P a r i s ,  France,  'Dept. of 
Molecular Biology, Un ive r s i ty  of GenBve, 1 2 1 1  Genova 4 (Su i s se ) ,  'Centre de Biophy- 
s ique  MolQcula i re ,  CNRS, 45100 ORLEANS, France.  

We have syn thes i zed  o l igonuc leo t ides  cova len t ly  l i nked  t o  an  a c r i d i n e  d e r i v a t i v e  (Acr) 
through t h e i r  3 'phosphate group v i a  a pentamethylene arm. We have used such o l igonuc leo t ides  
a s  r e g u l a t o r s  of phage T4 gene 32 express ion .  The r eg ion  [-80 + 11 upstream of the  AUG codon 
on the  gene 32 mRNA i s  c r u c i a l  f o r  gene 32 t r a n s l a t i o n a l  s e l f - r egu la t ion .  It conta ins  a 
sequence " [UUAAA] repea ted  t h r e e  times i n  tandem. The e f f e c t  o f  modified o l igonuc leo t ides  
complementary t o  one ( r l  Acr) two ( r2  Acr) o r  t h r e e  ( rg  Acr) repea ted  sequences,on gene 32 
express ion  has  been i n v e s t i g a t e d  i n  a coupled in v i t m  t r a n s c r i p t i o n - t r a n s l a t i o n  system 
us ing  a plasmid DNA con ta in ing  an amber gene 32 a s  a templa te .  These o l igonuc leo t ides  i n h i b i t  
gene 32 expres s ion  wi th  a i n c r e a s i n g  e f f i c i e n c y  i n  t h e  o rde r  rl  Acr < r2 Acr < r 3  A c r .  We 
have shown t h a t  t he  i n h i b i t i o n  is due t o  both  anunspec i f i c  e f f e c t  on t r a n s c r i p t i o n  and t o  a 
s p e c i f i c  one on t r a n s l a t i o n .  The f i r s t  e f f e c t  i s  most l i k e l y  due t o  t h e  b inding  of t h e  modi- 
f i e d  o l igonuc leo t ides  t o  RNA polymerase. The second i s  a sc r ibed  t o  t h e i r  s p e c i f i c  b inding  t o  
gene 32 mRNA. Unmodified homologous o l igonuc leo t ides  have a much sma l l e r  e f f e c t .  This must 
be a sc r ibed  t o  t h e  s t a b i l i z a t i o n  of oligonucleotide-mRNA hybr ids  fo l lowing  i n t e r c a l a t i o n  
o f  t he  a c r i d i n e  d e r i v a t i v e .  

1000 AN UNUSUAL 5.8 kb TANDEMLY REPEATED SEQUENCE THAT I S  TRANSCRIBED AND CONSERVED 
AMONG MALARIAL PARASITES, Akhi l  B. Vaidya and Prema Arasu, Hahnemann Univers i ty ,  

Phi ladelphia, PA 19102-1192 

Malar ia l  paras i tes w i t h  t h e i r  complex l i f e  cycle, and the a b i l i t y  f o r  growth a t  two d i f f e r -  
en t  temperatures, as we l l  as i n t r a c e l l u l a r  parasit ism, o f f e r  many challenges t o  molecular 
gene t i c i s t s .  These organisms have a genome s i ze  o f  about 3x10' bp and anA/Tcontent of  
about 80%. During screening o f  a genomic l i b r a r y  o f  the rodent paras i te  Plasmodium yoelii 
w i t h  n i ck - t rans la ted  t o t a l  pa ras i te  DNA, we have i d e n t i f i e d  a r e p e t i t i v e  sequence w i t h  
unusual proper t ies.  This 5.8 kb sequence i s  tandemly and d i r e c t l y  repeated i n  the paras i te  
genome, making up about 2.8% o f  the p. o e l i i  genome. A sequence o f  the same complexity i s  
a lso detected as tandem repeats i n  the b o m  each o f  the three other  species o f  malar ia l  
paras i tes tested: The 5.8 kb element does no t  
encode histones o r  ribosomal RNA. Poly A t  RNA transcrip;s o f  p. y o e l i i  ranging i n  s i ze  
from less than 300 nucleotides t o  1.6 kb are recognized by t h i s  sequence i n  the Northern 
b l o t  analys is .  We do n o t  know the b i o l o g i c a l  f unc t i on  o f  t h i s  h igh l y  conserved and ex- 
pressed tandemly repeated sequence. However, an organism t h a t  has only  7 o r  5 dispersed 
copies o f  ribosomal RNA genes must have some compelling reasons to  have such a l a rge  number 
o f  copies o f  a h igh l y  conserved sequence. 

P .  berghei, p. chabaudi, and p. f a l c i  arum. 

1001 
The s tar t  r eg ion  of t h e  r e p l i c a s e  gene of MS2 RNA f u l f i l l s  a t  least  4 d i f f e r e n t  func t ions .  
a. i t  se rves  a s  an  e f f i c i e n t  ribosome b inding  si te.  
b. i t  can  f o l d  i n t o  an  imperfec t  h a i r p i n  t h a t  can b ind  the  MS2 coa t  p r o t e i n  r e s u l t i n g  i n  
r ep res s ion  of r e p l i c a s e  syn thes i s .  
C. i t  can assume an  a l t e r n a t i v e  basepa i r ed  s t r u c t u r e  wi th  a p a r t  o f  the  coa t  gene, thought 
t o  be r e spons ib l e  f o r  p o l a r i t y  of coa t  amber mutants (1). 
d. i t  i s  p a r t  of t h e  coding sequence of t h e  over lapping  l y s i s  gene ,  

Using recombinant DNA techniques  we  have: 
a. determined t h e  5 '  boundary of  t he  r e p l i c a s e  ribosomal b inding  s i t e .  
b. measured r ep res s ion  by t h e  coa t  p r o t e i n  on shor tened  v a r i a n t s  of t he  r e p l i c a s e  reg ion .  
One v a r i a n t  can no longer  b ind  the  coa t  p r o t e i n ,  b u t  i s  f u l l y  a c t i v e  i n  ribosome b inding  (2) 
C .  confirmed t h e  Min J o u  model (1) :  d e l e t i n g  t h e  r e l evan t  coa t  gene sequence uncouples 
r e p l i c a s e  syn thes i s  from coa t  p r o t e i n  c i s t r o n  t r a n s l a t i o n .  
d. asked whether c o a t  p r o t e i n  bound t o  t h e  r e p l i c a s e  s tar t  i n t e r f e r e s  wi th  t h e  progress  of  
ribosomes syn thes i z ing  the  l y s i s  p ro te in .  Coat p r o t e i n  concen t r a t ions  s u f f i c i e n t  t o  r e p r e s s  
r e p l i c a s e  s tar ts  do n o t  a f f e c t  t h e  a m u n t  of l y s i s  p r o t e i n  syn thes i zed .  

T r a n s l a t i o n a l  c o n t r o l  mechanisms a t  t h e  r e p l i c a s e  c i s t r o n  of RNA bac ter iophage  MS2. 
Jan van Duin and Ben Berkhout. Dept. of Biochem. Un ive r s i ty  of Leiden. 

1. Min Jou e t  al .  (1972) Nature 237, 82-88 
2. LJhlenbeck e t  al .  (1983) J. of Biomolec. S t r u c t .  and Dyn. 1, 539-552 
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1002 RNALYSIS OF T H E  SW1: GENE A N D  GENE F H C O U C T ,  P a t r i c i a  13. 
W i l s o n  and M i c h a e l  C u l b e r t s o n ,  U n i v e r i s i t f  o t  W i s c o n s i n ,  Iqadison,  41. 
55711b 

J o n - t r i p l e t  r e a d i n u  o f  t h e  g e n e t i c  cod2  has  been p r o p o s e d  a s  an e - p l a n a t i o n  o f  
such phenomena as  l e a l v  e x p r e s s i o n  o f  g e n e s  c o n t a i n i n g  c e r t a i n  f r a m e s h i t t  
i u t a t i o n s  and e p r e s s i o n  o f  o u t - o f - p h a s e  o v e r l a p p i n g  genes.  Our l a b  n a s  eAamined 
n o n - t r i p l e t  t r a n s l o c a t i o n  by g e n e t i c  and m o l e c u l a r  a n a l y s i s  o f  e x t r a g e n i c  
r e g e r t a n t s  o f  + 1  f r a m e s h i f t  m u t a t i o n s .  The m a j o r i t y  o f  t h e s e  s u p p r e s s o r  
i u t a t i o n s  a r e  i o c a t e d  i n  t H N A  genes.  I n  c o n t r a s t  t o  such  c o d o n - s p e c i t i c  
s u p F r e s s i o n ,  one g roup  O t  suPDre550r5 ,  s_u_t_L;, su_fi3 and s_u_fl17 s u p p r e s s e s  
f r a m s s h i f t  m u t a t i o n ;  an b o t h  g ! y c i n e  and o r o l i n e  codons.  T h i s  i n d i c a t e s  a non-  
codor  s p e c i t i c  p a t t e r n  o f  s u p p r e s s i o n .  

Two c l a s s e s  o f  s u p p r e s s o r s  c a n  b e  i d e n t i f i e d  w i t h i n  t h i s  g roup .  One 
c l a s s  is c o m p r i s 2 d  o f  5 g f j z  and r . g f l .  S u p p r e s s i o n  b y  t h i s  c l a s s  is a p p a r e n t l y  
l i m i t e d  t o  f r a m e s h i f t  m u t a t i o n s .  The second  c l a s s  is c o m p r i s e d  of  d i f f e r e n t  
a l l e l e s  o f  s_ufl:. U n l i h e  s_u_f!; and s_u_i_14_, $u_fLz s u p p r e s s e s  U A A  and U R ~  nonsense  
T u t a t i o n s  as w e l l  a s  d i f f e r e n t  t y p e s  o f  f r a m e s h i f t  m u t a t i o n s .  

We have  u t i 1 i : e d  t h e  r e c e s s i d e  p h e n o t y p e  o f  s_ufj_: t o  i s o l a t e  a c l o n e  
e n c o d i n g  t h e  w i l d t y p e  S W j z  gene.  G e n e t i c  e v i d e n c  s u q q e s t s  t h a t  t h e  _suf12 l o c u s  
encodes  a p r o t e i n  gene p r o d u c t ,  p o s s i b l y  a r i b o s o m a l  p r o t e i n .  We a r e  c u r r e n t l y  
I n  e s t i a a t i n a  t h e  n a t u r e  o f  t h e  s_u_t_lz gene p r o d u c t  b y  h y b r i d  s e l e c t i o n  and i n _  
_ _ _ _ _  J i t r o  t r a n s l a t i o n  o f  t h e  s g f i z  t r a n s c r i p t .  

lOO3 CONTROL OF VITAMIN 812 BIOSYNTHESIS I N  AN AEROBIC BACILLUS, J u l i e  B. Wolf and 
Robert  N. Brey, Genex Corpora t ion ,  Ga i thersburg ,  Maryland 20877 

The goal  of o u r  research  i s  t o  develop a s t r a i n  o f  B a c i l l u s  megaterium t h a t  produces 
l a r g e  q u a n t i t i e s  o f  v i t a m i n  812. The b i o s y n t h e s i s  o f  t h i s  complex molecu le  i s  very  
t i g h t l y  c o n t r o l l e d  and probab ly  c o o r d i n a t e l y  r e g u l a t e d  w i t h  p o r p h y r i n  and heme synthe- 
s i s  as w e l l  as w i t h  n i t r o g e n  and s u l f u r  metabol ism. To understand t h e  r e g u l a t i o n  
o f  s y n t h e s i s  o f  t h e  v i t a m i n ,  we f i r s t  i s o l a t e d  a s e r i e s  o f  auxotrophs b locked i n  
d i f f e r e n t  s teps  i n  t h e  v i t a m i n  812 pathway. Some o f  these muta t ions  have been mapped 
by g e n e r a l i z e d  t r a n s d u c t i o n  and appear t o  f a l l  i n t o  two l i n k a g e  groups. Several  o f  
t h e  w i l d - t y p e  genes have been c loned by complementat ion o n t o  m u l t i c o p y  plasmids.  
We a r e  examining t h e  e f f e c t  o f  these c loned v i t a m i n  €312 b i o s y n t h e t i c  genes on t h e  
p r o d u c t i o n  o f  v i t a m i n  812. 

1004 CHARACTERIZATION OF A TRANSLATIONAL CONTROL MECHANISM BY COMPARATIVE DNA 
SEQUENCE ANALYSIS, R ichard  E .  Wolf, Jr. and Gerard J. Barcak, U n i v e r s i t y  o f  
Maryland B a l t i m o r e  County, C a t o n s v i l l e ,  MD 21228. 

Prev ious  s t u d i e s  have suggested t h a t  t h e  growth  rate-dependence o f  6-phosphogluconate 
dehydrogenase (6PGD) l e v e l  i n  E s c h e r i c h i a  c o l i  K I Z  r e q u i r e s  a s i t e  f o r  n e g a t i v e  c o n t r o l  
t h a t  l i e s  deep w i t h i n  t h e  s t r u c t u r a l  gene, gnd. As an approach t o  c h a r a c t e r i z i n g  t h i s  
unusual  g e n e t i c  r e g u l a t o r y  mechanism we have taken advantage o f  n a t u r a l l y  o c c u r r i n g  
E s c h e r i c h i a  c o 7 i  t h a t  encode 6PGDs o f  d i f f e r i n g  e l e c t r o p h o r e t i c  m o b i l i t i e s .  A s e t  o f  
i s o g e n i c  s t r a i n s  c a r r y i n g  6 d i f f e r e n t  gnd a l l e l e s  was prepared. The p a t t e r n  o f  g rowth  
rate-dependence o f  6PGD l e v e l  i n  t h e  s t r a i n s  was s i m i l a r  b u t  q u a n t i t a t i v e  d i f f e r e n c e s  
i n  t h e  amount o f  enzyme a c t i v i t y  were observed. I n  c o n t r a s t ,  express ion  o f  a 
Salmone77.i t yph imur ium gnd gene was g r o w t h - r a t e  independent.  The r e s p e c t i v e  gnd genes 
were c loned.  R e s t r i c t i o n  enzyme polymorphisms d i s t i n g u i s h i n g  each gene were r e a d i l y  
found. I n i t i a l  comparat ive DNA sequence a n a l y s i s  revea led  r e g i o n s  o f  sequence 
d ivergence and conserva t ion .  The use o f  these d a t a  i n  i d e n t i f y i n g  s p e c i f i c  r e g u l a t o r y  
sequences w i l l  be descr ibed.  
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1005 
S t .  Louis Universi ty  Medical Center, S t .  Louis, MO 
2 Place Jussieu , 75251 P a r i s ,  France. 

A model f o r  t he  organizat ion o f  the E. c o l i  16s ribosomal RNA i n  the  30s subuni t  i s  being 
constructed.  This model i s  based on the  16s KRNA secondary s t r u c t u r e ,  MA-protein i n t e r -  
ac t ions  (which a r e  use fu l  because the pos i t i ons  of  the p ro te ins  i n  the  subunit a r e  known) 
and photochemical and chemical intramolecular  RNA c ros s l inks  t h a t  i nd ica t e  the higher 
order  s t r u c t u r e  of the RNA. These considerat ions allow the assignment of most of the RNA 
h e l i c e s  t o  approximate pos i t i ons  within the  30s subuni t .  The long d i s t ance  secondary 
s t r u c t u r e  i n t e r a c t i o n s  t h a t  a r e  i n  the cen te r  of t he  secondary s t r u c t u r e  remain i n  the 
cen te r  of t he  th ree  dimensional form; seve ra l  of t he  h e l i x  end loops t h a t  a r e  on the 
periphery of the secondary s t r u c t u r e  a r e  a l s o  organized so t h a t  they a r e  a t  the cen te r  of 
t he  th ree  dimensional form.  The th ree  major secondary s t r u c t u r e  domains a r e  preserved f o r  
the most p a r t  a s  autonomous folded regions.  In add i t ion ,  many c lose  con tac t s  occur be- 
tween the 5 '  domain and the middle domain i n  the body of the subuni t .  The o v e r a l l  asym- 
metr ic  Y shape is  s imi l a r  t o  the  desc r ip t ion  made f o r  the molecule from d i r e c t  
v i sua l i za t ion .  

THREE DIMENSIONAL ORGANIZATION OF THE E. COLI  16s RIBOSOMAL RNA. 
Paul L. Wollenzien' and Alain Expert-BezanFon', 'Department of Biochemistry, 

63104, ' I n s t i t u t  Jacques Monod, 

Regulation of Translation 

1006 
Masayori pouye'. Pamela J. G r e  ' Jack Coleman', Ophry Pines', Elleen Nakano , Aklkazu 
Hirashlma , and Chris Mitchell?  departm men^ of Biochemistry, S t a t e  Universi ty  of New 
York a t  Stony Brook, Stony Brook, NY 11794; Department of Molecular Biology, School of 
Medicine, Keio Universi ty ,  Tokyo 160, Japan 

I n  Escherichia  c o l i ,  t h e  expression of t h e  & gene, a gene f o r  a major ou te r  membrane 
p ro te in ,  is i n h m t e d  by a amall RNA t r a n s c r i p t  (micRNA; mRNA-interfering complementary 
RNA) produced under c e r t a i n  growth condi t ions (1,Z). The micRNA is complementary t o  p a r t  
of t h e  mRNA and presumably hybridizes  t o  it t o  block t h e  syn thes i s  of OmpF protein.  
This  observat ion prompted t h e  construct ion of several recombinant genes, each capable of 
inducibly synthesizing,  from t h e  promoter loperator ,  a mlcRNA complementary t o  a 
s p e c i f i c  E. mRNA when introduced i n t o  bac te r i a .  I n  t h e  presence of inducers ,  
t h e s e  genes blocked t h e  syn thes i s  of t h e  p ro te ins  they were t a rge ted  t o  a f f e c t  (3). In  
t h i s  manner, t h e  a r t i f i c i a l  m i c  system f a c i l i t a t e d  t h e  inducible  repression of two genes 
normally expressed c o n s t i t u t i v e l y ,  om A and h, and over-powered t h e  normal 
osmoregulation of another  gene, s. e m i c R N A s  d i r ec t ed  towards t h e  5'-end of t h e  * mRNA were found t o  r e p r e s s  gene expression less e f f e c t i v e l y  than mic(ompC)RNAa or - mic(&)RNAa. To b e t t e r  understand t h e  na tu re  of t h i s  response, micRNAs complementary t o  
two d i f f e r e n t  regions of t h e  e m R N A  have been introduced i n t o  t h e  same E. c o l i  c e l l s .  
I n  add i t ion ,  micRNAs complementary t o  the e n t i r e  mRNA have a150 been constructed.  
From t h e  a n a l y s i s  of t h e  r ep res so r  a c t i v i t i e s  of t hese  micRNAs,  it was concluded that (I) 
t h e  induct ion of micRNA production blocks t h e  expression of t h e  s p e c i f i c  t a r g e t  gene ve ry  
r ap id ly ;  (2) t h e  micRNA a l s o  reduces t h e  amount of t a r g e t  mRNA in t h e  c e l l ;  (3) t h e r e  i s  
a c l e a r  e f f e c t  of m i c  gene dosage; (4) t h e  l e v e l  of r ep res s ion  e l i c i t e d  by two d i f f e r e n t  
micRNAs present  in t h e  same c e l l  i s  g r e a t e r  than when either is present  alone; (5) 
micRNAs complementary t o  regions of t h e  RNA known t o  i n t e r a c t  w i th  ribosomes a r e  t h e  most 
ef f ec t ive .  

We w i l l  a l s o  r epor t  t h e  construct ion and a n a l y s i s  of micMAs d i r ec t ed  aga ins t  
o the r  E. c o l i  genes as w e l l  a s  v i r a l  and yeas t  genes. 

References 
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1007 MECHANISM OF IS10-MEDIATED MULTICOPY I N H I B I T I O N  
N .  Kleckner+, ROW. Simons +*, and J.D. Xi t t l e+ .  +Department of Biochemistry and 
Molecular Biology, Harvard Un ive r s i ty ,  Cambridge, Mass.; and *Department of 
Microbiology, U.C.L.A., Los Angeles, C a l i f ,  

The t r a n s p o s i t i o n  r a t e  of I S l O  decreases  as t h e  number of I S l O  copies  per  c e l l  i nc reases .  This 
phenomenon, known as multicopy i n h i b i t i o n ,  r e s u l t s  from decreased  express ion  of I S l O  t r ans -  
posase a t  h igh  t ransposon copy numbers. Genetic experiments (Simons and Kleckner. C e l l  34: 673, 
l s83)  have sugges ted  t h a t  multicopy i n h i b i t i o n  i s  mediated by d i r e c t  RNA/RNA p a i r i n g  between 
t h e  t r ansposase  messenger RNA and a s m a l l  IS10-encoded r egu la to ry  RNA which i s  complementary t o  
t h e  5 '  end of t h a t  message. By hypothes is ,  t h e  e x t e n t  of i n h i b i t i o n  depends upon t h e  l e v e l  of 
RIIA-OUT, which should i n c r e a s e  wi th  inc reas ing  I S l O  copy number. 

T'e have now shown t h a t  RNA-OUT and t h e  t r ansposase  mRNA ( c a l l e d  RNA-IN) can  p a i r  i n  v i t r o  wi th  
a second-order rate cons t an t  s i m i l a r  t o  t h a t  observed f o r  p a i r i n g  between RNAI and primer RNA 
i n  t h e  ColEl system of Tomizawa (1984, C e l l  2, 861).  Analys is  of RNA-OUT secondary s t r u c t u r e  
and of muta t ions  encoded by RNA-IN and/or  RNA-OUT has  suggested a model f o r  how t h i s  pa i r ing  
occurs .  W e  propose t h a t  t h e  r a t e - l i m i t i n g  s t e p  i n  t h i s  r e a c t i o n  is p a i r i n g  between t h e  5' end 
o r  XNA-IN and an  unpai red  loop  i n  a n  extended step-loop s t r u c t u r e  of RNA-OUT, This  i n i t i a l  
i n t e r a c t i o n  is followed by full p a i r i n g  between t h e  two RNA's along t h e i r  e n t i r e  36 basepa i r s  
of  complementarity.  

!'e have i s o l a t e d  and are p r e s e n t l y  cha rac t e r i z ing  seve ra l  types  of muta t ions  t h a t  a l t e r  multi-  
copy i n h i b i t i o n  i n  vivo. Thus f a r  we can draw t h e  fo l lowing  conclus ions :  (1) Mutations t h a t  
a b o l i s h  t r a n s c r i p t i o n  i n i t i a t i o n  from t h e  promoter f o r  RNA-OUT (POUT) a l s o  a b o l i s h  multicopy 
i n h i b i t i o n .  ( 2 )  POUT- muta t ions  can be suppressed by i n s e r t i o n  upstream of any o the r  s t rong  
promoter. Apparently t h e  sequence a t  t h e  5' end of RNA-OUT i s  no t  important f o r  multicopy 
i n h i b i t i o n .  (3 )  A l l  f ou r  muta t ions  t h a t  a b o l i s h  p a i r i n g  between (mutant) RNA-OU' and (wild 
type)  RNA-IN i n  v i t r o  a l s o  a b o l i s h  t h e  a b i l i t y  of t h e  mutant element t o  multicopy i n h i b i t i o n  
wild type  ISIO.  ( 4 )  A muta t ion  t h a t  moves t h e  s tar t  of RNA-IN t r a n s c r i p t i o n  seve ra l  basepa i r s  
u?stream renders  t h e  mutant element i n s e n s i t i v e  t o  multicopy i n h i b i t i o n  by wild type  I S l O  and 
e l imina te s  p a i r i n g  between t h a t  RNA-IN and wild type  RNA-OUT i n  v i t r o .  These r e s u l t s  suppor t  
our  hypothes is  f o r  t h e  mechanism of multicopy i n h i b i t i o n  and our working model f o r  t h e  
iiechanism of multicopy i n h i b i t i o n  and o u r  working model f o r  t h e  mechanism of p a i r i n g  between 
UA-!JUT and RNA-IN. Severa l  muta t ions  t h a t  i n h i b i t  multicopy i n h i b i t i o n  i n  v ivo  do n o t  a f f e c t  
ZUA p a i r i n g  i n  v i t r o .  Experiments t o  d i s t i n g u i s h  among t h e  s e v e r a l  p o s s i b l e  explana t ions  f o r  
t hese  mutants a r e  underway. 

1008 
The cons t ruc t i on  o f  ribosomes requ i res  the  s imultaneous a v a i l a b i l i t y  o f  n e a r l y  100 macro- 
molecules, which a re  u t i l i z e d  i n  equimolar amounts. The p r o v i s i o n  o f  these molecules i n  a 
t i m e l y  and e f f i c i e n t  manner c a l l s  f o r  s u b s t a n t i a l  coo rd ina t i on  between the  t r a n s c r i p t i o n a l  
and t r a n s l a t i o n a l  f a c i l i t i e s  o f  t he  c e l l .  I n  p r a c t i c e  t h i s  coo rd ina t i on  i s  very  e f f e c t i v e ,  
f o r  under normal c i rcumstances we see l e s s  than 10% overproduc t ion  o f  any component. We have 
s tud ied  t h i s  coo rd ina t i on  by ana lyz ing  the  e f f e c t s  o f  i n t r o d u c i n g  e x t r a  copies o f  r ibosomal 
p r o t e i n  genes i n t o  the  c e l l s  o f  t he  yeas t ,  Saccharomyces cerev is iae .  For most non-ribosomal 
genes s tud ied  i n  t h i s  way the  amount o f  gene produc t  i s  n e a r l y  p ropor t i ona l  t o  the  copy 
number. Th is  i s  g e n e r a l l y  n o t  t r u e  f o r  r ibosomal p r o t e i n  genes. 

We have found t h a t  t he  syn thes is  o f  severa l  r ibosomal p r o t e i n s  i s  regu la ted  l a r g e l y  a t  
t he  l e v e l  o f  t r a n s l a t i o n .  Al though excess copies o f  t he  gene leads t o  s e v e r a l - f o l d  excess 
mRNA i n  the  polyribosomes, o n l y  the  normal amount o f  p r o t e i n  i s  synthesized. Two l i n e s  o f  
evidence suggest t h a t  t he  r e g u l a t i o n  i s  a t  t he  l e v e l  o f  i n i t i a t i o n  o f  t r a n s l a t i o n ,  and 
invo lves  t h e  5 '  sequences o f  t he  mRNA. 

O f  the  20 o r  so genes i n  which i n t r o n s  are  present ,  
a l l  b u t  two are  r ibosomal p r o t e i n  genes. We were i n t r i g u e d ,  t he re fo re ,  t o  f i n d  t h a t  when 
c e r t a i n  o f  t he  r ibosomal p r o t e i n  genes are  present  i n  excess, t he re  i s  an accumulat ion o f  
unsp l i ced  pre-mRNA, b u t  o n l y  f o r  t he  t r a n s c r i p t  o f  t he  gene i n  excess. Other t r a n s c r i p t s  
a re  s p l i c e d  normal ly ,  and a l l  r ibosomal p r o t e i n s  a re  syn thes ized normal ly.  Ile propose a 
model i n  which a r ibosomal p r o t e i n  can regu la te  the  s p l i c i n g  o f  t he  t r a n s c r i p t  o f  i t s  own 
gene, and a re  c a r r y i n g  o u t  exper iments designed t o  t e s t  t h i s  model. 

t he  excess r ibosomal p r o t e i n s  a re  r a p i d l y  degraded. 

RIBOSOMAL GENES OF YEAST AND THEIR REGULATION, Jonathan R. Warner, Departments o f  
C e l l  B io logy  and B iochemis t ry ,  A l b e r t  E i n s t e i n  Col lege o f  Medicine, Bronx, NY 10461 

I n  yeast,  i n t r o n s  are  very  ra re .  

F i n a l l y ,  when c e r t a i n  genes a re  present  i n  excess, t h e i r  p roduc ts  a re  made i n  excess; 

Two genera l i za t i ons  r e s u l t  f rom ou r  s tud ies :  
1 )  A v a r i e t y  o f  mechanisms c o n t r o l  t he  accumulat ion o f  r ibosomal p ro te ins .  
2) The syn thes is  o f  each r ibosomal p r o t e i n  i s  regu la ted  independent ly.  

cop ies  o f  the  gene f o r  one r ibosomal p r o t e i n  do n o t  a l t e r  t he  syn thes is  o f  any o the r  
r ibosomal p ro te in .  

r e g u l a t i o n  we have cons t ruc ted  an a r t i f i c i a l  rRNA gene i n  which most o f  the  rDNA t r a n s c r i p -  
t i o n  u n i t  has been rep laced w i t h  a smal l  f ragment o f  T7 DNA which can be s p e c i f i c a l l y  
detected. Cor rec t  t r a n s c r i p t i o n  i s  observed. By man ipu la t ion  o f  t he  5 '  f l a n k i n g  sequences 
we have demonstrated t h a t  t he  major promoter element o f  r R N A  t r a n s c r i p t i o n  l i e s  more than 
2 kb upstream from the  s i t e  o f  i n i t i a t i o n .  

Excess 

For complementary s tud ies  on the  mechanisms o f  r ibosomal RNA syn thes is  and i t s  
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1009 POST-TRANSCRIPTIONAL ENHANCEMENT OF GENE EXPRESSION I N  BACTERIA BY A 
RETROREGULATORY ELEMENT, Hing C. Wong and Shing Chang, Department o f  
M i  c rob i  a1 Genetics, Cetus Corporati  on, 1400 F i  f t y -Th i  r d  Street, Emeryvi 11 e, 
CA 94608 

A locus t h a t  p o s i t i v e l y  regulates the expression o f  the upstream gene(s) has been 
i d e n t i f i e d  w i t h i n  a -400-bp r e s t r i c t i o n  fragment conta in ing the t ransc r ip t i ona l  
terminator  o f  the c r y s t a l  p r o t e i n  ( c r y )  gene from Bac i l l us  t h u r i n  i ens i s  vs. 
Kurstak i  HD-1. This fragment was T s e d  t o  the d i s t a l  en& the 
m l l i n a s e  (penP) gene from 9. l i chen i fo rm is  o r  the i n te r l euk in -2  (IL-2) cDNA 
from the h u m a n m a t  c e l l  l i n e .  Syn thes i s  o f  the corresponding polypeptides i n  
Escherichia c o l i  and B. s u b t i l i s  s t r a i n s  carry ing the fus ion plasmids was increased 
t o  2.7 - 7 times tTe l eve l  o f  synthesis i n  the c e l l s  harboring the parental 
plasmids. The enhancement o f  expression o f  upstream genes was observed t o  be 
independent o f  the o r i e n t a t i o n  o f  the d i s t a l  t ransc r ip t i ona l  terminator fragment. 
Delet ion analysis revealed t h a t  the locus conferr ing the enhancing a c t i v i t y  i s  
located w i t h i n  a 78-bp fragment t h a t  includes the inverted-repeat, the 22-bp 
upstream-, and the 13-bp downstream- f l ank ing  sequences. We propose t h a t  the 
observed enhancing e f f e c t  i s  a r e s u l t  o f  the t ransc r ip t i on  o f  t h i s  sequence which 
generates a mRNA w i th  the corresponding stem-and-loop s t ructure a t  i t s  3'-end; t h i s  
stem-and-loop s t ruc tu re  increases the s t a b i l i t y  o f  the mRNA and thus enhances the 
expression o f  the t a r g e t  gene(s). 

RNA Processing 

1010 IIA-UA I-IOIS DEIUNIIE TBE SPECIFICITY OF RG-rRM SELF-SPLICIIK: 
Thomas R. Cech, Francis X. Sullivan, and Michael D. Been 
Department of Chemistry, University of Colorado. Boulder, CO 80309 

Intervening sequence (IVS) excision and exon splicing of the pre-rRNA from Tetrah-wna 
occur in the absence of protein, indicating that the catalytic activity required for the 
splicing reaction resides in the structure of the pre-rRNA molecule. Two transesterifi- 
cation reactions are involved in splicing. A free guanosine attacks at the 5' splice site, 
is covalently bound to the IVS and generates a 5' exon with a free 3' hydroxyl which then 
attacks at the 3' splice site, resulting in ligated exons and excised linear IVS. In a 
third transesterification reaction the guanosine at the 3' end of the linear IVS attacks at 
a site near the 5' end of the IVS. releasing an oligonucleotide and producing a circular 
IVS. Three pyrimidines precede the 5' splice junction (UCU) and the primary (UUU) and 
secondary (CCU) sites of circularization. 

The sequence requirement at the circularization site has been studied by two different 
approaches. Addition of certain short oligonucleotides, containing free 3' hydroxyl groups, 
vill reopen the circular form of the IVS, yielding a linear IVS with the oligonucleotide 
covalently attached to its 5' end. The product of this reaction will recircularize with 
release of the added oligonucleotide, indicating two nucleotides 5' to the site of circular- 
ization are sufficient for circularization. By varying the sequence of the added oligo- 
nucleotides in the reaction, it was found that certain combinations of pyrimidine dimers and 
trimers work best for reopening the IVS. Relative reactivity of oligonucleotides is 
sequence dependent: CU works better than W, which works approximately as well as CC; UUU 
works better than UU. These data support the existence of an oligopyrimidine binding site 
within the IVS. 

In a second approach, the nucleotide sequence at the site of circularization was 
altered using recombinant DNA techniques. RNA was transcribed in vltro from a plasmid 
containing a single BBlnl  linker (CGGATCCG) inserted in the IVS at the primary circular- 
ization site. The IVS was found to excise and to circularize to the UCC sequence within the 
linker. Deletions at this site, generated by S1 nuclease treatment of BasHI-cut plasaid, 
shifted the preferred sites of circularization either to the secondary site or to cryptic 
sites. The presence of three BamHIlinkers at this site displaced the major site of circu- 
larization out of the linker sequences to the secondary site, presumably because the 
repeated linker sequences form a sterloop structure. The major site of circularization in each of s i x  constructs was immediately preceeded by three pyrimidines, suggesting the 
existence of a binding site for a tripyrimidine sequence, but position and MA secondary 
structure also appear to be important in the selection of circularization sites. 
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1011 THE BACILLUS SUBTILIS RNASE P, Norman R. Pace, Terry L. Marsh, Katheleen Gardiner 
and Claudia I. Reich, Department of Biology, Indiana University, Bloomington, 
Indiana 47405. 

The RNase P of Bacillus subtilis consists of protein (17K mol. wt.) and RNA (395 nucleotides) 
elements, both required for cleavage of 5' precursor segments from tRNAs under "physiological" 
conditions. 
P RNA alone carries out the reaction with perfect fidelity. The high cation concentrations 
probably in part provide counterion shielding to overcome anionic repulsion between the two 
interacting polynucleotides, the RNase P RNA and the precursor tRNA. However, the character 
of the ion dependence, inhibition of the reaction by high SO4-2 concentration and 
potentiation of the reaction by solvents (ethanol, DMSO) suggest that RNA conformational 
transition is involved in the reaction. It may be that the reason for catalysis by RNA 
rather than protein in the RNase P reaction is a requirement for fluidity in the structure 
of the catalyst, so that it can accomodate many tRNA substrates, which vary in their 
structural details. 

The RNase P and Tetrahymena rRNA self-splicing reactions both involve phosphodiester bond 
scissions, but they seem mechanistically distinct. Whereas the nucleolytic self-splicing 
reactions require a 3'-OH group, destruction of the RNase P RNA and substrate tRNA 3'-OH 
groups by periodate does not result in diminution of the reaction. 

Some understanding of the RNase P higher order structure is imperative for future progress 
on the problem. This best will drive from phylogenetic comparisons, seeking common 
foldings among homologous RNase P RNAs with different sequences. The sequences of the RNase 
P RNAs of B. subtilis (395 NT) and E. coli (377 NT) are known. Even though the RNAs utilize 
the proteins from the other species, the RNA sequence homologies are remarkably low, 
ca. 40 percent in the "best" alignment. The two sequences may be credibly aligned for 
secondary structure comparisons over only about 25 percent of their lengths, however. In 
those regions, common folding is evident. The two compared sequences seem to vary by 
addition or deletion of short helical domains. RNase P RNAs from other organisms currently 
are under sequence analysis. 

In the presence of high cation concentrations (NH4+>1M, Mg+'>O.ZM), the RNase 

1012 MECHANISM OF MESSENGER RNA SPLICING IN HELA CELL EXTRACTS, Richard A. Padgett, 
Maria M. Konarska, Paula J. Grabowski, and Phillip A. Sharp, Center for Cancer 
Research and Department of Biology, Massachusetts Institute of 
Cambridge, MA 02139. 

Technology, 

The splicing of mRNA precursors in HeLa cell extracts proceeds in two steps ( 1 ) .  In the 
first step, a cleavage occurs at the 5' splice site and the 5' end of the intervening 
sequence is joined to the 2' position of an adenosine residue near the 3 '  splice site to 
produce a lariat structure. 
specific complex. 
intervening sequence and the 3' exon is cleaved at the 3 '  splice site and the 5' and 3' 
exons are joined by a 3'-5' phosphodiester bond. The intervening sequence is released as 
a lariat RNA. These reactions conserve the number of phosphate bonds in the precursor RNA 
and are consistent with a coupled transesterification mechanism. Although the reaction 
requires ATP, both the newly formed 3'-5' and 2'-5 '  phosphodiester bonds involve phosphate 
groups from the precursor RNA. 

In addition to the complementarity observed between the sequences at the 5' splice site 
and sequences at the 5' end of Ill RNA, there is a striking complementarity between the 
same sequences at the 5' splice site and sequences around the site of branching. This 
complementarity may help determine the specificity of the splicing reaction by bringing 
the 5' splice site into close proximity with the branch site. 

The two RNAs produced by this reaction are held together in a 
In the second step of the reaction, the lariat RNA containing the 

(1) Padgett, R.A., Konarska, M.M., Grabowski, P.J., Hardy, S.F., and Sharp, P.A. (1984) 
Science 225, 898-903. 
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Prokaryotic Promoters, Repressors and Activators 

1013 l E E  P2 CGR PRUIEIN - Fr PCGITTVE REGUTATOR OF P2 JATE GETE TRANSCRIPTIOY. lGa i l  E. 
Christie’, Elisabeth Ljungquist’, Rzkert Feiwel13 and Richard Calendar , 
c a m m n d t h  university, Ricbnd,  VA, ‘Karolinska Institute, st~ckhohn, Sweden, and 
3University of California, Berkeley, CA. 

V q i n i a  

The la te  genes of temprate coliphage P2 are organized into 4 transcription units. 
Expression of these genes during P2 infection depends on P2 DNA replication, E. culi RNA 
polymerase, ard a psitive regulatory protein e n d e d  by the P2 
from which ~2 la te  mmAs are transcribed share a cOnSenSus sequence a t  -10 and -35 which is 
different frcm that normally recognized by the host RGi plymerase. ?he= pramters do not 
possess obvious repeated or spx? t r ica l  sequences that muld suggest a specific birding site 
for a p s i t i v e  reydatory protein. 
tion of P2 late transcription by the cgr gene product, we have determined the nucleotide 
sequence of the ogr gene and UndertakETanaLysis of ogr protein. 
by a class of mumions which over- the block to r l a t e  gene exprezon iqx~d by a 
p i n t  nutation, r p A l O 9 ,  in the a subunit of E. coli Rm plymerase. The ogr gene prcduct 
is a protein of acids. The PI predi-&&= the amino acid s e q u E  is 12.0, and 
there is In this respect, cyr 
resables  other k n m  transcriptional effectors which bind to DNA. We have cloned the s- 
and q r 5 2  alleles into an overexpression vector under the control of the h PL p-ter, and 
haveXiZnstrated synthesis of a d l  protein consistent w i t h  the predicted mlecular 
weight of the ogr gene product. 
of P2 in an E.mli r p A l O 9  host, anfirming the p r c d u c t i m ~ f u n c t i m a l  protein. 

gene. The 4 pramters 

In order to gain insight into the d i m  of activa- 

The cgr gene is defined 

clustering of the basic residues a t  +As amino tenninus. 

The plasnid carrying the q r 5 2  allele allavs the gmmkh 

1014 ELEMENTS OF TRANSCRIPTION ANTITERMINATION: A GENE FUSION ANALYSIS. 
Asis Das, Sailen Barik, Balaram Ghosh, Fred Warren, William Whalen and 
Krystyna Wolska. Univ. of  Connecticut, Farmington, CT 06032. 

Employing specifically engineered plasmids in which the expression 
of E. coli& cistron is regulated by transcription termination, we 
have analyzed transcription antitermination mediated by phage lambda N 
protein in vivo and in vitro. Antitermination requires the presence of 
a nut site, the N-recognition element, between the promoter and the 
terminator. It also requires the direct participation of three cellular 
proteins NusA, NusB and S10 in roughly stoichiometric amounts. S10 is a 
normal component of the ribosome. In addition to S10, ribosomes contain 
active N, NusA and NusB proteins. It seems likely that N-action in the 
cell involves the ribosome. However, N-action need not involve the 
translational coupling phenomenon since translation upstream, across and 
downstream of the nut locus does not play a necessary role in 
antitermination. We propose that a specific interaction of  the 
N-ribosome complex with RNA polymerase-= RNA complex leads to the 
formation of the antitermination apparatus. 

1015 ANALYSIS OF MUTATIONS IN THE CRP GENE OF ESCHERICHIA m, Susan 
Garges and Sankar Adhya, National Cancer Institute, NIH, Bethesda, 
MD 20205. 

The cyclic AMP receptor protein (CRP), working in conjunction with cyclic 
AMP (CAMP), is involved in either the activation or  the repression of a 
number of genes in Escherichia &. 
to a specific DNA site in the promoters of these genes. To study how CRP 
acts, we have cloned, into a bacteriophage lambda vector, the gene (9) 
that encodes the protein. The resulting A=+ phage can transduce --, 
but not -- (defective in CAMP synthesis), mutant hosts and complement 
their pleiotropic defects. 
been isolated which have acquired the ability to complement =- hosts. 
mutant -genes (called =*) have been crossed into the chromosome, and the 
physiology of the mutants studied. =* mutants can express &, &, and 
E, but not &, independently of CAMP; this expression is stimulated by 
exogenous cGMP. To determine what the changes in the mutant proteins are, 
=* mutations have been cloned into a multicopy plasmid for DNA sequence 
analysis. 

CRP, when CAMP is bound to it, binds 

Mutagenizing A=+, a class of 9 mutants have 
The 
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1016 REPRESSION OF A MUTANT A P 
Iowa, Iowa City, IA 52242? 

PROMOTER BY 211 PROTEIN, Gary Gussin, University of 

The -35  region of wild-type ERE contains the sequence shown below. The TTGC sequences, 
5'-TTGCGTlTTTTTGC-3' 

which are sites at which 511 protein binds to activate wild-type ERE, flank the wild-type 
-35 sequence, G m G T .  We have investigated transcription initiation from a derivative of 
& constructed by D. Court and M. Zuber; the derivative contains a 2-base pair (bp) in- 
sertion at -17. This shifts the €& sequence 2 bp to the left so that the underlined l T G  
corresponds to the initial three nucleotides in the -35 consensus sequence, TTGACA. We 
find that, in contrast to wild-type FRE, the altered promoter is active in the absence of 
cII protein. Furthermore, cII protein substantially represses transcription, presumably 
because the 2-bp insertion positions the TTGC sequences in such a way that 211-binding 
prevents recognition of the -35 region by RNA polymerase. The concentrations of 511 pro- 
tein required for maximal repression of the mutant promoter and maximal activation of the 
wild-type promoter are the same. Thus, insertion of 2 bp provides a way of assaying the 
effects of mutations on FII-binding independent of their possible effects on transcription 
initiation once 111 protein has bound. To this end, we are constructing derivatives of the 
promoter having both the 2-bp insertion and a previously-isolated ~y (P ) mutation. Of 
particular interest are mutations that appear to affect both yII-bind# and subsequent 
initiation by RNA polymerase. 

1017 
Wisconsinz, Madison, W I  53706. 

Expres- 
s ion  o f  t he  mom gene i s  under a novel  s e t  o f  r e g u l a t o r y  c o n t r o l s .  
t i o n  o f  mom r e q u i r e s  the  hos t  Dam methylase a c t i v i t y  (methy la tes  A i n  GATC sequences) and a 
--acting phage gene f u n c t i o n  (des ignated  Dad). The Dam requirement can be circumvented 
by  d e l e t i n g  c e r t a i n  reg ions  5 '  t o  t h e  s t r u c t u r a l  gene. The promoter has been l o c a l i z e d  
by S1 nuclease mapping and shown t o  be downstream f rom the  Dam t a r g e t  reg ion .  
t a t e  s t u d i e s  on the  s i g n a l s  med ia t i ng  mom r e g u l a t i o n ,  we have cons t ruc ted  a mom l a c 2  f u s i o n  
p lasmid  which syn thes izes  6-ga lac tos idase o n l y  when the  Mu Dad t r a n s a c t i v a t i n g  f u n c t i o n  i s  
p rov ided i n  c e l l s  which a re  dam'. 
For example, mutants a r i s e  a t  l ow  frequency t h a t  a re  capable o f  c o n s t i t u t i v e l y  producing 
B-galactosidase a c t i v i t y .  These p lasmid  muta t ions ,  t he re fo re ,  r e s u l t  i n  Dad independent 
express ion .  They have n o t  y e t  been cha rac te r i zed  by  DNA sequencing. 
menta t ion  analyses t o  l o c a l i z e  the  gene(s) respons ib le  f o r  t r a n s a c t i v a t i o n  f u n c t i o n  have 
been c a r r i e d  ou t .  
a c t i v i t y :  t he  C gene f u n c t i o n  i s  known t o  be r e q u i r e d  f o r  t u r n  on o f  a l l  l a t e  Mu s t r u c t u r a l  
genes. 

REGULATION AN0 EXPRESSION OF THE PHAGE MUlmom GENE, S tan ley  Hattmdnl,  Janet I v e s l ,  
and Martha How2, U n i v e r s i t y  o f  Rochester , Rochester, NY 14627, U n i v e r s i t y  o f  

The bac ter iophage Mu mom gene s p e c i f i e s  an unusual DNA m o d i f i c a t i o n  f u n c t i o n .  
For example, t r a n s c r i p -  

To f a c i l i -  

Th i s  p lasmid  has been u s e f u l f o r a  v a r i e t y  o f  s tud ies .  

P re l im ina ry  comple- 

The r e s u l t s  o f  these s t u d i e s  suggest t h a t  t he  Mu C gene encodes t h i s  

Eukaryotic Promoters and Enhancers 

1018 ANALYSIS OF AN MX'IVATW A1(F.Dw: SEJJDGS mlIE 940 LAlE pIE(EDIFx REWIRDFCRT MTm MDIAllD 
lMSKllVATIa. Janes C. Alvine and Janis M. Keller. Eqartnmt of -/Q, Uniwrsity of 
Pemylvania. FhihM@ia. PA 191M. 

Exp-m of the sjmian virus 40 late genes is activatd by the viral m r l y  gene *t. T antigen. 'M.s 
tranwxtivatim is irdqemht of viral INA replicatim. We bave used the c h k q k m m  . 1 acetyltransfaase (UT) 

tmrs-zctivatim. We find that the Tantip thding sites at the o w  of replication a n  be remved vithmt loss 
of tranwxtivatim. Metim a€ the a;rich 21 bp repeat regim tames a Sfold decreese in T antigen stirmlated 
gene expres5m in plasdsrhere the 72 bp repeat w a r e  not iresat: haever. tkn the 72 bp repeat regims 
are induded. the deletim of the 21 bp repeats has no effect m activated 
21 bp repeats m y  cmtain a raek pmmter e l m t  d-ich is superseded in the 
bp rept regim. 'he mjor pmmter elenarts needed for 
regim. We have evidcxe of at lmst tmelawts in this regim; are isvithina 33bp -t be- 
dmti&s 167 and XJ3, overlapphg the jumtim of the 72 bp repmts. 'Ihis eleant a h n e w i l l  allwT an- 
trawtztivatim tkn inserted in the late orietim. lhese data indicate that trawtztivatim repires spetific 
seq- elemntsand that thy m y  h t i m  inallnidirec t i c m l  myner. We he\re also exdnEd the translxtivatim 
a b i l i t y  of T antigen. akuvuus ' M pmteinand the herpg imnediate m r l y  (E) protein m a variety of proooters. 
W e T  an- and herpes IE- punkuxs, activating all pmmters tested (indding the pmmter of the 
Rous saruma virus temind repeat), the M pro- activated a i t y  its W o g a r s  &mvins F. 
'he prankmity of Tantigm and IE protein nay indicate the mxkmisn by d-ich these p r o w  cmtnhte to 
trawfonmtim. Ihe data with EL4 indicated that trmsexivatim can also be sppific. Ihe fhlh-g that m y  
p m t e r s  can be tranwxtivatd in@ies that m y  genes m y  be cmtrollezl by specific tranwxtivatim necbnkm. 

transient expresdol systepto&tm!Iim the sequences of thesv40 late pmmter regicnmessary for 

epresim. This inplig that the 
of pmmter elenents in 72 

'vatim are canmmt vith the 72 bp repeat 
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TISSUE AND SPECIES SPECIFIC EXPRESSION I S  CONFERFED B Y  A SEQUENCE FROM THE 5 '  END 
OF THE RAT ALBUMIN GENE, M a r i e - O d i l e  O t t * ,  L i n d a  S p e r l i n g - ,  Mary C. Weiss*, P h i i i p p e  

Herbomel@, Jean-Michel  Heard@, and Moshe Yaniv@, *Cen t re  de Gene t ique  M o l e c u l a i r e ,  C.N.R.S., 
G i f - s u r - Y v e t t e  91190 and @Department o f  M o l e c u l a r  B i o l o g y ,  I n s t i t u t  Pas teu r ,  75724 P a r i s  
Cedex 15 ,  France. 

To t e s t  t h e  mechanisms i n v o l v e d  i n  t h e  c o n t r o l  o f  t h e  e x p r e s s i o n  o f  h e p a t i c  f u n c t i o n s ,  
we made use o f  t r a n s i e n t  e x p r e s s i o n  assays a f t e r  t r a n s f e c t i o n  o f  a v a r i e t y  o f  c e l l  l i n e s .  A 
DNA f ragmen t  p r e c e d i n g  t h e  5 '  end o f  t h e  r a t  a l b u m i n  mRNA was c l o n e d  ups t ream o f  t h e  CAT 
( c h l o r a m p h e n i c o l  a c e t y l  t r a n s f e r a s e )  gene i n  a p r o m o t e r - l e s s  d e r i v a t i v e  o f  pSV CAT. Comparing 
t h e  a c t i v i t y  o f  t h i s  p romote r  w i t h  t h o s e  o f  pSVCAT o r  pRSVCAT c o n s t r u c t i o n s  showed t h a t  t h e  
a l b u m i n  p romote r  i s  i n a c t i v e  i n  r a t  o r  mouse f i b r o b l a s t s ,  whereas i t  i s  as  a c t i v e  a s  t h e  S V  
40 e a r l y  p romote r  i n  r a t  hepatoma c e l l  l i n e s .  
i n a c t i v e  i n  mouse hepa tocy tes .  Fu r the rmore ,  d e d i f f e r e n t i a t e d  d e r i v a t i v e s  o f  r a t  hepatoma 
C e l l s  o r  hepatoma X f i b r o b l a s t s  h y b r i d s  t h a t  do n o t  exp ress  t h e  endogenous a l b u m i n  gene a r e  
u n a b l e  t o  s u s t a i n  CAT s y n t h e s i s  w i t h  t h e  p A l b  CAT c o n s t r u c t i o n .  B a l  31 d e l e t i o n  a n a l y s i s  
was u n d e r t a k e n  t o  map p r e c i s e l y  t h e  sequences i n v o l v e d  i n  t h e  t i s s u e  r e c o g n i t i o n  o f  t h i s  
p romote r  e lemen t .  
d u r i n g  t e r m i n a l  d i f f e r e n t i a t i o n  w i l l  be d i s c u s s e d .  

S u r p r i s i n g l y  t h e  r a t  a l b u m i n  p romote r  i s  

The i m p l i c a t i o n s  o f  t h e s e  f i n d i n g s  t h e  p o s s i b l e  mechanisms o f  gene c o n t r o l  

1020 TISSUE-SPECIFIC tRNA GENE EXPRESSION IN BOMBYX MORI, L i s a  S. Young and Karen U. 
Sprague, Univerhity of Oregon, Eugene, OR 97403 

The :ilanine tRNAsAf;om silkworms (Bombyx mori) accumulnte in d tissue-specif ic fashion. 
One species (tRNA ) riuced constitutively in all silkworm tissueb, while n 
second major specyes (:;N:''' 
differences in the transcriptional properties of the genes encoding these RNAs can 
explain the tissue distribution of alanine tRNA. To that end, we have examined the 
transcriptional activities ot  representatives of these two classcs of  gene5 in vitro. 
The two genes behave very differently in homologous transcription extracts prepnred 
from Bombyx mori silkglands. 
tional differences, we have constructed tRNAC ,itRNAsG, hybrid genes. 
sequences upstream from the transcription initiation site determine whether the gene 
behaves like a constitutive type o r  silkgland-specific type gene. We are currently 
using partially purified componen? :: of the silkworm transcription apparCirus to learn 
which cornponent(s) interact differentially with the two kinds of genes. 

is limited t o  the silkgland. We wish to learn whether 
$G ! 

To identify se gp5nces Ayzponsible f o r  the observed func- 
Remarkably, 

Transcripton Termination and RNA Processing 

1021 ANALYSIS OF PROCESSING/POLYADENYLATION SIGNALS BY USING DERIVATIVES OF THE HERPES 
SIMPLEX VIRUS THYMIDINE KINASE GENE, Chuck Cole, Department of Biochemistry, 

Dartmouth Medical School, Hanover, N.H. 03756 
Most gene transcribed by RNA polymerase I1 contain the hexanucleotide, 5'-AAUAAA-3', 

just upstream from the polyadenylation site. We have examined the signal requirements for 
processing and polyadenylation by using derivatives of the herpes simplex virus thymidine 
kinase gene (HSV-tk). Three lines of evidence suggest that the hexanucleotide alone is 
sufficient to signal processing and polyadenylation: (i) The HSV-tk gene was resected from 
its 3' end. All derivatives which retained the AAUAAA were able to produce poly A+ tk mRNA 
in transfected Cos-1 cells. The HSV-tk gene contains two copies of the AAUAAA. Resection 
with Bal 31 nuclease was used to generate deletion derivatives of the tk gene. Derivatives 
retaining at least 50 bp of information distal to these AAUAAAs produced near wildtype levels 
of tk mRNA. Retention of fewer than 40 nucleotides distal t o  the AAUAAAs resulted in a 
reduced level of poly A+ tk mRNA. (ii) Poly A+ tk mRNA was produced when the HSV-tk poly- 
adenylation signal was replaced with an 88 bp fragment of SV40 DNA, containing an AAUAAA 
that is never used as a polyadenylation signal during SV40 infection. (iii) Random fragments 
of either simian (4.0-15 kb) or prokaryotic (0.2-1.5 kb) DNA were inserted into an HSV-tk 
derivative lacking a polyadenylation signal. Poly A+ tk mRNA production was restored by 83% 
of the simian and 92% of the prokaryotic DNA fragments. Together, these results suggest that 
the minimum signal necessary for processing/polyadenylation is a hexanucleotide (AAUAAA o r  
similar) and that additional sequences in the vicinity of the AAUAAA affect the efficiency 
of the reaction, probably by affecting the secondary structure of the precursor RNA. 
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1022 FUNCTION OF E .  COLI nusA PROTEIN: T S  MUTANT AND RNA BINDING, Yoshikazu Nakamura, 
Akiko Tsugawa and Saeko Mizusawa, I n s t .  of Medical S c i e n c e ,  Univ. of Tokyo, Tokyo. 

Previous  5 vitro s t u d i e s  have a t t r i b u t e d  a p p a r e n t l y  a n t a g o n i s t i c  a c t i v i t i e s  t o  t h e  N u s A  
p r o t e i n  of E. e; namely both  t e r m i n a t i o n  and s t i m u l a t i o n  of t r a n s c r i p t i o n .  To d e t e r m i n e  
which a c t i v i t y  i s  f u n c t i o n a l  i n  v i v o ,  we i s o l a t e d  a t e m p e r a t u r e - s e n s i t i v e  mutant of  t h e  & 
gene ( n u s A ( t s 1 ) ) .  The mutant c e l l s  produce a t h e r m o l a b i l e  NusA p r o t e i n  and grow a t  32'C b u t  
no t  a t  42°C. The e f f e c t  of t h e  m u t a t i o n  on  t h e  t e r m i n a t i o n  of t r a n s c r i p t i o n  a t  s e v e r a l  t e r -  
m i n a t o r s  was s t u d i e d  u s i n g  t e r m i n a t o r - a s s a y  v e c t o r s  i n  v i v o .  The e f f i c i e n c y  of t e r m i n a t i o n  
a t  t h e  E. c o l i  t r p  and & a t t e n u a t o r s  a s  w e l l  a s  a t  t h e  h t  and h~ t e r m i n a t o r s  appear -  
ed t o  d e c r e a s e  and read- through t r a n s c r i p t i o n  i n c r e a s e d .  tk! o v e r a l l  s y n t h e s i s  of 
P - g a l a c t o s i d a s e  and t h e  B B '  s u b u n i t s  of RNA polymerase was reduced  by t h e  muta t ion .  These 
r e s u l t s  sugges ted  t h a t  t h e  NusA p r o t e i n  p l a y s  b o t h  n e g a t i v e  and p o s i t i v e  modulator r o l e s ,  
and t h a t  i t  i s  i n v o l v e d  i n  b o t h  p-dependent and p-independent t e r m i n a t i o n s  i n  v i v o .  F u r t h e r -  
more, we s t u d i e d  t h e  i n t e r a c t i o n  of & and nusA( ts1)  p r o t e i n s  w i t h  M-RNK v i t r o ,  a s  
t h e  p r e v i o u s  g e n e t i c  d a t a  have s u g g e s t e d  t h a t  t h e  NusA p r o t e i n  i n t e r a c t s  w i t h  t h e  = s e -  
quence of  A .  S e v e r a l  mRNAs were s y n t h e s i z e d  by i n  v i t r o  t r a n s c r i p t i o n  of t r u n c a t e d  h DNA 
t e m p l a t e s  and t h e i r  b i n d i n g  c a p a c i t i e s  t o  NusA were examined by a f i l t e r - t r a p p i n g  a s s a y .  
Thus,  w e  conclude  t h a t  t h e  NusA p r o t e i n  bound t o  mRNAs c o n t a i n i n g  =. tRNA c o m p e t i t i o n  ex- 
p e r i m e n t s  r e v e a l e d  t h a t  t h i s  b i n d i n g  o c c u r s  s p e c i f i c a l l y  a t  t h e  = s i t e  o r  i t s  c l o s e  v i -  
c i n i t y .  The mutant p r o t e i n  e x h i b i t e d  reduced  and t h e r m o l a b i l e  RNA-binding a c t i v i t y ,  whereas 
t h a t  of t h e  wi ld- type  p r o t e i n  was h e a t - r e s i s t a n t .  S t u d i e s  on  t h e  RNA-binding domain of NusA 
and i t s  r o l e  i n  t r a n s c r i p t i o n  t e r m i n a t i o n  a r e  c u r r e n t l y  i n  p r o g r e s s .  

Hz%ver, 

1023 SPECIFIC INTERACTIONS OF RHO FACTOR W I T H  RNA TRANSCRIPTS, John P. Richardson ,  
Marion A.F. Ceruzz i  and Susan L. Bektesh ,  Department of Chemistry and I n s t i t u t e  
f o r  Molecular  and C e l l u l a r  Bio logy ,  I n d i a n a  U n i v e r s i t y ,  Bloomington, I N  47405 

The s p e c i f i c i t y  and s t r e n g t h  of  b i n d i n g  of E s c h e r i c h i a  coli r h o  f a c t o r  t o  v a r i o u s  c o l i -  
phage and E .  c o l i  gene t r a n s c r i p t s  is  compared w i t h  t h e  f u n c t i o n  of rho  i n  t e r m i n a t i o n  of 
t r a n s c r i p t i o n  of  t h o s e  genes. - l o 9  P 1 - l )  t o  a number of s p e c i f i c  
t r a n s c r i p t s  t h a t  were t e r m i n a t e d  w i t h i n  o r  downstrezm from a rho-dependent s i t e  b u t  h a s  
very  l i t t l e  a f f i n i t y  f o r  t r a n s c r i p t s  t h a t  were s y n t h e s i z e d  w i t h o u t  b e i n g  a f f e c t e d  by rho .  
Rho p r o t e i n  i s  a l s o  unable  t o  b i n d  t i g h t l y  t o  incomple te  t r a n s c r i p t s  of  t h e  h gene t h a t  
have n o t  a t t a i n e d  a minimum l e n g t h  of 290 n u c l e o t i d e s ,  which i s  t h e  s i z e  of  t h e  s h o r t e s t  
rho- te rmina ted  t r a n s c r i p t s  of t h a t  gene. In c o n t r a s t ,  rho  b i n d s  t o  incomple te  t r a n s c r i p t s  
of t h e  e a r l y  r e g i o n  of T7 D l l l  DNA t h a t  are a s  much as 180 n u c l e o t i d e s  s h o r t e r  than  t h e  
smallest t r a n s c r i p t s  of t h a t  gene reg ion .  
t h e  b i n d i n g  of  rho  p r o t e i n  t o  an RNA is  a n e c e s s a r y  p r e l u d e  t o  t h e  t e r m i n a t i o n  of t r a n -  
s c r i p t i o n  of t h a t  RNA by an  a c t i o n  of  rho .  The r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  i n t e r v a l  
between t h e  p o i n t  where a n a s c e n t  t r a n s c r i p t  i s  l a r g e  enough t o  i n t e r a c t  w i t h  rho  and t h e  
p o i n t  where i t  i s  l a r g e  enough t o  b e  t e r m i n a t e d  by rho  a c t i o n  v a r i e s  w i t h  d i f f e r e n t  genes.  

Rho b i n d s  t i g h t l y  (K 

These b i n d i n g  s t u d i e s  s u p p o r t  t h e  concept  t h a t  

Translation and Its Regulation 

SITE-DIRECTED MUTAGENESIS OF RIBOSOMAL Rh'A. A. Dahlberg ,  R. Gourse,  M. S t a r k ,  
C. Zwieb, D. J e m i o l o ,  R. S k i n n e r ,  W. Jacob  and M. Santer* ,  Brown U n i v e r s i t y ,  
Providence ,  R I  02912 and *Haverford C o l l e g e ,  Haver ford ,  PA 19041 

S t r u c t u r a l  and f u n c t i o n a l  a s p e c t s  of  E. c o l i  r i b o s o m a l  RNA a r e  b e i n g  s t u d i e d  by a 
g e n e t i c  approach, 
d i r e c t e d  mutagenes is  t e c h n i q u e s  w e  have  produced a series of s m a l l  d e l e t i o n s  and b a s e  
s u b s t i t u t i o n s  a t  s p e c i f i c  s i tes  i n  t h e  rRNA genes.  The u s e  of M 1 3  and s y n t h e t i c  o l i g o -  
n u c l e o t i d e s  h a s  p e r m i t t e d  us t o  i n t r o d u c e  s i n g l e  b a s e  changes i n  t h e  Shine-Dalgarno 
r e g i o n  of 165 rRNA, i n  5s  rRNA, and a t  t h e  s i t e  i n  235 rRNA which b i n d s  t o  t h e  
a n t i b i o t i c  t h i o s t r e p % ~ G ~ ~ T h e  a l t e r e d  p lasmids  have been  t ransformed i n t o  "maxi cells" t o  
d e t e r m i n e  t h e  e f f e c t s  of  t h e  d e l e t i o n s  on rRNA p r o c e s s i n g ,  s u b u n i t  assembly and ribosome 
f u n c t i o n .  

Using a recombinant  p lasmid  c o n t a i n i n g  t h e  rrnB c i s t r o n  and si te- 
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CODOMINANT ANTIBIOTIC RESISTANCE MUTATIONS IN RIBOSOMAL RNA GENES OF 
ESCHERICHXA COLI. Curt Sigmund. Mohamed Ettayebi. and Edward A. Morgan. 
Roswell Park Memorial Institute. Buffalo. New York 14263. 

Ribosomal RNA operons of L a  have not been extensively analyzed by genetics 
because of a lack of dominant selectable mutations in these operons. Mutations in 
rRNA operons have probably been difficult to isolate because there are seven rRNA 
operons in E s d i .  Therefore. mutations in rRNA genes might escape detection 
because the mutations are recessive or alter only a small fraction of the 
ribosomes. An rRNA operon (-1 cloned on a multicopy plasmid increases the 
contribution of a single rRNA operon to ribosomes and allows isolation of 
codominant mutations in 165 and 23s ribosomal RNA genes. One mutation at position 
2058 of a 23s RNA gene confers resistance to macrolide. lincosamide. and 
streptogramin type B antibiotics. Two other mutations which are located nearby 
confer resistance to a subset of the macrolide antibiotics and to chloramphenicol. 
A mutation at position 1192 of a 165 RNA gene confers resistance to spectinomycin. 
The alterations in 23s RNA are in a region involved in peptidyl transfer. The 
alterations in 16s RNA are in a region which may be involved in translocation. 
These mutations enable genetic methods to be applied to studies of ribosomal RNA 
struture. function. and regulation. 

The Heat Shock Response 

EXPRESSXW OF -5 OF ME HSP70 GENE F M I L Y  W W T ,  Elizabeth A. Craig, Michael R .  Slater and 
Kurt Jacobsen, Department of Physiological Chemistry. University of Uisconsin-Radison, Madison, 
Wisconsin 53106. 

The g e ~ n e  of 5 .  cerevisiae mtains a fanily of genes related to the heat inducible 7W gene of higher 
eucaryutes and to the &K gene of E. &. 
tno pairs of highly homlogars genes. 
and YG103 are -94% identical. Hmmlogies outside the protein coding regions are negligible. The homlogy 
mngst the less similar m r s  is -6040%. 

The expression of YGlOeYG103 has been analyzed mst extensively. 
the optimal growth tenperature of 30°C, their regulation differs. The abundance of both YGlOl and YG103 
transcripts decreases upon an increase in tenperature f m n  23OC to 3loC. Hacever. the abundance of YGlOO 
transcripts increases after a tenperature shift, while that of YG102 changes only slightly. Using the method of 
gene replacenent, strains containing nutations in the four genes have been constructed. Although no phenotype of 
any of the single nutants as detected, haploid strains containing both the YGlOO and YG102 nutations nere not able 
to fonn colonies at 37OC. 
indicate that YGlOO or YG102 protein prOduct is needed to obtain n o m l  growth rates at all tenperatures, but is 
essential at higher tenperatures. 
properties at all tenperatures. The cells grow fastest at 37OC; the severity of the effect increases with 
decreasing tenperature, although colony foming ability is retained even at la, tenperatures. At 37OC the 
YGlOl YG103 double nutant gmvs 22% slarer than wild-type; at 23OC it g m s  116% slarer. 
suggest that the Hsp70 nultigene fanily of yeast contains ~enes which have specialized but similar functions. 
Sane of the gene products (YGlOO and YG102) are required for sustained growth at high tenperature and others 
(YG101 and YG103) at low tenperatures. 

fusion to E. & p-galactosidase nas constructed thmugh the tenth anino acid of YGlOO. 
shcus heat inducible 8-galsctosidase activity in yeast nhethor present IS singlecopy integrants or present in 
hulticopy plamid vectors. 
+1 is the first base of the initiation codon, are necessary for constitutive expression of YG100. 
-246 is heat inducible uhereas a deletion at -212 is not. A deletion at -236 has an intermediate behavior. 
Therefore, c-ences betneen -246 and -212 are necessary for heat shock induction. 
-190 w s  used to replace the upstrean activating sequence of the yeast 
denonstrated that sequences f m n  -320 to -190 contain a heat shock specific upstrean activating seqwnce and those 
sequences are sufficient to elicit the heat shock response. 

Eight genes have been isolated and designated YGloO-YG101. There are 
YGlOO and YG102 are 9- identical in the protein coding region, while YGlOl 

Although the fwr genes are expressed at 

As the tenperature is larered, the effect on gmwth rate diminishes. These results 

Strains containing both the YGlOl and YG103 nutations display altered growth 

These results 

Uithin the Hsp70 fanily, ye have analyzed the heat inducible prcmoter of YGlOO in rmst detail. A protein 
This construction 

A 5' deletion series nas constructed using Ba131. Sequences upstream of -340, where 
A deletion at 

A YGlOO fragnent f m n  -320 to 
prcmoter. This construction 
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1027 
Bacteriology, Univ. of Wisconsin. Madison, WI 53706. 

Regulation of the Heat Shock Response in E. coli. 
Cowing. James W. Erickson, David B. Straus, and Carol AGross,  Dept. of 

Alan D. Grossman, Deborah W. 

When E. coli are shifted from 30-C to 42OC. the rates of synthesis of heat shock 
proteins (hsps) increase between 5 and 20 fold, depending on the particular protein. The 
increased rates of synthesis peak 5-10 min after the upshift and then decline to new 
steady state rates of synthesis somewhat greater than those at 30°C. 
of synthesis of hsps reflects increased synthesis of their mRNAs and increased 
transcription initiation at heat shock promoters. 

product. 
at heat shock promoters. 
(and a defect in degradation of some unstable proteins). 

Five E. coli promoters have been identified that are heat-inducible in vivo and 
transcribed in vitro by RNA polymerase holoenzyme containing u32 . 
promoters and proposed a consensus sequence for heat shock promoters. The consensus 
sequence has T-tC-cCTTGAA in the -35 region and CCCCATtT in the -10 region. 

increased amount of a32 and/or increased activit of a32 . We have fused to the 
inducible lactose promoter in order to r e d '  synthesis. At 30" and 42" induction 
of u32 synthesis by IPTG causes a transient increase in hsp synthesis. Thus, increased 
synthesis of a32 can increase the synthesis of hsps. 

is unstable in vivo, and has a physical half-life of about 5 min. 
Because it is rapidly turned over, changes in the rate of synthesis of a3' will rapidly 
lead to changes in its intracellular concentration. 
amount of might be increased at high temperature, we have found that in wild type 
strains the amount of a32 mRNA increases after a temperature upshift. 
the increase is sufficient to cause the rapid increase in synthesis of hsps. 

Overproduceda32 migrates as 2 spots in the isoelectric dimension of 2D gels while 
purified a32 migrates as only one spot. a32 was purified based on its activity. Perhaps 
only one isoelectric form of a32 is active. 
of a32 could provide a direct mechanism for both induction and shut-off of the heat shock 
response. 

The increased rate 

The transcriptional regulator of heat shock gene expression is the rpoH (htpR) gene 
rpoH encodes a 32 kd sigma f a c t 0 r 6 ~ ~  ) which promotes transcription initiation 

Mutations in* result in a defect in the heat shock response 

We have compared these 

-- In vivo, induction of hsp synthesis after a temperature upshift could be due to an 

In addition, u32 

Consistent with the notion that the 

We do not know if 

Reversible or irreversible inactivation 

INDUCTION OF THE BACTERIAL HEAT SHOCK RESPONSE, Frederick C. Neidhardt and 
Philip M. Kelley, Department of Microbiology and Immunology, University of 
Michigan Medical School, Ann Arbor, MI 48109. 

Sudden heating of a bacterial culture to growth-restricting temperatures suppresses the 
synthesis of most cellular proteins and induces high rates of synthesis of 17 
polypeptides. The induced proteins resemble the heat-shock proteins of other organisms in 
their pattern of regulation and, in some cases, their molecular structure. In Escherichia 
- coli these heat-shock proteins are products of unlinked operons forming a regulon under 
the control of the regulatory gene, & (1). This gene has been cloned and sequenced 
(21. Its protein product has been identified on two-D gels as cellular protein F33.4. Its 
predicted structure possesses 439 identity or conservative replacement of amino acid 
residues with the carboxy-terminal half of RNA polymerase sigma factor (3). Protein F33.4 
purifies with RNA polymerase, and purified preparations direct the initiation of 
transcription from heat-shock promoters without requiring normal sigma factor. On this 
evidence F33.4 has been designated sigma-32 (the normal sigma, sigma-70) ( 4 ) .  

At temperatures above 45 C part of the differential induction of heat-shock proteins is 
the result of suppression of expression of most other genes, but the sudden, high rates of 
heat-shock protein synthesis upon shifts to the 37 - 45 degree range must involve a 
pronounced absolute activation of heat-shock transcription (1). How transcription of 
heat-shock promoters by sigma-32 is activated at high temperature is not known. Our 
recent work is directed at this process. of a 
large number of agents known, or claimed, to induce the heat-shock response in other 
organisms - including various oxidants, DNA replication inhibitors, and damagers of DNA or 
membrane integrity. Also, we have examiaed the synthesis of various dinucleotides during 
treatment with heat and these other agents. Our results indicate that ethanol is the only 
agent that closely mimics high temperature in inducing the heat-shock regulon in E. &, 
and that there appear to be several, perhaps related, stress regulons inducible in this 
organism by various toxic substances. 

(1) Neidhardt, F. C., VanBogelen, R. A., and Vaughn, V. (1984). Ann. Rev. Genetics B: 
(2) Neidhardt, F. C., VanBogelen, R. A., and Lau, E. T. (1983). J. Bacteriol. 153: 
(3) Landick, R., Vaughn, V., Lau, E. T., VanBogelen, R. A., Erickson, J. W., and 

(4) Grossman, A. D., Erickson, J. w., and Gross, c. A. (1984) Cell=: 383-390. 

We have examined the effect on E. 

295-329. 

597-603. 

Neidhardt, F. C. (1984) Cell z: 175-182. 
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EXPRESSION AND FUNCTION OF HSP70, Hugh Pelham, Sean Munro and Michae l  Lewis,  
MRC L a b o r a t o r y  of Molecular  Bio logy ,  H i l l s  Road, Cambridge CB2 ZQH, England. 

Most c e l l s  s y n t h e s i z e  t h e  major h e a t  shock p r o t e i n  (hsp70) when exposed t o  s t r e s s ,  b u t  
t h e  p r e c i s e  f u n c t i o n  of t h i s  p r o t e i n  i s  obscure .  W e  have s t u d i e d  t h e  p r o p e r t i e s  o f  i n t a c t  
D r o s o p h i l a  hsp70 and o f  a v a r i e t y  of d e l e t i o n  mutants  e x p r e s s e d  from c l o n e d  genes  i n  monkey 
COS c e l l s .  I n  o r d e r  t o  d e t e c t  t h e  m u t a n t s ,  t h e  genes  were tagged  w i t h  a s y n t h e t i c  
o l i g o n u c l e o t i d e  which encodes  a s h o r t  p e p t i d e  recognized  by a monoclonal a n t i b o d y .  

Hsp70 i s  m o s t l y  c o n c e n t r a t e d  i n  t h e  n u c l e u s  o f  u n s t r e s s e d  COS c e l l s ;  on h e a t  shock a 
l a r g e  f r a c t i o n  of i t  t r a n s i e n t l y  a s s o c i a t e s  w i t h  n u c l e o l i .  D e l e t i o n  a n a l y s i s  d e f i n e s  two 
domains o f  t h e  p r o t e i n ,  a l a r g e  N t e r m i n a l  one which h a s  been  s t r o n g l y  conserved  d u r i n g  
e v o l u t i o n  and a s m a l l e r  C t e r m i n a l  one.  Both a r e  a b l e  t o  accumula te  i n  t h e  n u c l e u s ,  b u t  o n l y  
t h e  N t e r m i n a l  one i s  a b l e  t o  e n t e r  n u c l e o l i .  

h e a t  shock ,  b u t  s u b s e q u e n t l y  r e c o v e r .  Overproduct ion  of D r o s o p h i l a  hsp70 by f u s i o n  of t h e  
gene t o  a s t r o n g  c o n s t i t u t i v e  promoter  g r e a t l y  a c c e l e r a t e s  t h e i r  recovery .  These and o t h e r  
r e s u l t s  s u g g e s t  t h a t  hsp70 may c a t a l y z e  t h e  reassembly  of h e a t - d i s r u p t e d  RNPs. We a r e  
C u r r e n t l y  s t u d y i n g  t h e  p r o p e r t i e s  of p u r i f i e d  hsp70,  and a t t e m p t i n g  t o  d e v i s e  more d i r e c t  
a s s a y s  f o r  i t s  f u n c t i o n  b o t h  i n  v i v o  and i n  v i t r o .  

1029 

The l a t t e r  i n t e r a c t i o n  a p p e a r s  t o  b e  a f u n c t i o n a l  one.  N u c l e o l i  a r e  v i s i b l y  damaged by 

Munro, S. and Pelham, H . R . B .  (1984) EMBO J . ,  i n  p r e s s .  
Pelham, H . R . B .  (1984) EMBO J . ,  i n  p r e s s .  

Enhancers; Heat Shock 

1030 DOUBLE-STRANDED DNA INDUCES THE PHOSPHORYLATION OF SEVERAL PROTEINS 
THE 90,000 Mr HEAT-SHOCK PROTEIN IN ANIMAL CELL EXTRACTS, 

Carl W. Anderson, Anthony I. Walker, Richard J. Jackson, and Tim Hunt, 
Biochemistry Department, Cambridge University, Cambridge CB2 lQW, England 

Double-stranded DNA (dsDNA) has been found to induce the transfer of 
phosphate from ATP to several proteins in extracts of widely divergent 
eukaryotic cells. Rabbit reticulocyte lysates, extracts of HeLa cells, 
XenoDus (frog) egg and oocyte extracts, Arbacia (sea urchin) egg and 
oocyte extracts, and SDisula (surf clam) oocyte extracts all show dsDNA- 
dependent protein phosphorylations. The mechanism is specific for dsDNA 
and will not respond to either RNA or single-stranded DNA. The minimum 
sized dsDNA fragment capable of inducing phosphorylation in HeLa extracts 
is about 14 base-pairs. One of the proteins phosphorylated in 
reticulocyte lysate, HeLa, and XenoDus egg extracts has a molecular weight 
of 90,000 and has been identified as a heat shock protein (hsp90). HeLa 
extracts and reticulocyte lysates possess kinase activities that bind to 
DNA-cellulose; DNA-cellulose depleted extracts no longer phosphorylated 
hsp90 in response to DNA. The pattern of dsDN&-independent 
phosphorylations is not significantly altered by DNA-cellulose depletion 
of extracts. 

INCLUDING 

A NOVEL ENHANCER SEQUENCE I S  LOCATED WITHIN THE GAG GENE OF AVIAN SARCOMA VIRUSES, 
Karen L. Beemon, Mary Yun and J e a n n e  L i n d q u i s t ,  The Johns  Hopkins U n i v e r s i t y ,  
B a l t i m o r e ,  MD 21218 

The h y p o t h e s i s  t h a t  t r a n s c r i p t i o n a l  r e g u l a t o r y  sequences  a r e  l o c a t e d  w i t h i n  t h e  coding  
r e g i o n s  of a v i a n  sarcoma v i r u s e s  (ASVs), a s  w e l l  as i n  t h e i r  l o n g  t e r m i n a l  r e p e a t s ,  is  
b e i n g  i n v e s t i g a t e d .  A GTGGTTTG sequence ,  matching  t h e  consensus  c o r e  sequence  observed  i n  
many e n h a n c e r s ,  is  p r e s e n t  i n  t h e  gag-coding  r e g i o n  of many ASVs, approximate ly  900 nuc leo-  
t i d e s  from t h e  5' end of t h e  RNA genome. An i n t e r n a l  p o r t i o n  of t h e  gene  of Fuj inami  
sarcoma v i r u s  (532 t o  1185 n u c l e o t i d e s )  was i n s e r t e d  i n t o  t h e  pSVlcat p lasmid  a t  a p o s i t i o n  
downstream of t h e  ch loramphenicol  a c e t y l t r a n s f e r a s e  (CAT) gene. T h i s  p lasmid  c o n t a i n s  a n  
SV40 promoter  b u t  most of t h e  SV40 tandem 72 bp enhancer  sequences  have  been d e l e t e d .  A f t e r  
DEAE-dextran media ted  t r a n s f e c t i o n  i n t o  mouse Ltk- c e l l s ,  t h e  l e v e l  of CAT a c t i v i t y  assayed  
w i t h  t h e  gag-pSVlcat c o n s t r u c t  was h i g h e r  t h a n  t h a t  o b t a i n e d  w i t h  pSVZcat, c o n t a i n i n g  i n t a c t  
SV40 r e g u l a t o r y  sequences .  S t r o n g  enhancement w i t h  t h e  =-conta in ing  p lasmid  was a l s o  
observed  i n  c h i c k  embryo f i b r o b l a s t s .  W e  a r e  c u r r e n t l y  s t u d y i n g  t h e  mechanism of t h i s  
observed  enhancement of CAT a c t i v i t y .  

lo3' 
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1032 SUPERCOILING, CHROMATIN STRUCTURE, AND THE REGULATION OF ACID PHOSPHATASE GENE 
EXPRESSION, Lawrence W. Bergman, M a r t i n  C .  Stranathan, Connie S .  Agnor and L i s a  
P re i s ,  Department o f  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  Maryland Ba l t imore  
County. Ba l t imore ,  MD 21228. 

To i n v e s t i g a t e  the  mechanism o f  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 ,  we have developed a h i g h  copy 
p lasmid  system con ta in ing  the  e n t i r e  s t r u c t u r a l  and r e g u l a t o r y  sequences o f  t he  a c i d  
phosphatase (PH05) gene and the  T R P l / A R S l  sequences o f  t he  yeas t  Saccharomyces c e r e v i s i a e .  
The r e s u l t i n g  3.4kb p lasmid  has been u t i l i z e d  t o  t rans form e i t h e r  w i l d  type  o r  a number o f  
a c i d  phosphatase r e g u l a t o r y  mutant s t r a i n s .  Ana lys is  o f  mRNA l e v e l s  under repressed and 
derepressed growth cond i t i ons  revea ls  t h a t  normal t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  t he  gene 
p e r s i s t s ,  a l though gene copy number has been increased approx imate ly  5 0 - f o l d .  Ana lys i s  o f  
changes i n  t h e  l i n k i n g  number o f  t he  plasmids i s o l a t e d  under repressed and derepressed 
growth c o n d i t i o n s  has revea led  t h a t  t he  t r a n s c r i p t i o n a l l y  a c t i v e  p lasmid  con ta ins  2 -3  l e s s  
nega t i ve  superco i l s  than the  i n a c t i v e  plasmid.  Th is  d i f f e r e n c e  i n  l i n k i n g  number i s  
s i i i i i l a t l y  seen i n  a p lasmid  con ta in ing  a second sequence-related phosphate- repress ib le  
a c i d  phosphatase gene, however, i s  no t  seen i n  plasmids i s o l a t e d  from e i t h e r  f u l l y  
c o n s t i t u t i v e  o r  non-derepress ib le  r e g u l a t o r y  mutants suggest ing t h a t  t he  change i n  l i n k i n g  
number i s  assoc ia ted  w i t h  the  mechanism o f  r e g u l a t i o n  o f  t he  a c i d  phosphatase gene. 
F i n a l l y ,  ana lys i s  o f  t he  chromat in s t r u c t u r e  o f  these plasmids has revea led  a l o c a l i z e d  
d i s r u p t i o n  o f  nucleosome p o s i t i o n i n g  assoc ia ted  w i t h  t r a n s c r i p t i o n a l  a c t i v i t y .  

1033 CLONING O F  SOMATOMEDIN-C DOUBLE-STRANDED DNA, Gary N. Bue l l ,  Biogen SA, 
Geneva 1201, Swi tzer land 
Double-stranded DNA encoding the human hormone,somatomedin-C 

(SMC) has been synthesized. This synthetic gene was expressed 
in E .  coli from a plasmid bearlng the strong leftward promoter 
(p of bacteriophage lambda. Optimal codons for the N-terminal 
amtno acids o f  SMC were chosen in an SMC/b-galactosidase fusion 
assay using a 2 5 6 x  degenerate DNA linker. The levels o f  SMC 
accumulated by heat induction of pL were influenced by two E .  s, 
- lon, a n  intracellular protease and m, a pleiotropic positive 
regulator of heat shock. 

- 

10% HOST SPECIFICITY OF POLYOMAVIRUS DNA IS NOT ALTERED BY THE SV40 72 BASE P A I R  
REPEATS, Bruce A. Campbell and L u i s  P. V i l l a r r e a l ,  U n i v e r s i t y  o f  Colorado, Denver, 
Colorado 80262 

Mouse 3T6 c e l l s  and monkey C V - 1  c e l l s  were t r a n s f e c t e d  w i th  polyomavirus DNAs con ta in ing ;  
( i )  a d e l e t i o n  o f  sequences known t o  possess enhancer a c t i v i t y ;  ( i i )  t h e  SV4D 72 base p a i r  
(bp)  repea ts  i n  p lace  o f  t h e  de le ted  enhancer; and, ( i i i )  t h e  SV40 72 bp repeats ,  21 bp 
repeats ,  and o r i g i n  o f  r e p l i c a t i o n  s u b s t i t u t e d  f o r  t h e  enhancer. 
and t r a n s c r i p t i o n  were measured f o l l o w i n g  t r a n s f e c t i o n .  
enhancer r e s u l t e d  i n  a genome t h a t  was d e f e c t i v e  f o r  r e p l i c a t i o n  and t r a n s c r i p t i o n .  
SV40 72 bp repea ts  r e a d i l y  s u b s t i t u t e d  f o r  t h e  polyomavirus enhancer a l l o w i n g  r e p l i c a t i o n  
t o  n e a r l y  w i l d  t ype  l e v e l s  i n  3T6 c e l l s .  Polyomavirus e a r l y  gene t r a n s c r i p t s  were 
present  among t h e  cy top lasmic  RNAs o f  3T6 c e l l s ,  however, no r e p l i c a t i o n  o r  t r a n s c r i p t i o n  
was observed i n  C V - 1  c e l l s .  The polyomavirus genome c o n t a i n i n g  t h e  SV40 72 bp repeats,  
21 bp repeats ,  and o r i g i n  o f  r e p l i c a t i o n  was found t o  r e p l i c a t e  a t  ve ry  low l e v e l s  i n  3T6 
c e l l s  and C V 1  c e l l s .  Small amounts o f  e a r l y  gene t r a n s c r i p t s  were found i n  t h e  cy top lasmic  
RNAs i s o l a t e d  from 3T6 c e l l s ,  b u t  no po lyomav i rus  s p e c i f i c  t r a n s c r i p t s  were de tec ted  i n  
C V - 1  c e l l s .  Whereas the  polyomavirus and SV40 enhancers a r e  thought  t o  p r o m t e  express ion  
i n  a c e l l  t y p e  s p e c i f i c  manner, o u r  r e s u l t s  suggest t h a t  t h e  SV40 72 bp repea ts  w i l l  
s u b s t i t u t e  t o  promote polyomavirus DNA r e p l i c a t i o n  and e a r l y  gene express ion  i n  3T6 c e l l s .  
The SV40 enhancer i s  unab le  t o  a l t e r  t h e  hos t  s p e c i f i c i t y  o f  t h e  polyomavirus genome. 

The l e v e l s  o f  r e p l i c a t i o n  
D e l e t i o n  o f  t h e  p o l y m a v i r u s  

The 
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1035 THE E F F E C T  OF HEAT SHOCK O N  PLANT PATHOGEN PROMOTERS, Na than  M. C h u ,  Arthur G. 
H u n t ,  Nam-Hai C h u a ,  The Rockefeller University, New York, N Y  10021-6399. 

We have observed the s t imulat ion of gene expression by elevated tmpera ture  in plant  c e l l s  
harboring genes contributed by plant  pathogens. Genes encoding nopaline (nos) and octo- 
pine (ocs)  synthetase a c t i v i t i e s  a re  t ransferred into plant  chranosmes upon oncogenic 
transformation by the s o i l  bacterium A robacterium tumefaciens. These enzymatic ac t iv i -  
t i e s  are  cons t i tu t ive ly  expressed i n  Cauliflower mosaic virus (CaMV) i s  a 
double strand DNA plant  virus which infec ts  members of the Brassica family. CaMV pranoter 
sequences are  functional in other  plant species. Gene a c t i v i t i e s  under CaMV pranoter 
control a r e  a l so  cons t i tu t ive ly  expressed in plant  c e l l s .  

We are  interested i n  studying s t r e s s  e f f e c t s  on the regulation of expression o f  genes 
under the control of plant  pathogen pranoters. Here we present evidence f o r  stimulation 
of expression of nos, ocs, and  chimeric genes containing the CaMV 35s pranoter by elevated 
tmperature .  

THE BOVINE LEUKEMIA V I R U S  LTR IS A CELLSPECIFIC PROMOTER UNIT, David D. Derse lo' and James W. Casey, Section of Genetics, N C I .  Frederick, MD 21701 
Bovine leukemia v i r u s  expression is highly res t r ic ted  i n  vivo and i n  v i t ro .  To examine 
the molecular basis  for  the control  of  BLV expression, we excised BLV LTRs from cloned 
proviruses and fused them to  the bac ter ia l  chloramphenicol acetyl t ransferase ( C A T )  
gene. Plasmids carrying the CAT gene controlled by the BLV LTR or LTR fragments were 
introduced in to  a var ie ty  of c e l l s .  The BLV LTR was an inact ive promoter i n  a l l  c e l l  
l i n e s  tes ted except those previously established a s  BLV producers. I n  FLK-BLV or  
BLV-bat2 c e l l s ,  the BLV LTR directed high l e v e l s  of CAT expression. Deletion mapping 
experiments revealed tha t  removal of LTR sequences located between 100bp and 170bp 
upstream of the RNA s t a r t  s i t e  reduced CAT expression by 90%. A 75bp DNA fragment 
encompassing t h i s  region was cloned into pSV Ecat ( a  pSV2cat der ivat ive lacking SV40 
72bp repeats  and requiring the inser t ion of "enhancers" for  CAT expression). The 
resu l t ing  p l a m i d s ,  p E75cat. directed CAT expression only i n  the BLV producer c e l l  
l i n e s ,  indicat ing tha t  the 75bp fragment contains the BLV c e l l  type-specific enhancer 
element. Surpris ingly,  delet ion of LTR sequences on the 3'-side of the RNA s t a r t  s i t e  
caused an 87% reduction i n  CAT expression. Whether t h i s  r e l f e c t s  an e f fec t  on 
t ranscr ip t ion  or post- t ranscr ipt ional  s tages  of gene expression i s  current ly  being 
invest igated.  T h u s ,  the  c e l l  type-specific promoter a c t i v i t y  of the BLV LTR probably 
r e s u l t s  from an interact ion of unique t ranscr ip t iona l  f a c t o r ( s ) ,  present i n  BLV 
producer c e l l s ,  w i t h  the BLV enhancer element(s1. 

1037 SEQUENCE, STRUCTURAL A N D  SFATIAL REQUIREMENTS FOR THE c i s  AND t rans  ACTIVATION OF 
TRANSCRIPTION ENHANCERS OF DNA A N D  RNA TUMOR V1RUSES;momas Firak, Ramesh Kumar, 

Chris Schroll and Kiranur Subraoanian. 
We have dissected the t ranscr ipt ional  enhancer elements o f  Adenovirus 5 (Ad5), Rous Sarcoma 
Virus (RSV) and Simian Virus 40 (SV40) i n  an attempt t o  locate  the essent ia l  domains 
involved in  t ranscr ipt ional  enhancement, transformation in cu l ture ,  and act ivat ion in t rans  
by v i ra l  oncogene products. We have u t i l i zed  t rans ien t  and long term assays using c h l G  
phenicol acetyl t ransferase  ( C A T ) ,  thymidine kinase (TK)  and neomycin phosphotransferase 
( N E O )  as marker genes i n  human, monkey and mouse c e l l s  in cul ture .  Our s tudies  indicate  
t h a t  each enhancer comprises of several in te rac t ive  domains which have c r i t i c61  spa t ia l  
constraints .  All three t ranscr ipt ional  control elements a r e  act ivated by adenoviral E1A 
protein i n  t rans ien t  assays. There appears t o  be no r ig id  sequence spec i f ic i ty  in  the E1A 
mediated modulation; However both the s t ruc ture  and spa t ia l  configuration of the enhancer 
region contr ibute  t o  the trans induction by SV40 T antigen. Marker gene constructs  with 
Ad5 and RSV enhancers when introduced in to  the genome of human and mouse c e l l s  i n  cu l ture  
a r e  responsive t o  the trans induction by the E 1 A  protein. We have a l s o  c r i t i c a l l y  examined 
the importance of spacing between the various domains and  Z DNA elements of the enhancers 
a n d  the consequences of varying the dis tance separating the TATA box and the enhancer on 
the t ranscr ipt ional  enhancement a c t i v i t y  i n  the  presence o r  absence of trans act ing 
i Fducers. 
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1038 

Polyoma mutants capable o f  p roduc ing  l y t i c  i n f e c t i o n s  i n  embryonal carcinoma (EC) stem 
c e l l s  con ta in  muta t ions  i n  the  t r a n s c r i p t i o n a l  enhancer reg ion .  Th is  l abo ra to ry  has 
i s o l a t e d  a polyoma mutant which appears t o  d i f f e r  f rom those p rev ious l y  i so la ted .  The 
mutant, Py F9340, conta ins  a 2500 bp i n s e r t  a t  o r  near t h e  Bgl I s i t e  on t h e  e a r l y  s ide  o f  
t he  o r i g i n .  
f rom -100 bp from t h e  o r i g i n  of r e p l i c a t i o n  and ex tend ing  400 bp i n t o  t h e  e a r l y  region. 
Removal of  t h e  i n s e r t s  renders t h e  v i r u s  incapab le  o f  express ing  i n  EC c e l l s  bu t  does n o t  
p revent  express ion  i n  m u s e  embryo c e l l s .  
con fe rs  upon it t h e  a b i l i t y  t o  express i n  EC c e l l s .  
ques t i on  of  how many i n s e r t s  a re  requ i red  f o r  express ion  i n  EC c e l l s  and which, i f  any, 
subfragment o f  t h e  500 bp repeat  i s  s u f f i c e n t  f o r  expression. 
mine i f  t h i s  mutant has acqu i red  a mod i f i ed  enhancer o r  i f  i t  has overcome t h e  EC hos t  
r e s t r i c t i o n  by some o the r  mechanism. 
t h e  Nat iona l  I n s t i t u t e s  o f  Heal th,  and by a g i f t  t o  t h e  department f rom R.J. Reynolds 
Indus t r i es ,  I nc  .) 

IDENTIFICATION OF THE FUNCTIONAL MODIFICATION OF A POLYOMA EC HOST RANGE MUTANT, 
K.H. Hales, J.G. McMahon and J.M. Lehman, Department o f  Pathology, U n i v e r s i t y  o f  
Colorado Hea l th  Sciences Center, Denver, CO 80262 

Th is  i n s e r t  appears t o  cons is t  o f  f i v e  500 bp repeats  which map t o  a reg ion  

I n s e r t i o n  o f  t h e  repeats  i n t o  w i l d - t ype  polyoma 
We a re  p r e s e n t l y  address ing  t h e  

Th is  w i l l  a l l o w  us t o  de te r -  

(Supported by CA-16030, CA-09157 and CA-15823 from 

1039 ACQUIRED THERMOTOLERANCE IN TETRAHYMENA I S  THE RESULT OF A CHANGE i t 4  THE C E L L ' S  
TRANSLATIONAL MACHINERY, Richard L .  Ha l lbe rg  and Kevin W .  Kraus, Iowa S ta te  

When 1. thermoph i la  c e l l s  growing a t  30°C were s h i f t e d  e i t h e r  t o  40°C o r  43"C,  the  
U n i v e r s i t y ,  Ames, Iowa 50011. 

former l i v e d  (100% s u r v i v a l  f o r  24 h r )  and the  l a t t e r  d ied  (<0.01% s u r v i v a l  a f t e r  1 h r ) .  
The mRNAs f o r  hsp 73 and hsp80 were induced by bo th  the  40°C and 43°C t rea tments .  However, 
o n l y  i n  the  40°C t r e a t e d  c e l l s  was the  induced syn thes is  o f  hsp73 and hsp80 detected. C e l l s  
s h i f t e d  f rom 30°C t o  40°C fo r  15 min  and then t o  43°C surv ived  1 h r  a t  t h a t  temperature 
(ca. 70% s u r v i v a l ) .  S i m i l a r l y ,  c e l l s  t r e a t e d  w i t h  1 ug/ml cyc lohex imide  a t  30°C f o r  3 h r ,  
when s h i f t e d  t o  43"C, also su rv i ved  f o r  1 h r  (ca. 60% s u r v i v a l ) .  That i s ,  i n  bo th  cases, 
c e l l s  had an acqu i red  thermotolerance. 

cyclohexirnide. Fowl lowing an i n i t i a l  >95% i n h i b i t i o n ,  p r o t e i n  syn thes is  began t o  recover by 
1 h r  and by 2.5-3 h r  was comple te ly  res to red  t o  the  pre-drug- t rea tment  l e v e l .  The k i n e t i c s  
o f  t h i s  recovery  was co inc iden ta l  w i t h  the  i nduc t i on  o f  acqu i red  therrnotolerance. An exam- 
i n a t i o n  o f  the  a r ray  o f  p r o t e i n s  syn thes ized du r ing  t h i s  t ime showed no syn thes is  o f  any 
heat shock p ro te ins .  Furthermore, no de tec tab le  i nduc t i on  o f  mRNAs f o r  hsp73 o r  hsp30 was 
found. Throughout the  3 h r  o f  cyc lohex imide  t rea tment ,  hsp mRNAs were equa l l y  i nduc ib le  by 
e i t h e r  a 40°C o r  43°C heat  shock, bu t  t h e i r  t r a n s l a t i o n  cou ld  no t  be de tec ted  u n t i l  a f t e r  
2.5  h r  o f  cyc lohex imide  t rea tment .  These and o the r  data suggest t h a t  a)  hsp syn thes is  i s  
no t  necessary t o  induce the  acqu i red  thermoto le ran t  s t a t e  and, b) acqu i red  thermotolerance 
invo lves  a change i n  the  t r a n s l a t i o n a l  p r o p e r t i e s  o f  t he  c e l l .  

We examined the  p r o t e i n  s y n t h e t i c  a c t i v i t y  o f  c e l l s  t r e a t e d  cont inuous ly  a t  30°C w i t h  

1040 DUPLICATIONS OF A MJTATED SV40 ENHANCER RESTORE ITS ACTIVITY, Winship Berr and 
Yakov Gluman. Cold Spring Earbor Laboratory. Cold Spring Barbor. NY 11724 

The SV40 enhancer contains two 8 bp s t re tches  of a l te rna t ing  purines and pyrimidines t h a t  
have been implicated i n  t ranscr ip t iona l  ac t iva t ion  (Nordheim 6 Rich, Nature 303) 674). We 
invest igated the funct ional  r o l e  of these sequences within a SV40 enhancer t h a t  contained 
only one copy of the 72 bp element; the  pa t te rn  of a l te rna t ing  purines snd pyrimidines was 
destroyed by making two t ransversion point mutations i n  each 8 bp segment. This mutant 
enhancer is  four- t o  six-fold l e s s  a c t i v e  than the wild type enhancer i n  a t rans ien t  Bela 
c e l l  expression assay when linked t o  the  human B globin gene. 
point mutations 8180 grows very poorly i n  CV-1 c e l l s ;  rever tan ts  with improved growth 
poten t ia l  could be obtained. however, a f t e r  passage of mutant v i r u s  stocks i n  CV-1 c e l l s .  
Nucleotide sequence ana lys i s  of 18  plaque-purified rever tan ts  showed t h a t  each rever tan t  
carr ied 8 tandem dupl icat ion of the mutated enhancer region, but the  mutations were always 
preserved even when duplicated. The rever tan t  phenotype and improved enhancer tunct ion were 
both shorn t o  r e s u l t  from these dupl icat ions.  Although the duplicated regions range from 45 
t o  135 bp i n  length and the sequences contained i n  each dupliCation vary, there  i s  a 15 bp 
sequence. TCTGGAAAGTCCCCA. tha t  i s  cons is ten t ly  duplicated i n  each react ivated enhancer. 
This region contains the 'core '  sequence, GTGGAAAG, t h a t  was i n i t i a l l y  suggested (Lainins +., P U S  7 9 ,  6453) t o  be funct ional ly  s ign i f icant  because re la ted  sequences were ident i f ied  
i n  a var ie ty  of v i r a l  enhancers. Our r e s u l t s  suggest t h a t  the 'core '  and surrounding 
sequences a r e  a &-acting element t h a t  can funct ion independently of and compensate f o r  the 
a l te rna t ing  purine and pyrimidine sequences. 

SV40 v i rus  carrying these four  
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ENHANCER SEQUENCES I N  VISNA VIRUS:  A RETROVIRUS CAUSING A SLOW DISEASE I N  SHEEP, 
J a y  L. H e s s  and J a n i c e  E. Clements,  The Johns Hopkins U n i v e r s i t y  School  of 

Medicine,  Bal t imore ,  MD 21205 

i n  sheep  beginning  months t o  y e a r s  a f t e r  t h e  i n i t i a l  i n f e c t i o n .  The major t a r g e t  c e l l  for 
v i s n a  i n  i n f e c t e d  a n i m a l s  a r e  monocytes, which e x p r e s s  v i r u s  upon d i f f e r e n t i a t i o n  i n t o  
macrophages i n  lung and b r a i n .  For unknown r e a s o n s .  o t h e r  t i s s u e s  remain f r e e  from v i r u s .  
A s  a s t e p  toward u n d e r s t a n d i n g  t h e  t i s s u e  t r o p i s m  of vism v i r u s ,  w e  sequenced t h e  U3 
r e g i o n  of t h e  v i s n a  LTR and have i d e n t i f i e d  sequences  which resemble enhancer  e lements  - a 
43 base pair r e p e a t  7 7  base  pairs ups t ream from a TATAA box. Although t h e  r e p e a t s  i n  
v i s n a  v i r u s  l a c k  t h e  consensus  seuqence GXTGTGG-TTT o r  AAA found i n  most v i r a l  and 
e u k a r y o t i c  enhancer  e l e m n t s ,  t h e y  a c t  as s t r o n g  enhancers  when i n s e r t e d  i n t o  pSV1CAT. a 
p lasmid  c o n t a i n i n g  t h e  ch loramphenicol  a c e t y l t r a n s f e r a s e  (CAT) gene under t h e  
t r a n s c r i p t i o n a l  c o n t r o l  of a n  S V 4 0  promoter.  I n  b o t h  L - c e l l s  and s h e e p  choro id  p lexus  
cells ,  p lasmids  c o n t a i n i n g  v i s n a  r e p e a t s  i n s e r t e d  e i t h e r  3 '  or 5 '  t o  t h e  CAT gene gave a 
29-fold enhancement of CAT a c t i v i t y  i n  a 5'--+3' o r i e n t a t i o n ,  while a plasmid w i t h  r e p e a t s  
i n s e r t e d  3 '  t o  t h e  CAT gene i n  t h e  o p p o s i t e  o r i e n t a t i o n  had a 6 t o  7 f o l d  enhancement a s  
compared t o  t h e  p a r e n t  plasmid. I n  s h e e p  macrophages, p lasmids  c o n t a i n i n g  a n  SV40 
promoter and e i t h e r  SV40 or v i s n a  enhancer  sequences  were p o o r l y  e x p r e s s e d .  pVISZCAT, a 
p lasmid  c o n t a i n i n g  t h e  CAT gene w i t h  v i s n a  promoter and enhancer  sequences ,  gave h i g h  
l e v e l s  of CAT a c t i v i t y  i n  a l l  t h r e e  c e l l  t y p e s  examined. 

Visna v i r u s  is  a non-oncogenic r e t r o v i r u s  which c a u s e s  a c h r o n i c  demyel ina t ing  d i s e a s e  

1042 
Heidelbcrg, Im Neuenheimer Feld 230, West Germany 

LOCALIZATION O F  HEAT SHOCK INDUCED TRANSCRIPTICIN ON DROSOPHILA D N A ,  Bernd Hoveinann, 
Uwe Walldorf, Rolf-Peter Ryseck and Sabine Richter, Molekulare Genetik, 6900 

After Heat shock a massive red is t r ibu t ion  of WP-proteins is observed IIY imuno- 
loca l i sa t ion  of  antigens on polytene chromosomes of  Drosophila and by veloci ty  gradient  
ana lys i s  o f  e x t r a c t s  of Urosophila t i s s u e  cu l ture  cells. One of  the la rges t  heat shogk 
puf fs ,  93D , accumulates g ian t  R?IP p a r t i c l e s  a f t e r  temperature s h i f t  from 25OC t o  35 C. 

1 6  b.ave i so la ted  a s e r i e s  of DNA fragments from the region 93D-6-7 as sliohm by i n  s i t u  
liybridisation t o  polytene chromosomes. In v i t r o  labeled nuclear RNA prepared €rum 
heat shocked t h i r d  i n s t a r  larvae hybridized spec i f ica l ly  t o  one fragment within 
85 kb of  cloned DNA. The region which is  spec i f ica l ly  t ranscr ibed a f t e r  heat shock 
could be defined t o  a c l u s t e r  of  in te rna l ly  repe t i t ive  DNA and its neigl lburing proximal 
sequences. Over a sequence o f  12 k' the  DNA is cut  in to  repeat un i t s  of  280 nucleotides 
by the  r e s t r i c t i o n  endonuclease Taq I .  

A comparison beh7een heat shock locus 93D and the corresponding locus i n  nrosophila hydei 
revealed a s imi la r  arrangement of  a r e p e t i t i v e  t ranscr ip t  i n  c lose v i c i n i t y  to  a unique 
one. 

1043 NEW G E N E  EXPRESSION ACCOMPANYING ACTIVATION OF MOUSE L I G H T  CHAIN G E N E  
TRANSCRIPTION, Jan Jongstra and Mark M .  Davis, Stanford University, CA 94305 

Transcription of the immunoglobulin heavy chain and l i g h t  chain genes i s  mediated through 
enhancer elements present in  t h e i r  respective J-C introns.  These enhancers are  very ce l l  
type spec i f ic ,  s ince cloned funct ional ly  rearranged Ig a l l e l e s  are  t ranscr ibed correct ly  
and e f f i c i e n t l y  only when introduced in to  lymphoid c e l l s .  This suggests the presence of 
ce l l  type spec i f ic  gene products which can ac t iva te  an enhancer from a s i l e n t  t o  a funct- 
ional t ranscr ipt ional  control element. We are  interested in i so la t ing  cDNA sequences from 
mRNA coding f o r  fac tors  which can ac t iva te  the mouse kappa l i g h t  chain enhancer. We as- 
sume t h a t  these sequences a re  expressed in  B-cell populations in which the kappa gene i s  
t ranscr ibed b u t  not i n  kappa mRNA negative B-cells. Using a subtract ive hybridization 
technique which allows a substant ia l  enrichment f o r  ce l l  type spec i f ic  sequences, we have 
measured gene expression differences between the mouse pre-B ce l l  l i n e  70Z/3, in  which 
the rearranged kappa a l l e l e  i s  not t ranscr ibed and lipopolysaccharide ( L P S )  t reated 70Z/3 
c e l l s  which produce kappa mRNA and the B-cell l i n e  WEHI231 which produces kappa mRNA con- 
s t i tuve ly .  O u r  r e s u l t s  show t h a t  the cDNA sequences spec i f ic  f o r  LPS induced 70Z/3 c e l l s  
a re  l e s s  than 1% of the t o t a l  mass of cytoplasmic m R N A .  We will attempt t o  i so la te  clones 
representing these spec i f ic  cDNAs and t e s t  them for  the a b i l i t y  t o  induce kappa  mRNA in 
7OZ/3 c e l l s  in the absence of LPS. 
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1044 STABLE ACTIVATION OF AN INTEGRATED HUMAN BETA GLOBIN PROMOTER I N  MONKEY CELLS 
Thomas Kadesch and Paul  Berg, Un ive r s i ty  of Pennsylvania ,  Ph i l ade lph ia ,  PA 19104 
and Stanford  Un ive r s i ty ,  S t an fo rd ,  CA 94305 

The human b e t a  g lob in  promoter has  been l i nked  t o  t h e  a gene of E .  c o l i  t o  form a hybr id  
t r a n s c r i p t i o n  u n i t ,  BG-gpt. This  gene i s  normally i n a c t i v e  when in t roduced  i n t o  C V 1  monkey 
cel ls .  I t  can be a c t i v a t e d ,  however, when co - t r ans fec t ed  wi th  t h e  S V 4 0  enhancer a c t i n g  
- c i s  o r  w i th  e i t h e r  t h e  pseudorabies  v i r u s  I E  gene o r  adenovi rus  Ela gene a c t i n g  i n  t r a n s .  
CV1 c e l l  l i n e s  have been i s o l a t e d  t h a t  con ta in  an i n t e g r a t e d  copy of t h e  hybr id  gene i n  an 
i n a c t i v e  form. A subse t  of t h e s e  l i n e s  can be t r a n s i e n t l y  induced f o r  express ion  of t he  
BG-gpt gene (up t o  100-fold) e i t h e r  by fus ing  them wi th  293 c e l l s  o r  by i n f e c t i n g  t h e  c e l l s  
wi th  adenovi rus .  Cel ls  t h a t  s t a b l y  expres s  a gp t -pos i t i ve  phenotype can  be d i r e c t l y  
s e l e c t e d  a f t e r  t hese  induc ib le  l i n e s  a r e  t r a n s f e c t e d  wi th  plasmid DNA t h a t  c a r r i e s  t he  
pseudorabies  v i r u s  I E  gene. These induc ib le  c e l l  l i n e s  a r e  c u r r e n t l y  being used t o  i d e n t i f y  
o the r  genes t h a t  may a c t i v a t e  t h e  human be ta  g lob in  promoter. 

1045 IDENTIFICATION OF DNA SEQUENCES AND CHROMATIN STRUCTURES INVOLVED IN HEAT SHOCK 
GENE INDUCTION,  Robert Kay, Roland Russnak and E. P e t e r  M .  Candido, Un ive r s i ty  of  

B r i t i s h  Columbia, Vancouver, B . C . ,  Canada 
A p a i r  of d ive rgen t ly  t r a n s c r i b e d  C .  e l egans  smal l  hea t  shock p r o t e i n  genes have been Lrans- 
f e r e d  t o  mouse C 1 2 7  c e l l s  u s ing  a BPV/G418r v e c t o r .  
soma1 form wi th  copy numbers ranging  from 10 t o  1000. T ransc r ip t ion  of t h e  hea t  shock genes 
i s  rep res sed  under normal c o n d i t i o n s  but  s t r o n g l y  induced by hea t  shock or a r s e n i t e .  
Measurements of nuc lease  s e n s i t i v i t y  i n d i c a t e  that a l l  cop ie s  can be s imul taneous ly  induced. 
Sequence elements involved  i n  modulating hea t  shock promoter induct ion  and t r a n s c r i p t i o n  
a r e  being i d e n t i f i e d  wi th  a series of d e l e t i o n s ,  rear rangements  and s i t e  d i r e c t e d  muta t ions .  
A hea t  shock-induced enhancer - l ike  element has  been found downstream from the  promoter.  
Sequences r equ i r ed  f o r  e f f i c i e n t  s c i s s i o n  of t h e  t r a n s c r i p t  3' t o  t h e  AATAAA s i t e  have been 
found immediately upstream from t h e  promoter.  The mechanism by which t h e s e  sequences 
a f f e c t  d i s t a l  p rocess ing  even t s  w i l l  be examined wi th  a f u r t h e r  series of r econs t ruc t ions .  
E s s e n t i a l  protein-DNA i n t e r a c t i o n s  are be ing  i d e n t i f i e d  by chromatin mapping of i n t a c t  
and r econs t ruc t ed  hea t  shock genes and wi th  nuc lease  f o o t p r i n t i n g  a s says .  

Minimal v e c t o r s  con ta in ing  l e s s  than  a k i lobase  of BPV DNA a r e  being developed t o  
f a c i l i t a t e  i s o l a t i o n  and d i r e c t  a n a l y s i s  of t r a n s f e c t e d  hea t  shock genes.  

They are s t a b l y  maintained i n  an  ep i -  

1046 REGULATION OF MOUSE-GOAT HYBRID B-GLOBIN GENES IN MOUSE ERY- 
THROLEUKEMIA CELLS. C a r d  Kherlakian, Eileen D. Kuempel and Dona1 Luse. 
University of Cincinnati, Cincinnati, OH 45267-0522 

We a re  investigating the regulation of hybrid globin genes during the differentiation of murine 
erythroleukemia (MEL) cells. We have theref ore constructed three hybrid globin genes consisting of 
1.4 kb of 5' flanking sequences from the mouse B-major gene along with i ts  f irst  and most of i ts  
second exon, linked to 3' sequences from me of three goat B-like genes: BC (early adult), y (fetal) 
or En (embryonic). Following the insertion of these constructs via transformation into a tk- MEL 
cell line we induced the transformants with DMSO. Three cut of the eight transformants containing 
the hybrid BC gene showed induced mRNA levels of 30 to 200 copies per cell with no Constitutive 
mRNA expressicn. One showed down-regulatim upon inductim and the rest  showed no signal. Fcur 
out of nine transformants containing the hybrid y gene showed induced mRNA levels of 500  to 3000 
copies per cell. One had constitutive expressicn and the rest  showed no signal. We a re  currently 
analyzing the hybrid ED transformants; preliminary experiments with 15 different transformants, all 
of which induce their endogenous B-glcbin genes, showed no expression of the En hybrid before or 
a f t e r  induction. W e  a r e  currently determining (i) the copy number of the Zn hybrid genes and (ii) 
the expression of a control mcuse-human hybrid gene in these transformants. The f ac t  that  the Bc  
and y hybrids do  induce, but the En hybrid apparently does not, provides further evidence for the 
control of B-glcbin expressicn by internal sequences. (Recall that  all three genes have the mcuse 3 
major promoter). i t  is worth noting that  the goat y gene is much more homologous with goat adult 

enes than with goat embryonic B-like enes. Thus the inductim of the mcuse- oat hybrid is 
"ofnecessarily surprising, even though ME& cells do  no{ induce their endogenous feta5 6-lixe genes. 
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1047 REGULATION OF HEAT SHOCK PROTEIN 70 GENE EXPRESSION BY VIRAL AND CELLULAR 
ONCOGENES. R. E. Kingston, A. S. Baldwin and P. A. Sharp, Center for  Cancer 
Research and Department o f  Biology, Massachusetts I n s t i t u t e  o f  Technology, 
Cambridge, Massachusetts.  

In order  to i n v e s t i g a t e  r egu la t ion  o f  hea t  shock p ro te in  70 (hsp70) express ion ,  t h e  
p r m o t e r  reg ion  o f  a P o s o p h i l a  hsp7O gene has  been l inked  t o  e i t h e r  d ihydro fo la t e  
r educ ta se  (DHFR) o? chloramphenicol a c e t y l  t r a n s f e r a s e  (CAT). Cat ransfec t ion  o f  t he  
hsp7O-DHFR vec to r  i n t o  DHFR d e f i c i e n t  CHO cel ls  with v e c t o r s  express ing  e i t h e r  t h e  
adenovi rus  EIa r eg ion ,  t h e  polyoma v i r u s  e a r l y  r eg ion ,  o r  t he  mouse c-myc gene r e s u l t s  i n  
an inc rease  in  t h e  n m b e r  o f  co lon ie s  t h a t  can form under s e l e c t i v e  growth cond i t ions .  
S imi la r  results a r e  obta ined  &en express ion  is assayed 48 hows a f t e r  t r ans fec t ion  
through use o f  hsp7O-CAT vec to r s .  % a l l  d e l e t i o n  mutants were used t o  demonstrate t h a t  
t he  p ro te in  products  o f  t h e  c-myc gene, t h e  EIa region and the  polyoma e a r l y  reg ion  were 
re spons ib l e  for  s t imu la t ion  o f  express ion .  me sequences necessary  fo r  r egu la t ion  o f  
express ion  o f  t he  hsp70 chimeric gene by these  gene products  l i e  more than 200 bases  
upstream o f  t h e  normal hsp70 t r a n s c r i p t i o n  s t a r t  s i te.  Vectors con ta in ing  t h e  hsp70 
promoter bu t  de l e t ed  for t h i s  r e g u l a t o r y  sequence a r e  s t i l l  respons ive  to hea t  shock 
r e g u l a t i o n ,  implying t h a t  hsp70 express ion  is regu la t ed  by t h e  v i r a l  and c e l l u l a r  gene 
products  through a s p e c i f i c  mechanism t h a t  i s  d i f f e r e n t  than t h a t  o f  t he  hea t  shock 
response.  

1048 TRANSLATIONAL CONTROL OF THE HEAT SHOCK RESPONSE IN DROSOPHILA MELANOGASTER, 
Roman Klemenz, Dan Hultmark and Walter Gehring, Un ive r s i ty  of Basel,  CH-4056 Basel,  
Swi tzer land  

One of the e f f e c t s  of tempera ture  e l eva t ion  above 3 5 O C  i s  t he  s e l e c t i v e  t r a n s l a t i o n  of 
heat shock mRNA. 
t r a n s l a t e d  a t  h i g h  temperature provided i t  i s  synthes ized  during the heat shock. A 
fu s ion  construct between the alcohol dehydrogenase (adh)  gene and the promoter o f  a heat 
shock gene was in t roduced  i n t o  adh- f l i e s .  Such transformed f l i e s  syn thes i ze  adh mRNA 
dur ing  heat shock i n  massive mounts but  t r a n s l a t i o n  of t h i s  m R N A  i s  r e s t r i c t e d  t o  non 
hea t  shock tempera tures .  T h u s ,  t h e  information t h a t  allows the t r a n s l a t i o n  machinery 
t o  d i sc r imina te  between heat shock and non heat shock mRNA must r e s i d e  in  t h e  primary 
sequence o f  the heat shock mRNA. 

shock gene were performed in  o r d e r  t o  i d e n t i f y  such a sequence element.  
l eader  sequence are d ispensable  f o r  e f f i c i e n t  t r a n s l a t i o n .  
from t h e  cap r e s u l t s  in a d r a s t i c  drop in express ion  both a t  high a n d  low temperature.  

We t e s t e d  whether the t r a n s c r i p t  o f  a non heat shock gene i s  being 

In t e rna l  de l e t ions  of d i f f e r e n t  p a r t s  of the  non t r a n s l a t e d  leader  region of a heat 
Over 80% of the 

Deletion t o  w i t h i n  25 bases 

1049 
My c u r r e n t  i n t e r e s t  is  t o  know how the  express ion  of genes coding f o r  p r o t e i n s  are regula ted  
i n  euka ryo t i c  c e l l s .  There i s  r e l a t i v e l y  much informat ion  on t he  DNA reg ions  which may con- 
t r o l  t he  t r a n s c r i p t i o n  l e v e l s ,  whi le  l i t t l e  is  known about p r o t e i n  f a c t o r  which might i n t e r -  
a c t  t o  the  DNA r egu la to ry  reg ion  t o  r egu la t e  t h e i r  express ion .  There a r e  few works t o  search  
such r egu la to ry  p r o t e i n s  us ing  i n  v i t r o  t r a n s c r i p t i o n  system. However, t he  r egu la to ry  mode 
of express ion  i n  v i t r o  has n o t  been shown i n  t h e  case of most of genes s tud ied  so f a r .  This  
kind of i n  v i t r o  s tudy  is  t o t a l l y  based on an observa t ion  of t he  t r a n s c r i p t i o n  enhanced 
e f f e c t  by the  e x t r a c t s  from the  cel ls  i n  which a given gene is  a c t i v e l y  t r ansc r ibed .  I t  is  
no t  c l e a r  whether t he  enhancement of t r a n s c r i p t i o n  l e v e l s  observed i n  v i t r o ,  i f  any, m i m i c s  
t r u e l y  r egu la to ry  mechanism of gene express ion  occurred  i n  v ivo .  Moreover, i t  may not  be 
assured  i f  the  i n  v i t r o  t r a n s c r i p t i o n  of a l l  genes can be s t imu la t ed  i n  same manner wi th  the  
homologous c e l l  e x t r a c t s .  Therefore ,  i t  seems t o  be e s s e n t i a l  t o  e s t a b l i s h  an improved 

~ v i t r o  t r a n s c r i p t i o n  system i n  which any r egu la to ry  p r o t e i n s  could be i d e n t i f i e d .  There is  
much evidence showing t h a t  5'-upstream region  of t he  t r a n s c r i p t i o n a l l y  a c t i v e  gene i s  f r e e  
of nucleosome and t h a t  a c e r t a i n  c e l l - s p e c i f i c  p r o t e i n ( s )  i n t e r a c t s  s p e c i f i c a l l y  wi th  t h i s  
reg ion  of gene. The b inding  of the  r egu la to ry  p r o t e i n ( s )  t o  the  DNA must be e s s e n t i a l  f o r  
gene t o  be a c t i v e l y  t r ansc r ibed  through conformational change of the  r egu la to ry  reg ion .  My 
approach a long  t h i s  l i n e  is  t o  use nucleosome assembled i n  v i t r o  and sea rch  p r o t e i n ( s )  re -  
qu i red  f o r  an a c t i v a t i o n  of t he  i n  v i t r o  t r a n s c r i p t i o n  i n i t i a t i o n  of a given gene. 

Recons t i t u t ion  of an i n  v i t r o  t r a n s c r i p t i o n  system t o  search  f o r  r egu la to ry  f a c t o r ,  
Takashi Matsui,  Univ. of Occup. and Environ. Heal th ,  Japan 
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1050 TRANSLATIONAL CONTROL PROCESSES WHICH GOVERN THE SYNTHESIS OF HEAT SHOCK PROTEINS, 
Thomas McGarry and Susan Lindquist, Department of Bioloqy, The University of - 

Chicago, Chicago, IL 60637. 
When Drosophila cells are exposed to high temperatures, the synthesis of most proteins 

stops, hut there is a dramatic, coordinate induction of a small group of proteins, the heat 
shock proteins (hsp's). This response is brought about hy hoth an activation of heat shock 
gene transcription and a preferential translation of heat shock mRNAs; other cellular 
messages are stably retained in heat shocked cells even though they are not translated. 
When cells are returned to normal temperatures after a heat shock, the synthesis of hsp's 
continues until a certain amount of the major heat shock protein, hsp70, has accumulated. 
At this point, heat shock transcription shuts down and heat shock messages are destabilized 
and degraded. 

their characteristic translational regulation. 
long (242 bp) leader sequence on the hsp70 message, which contains two sequence elements 
that have been conserved in several other heat shock mRNAs. A number of linker insertion 
mutations and small deletions in this leader have been constructed in vitro. We are 
generating stably transformed Drosophila cell lines which harhor these constructions in 
order to compare their regulation to that of the resident wild-type genes. 

We have been trying to identify soecific seouences on heat shock messaqes which confer 
Our attention has focused on the unusually 

1051 A NON TISSUE SPECIFIC ENHANCER FLANKING THE HUMAN GROWTH HORMONE 
GENE PROMOTER, David D. Moore, Department of Molecular Biology, 
Massachusetts General Hospital, Boston, MA 02114 

Comparison of sequences of promoter regions from several mammalian growth 
hormone genes reveals an area of strong conservation. 
segment stretches from approximately position -145 to -75 relative to the 
start of transcription, and is more strongly conserved than the protein 
coding portions of the genes. 
enhancer activity when fused to the herpes simplex virus thymidine 
kinase promoter in a transient expression vector. 
described cellular gene enhancers which show tissue or cell type specific 
activity, the growth hormone sequence shows enhancer activity in a variety 
of cell lines. The presence of this positive element is particularly 
remarkable since transient expression from the intact growth hormone 
promoter is very weak in all cell types examined. 

This 70 base pair 

Fragments containing this sequence show 

In contrast to previously 

CONTROL DNA SEOUENCES FROM A DROSOPHILA HSP 70 AND ACTIN GENE ARE HEAT SHOCK 
REGULATED AFTER TRANSFECTION INTO CULTURED DROSOPHILA CELLS, W.C. Nierman, '05* 

T.V. Feldblyum, and K.K. Watanabe, American Type Culture Collection, Rockville, MD 20852. 

A recombinant plasmid has been constructed in which the promoter from a Drosophila 70K 
dalton heat shock protein gene (hsp 70) has been fused to a bacterial chloramphenicol 
acetyltransferase (CAT) structural gene. Introduction of the plasmid into Drosophila cells 
in culture results in the expression of functional CAT enzyme. At some levels of 
transfected DNA, CAT expression is inducible by exposure of the transfected cells to a 
brief heat shock. When larger amounts of plasmid DNA are transfected, CAT activity is 
expressed at a very high level and heat shock control of CAT expression is lost. This DNA 
induction of CAT activity is, in fact, brought about by plasmid DNA. The DNA induction is 
demonstrated by cotransfection of a small amount of the hsp 70-CAT plasmid with a large 
amount of plasmid pBR322. A similar plasmid in which a CAT gene was placed under the 
control of a Drosophila 88F actin promoter was constructed. Expression of CAT is dependent 
on the actin promoter when the plasmid is introduced into Drosophila cells. CAT activity 
is repressed in the transfected cells after a brief exposure to a temperature elevation. 
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1053 SPECIFIC EXPRESSION OF AN ELASTASE-HUMAN GROWTH HORMONE FUSION GENE IN PANCREATIC 

E. Hamned, Ralph L. 8 r l n s t e r 2 .  G a l v l n  H. S w i f t 3  and Raymond J .  MacDonald3. 
1 U n l v e r s l t y  o f  Washlngton, S e a t t l e  Washington 98195, 2 U n l v e r s l t y  o f  Pennsylvania,  
P h i l a d e l p h i a ,  Pennsylvanla 19104, h l v e r s i t y  o f  Texas Hea l th  Science Center,  Da l las ,  
Texas 75235. To I d e n t i f y  t h e  DNA elements r e q u l r e d  f o r  pancreas s p e c l f l c  express lon  of 
t h e  r a t  e l a s t a s e  I gene, we j o i n e d  t h e  5' f l a n k l n g  r e g l o n  o f  t h e  e l a s t a s e  I gene t o  t h e  
human growth hormone (hGH) s t r u c t u r a l  gene. 
0.5 and 0.2 kb o f  e l a s t a s e  5 '  f l a n k l n g  sequence were In t roduced I n t o  mlce. O f  18 
t ransgen ic  mlce w i t h  t h e  f u s l o n  genes, 5 had no d e t e c t a b l e  hGH mRNA, one mouse had a 
very  low l e v e l  of  hGH mRNA I n  t h e  pancreas, w h i l e  t h e  remaln lng  12 mlce had between 
1,100 and 39,000 molecules o f  hGH mRNA per  p a n c r e a t i c  c e l l .  Most o f  these t ransgen lc  
mlce had undetec tab le  l e v e l s  o f  hGH mRNA I n  nonpancreat lc  t i s s u e s .  The da ta  l n d l c a t e  
t h a t  213 bp o f  e l a s t a s e  promoter r e g l o n  a r e  s u f f l c l e n t  t o  d l r e c t  pancreas-spec l f l c  
express lon .  To a s c e r t a i n  whether express lon  was s p e c l f l c  t o  t h e  e x o c r i n e  c e l l s  o f  t h e  
pancreas, we l m n u n o l o g l c a l l y  s t a i n e d  s e c t i o n s  o f  t h e  pancreas f o r  t h e  presence o f  hGH. 
The a c l n a r  c e l l s  and lumen o f  p a n c r e a t l c  duc ts  o f  mlce express ing  t h e  elastase-hGH gene 
f l u o r e s c e d  b r l g h t l y .  u h l l e  no f luorescence was d e t e c t a b l e  I n  t h e  I s l e t s  o f  Langerhans. 
lymph nodes, connect lve  t l s s u e  o r  b lood vesse ls .  

ACINAR CELLS OF TRANSGENIC M I C E ,  Davld M. O r n l t z l ,  R lchard  0 .  P a l m i t e r l .  Robert  

Three elastase-hGH f u s l o n  genes w i t h  4.2. 

1054 CHANGES IN MRNA EXPRESSION FOLLOWING HEAT SHOCK IN DEVELOPING ~XOSOPHILA WINGS, 
Nancy S. P e t e r s e n  and Hersche l  K. M i t c h e l l ,  Univ. o f  Wyo. Laramie WY, 82071 and 
C a l t e c h ,  Pasadena CA 91125. 

B r i e f  h e a t  shocks (40 min a t  40.8.C) d u r i n g  pupal  development i n  Drosophi la  r e s u l t  i n  
deve lopmenta l  a b n o r m a l i t i e s  (phenocopies)  i n  a d u l t  f l i e s .  These a b n o r m a l i t i e s  resemble  
mutant d e f e c t s  and i n  some c a s e s  can  o n l y  be induced i n  t h e  h e t e r o z y g o t e  of the  
c o r r e s p o n d i n g  r e c e s s i v e  mutant .  Our h y p o t h e s i s  is t h a t  t h e s e  phenocopies  a r e  due t o  
f a i l u r e  o f  a gene t o  be e x p r e s s e d  a t  t h e  c o r r e c t  time i n  development.  During t h e  pupal  
d i f f e r e n t i a t i o n  p e r i o d  t h e r e  a r e  very  r a p i d  changes i n  wing messenger RNA c o n c e n t r a t i o n  
which a r e  r e f l e c t e d  i n  changing  p a t t e r n s  of p r o t e i n  s y n t h e s i s .  A h e a t  shock d u r i n g  t h i s  
p e r i o d  c a n  change t h e  program of  messenger RNA s y n t h e s i s  and decay .  When f l i e s  a r e  h e a t e d  
a t  38 h r s  of pupal  development s e v e r a l  wing messages which would normal ly  d i s a p p e a r  w i t h i n  
4-6 h o u r s  a t  25' c o n t i n u e  t o  be p r e s e n t  f o r  more t h a n  20 hours  Fol lowing  t h e  h e a t  shock. 
The d i s a p p e a r a n c e  of t h e s e  messages f o l l o w s  t h e  recovery  of mrmal p r o t e i n  s y n t h e s i s  and 
is  c o i n c e d e n t  w i t h  t h e  appearance  of new messages i n  t h e  deve lopmenta l  program. During 
t h e  p e r i o d  when t h e s e  deve lopmenta l  messages a p p e a r  t o  be s t a b i l i z e d ,  message coding  f o r  
h e a t  shock p r o t e i n s  i s  s y n t h e s i z e d  and t h e n  decays .  A 35' t r e a t m e n t  f o r  30 min b e f o r e  
t h e  40.8.C shock c a n  prevent  phenocopies and a l s o  a l l o w s  a much more r a p i d  recovery  o f  
t h e  normal program of p r o t e i n  s y n t h e s i s  and mRNA s y n t h e s i s  and decay .  These r e s u l t s  
s u g g e s t  t h a t  bo th  t h e  normal p a t t e r n  of mRNA s y n t h e s i s  and t h e  e x p r e s s i o n  of  h e a t  shock 
genes  a r e  t i g h t l y  r e g u l a t e d .  We a r e  c u r r e n t l y  l o o k i n g  a t  changes  i n  e x p r e s s i o n  of 
s p e c i f i c  mRNA's which may r e s u l t  i n  phenocopies .  

1055 TRANSCRIPTIONAL REGULATION OF THE MURINE I A B  GENE, W i l l i a m  D. Roeder and R ichard  
Maki ,  La J o l l a  Cancer Research Foundat ion,  La J o l l a ,  C a l i f o r n i a  92037 

The i n i t i a l  events t h a t  t r i g g e r  t h e  immune response depend upon t h e  i n t e r a c t i o n  o f  c e l l s  
b e a r i n g  I a - a n t i g e n  complexes and T - c e l l s  b e a r i n g  A n t i g e n / I a - s p e c i f i c  receptors .  A number 
o f  accessory c e l l s ,  express ing  Ia -an t igens  on t h e i r  sur face ,  a r e  a b l e  t o  p a r t i c i p a t e  i n  
t h i s  r e a c t i o n .  Some o f  these c e l l s ,  n o t a b l y  r e s t i n g  B - c e l l s ,  express I a  g l y c o p r o t e i n s  
c o n s t i t u t i v e l y  w h i l e  r e c e n t  evidence i n d i c a t e s  t h a t  t h e  express ion  o f  I a  by macrophages, 
i s  p o s i t i v e l y  r e g u l a t e d  by i n t e r f e r o n - y  ( INF-y) .  We have subcloned v a r i o u s  p o r t i o n s  o f  
t h e  5 ' - f l a n k i n g  sequence o f  t h e  murine I A B  gene i n t o  express ion  v e c t o r s  so t h a t  t h e  I A C  
sequences c o n t r o l  t h e  express ion  o f  a b a c t e r i a l  gene encoding t h e  enzyme chloramphenicol  
a c e t y l  t r a n s f e r a s e  (CAT). C o n s i s t e n t  w i t h  observa t ions  o f  I a  express ion  by FACS a n a l y s i s  
we f i n d  t h a t  CAT a c t i v i t y  i s  l o w  when p lasmid  c lones  c o n t a i n i n g  approx. 1800 bp o f  5'- 
f l a n k i n g  r e g i o n  a r e  i n t r o d u c e d  i n t o  t h e  macrophage- l ike c e l l  l i n e ,  P388D ; t h e  l e v e l  o f  
express ion  inc reases  about t h r e e - f o l d  when t h i s  p lasmid  i s  i n t r o d u c e d  i n t o  P388n t r e a t e d  
w i t h  INF-y. D e l e t i o n  o f  t h i s  c l o n e  so t h a t  930 bp o f  promoter p rox ima l  DNA sequdnce i s  
p resent  r e s u l t s  i n  plasmids t h a t  a r e  expressed i n  P388D , i r r e s p e c t i v e  o f  t h e  presence o r  
absence o f  INF-y. 
t h e  absence o f  i n d u c i n g  s i g n a l s  g i v e n  by INF-y. 
h i g h l y  conserved sequence found i n  f o u r  o t h e r  c l a s s  I1 genes: CTAGCAACAGAAGN CTGATTGG. 
P r e l i m i n a r y  evidence i n d i c a t e s  t h a t  t h i s  sequence may be t h e  b i n d i n g  s i t e  f o r 2 $  p r o t e i n  
under INF-y i n d u c i n g  c o n d i t i o n s .  

The d e l e t e d  sequences must c o n t a i n  s i g n a l s  t h a t  " repress"  express ion  i n  
I n c l u d e d  i n  t h e  d e l e t e d  segment i s  a 
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F. Saunders, The U n i v e r s i t y  of  Texas System Cancer Center,  M. D. Anderson Hosp i ta l  and Tumor 
I n s t i t u t e ,  Houston, TX 77030. 
Human p lacen ta l  lac togen (hPL) and human growth hormone (hGH) a re  members o f  a mu l t igene 
fam i l y  which share amino a c i d  sequence homology and s i m i l a r i t y  i n  gene s t r u c t u r e  and nuc leo-  
t i d e  sequence, b u t  d i f f e r  i n  bo th  f u n c t i o n  and express ion .  hGH i s  i nvo l ved  i n  the  regu la -  
t i o n  o f  growth and i s  expressed i n  the  p i t u i t a r y ,  whereas hPL s t imu la tes  f e t a l  and mammary 
g land development and i s  produced i n  t h e  p lacenta .  
e x c e l l e n t  model system t o  examine t i s s u e - s p e c i f i c  d i f f e r e n t i a l  express ion  o f  s p e c i f i c  genes. 
The a c t i o n  o f  t i s s u e  s p e c i f i c  enhancers may account f o r  t he  d i f f e r e n t i a l  express ion  o f  t he  
h i g h l y  conserved members o f  t h i s  gene f a m i l y .  To probe f o r  t he  presence o f  t r a n s c r i p t i o n a l  
enhancer sequences, members o f  t he  hPL/hGH mul t igene complex have been subcloned i n t o  the  
- EcoRI s i t e  of t he  pSV2gpt vec to r .  
enhancer-deleted v a r i a n t  o f  pSV2gpt. 
c e l l s ,  a human chor iocarcinoma c e l l  l i n e ,  us ing  the  ca lc ium phosphate c o - p r e c i p i t a t i o n  
method. Transformed c e l l  l i n e s ,  ab le  t o  grow i n  the  presence o f  s e l e c t i o n  media, have been 
i s o l a t e d .  
t r a n s c r i p t i o n a l  enhancer sequences i n  the  hPL/hGH gene c l u s t e r .  

INTRODUCTION OF EXOGENOUS HUMAN PLACENTAL LACTOGEN AND GROWTH HORMONE GENES INTO 
CULTURED HUMAN CHORIOCARCINOMA CELLS, Bruce L. Rogers, Mark G. Sobnosky and Grady 

The hPL/hGH gene c l u s t e r  p rov ides  an 

Analogous clones have a l s o  been cons t ruc ted  us ing  an 
These recombinant DNAs have been in t roduced i n t o  JEG-3 

These s t a b l y  t rans formed c e l l  l i n e s  a re  be ing  used t o  probe f o r  t he  presence o f  

1057 
T r a n s c r i p t i o n  o f  mouse mammary tumor v i r u s  (MTV) can be induced by g l u c o c o r t i c o i d s  i n  
i n f e c t e d  t i s s u e  c u l t u r e  c e l l s  o r  i n  exp lan ts  o f  mammary carcinomas. Al though severa l  c e l l  
types can be i n f e c t e d  i n  v i t r o  w i t h  MTV and can express these sequences, and a l though the re  
a r e  a c t i v e  and f u n c t i o n a l  recep to rs  i n  most mouse t i ssues ,  t r a n s c r i p t i o n  o f  p r o v i r a l  se -  
quences i n  v i v o  occurs p redominant ly  i n  l a c t a t i n g  mammary glands and i n  mammary tumors i n  
the  mouse. We were i n t e r e s t e d  i n  whether the  t i s s u e - s p e c i f i c  express ion  o f  MTV, i n  add- 
i t i o n  t o  the  response t o  g l u c o c o r t i c o i d s ,  was due t o  MTV-encoded sequences. 
in t roduced a ch imer ic  plasmid,  pLTR2tk con ta in ing  the  MTV long  te rm ina l  repeat  l i n k e d  t o  
the  HSV I thymid ine  k inase gene i n t o  the  mouse germl ine  by  m i c r o i n j e c t i o n .  I n  these mice, 
t he  t k  gene i s  a p p r o p r i a t e l y  expressed i n  the  l a c t a t i n g  mammary glands o f  females; i t  i s  
a l s o  expressed i n  the  ova r ies  o f  some o f  these mice. 
sequences a l s o  occurs i n  t h e  tes tes  o f  males, u n l i k e  the  endogenous MTV sequences. Th is  
t e s t e s - s p e c i f i c  t r a n s c r i p t i o n  i s  s p e c i f i c a l l y  s t imu la ted  by g l u c o c o r t i c o i d s .  Thus, t he  
MTV LTR may c o n t a i n  elements which a l l o w  i t s  express ion  bo th  i n  l a c t a t i n g  mammary glands 
and i n  t e s t i c u l a r  t i s s u e .  
g l u c o c o r t i c o i d - r e c e p t o r  b i n d i n g  s i t e s ,  i n  o rde r  t o  determine t h e i r  r o l e  i n  the  t i ssue -  
s p e c i f i c  express ion  o f  MTV. 

G lucoco r t i co id  Regu la t ion  and T issue S p e c i f i c  Expression o f  MTV Sequences i n  
Transgenic Mice, Susan R. Ross, U n i v e r s i t y  o f  I l l i n o i s ,  Chicago, Ill. 60612. 

lie have 

T r a n s c r i p t i o n  o f  these new germl ine  

We are  a l s o  c o n s t r u c t i n g  molecules con ta in ing  the  MTV i n t e r n a l  

1058 THE STRONG ENHANCER ELEMENT IN THE IMMEDIATE EARLY REGION OF THE HUMAN 

WeberL, Karoline Dorsch-Hasler2, Gerhard Jahnl , Bernhard Fleckensteinl , and 
Walter Schaffner2, 
Nurnberg, D-8520 Erlangen; ZInstitut fur Molekularbiologie I1 der Universi- 
tat, CH-8093 Zurich 

An enhancer was identified in human cytomegalovirus (HCMV) DNA by co-trans- 
fecting cloned DNA from the immediate early region of HCMV with an "enhancer 
trap" of linear simian virus 40 (SV40) DNA lacking its own enhancer. Two 
replication competent SV40-like viruses were isolated containing HCMV DNA 
inserts of 341 and 262 bp. These sequences are located upstream of the major 
immediate early promoter, between nucleotides -118 and -524. Transient ex- 
pression assay with a cloned rabbit E-globin gene indicated that the upstream 
region of the major immediate early gene of HCMV contains the strongest en- 
hancer element identified so far. Studies with deletion mutants showed that 
different subsets of this enhancer can substitute for the SV40 enhancer. 
Studies with more extended deletions and various fusion genes are in progress. 

CYTOMEGALOVIRUS GENOME, Rudiger Rugerl, Michael Boshart', Frank 

Institut fur Klinische Virologie der Universitat Erlangen 
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The translational regulation observed in Drosophila cells in heat shock conditions requires 
that: 1 )  messenger RNAs coding for heat shock polypeptides (hsp's) have a structural element 
identifying them for selection for translation and 2 )  the translational apparatus in the 
cell changes such that mRNAs coding for hsp's are actively translated while normal cellular 
mRNAs are not. An early event in heat shock in Drosophila and other organisms is the de- 
phosphorylation of the ribosomal protein, 56.  To determine whether this change plays a 
role in translational regulation in heat shock we have set up an RNA-dependent in vitro 
translation system from normal and heat shocked Drosophila Kc cells which mimics the regula- 
tion of translation seen in intact cells in these conditions. We have fractionated the 
lysates into washed ribosanal and supernatant fractions and used the fractions to determine 
whether ribosome or supernatant factors control the changes in translation regulation in 
heat shock. 
are added to intact normal or heat shock lysates, we find that supernatant factors from 
control lysates restore normal patterns of protein synthesis to heat shock lysates. Ribo- 
some fractions have no effect. I n  reconstitution experiments where ribosomes are mixed 
with supernates fran either normal or heat shock lysates, we find the regulation of trans- 
lation in heat shock is supernatant dependent and independent of ribosome source. I n  the 
lysates, the state of phosphorylation o f  S6 is the same as that seen in intact cells. 
At least three other polypeptides in the lysates have changed their state of phosphoryla- 
tion in heat shock. One of these is ribosomal and the other two are supernatant factors. 

THE REGULATION OF TRANSLATION IN HEAT SHOCK IN DROSOPHILA, H.H. Sanders, D.F. 
Triemer and A.S. Olsen, UMDNJ-Rutgers Medical School, Piscataway, NJ 08854 

I n  supplementation experiments where either ribosanes or supernatant factors 

1060 INHIBITION OF THE SYNTHESIS OF THE 78-kDALTON POLY(A)-BINDING PROTEIN IN FRIEND 
ERYTHRO LEUKEMIA CELLS SUBSEQUENT TO HEAT SHOCK. Lawrence I. Slobin and I. 
Sunitha. Department of Biochemistry, The University of Mississippi Medical 
Center, Jackson, MS 3 9 2 1 6 - 4 5 0 5 .  

When Friend erythroleukemia cells are incubated at 4 3  degrees there is a rapid and 
nearly complete inhibition of protein synthesis which can be reversed when cells are 
returned to their normal growing temperature of 37 degrees. Examination of the recovery 
of FEC from heat shock indicates that most cellular mRNAs behave as a cohort and return to 
translation at approximately the same rate. We found a noteable exception to this rule in 
the case of a 78 kD basic protein (named protein A) whose rate of return to a normal 
synthetic rate is markedly inhibited subsequent to heat shock. For example, the synthesis 
of protein A is inhibited by greater than 6 0  percent compared with a host of other cell 
proteins when cells heat shocked for 3 0  minutes at 4 3  degrees are allowed to incorporate 
[ 3 5 S ]  methionine for one hour at 37 degrees. Longer periods of heat shock increases the 
disparity between the rate of protein A synthesis and other cell proteins. We found that 
the inhibition of protein A synthesis is not due to an increase in protein turnover after 
heat shock nor to a disappearance of protein A mRNA. We show that protein A corresponds 
to the 78 kD polypeptide commonly found to be associated with the poly(A) tails of mammal- 
ian mRNA (PABP). Further analysis of heat-shocked FEC indicates that the composition of 
messenger ribonucleoprotein (mRNP) particles changes after stress so that PABP comprises a 
significantly smaller percentage of mRNP polypeptides. 

1061 CHROMOSOMAL INTEGRATION-SITE SPECIFIC ACTIVATION OF EXOGENOUS RETROVIRUS PROMOTERS, 
Joe Sorge, Research Institute of Scripps Clinic, La Jolla, CA 92037 

Embryonal carcinoma (EC) cells normally do not support the gene expression of exogenous 
proviruses. 
able gene and have found that approximately one in 10,000 integration events leads to 
the expression of the provirus from the viral promoter (1). The expression is due to 
an unknown cis-acting mechanism (1). 
viruses along with their flanking EC DNA into A phage. The flanking DNA in each case 
hybridizes to a single poly A+ RNA species expressed in undifferentiated, uninfected EC 
cells. We have isolated cDNA clones for these RNA species and are in the process o f :  
1) identifying the genes, 2) identifying the gene's promoter/enhancer. and 3 )  determining 
the influence that the promoter/enhancer might have on viral gene expression. 

1. 

We have infected EC cells with a recombinant retrovirus containing a select- 

We have now cloned two of these expressed pro- 

Sorge, J., Cutting, A.E., Erdman, V.D., and Gautsch, J.W., Proc.Natl.Acad.Sci. 3: 
November, 1984. 
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1062 DNA SEQUENCE-POSITIONED CHROMATIPI STRUCTURES OF THE YEAST HSP83 
LOCUS, C. Szent-Cyorgyi, D.B. Finkelstein, and W.T. Carrard, The Un ive r s i ty  

of Texas Health Science Center at  Dallas, Dallas, Tx. 75235 
We have investigated at high resolution the chromatin structure of the locus containing a 
Saccharomyces cerevisiae gene that encodes an 81 kd heat shock protein (the homolog of 

orthern hybridization enables us to determine that within 10 min of k?'!%%%) t h2s t eady  state level of HSP83 transcript is induced at  least tenfold 
over the basal level (27O). DNase I and micrococcal nuclease cutting sites in  nuclei 
isolated from either heat shock induced or uninduced cells were mapped along the HSP83 
locus by indirect end-labeling. A persistent set of nuclease hypersensitive features= 
noted. Regions 2.150 bp in breadth that are hypersensitive to DNase I are centered at  
-1625 bp, -545 bp, -155 bp, +2400 bp, and +3375 bp relative to the transcription start .  
The DNase I sites (except +2400 bp) each display centrally located protected regions of 
20-40 bp, implying the presence o f  DNA binding proteins. The Pelham heat shock 
consensus sequence lies within a protected subdomain o f  the site at  -155 bp. Sequences 
corresponding to poly(A) addition and possibly transcription termination reside within the 
site at  +2400 bp. A clear array of DNA sequence-positioned nucleosomes, detectable by 
either nuclease, resides 3' to the DNase I hypersensitive region a t  +3375 bp; a similar 
array may exist 5' to the site at -1625 bp. These two hypersensitive reoions are also 
each demarcated 5 '  and 3' by exceptionally strong micrococcal nuclease cleavages % 160 bp 
apart, a length which coincides with the canonical nucleosomal repeat. (Supported by 
grants from N I H  and The Robert A.  Welch Foundation). 

. 

EXPRESSION IN TERATOCARCINOMA STEM CELLS OF A RECOMBINANT GENE FLANKED BY MOLONEY 
MURINE LEUKEMIA VIRUS LTR: Makoto Taketo"', Eli Gilboa3, Michael I. Sherman' and 

Masafumi Tanaka 'The Jackson Laboratory, Bar Harbor, ME 04609, 'Roche Institute of Molecular 
Biology, Nutley, NJ 07110 and 3Princeton University, Princeton, NJ 08554 

By infecting murine embryonal carcinoma (EC) cell lines with a recombinant trans- 
ducing virus that contains neomycin resistance gene (=) linked to Moloney murine leukemia 
virus (M-MuLV) LTR, we have isolated clonal lines that are resistant to the neomycin 
analogue, G418. These transductant lines consist of undifferentiated EC cells as judged by 
morphology, tumorigenicity and cell surface antigenic markers. Analysis of the integrated 
neo sequence by Southern blot hybridization revealed that some of the lines have single 
copies whereas others have multiple copies in multiple sites. Although these transductant 
lines contained many copies of helper M-MuLV integrated in the cellular genome, expression of 
their genes was not detected either by reverse transcriptase activity or by XC plaque assay. 
Two F9tk- transductant lines were superinfected with a second recombinant transducing virus 
that contains herpes simplex virus thymidine kinase gene flanked by the M-MuLV LTR. The 
frequency of transduction to yield clones able to grow in HAT medium was similar to that of 
the parental cells. These results suggest that the expression of the KO gene linked to M- 
MuLV LTR in the trnasductant EC cell clones is due to a cis-acting mechanism: e.g., 
rearrangement of the enhancer sequence in M-MuLV LTR or effect by a cellular enhancer element 
flanking the integrated recombinant gene. To investigate these possibilities, the inreg- 
rated recombinant gene has been cloned together with its flanking cellular sequences, 2nd 
their structures are being analyzed. 

- 

1064 COMPARTMENTATION 0 NORMA A D S R SS R E N m H N A 8  Ift STRh.pf97$SLLS. 

O f  t -fre-fnyriad a g e n t s  wh ich , induce  s t r e s s  r e sponses  amino a c i d  ana logues  prove 
h i  h l y  e f f e c t i v e  i n  mammalian c e l l s .  The gene ra l  ' f e a t u r e s  of t h e  r e s  onse of 
Hefa c e l l s  t o  t r e a t m e n t  w i th  t h e  p r o l i n e  a n a l o  ue aze t id ine -2 -ca rboxyf i c  a c i d  
(AzC) have been d e s c r i b e d  (Thomas and Mathews, 9 9 8 4 ,  Mol. C e l l .  B io l .  4, 1063)  
i n c l u d i n g  t r a n s c r i p t i o n a l  c o n t r o l s  a s  w e l l  a s  two appa ren t  t r a n s l a t i o n a l  
c o n t r o l s  e f f e c t e d  a t  t h e  l e v e l s  o f  . i n , i t i a t i o n  and e l o n g a t i o n .  The l a t t e r  is 
o f ,  i n t e r k s t  s i n c e  i t  demands s p e c i f i c i t  among m R N A s  which have overcome t h e  
i n i t i a t i o n  d e f e c t  and has  been i n v e s t i g a t e d  by mon l to r ing  t,he d i s t r i b u t i o n s  of 
newly-synthes ized  m R N A  under c o n d i t i o n s  where t h i s  compr ises  s t r e s s  p r o t e i n  
m R N A s  e x c l u s i v e l y .  Ana lys i s  of AzC-treated HeLa c e l l s  by e q u i l i b r i u m  d e n s l t y  
c e n t r i f u g a t i o n  r e v e a l s  a novel RNP complex which ( i )  c o n t a i n s  a good p o r t t o n  
of pu l se - l abe led  R N A ,  ( i i )  is  devoid  of normal c e l l u l a r  m R N A s  a s  d e t e c t e d  w i t h  
c loned  p robes ,  ( i i i )  c o n t a i n s  both 18s and 28s r R N A s  and ( i v )  bands a t  
d e n s i t i e s  d i s t i n c t  from those  of normal m R N A s .  Th i s  component appea r s  
r e s t r i c t e d  t o  cy top la smic  f r a c t i o n s  of s t r e s s e d  c e l l s .  Based on t h e  synchrony 
wi th  which both RNA p roduc t ion  and p r o t e i n  s y n t h e s i s  become r e s t r i c t e d  t o  t h e  
i ' a b r i c a t i o n  of s t r e s s  p r o t e i n s ,  we have sugges ted  t h a t  p r o t e i n  s y n t h e s i s  
becomes l i m i t e d  t o  t r a n s l a t i o n  of newly-made m R N A s :  Th i s  novel R N P  f u l f i l l s  a 
number of p r e d i c t i o n s  a r i s i n g  from such a s c e n a r i o  and a t t e m p t s  a t  i t s  f u r t h e r  
c h a r a c t e r i z a t i o n  w i l l  be p re sen ted .  

G.P. Thomas, Cold g p r i n g  karftor E a l . ,  {o?J s p r i n g  a r  o r  
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1065 CELL SPECIFIC EXPRESSION OF THE RAT INSULIN GENE: EVIDENCE FOR ROLE OF TWO DISTINCT 
5' FLANKING SEQUENCES. 
Hormone Research Institute, University of California, San Francisco, Ca 94143 

Recombinant plasmids were constructed containing 5'  flanking DNA of the rat insulin I 
gene linked to chloramphenicol acetyltransferase (CAT) coding DNA. Use of a transient 
transfection procedure results in selective expression of CAT activity (50-200 fold) 
following introduction to insulin producing tissue culture cells (HIT cells) as compared 
with other cells. The insulin 5'  flanking DNA sequence is able to augment the activity 
of the thymidine kinase (tk) promoter (20-30 fold) but only in insulin producing cells. 
We therefore conclude that this region contains a cell specific enhancer-like element. 
A fragment from -103 to -249 efficiently enhances (about 20 fold) the tk promoter in 
an orientation-independent manner. To test whether DNA sequences more proximal to the 
transcription start site also contribute to cell specificity we removed the insulin 
enhancer from the intact flanking DNA region, replacing it with the murine sarcoma virus 
(MSV) enhancer and fusing to insulin gene sequences at -114. This hybrid retains 
substantial cell specificity (about 50 fold) despite the absence of significant enhancer 
activity in the insulin sequences. 
insulin 5'  flanking DNA sequence appears to result from the activities of two distinct 
elements: one located more distal to the transcription start site and exhibiting properties 
of an enhancer and the second more proximal to the transcription start site. 

Michael D .  Walker, Thomas Edlund and William J. Rutter, 

Thus the cell specificity associated with the 

1066 EFFECTS OF CYCLOHEXIMIDE ON HEAT SHOCK PROTEIN SYNTHESIS, HEAT SHOCK RNA ACCUMU- 
LATION AND THERMOTOLERANCE EXPRESSION I N  MAMMALIAN CELLS. Randa l l  B. W i d e l i t z  

and Euyene W. Gerner, U n i v e r s i t y  o f  Ar izona,  Tucson, A2 85724 
We have i n v e s t i g a t e d  t h e  e f f e c t s  o f  a range o f  c y c l o h e x i m i d e  (CHX) c o n c e n t r a t i o n s  ( 0 . 2  
t o  20 ug /ml )  on t h e r m t o l e r a n c e ,  p r o t e i n  s y n t h e s i s ,  and RNA accumula t ion  i n  heat  t r e a t e d  
Rat-1 embryonic f i b r o b l a s t s  i n  o r d e r  t o  de termine t h e  f u n c t i o n  o f  t h e  heat  shock p r o t e i n s  
(hsps)  and t h e i r  mode o f  r e g u l a t i o n  i n  m a m a l i a n  c e l l s .  Thermotolerance, as measured by 
co lony  f o r m a t i o n  f o l l o w i n g  two 45OC heat  doses, developed e q u a l l y  when CHX, a t  a l l  con- 
c e n t r a t i o n s  t e s t e d ,  was p r e s e n t  th roughout  t h e  t r e a t m e n t  p r o t o c o l .  CHX i n h i b i t e d  genera l  
and hsp s y n t h e s i s  i n  a c o n c e n t r a t i o n  dependent manner, such t h a t  a t  20 pg/ml, 95% i n h i b i -  
t i o n  was ach ieved as de termined f r o m  a c i d  p r e c i p i t a b l e  35S meth ion ine  counts .  
a f t e r  t h e  heat  t r e a t m e n t s ,  t h e  d r u g  was removed, and t h e  c e l l s  were a b l e  t o  resume 
genera l  and heat  shock p r o t e i n  syn thes is .  S ince  t h e  express ion  o f  thermoto le rance was 
n o t  reduced w h i l e  hsp s y n t h e s i s  was i n h i b i t e d  th roughout  t h e  heat  t rea tments ,  o u r  da ta  
suggest t h a t  t h e  hsps may a c t  i n  a r e p a i r  c a p a c i t y  a f t e r  t h e  thermal  damage i s  done. 
Whi le  heat  shock induced t h e  e x p r e s s i o n  o f  s e v e r a l  RNA spec ies  wh ich  h y b r i d i z e  t o  probes 
encod ing  t h e  68, 70 and 83 k d  hsps, i n  t h e  presence o f  CHX, o n l y  h i g h  w l e c u l a r  w e i g h t  
spec ies  o f  RNA were accumulated. 
p o l y a d e n y l a t e d  n o r  a r e  t h e y  t r a n s l a t e d  by i n  v i t r o  t r a n s l a t i o n  systems. 

However, 

P r e l i m i n a r y  da ta  suggest t h a t  t h e s e  spec ies  a r e  n o t  

1067 

of e x t e n s i v e  dyad symmetry suggest ing  a p o s s i b l e  r o l e  o f  secondary s t r u c t u r e  i n  enhancer 
a c t i v i t y .  
f o r  t h e  e f f i c i e n t  t e r m i n a t i o n  of t r a n s c r i p t i o n  i n  p rokaryo tes  (Rosenberg e t  a l .  (1983) 
Science 222:734). Based on these observa t ions ,  we have developed a b i o l o g i c a l  assay wh ich  
a l l o w s  us t o  screen f o r  secondary s t r u c t u r e  i n  enhancer elements by d e t e r m i n i n g  t h e i r  
a b i l i t y  t o  t e r m i n a t e  t r a n s c r i p t i o n  i n  E. c o l i .  
p r e v i o u s l y  been developed which c o n t a i n s  t h e t r y p t o p h a n  (%) promoter and t h e  
g a l a c t o k i n a s e  (gal K) s t r u c t u r a l  gene from E. c o l i  separa ted  by severa l  unique r e s t r i c t i o n  
s i t e s  (Russe l l  and Bennett  (1984) Gene, i n  p r e x  I n s e r t i o n  o f  DNA c o n t a i n i n g  a 
t e r m i n a t o r  i n t o  one of these s i t e s  causes decreased l e v e l s  o f  gal K a c t i v i t y  wh ich  d i r e c t l y  
r e f l e c t s  t h e  amount of t r a n s c r i p t i o n  o f  t h e  gal K gene and can be observed as changes i n  
co lony  morphology. 
f ragment c o n t a i n i n g  t h e  enhancer element f rom t h e  Harvey Sarcoma v i r u s  (HaSV) o r  o f  a 250 
bp DNA f ragment c o n t a i n i n g  t h e  SV40 enhancer element s i g n i f i c a n t l y  reduces t r a n s c r i p t i o n  o f  
t h e  K gene. S nuclease a n a l y s i s  o f  mRNA i s o l a t e d  from c e l l s  c o n t a i n i n g  pDR720 w i t h  
t h e  HaSV enhancer i n d i c a t e s  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  occurs w i t h i n  t h e  f ragment 
c o n t a i n i n g  t h e  enhancer element. 
m u t a t i o n s  a f f e c t i n g  t h e  secondary s t r u c t u r e  o f  enhancer elements. 

SECONDARY STRUCTURE OF ENHANCERS, Donna M. W i  11 iams , Therese B r e n d l e r  and P a t r i c i a  
E. Berg, Labora tory  of Mo lecu la r  Hematology, NHLBI, NIH, Bethesda, Maryland 20205 

Our analyses o f  t h e  p r i m a r y  sequences of v a r i o u s  enhancer elements has r e v e a l e d  reg ions  

S t a b l e  r e g i o n s  o f  p o t e n t i a l  stem and l o o p  s t r u c t u r e s  a l s o  appear t o  be e s s e n t i a l  

A t e r m i n a t o r  c l o n i n g  v e c t o r  (pDR720) has 

We have found t h a t  i n s e r t i o n  i n  e i t h e r  o r i e n t a t i o n  o f  a 470 bp DNA 

I t  shou ld  be p o s s i b l e  t o  u t i l i z e  t h i s  system t o  i d e n t i f y  
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Biology, Yorthwestern Un ive r s i ty ,  Evanston, I! l i n o i s  60201 

i n  c u l t u r e  fo l lowing  exposure t o  a v a r i e t y  of a g e n t s  i nc lud ing  incubat ion  a t  e l eva ted  
tempera tures  and i n f e c t i o n  by adenovi rus .  
dependent on t h e  adenovi rus  t ransforming  gene E1A (Nevins,  1982).  Pe have cloned t h e  human 
VSP7n gene, cha rac t e r i zed  t h e  t r a n s c r i p t i o n a l  u n i t ,  and determined t h e  DNA sequence f o r  t h e  
gene and f l ank ing  r eg ions .  
t r a n s c r i p t .  
dur ing  two hours  of hea t  shock a t  43C. Fusion of sequences f l ank ing  t h e  5'  terminus of t h e  
USP70 gene t o  t h e  b a c t e r i a l  chloramphenicol a c e t y l t r a n s f e r a s e  (CAT) gene confe r s  hea t  shock 
induced express ion  of t h e  CAT gene. In an  adenovi rus  transformed human embryonic kidney 
cell .  l i n e ,  293, i n  which FIA i s  c o n s t i t u t i v e l y  expressed ,  s y n t h e s i s  of HSP70 is  e l eva ted  a s  
i s  t h e  cy toplasmic  l e v e l  of HSP70 mRNA r e l a t i v e  t o  Hela c e l l s .  The r egu la t ion  of express ion  
of t h e  ch imaer ic  PSP-CAT gene i n  293 c e l l s  mimics t h e  endogenous !TSP70 gene. Therefore ,  t h e  
5'  f l ank ing  sequences of t he  HSP70 gene c o n t a i n s  t h e  r egu la to ry  sequences f o r  bo th  hea t  
shock and E1A induc t ion .  Accumu1.ation of HSP70 mRNA i n  FleLa and 293 c e l l s  is  c e l l  c y c l e  
dependent.  reaching  maximal l e v e l s  j u s t  p r i o r  t o  t h e  peak of DNA syn thes i s .  Because t h e  
human FTSP70 gene sequence sha res  507 homology wi th  an I?. c o l i  p r o t e i n  involved i n  DNA 
r e p l i c a t i o n  (dna K ) ,  w e  sugges t  t h a t  PSP70 may func t ion  dur ing  t h e  s y n t h e t i c  phase of t h e  
c e l l  cyc le .  

TVE HIM\' HSP70 GENE: CLONING, CHARACTERIZATION AND E:'?PESSION 
B. IJu, Clayton Hunt and Richard I .  Morimoto, nept .  of Biochem. Molecular and C e l l  

The s y n t h e s i s  of t h e  70,000 da l ton  hea t  shock p r o t e i n  (HSP70) i s  induced i n  human c e l l s  

I n  t h e  l a t t e r  ca se  t h e  induc t ion  of HSP70 i s  

The human PSP70 gene i s  t r ansc r ibed  as an  un in te r rup ted  2.3kb 
The cy toplasmic  l e v e l s  of HSP70 mRNA i n  HeLa c e l l s  i n c r e a s e s  10 - 12 f o l d  

Complex Regulatory Loops 

1069 noucuuu AHD FIJRCTIOB~~ ORIAWIW~TIOB OF TEE PBOSPMTASE GB~~FTIC SYSTEM IU S. 
CEBBVISIAE, K.A. Bostian.  Sec t ion  of Biochemistry,  Brown Unive r s i ty ,  Providence, R I  

The phosphorus metabolism system i n  S, c e r e v i s i a e  is  a d i spe r sed  gene system c o n s i s t i n g  
of numerous s t r u c t u r a l  and r egu la to ry  genes involved in  t h e  bas i c  c e l l u l a r  housekeeping 
func t ions  r e spons ib l e  f o r  ba lanc ing  i n t r a c e l l u l a r  pools  of P i ,  polyphosphate,  phosphate 
nuc leo t ides  and o t h e r  P i  me tabo l i t e s  and f o r  main ta in ing  metabol ic  homeostasis.  The ac id  and 
a l k a l i n e  phosphatases ,  members of t h i s  mul t igene  fami ly ,  e x i s t  i n  mul t ip l e  forms, as 
c o n s t i t u t i v e  and r e p r e s s i b l e  enzymes. The c o n s t i t u t i v e  and r e p r e s s i b l e  APase, PH03 and m 
r e s p e c t i v e l y ,  form a c l u s t e r  on chromosome 11, whereas the  r e p r e s s i b l e  s lkPsse  (m) i s  on 
chronosome I V .  Express ion  of t hese  genes i s  mediated by numerous r egu la to ry  genes s c a t t e r e d  
throughout t he  yeas t  genome: PH04. PH081, PH080. PH085, m, PH06 and m. Recessive 
muta t ions  in  PH04 and b lock  the  de rep res s ion  of  bo th  r e p r e s s i b l e  APase and a lkPase ,  
whi le  PH02 mutants show a phenotype lacking  on ly  the  r e p r e s s i b l e  APase. Recessive muta t ions  
occur r ing  a t  t he  = o r  PH085 l o c i  r e s u l t  i n  c o n s t i t u t i v e  s y n t h e s i s  of bo th  enzymes. 
and PH07 a r e  involved in express ion  of t he  c o n s t i t u t i v e  APase. 

Based on gene t i c  and biochemical d a t a  (Toh-e &. 1981, J. Bac te r io l .  145:221; b s t i a n  
_ _  e t  a l .  1980, PNAS 77:4504), a s p e c i f i c  model has been proposed f o r  t he  c o n t r o l  of the  yeas t  
phosphatase gene fami ly .  This  model involves  t h e  s imul taneous  func t ioning  of r egu la to ry  
p r o t e i n s  by d i r e c t  molecular i n t e r a c t i o n .  In i t s  s imples t  form, the  r e g u l a t o r y  f a c t o r s  a r e  
produced c o n s t i t u t i v e l y .  Under r ep res sed  cond i t ions  the  PH04 gene product aggrega tes  wi th  a 
complex of t h e  = and - gene products  a t  a p r o t e i n  domain i d e n t i f i e d  by w, and is  
unable  t o  a c t i v a t e  m. Under derepressed  cond i t ions ,  t he  product b inds  t o  the  m, 
-, PH04 aggrega te ,  r egu la t ed  by a co- repressor  ( P i  m e t a b o l i t e ) ,  and the  pBo4 product i s  
r e l eased .  I t  b inds  t o  the  "opera tor"  of a s t r u c t u r a l  gene, i n  combination wi th  a second 
r egu la to ry  f a c t o r  bear ing  t a r g e t  gene s p e c i f i c i t y ,  t o  a c t i v a t e  t r a n s c r i p t i o n .  

response t o  t r a n s c r i p t i o n a l  c o n t r o l  s i g n a l s  and se rves  t o  f a c i l i t a t e  s p e c i f i c  exper imenta l  
ques t ions .  It is  not  ye t  known, f o r  example, whether t he  t a r g e t  of t he  PH04 gene is a 
c o n t r o l l i n g  sequence of DNA o r  a r egu la to ry  in t e rmed ia t e  such  as a DNA b inding  p ro te in .  
Recent d a t a  from our  l abora to ry  e s t a b l i s h  t h a t  t he  i n t e r p l a y  of these  p o s i t i v e  and nega t ive  
r egu la to ry  genes does occur  p r i o r  t o  t r a n s c r i p t i o n ,  and t h a t  t h e i r  func t ions  a r e  a l l  
i nd i spens ib l e  f o r  normal r egu la t ion  of m W  s y n t h e s i s .  Biochemical ev idence  sugges t s  t h a t  t he  
r egu la to ry  gene products  a r e  expressed  c o n s t i t u t i v e l y ,  and s e n s i t i v e  t o  f i n e  c o n t r o l  by 
r egu la to ry  mechanisms reminiscent  oE b a c t e r i a l  c o n t r o l  c i r c u i t s ,  involv ing  feedbsck r e g u l a t i o n  
of t r a n s c r i p t i o n  and au to regu la t ion .  Data on t he  express ion  of t h e  "cons t i t u t ive"  APase (w) sugges t  t h a t  it is  i n  f a c t  r egu la t ed  i n  by m, e i t h e r  through a mechanism 
s i m i l a r  t o  autogenous r e g u l a t i o n ,  o r  by feedback suppress ion .  

This  model provides  a view of how these  d i spe r sed  s t r u c t u r a l  genes might be r egu la t ed  i n  
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1070 TRANSLATIONAL REGULATION OF THE ACTIVATOR OF GENERAL AMINO ACID CONTROL IN YEAST, 
Alan C. Hinnebusch and Pe te r  Mueller,  Laboratory of Molecular Genet ics ,  N I C H D ,  
Nat iona l  I n s t i t u t e s  of Heal th ,  Bethesda, MD 20205 

S ta rva t ion  of yeas t  f o r  any amino a c i d  l eads  t o  increased  t r a n s c r i p t i o n  of many unlinked genes 
encoding enzymes i n  d ive r se  amino a c i d  b iosyn the t i c  pathways. This  r egu la t ion  is mediated by 
t h e  sequence -TGACTC- t h a t  is repea ted  i n  t h e  5 '  non-coding r eg ions  of t he  co-regulated genes 
and which func t ions  a s  an or ien ta t ion- independent ,  %-acting p o s i t i v e  r egu la to ry  s i t e .  

The a gene encodes a =-acting p o s i t i v e  r egu la to r  of amino ac id  b iosyn the t i c  genes i n  
yeas t .  The express ion  of t h i s  a c t i v a t o r  is i t s e l f  con t ro l l ed  by amino a c i d  l e v e l s  and t h i s  
r egu la t ion  occurs  at  t h e  t r a n s l a t i o n a l  l e v e l .  Other known t r ans -ac t ing  f a c t o r s  i n  genera l  
amino ac id  c o n t r o l  mediate the  t r a n s l a t i o n a l  r egu la t ion  of The CCN2 and the  9 
products  a c t  a s  p o s i t i v e  r e g u l a t o r s  of t r a n s l a t i o n  dur ing  amino a c i d  s t a r v a t i o n ,  whereas t h e  
GCDl product appears  t o  a c t  as a t r a n s l a t i o n a l  r ep res so r  i n  non-starved c e l l s .  The GCN4 mRNA 
5 ' e a d e r  is nea r ly  600 nuc leo t ides  i n  l eng th  and con ta ins  fou r  smal l  open reading  frames, 
each of which is two or t h r e e  codons i n  l eng th  and complete wi th  i n i t i a t i o n  and te rmina t ion  
codons. A d e l e t i o n  of t h e  small open reading  frames l eads  t o  c o n s t i t u t i v e  derepress ion  of 
- GCN4 t r a n s l a t i o n .  
sugges t ing  t h a t  CCDl mediates the  x a n s l a t i o n a l  r ep res s ion  exer ted  by the  mRNA 5' l eade r  
sequences.  The CCN4 l eade r  d e l e t i o n  suppresses  t h e  requirement of t he  GCN2 and GCN3 products  
f o r  derepress ion  of GCN4 t r a n s l a t i o n ,  sugges t ing  t h a t  g and GCN3 antagonize  t h i s  nega t ive  
element i n  resDonse t o  amino ac id  s t a r v a t i o n .  

m R N A .  

A mutation i n  the  =gene appears  t o  have nea r ly  t h e  same e f f e c t ,  

1071 COUPLED CIRCUITS OF GENE REGULATION, Michael A. Savageau, Department of 
Microbiology and Immunology, The Univers i ty  of Michigan, Ann Arbor, M I  48109 

A l a r g e  number of mechanisms for t h e  c o n t r o l  of  gene express ion  have been descr ibed  a t  t he  
molecular l e v e l .  Th i s  r i chness  of molecular  d e s c r i p t i o n  has  become an embarrassment because 
t h e r e  i s  no comparable theory  o f  gene r egu la t ion  t o  g i v e  meaning t o  t h e  a l t e r n a t i v e  
designs--no theory  t h a t  a l lows  one t o  p red ic t  t he  type  of mechanism t h a t  might be expected t o  
evolve for a g iven  s e t  of genes in  a g iven  organism. Although t h e r e  i s  no gene ra l  theory  of 
gene r egu la t ion ,  some of t h e  elements of such a theory  a r e  beginning t o  emerge. I s h a l l  g ive  
a r epor t  of j u s t  two such elements t h a t  he lp  us t o  understand coupled c i r c u i t s  of gene 
r egu la t ion .  The f i r s t  is what I have c a l l e d  t h e  "demand theory" of gene r egu la t ion  . It  
provides  r u l e s  for pred ic t ing  the  modal i ty  of gene regula t ion- - tha t  i s ,  whether t h e  molecular 
mechanism w i l l  be p o s i t i v e  or nega t ive .  This  theory  has imp l i ca t ions  regard ing  what can be 
c a l l e d  t h e  " l o g i c a l  coupling" of r egu la to ry  c i r c u i t s .  Examples of t hese  impl ica t ions  w i l l  be 
g iven  for a v a r i e t y  of microb ia l  systems. The second element,  which I s h a l l  c a l l  t he  
" c i r c u i t  theory" of gene r egu la t ion ,  provides  r u l e s  for pred ic t ing  the  p a t t e r n s  of r egu la to ry  
i n t e r a c t i o n s  --hat can be c a l l e d  t h e  " topo log ica l  coupling" of r egu la to ry  c i r c u i t s .  Even 
wi th  only two coupled u n i t s  of t r a n s c r i p t i o n ,  t h e  number of p a t t e r n s  of r egu la to ry  
i n t e r a c t i o n s  i s  very  l a rge  and t h e s e  g i v e  r i s e  t o  a d i v e r s e  behaviora l  r e p e r t o i r e .  The 
p a t t e r n s  w i l l  be enumerated for an induc ib le  system and those  p a t t e r n s  t h a t  a r e  phys i ca l ly  
r e a l i z a b l e  w i l l  be d i s t ingu i shed  from those  t h a t  a r e  n o t .  P red ic t ions  f o r  t h e  use  of 
c l a s s i c a l ,  autogenous and coupled c i r c u i t s  w i l l  be g iven  based upon the  behavior of t h e  
i n t a c t  systems. 
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1072 MATING TYPE REGULATION I N  YEAST, J e f f r e y  S t ra the rn l .  Margaret  Ke l l y2 ,  Brenda 
Shafer l ,  and Caro lyn  M c G i l l l .  1NCI-Freder ick Cancer Research F a c i l i t y ,  Labora- 

t o r y  o f  Eukaryo t i c  Gene Expression, P.O. Box B. F reder ick .  MO 21701; %o ld  Spr ing  Harbor 
Laboratory,  NY 11724. 

The two a l l e l e s  o f  t h e  mat ing  t y p e  locus, nAg and MATa c o n t r o l  t he  2. a, and :/a 
c e l l  t ypes  o f  t h e  sexual  c y c l e  i n  Sacchara  ces C e r e v i s i a e F M A T a  encodes two p ro te ins ,  
a p o s i t i v e  r e g u l a t o r  (MATal) o f  s e v e d  a - s p e c i f i c  genesand  a negat ive  r e g u l a t o r  
(MATd) o f  un l i nked  a - s p e c f f i c  genes. MAT& t oge the r  w i t h  HATal c o n t r o l  t h e  genes f o r  t he  
s w u r a t i o n  function'; s p e c i f i c  t o  d a  ceTs, MATa has no known r o l e  i n  2 c e l l s .  MAT i s  on 
chromosome I 1 1  i n  yeast.  An unexpressed copy o m T a  i s  s to red  a t  t he  HMLa locus  o n t h e  l e f t  
arm o f  chromosome 111. and an unexpressed copy o m A T a  i s  s to red  on t h e r i g h t  arm o f  chromo- 
some I 1 1  a t  HMRa. HML and HMR a r e  kep t  s i l e n t  b y t r a n s - a c t i n g  func t i ons  encoded by the  
MAR/= genes-Someyeast s t r a i n s  (homotha l l i c )  can change from t h e  a c e l l  t ype  t o  the  2 
5 1  t ype  and from 2 t o  a. These swi tches  r e f l e c t  changes from MATa t o  9 and MATa 
t o  MATQ. They occur by s u b s t i t u t i n g  copies o f  HMRa o r  HMLa i n t o  MAT. n e s e  s p e c i f i c  genome 
r e a K n g e m e n t s  occur a t  h i g h  e f f i c i e n c y  (over-) i n p a r t i c u l a r  c e l l s  w i t h i n  a c l o n a l  
pedigree. Thus. t h i s  system has many o f  t h e  fea tu res  c m o n  t o  development. The sw i t ch  
i s  h e r i t a b l e  b u t  can be reversed, i t  i s  n o t  randomly d i s t r i b u t e d  among c e l l s ,  and a s i n g l e  
change a c t i v a t e s  a s e t  o f  c e l l - t y p e - s p e c i f i c  genes. 

Th is  complex regu la to ry  pathway by which c e l l  t ype  i s  d i f f e r e n t i a t e d  and main ta ined i n  
bakers yeas t  can be d i v i d e d  i n t o  severa l  areas o f  research. 

1) How does t h e  DNA c a s s e t t e  sw i t ch ing  mechanism occur? 
2) How i s  homotha l l i c  sw i t ch ing  regu la ted  i n  terms o f  i t s  d i s t r i b u t i o n  i n  the  popula- 

t i o n  o f  c e l l s  and i t s  t i m i n g  i n  t h e  c e l l  cyc le?  
3) How a r e  t h e  HML and HMR cop ies  o f  t h e  MAT sequences kep t  f rom be ing  expressed? 
4)  How do t h e  p r x u c t s  o m e  MATa and MATa Z e s  r e g u l a t e  t h e  express ion  o f  t he  genes 

s p e c i f i c  t o  t h e  2. a and 2 G e l l  types? 
5) What a re  t h e  c e l l - t y p e - s p e c i f i c  genes? 
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