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200 THE EXPRESSION OF EUKARYOTIC DNA SEGMENTS IN ESCHERICHIA m, John Carbon and 
Barry Ratzkin, Department of Biological Sciences, University of California. Santa 
Barbara, California 93106 

Segments of yeast (2. cerevisiae) DNA cloned on a Col El plasmid vector in g. & can be 
functionally expressed. 
complementing awotrophic mutations (deletions) in various E. coli genes, such as leuB, hisB 
and ttpAB. 

Previous studies (1.2) have shown that the use of the poly(dA*dT) “connector” method to 
join sheared g. &DNA with linear Col El DNA yields a preparation that will transform E. - coli cells to colicin El resistance with hiRh efficiency, thereby establishing a collection of 
“bank” of transformants containing hybrid plasmids representative of the entire E. coli 
genome. 
taining polyfdA) tails was annealed to poly(dT)-tailed linear Col El DNA (LRI). This DNA 
preparation was used to transform g. 
contain hybrid Col El-yeast DNA plasmids. 
insure that the hybrid plasmid population was representative of the entire yeast genome. 

mutations were selected from this collection. 
ferent point or deletion mutations in the E. coli or 2. tyamurium leuB gene (B-isopropyl- 
malate dehydrogenase). 
the l e a 6  mutation in E. coli C600 strains. Plasmid pYehis2 will complement a deletion in the 
- E. -- c x h i s B  gene (imiTazKglycero1 phosphate dehydratase) . Plasmid p Y e 3 l  will complement 
deletions of the E. coli trpAB region (tryptophan synthase). 

The above plasmids were shown to contain yeast DNA segments by studying the kinetics of 
reassociation of labeled single-stranded plasmid DNA in the presence of excess unlabeled 
single-stranded yeast or E. coli DNAs. In addition, pYeh&Z contains a portion of the yeast 
- Eco RI fragment recently shown by Struhl et al. (3) to complement hisB mutations when cloned 
on a modified lambda phage vector (Agt-ScET In certain cases, x l e r  restriction frag- 
ments can be recloned which retain the complementation function. 

Relatively high levels of the appropriate enzyme activities can be detected in deletion 
mutant strains bearing the complementing hybrid plasmids. The 6-isopropylmalate dehydrogenase 
activity expressed by pYeklO is quite cold-sensitive, a property of the yeast enzyme. 

1) L. Clarke and J. Carbon, Proc. Natl. Acad. Sci. U.S.A., ‘2 (1975) 4361. 
2) L. Clarke and J. Carbon, Cell, 9 (1976) 91. 
3) K. Struhl, J. R. Cameron and R. 14. Davis, Proc. Nstl. Acad. Sci. U.S.A., 2 (1976) 1471. 

Specific yeast DNA segments have been isolated that are capable of 

This type of complementation is apparently not a rare phenomenon. 

Using these methods, randomly sheared yeast DNA (average MW - 8 x lo6 d z l t x  con- 

cells, selecting colicin El-resistant clones that 
Sufficient transformant clones were obtained to 

Various hybrid Col El-yeast DNA plasmids capable of complementing E. coli auxotrophic 
Plasmid pYeleul0 will complement several dif- 

Plasmids pYe&ll, pYekl2, and pYe*l7 are specific suppressors of 

201 SV40 VECTORS FOR MOLECULAR CLONING I N  MAMMALIAN CELLS, George C. Fareed, Department 
o f  M i c r o b i o l o w  and Imuno loqy ,  Mo lecu 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  C a l i f o r -  
n i a ,  Los Angeles, CA 90024 

The approach f o r  our  o b t a i n i n g  mamnalian t ransduc ing  v i ruses  arose from s tud ies  o f  r e i t -  
e r a t i o n  mutants o f  papova v i ruses  (1 ) .  These mutants, de r i ved  from s e r i a l  d i l u t e d  passage o f  
SV40 o r  polyoma i n  permiss ive  c e l l s ,  c h a r a c t e r i s t i c a l l y  have de le ted  a l a r g e  p a r t  o f  t h e  WT 
genome and r e i t e r a t e d  i n  tandem a smal l  p a r t  bear ing  the  o r i g i n  f o r  v i r a l  DNA r e p l i c a t i o n .  
S t r u c t u r a l  ana lys i s  has i nd i ca ted  t h a t  t h i s  o r i g i n  i s  t he  on ly  requ i red  c i s  f u n c t i o n  f o r  rep-  
l i c a t i o n .  Thus, i n  analogy t o  the  c l o n i n g  o f  f o r e i g n  DNA segments i n  E.=li by enzymatic 
i n s e r t i o n  i n t o  a s u i t a b l e  plasmid o r  phage X r e p l i c o n ,  one cou ld  use a - s e K t  o f  SV40 DNA 
con ta in ing  i t s  i n i t i a t i o n  s i t e  as the  vec to r  f o r  a euka ryo t i c  o r  p r o k a r y o t i c  DNA segment, o f  
app rop r ia te  s i z e  f o r  encaps ida t ion .  
segments f rom SV40 r e i t e r a t i o n  mutants can serve a s  vec tors  f o r  p ropagat ing  s p e c i f i c  segments 
o f  X DNA i n  monkey kidney c e l l s .  I n  the  presence o f  he lpe r  SV40 DNA t o  supply t rans  func- 
t i ons ,  t he  hyb r id  genomes a re  r e p l i c a t e d  and those whose s i zes  a re  near t h a t  o f m V 4 0  DNA 
(5000 bp) a re  encapsidated i n  progeny v i r i o n s .  
h y b r i d  bear ing  a s p e c i f i c  520 bp segment f rom the  X immunity r e g i o n  was propagated b u t  n o t  
c loned i n  monkey c e l l s .  
key c e l l s  o f  a 2300 bp segment ne ighbor ing  t h a t  520 bp segment. The c l o n i n g  o f  t h i s  h y b r i d  
i n  mammalian c e l l s  n o t  o n l y  showed the  e f f i c a c y  of de fec t i ve  SV40 vec tors  b u t  also prov ided 
an oppor tun i t y  f o r  examinfng a we l l - cha rac te r i zed  p r o k a r y o t i c  genet ic  r e g u l a t o r y  s i t e  ( t h e  
l e f t w a r d  opera to r )  i n  a euka ryo t i c  environment. 

An a l t e r n a t i v e  method f o r  mo lecu la r  c l o n i n g  w i t h  SV40 vec tors  takes advantage o f  t he  
a b i l i t y  of t he  vec tor  t o  express an e a r l y  o r  l a t e  gene f u n c t i o n  and, thereby, complement a t s  
mutant he lpe r  genome. We have used t h i s  approach t o  c lone  a SV40 genome bear ing  an E. coli 
suppressor gene, tRNATYrsutIII. The b a c t e r i a l  DNA segment was i n s e r t e d  i n  a unique F r i e n t a -  
t i o n  v i a  EcoRI and &I1 t e r m i n i  i n t o  a d e l e t i o n  i n  the  l a t e  genes o f  SV40. 
gated w i t h h e  a i d  o f  a he lpe r  tsA mutant o f  SV40. T r a n s c r i p t i o n  o f  t h e  p roka ryo t i c  sequences 
i n  monkey c e l l s  was demonstrated a l though no mature, a c y l a t a b l e  suppressor tRNA cou ld  be found 
(Hamer, Davo l i ,  Thomas and Fareed, unpubl ished r e s u l t s ) .  
employed f o r  t he  t rans format ion  o f  r a t  embryo c e l l s .  

1 )  Ganem, D., Nussbaum, A.L., Davo l i ,  0. and Fareed, G.C. (1976) J. Mol. B i o l .  101, 57. 
2 )  Ganem, O., Nussbaum, A.L., Davo l i ,  D. and Fareed, G.C.  (1976) C e l l  7, 349. 
3) Nussbaum, A.L., Oavol i ,  O., Ganem, 0. and Fareed, G.C. (1976) Proc.-Nat. Acad. Sc i .  USA 

We found i n  ou r  i n i t i a l  s tudy  (2) t h a t  t he  sho r t ,  monomer 

I n  these i n i t i a l  experiments, a d e f e c t i v e  

I n  a subsequent r e p o r t  (3 )  we descr ibed t h e  p a r t i a l  c l o n i n g  i n  mon- 

I t  was propa- 

Th is  h y b r i d  genome has a l s o  been 

- 73, 1068. 
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NIH GUIDELINES FOR RECOMBINANT DNA RESEARCH,  I d i l l i a i i i  J .  G a r t l a n d ,  O f f i c e  o f  
Recombinant DNA A c t i v i t i e s ,  N a t i o n a l  I n s t i t u t e s  of  H e a l t h ,  Be thesda ,  M a r y l a n d  20014 

202 

I n  June 1976 t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  (N IH)  i s s u e d  G u i d e l i n e s  f o r  Research  
I n v o l v i n g  Recombinant DNA M o l e c u l e s  ( 1 ) .  The YIH has a l s o  u n d e r t a k e n  an e n v i r o n i t t e n t a l  i i i i pac t  
assessmen t  i n  a c c o r d a n c e  w i t h  t h e  N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  o f  1969 ( 2 ) .  The g u i d e -  
l i n e s  e s t a b l i s h  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  f o r  e x p e r i n i e n t s  i n v o l v i n g  t h e  p r o d u c t i o n  o f  
r e c o i i i b i n a n t  DNA i i i o l e c u l e s  and t h e i r  i n s e r t i o n  i n t o  o rgan is i i i s  such  as  b a c t e r i a .  The NIH 
q u i d e l  i n e s  r e p l a c e d  reconiniendat ions o f  t h e  Suttiinary S t a t e m e n t  o f  t h e  A s i l o i i i a r  C o n f e r e n c e  on 
Recoi i ib inant DNA M o l e c u l e s .  

The c h r o n o l o q y  o f  e v e n t s  l e a d i n g  u p  t o  t h e  v e r s i o n  o f  t h e  g u i d e l i n e s  r e l e a s e d  i n  June  
1976 was d e s c r i b e d  ( 3 ) .  
g r a n t e e  i n s t i t u t i o n s  and  c o n t r a c t o r s  was d i s c u s s e d  ( 4 ) .  P o s s i b l e  o p t i o n s  f o r  a d o p t i o n  and  
i i i i p l e i i i e n t a t i o n  o f  t h e  g u i d e l i n e s  b y  o t h e r  F e d e r a l  a g e n c i e s  and b y  p r i v a t e  i n d u s t r y  were  
p r e s e n t e d .  

1 )  F e d e r a l  R e q i s t e r ,  41, 27902-27943 ( 1 9 7 6 ) .  
2 )  F e d e r a l  R e g i s t e r ,  41. 38426-38433 ( 1 9 7 6 ) .  
3 )  Recoi i ib inant DNA Research  - Voluitie I ,  U . S .  Government P r i n t i n q  O f f i c e ,  Wash ing ton ,  D . C .  

4 )  N I l i  Gu ide  f o r  G r a n t s  and  C o n t r a c t s ,  Noveiiiber 30, 1976. 

NIH p o l i c i e s  and p r o c e d u r e s  f o r  i i i i p l e n i e n t a t i o n  o f  t h e  g u i d e l i n e s  b y  

20402. 
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241 CONSTRUCTION OF PHAGE LAMBDA CLONING VEHICLES, Wi l l iams,  B.G. and B l a t t n e r ,  F., 
Genetics, U.W. Madison, Madison, Wisconsin 53706 

The fo l l ow ing  d e r i v a t i v e s  o f  phage A have 
been constructed f o r  DNA c lon ing  w i t h  Eco R1. 
The Charon series, named a f t e r  the mythologi- 
ca l  boatsman o f  the r i v e r  Styx, a l l  l ack  R1 
s i t e s  i n  the essen t ia l  regions o f  the genome. 
The s t ruc tu res  have been confirmed by genet ic  
analys is ,  by gel e lect rophores is  of Eco R1 
and Hind 111 d igest ,  by dens i t y  ana lys i s  i n  
a n a l y t i c a l  CsCl u l t r a c e n t r i f u g a t i o n ,  and by 
heteroduplex mapping i n  the e l e c t r o n  micro- 
scope. Downward " + "  arrows i n d i c a t e  Eco R1 
s i t e s ,  upward " 4 "  arrows i n d i c a t e  Hind 111 
s i t e s .  Parantheses ( )  i n d i c a t e  de let ions,  
and boxes a are subs t i t u t i ons  o f  non-lambda 
DNA. 

242 BACTERIOPHAGE f l  AS A VECTOR FOR CONSTRUCTING RECOMBINANT DNA MOLE- 
CULES, Gera ld  F. Vovis ,  Mariko Ohsumi and Norton D.  Z i n d e r ,  The 

R o c k e f e l l e r  U n i v e r s i t y ,  New York, N .  Y .  10021 

Bac te r iophage  f l  i s  a f i l a m e n t o u s  p a r t i c l e  c o n s i s t i n g  of a c i r c u l a r ,  
s i n g l e - s t r a n d e d  DNA molecule covered w i t h  p r o t e i n .  
phage, L.E. d e l e t i o n  mutan t s  where as much a s  80% of the genome h a s  been 
d e l e t e d ,  and m u l t i - u n i t  l e n g t h  phage, even though t h e  DNA w i t h i n  is u n i t  
l e n g t h ,  s u g g e s t  t h a t  l a r g e  f i l a m e n t o u s  phage c o n t a i n i n g  DNA molecu le s  much 
g r e a t e r  i n  s i z e  t h a n  t h e  s i z e  of t h e  f l  genome shou ld  be able t o  be formed 
Experiments  t o  t es t  t h i s  h y p o t h e s i s  and t h e  r e s u l t i n g  implications for  t h e  
use  of f l  a s  a vec tor  f o r  t h e  c o n s t r u c t i o n  o f  recombinant  DNA molecules 
w i l l  be d i s c u s s e d .  

The existence o f  m i n i -  

243 
Davis, Dept. of Biochemistry, Stanforduniversity Schoolof Medicine, Stanford, Calif. 94305. 

Two types of Xvectors a r e  presentlyused inour  lab in order  to clone rDNA, plasmid DNA, and 
structuralgenes fromyeast.  Replacementvectors (Xgtl, 5,6,7withEcoRI ends) a r e  too short  af- 

% 
' 6 5 6 7 2 . 7  

t e r  joining to give viable phage particles evenif all genetic infor- Xgtl Qa 
mation is present. For  growth these vectors contain an EcoRI frag- - 84.0 
then replaced by other DNAfragments. Replacement vectors a r e  
useful for producing pools of many Xhybridphages c o n t a i n i n g f r a g k  
mentsfrom 1 to/?kb. Insertionvectors (Xgt2, 3,  4withEcoRI ends 

viable phage particles. Agenetic selection for phages withinsert-  5 0.a - 
edDNAispossible byinfectingpel-strains (GLl,  A2574). Phages 

- 

CLONING OF YEAST DNA WITH X PHAGE VECTORS, Pe te r  Philippsen. David Benton, 
John Cameron, RichardKramer,  TomSt. John, KevinStruhl, Marjorie Thomas andR.W. 

mentfrom X (e.g.EcoR1.B o r  C )  o r  E&(e.g.araB gene) whichis 2 0.s 

red 83.0 Y- 
0.4 and Xgt4O withSstI ends) a r e  sufficientlylong after joining to give - - ' 80.5 

withabout80To Xlengthplatewithmuchlower efficiency on 74.5 

69.2 - 
0.543 

these strains thanphageswithabout 100% Xlength. Thesevectors -53- 
areusefulfor  cloning fragments of a specific size range. A r n e t h o d l  
for screening several  thousandpla uesfromoneplate  andaquick 
procedure for  gel electrophoretic Aaracter izat ion of Xhybrid 
phages will also be discussed. 

0.516 QaWEb3R[-C 80.2 40 - 
0.113 
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244 AN IMPROVED BACTERIOPHAGE h VECTOR: 
KANAMYCIN RESISTANCE, Daniel  J. Donoghue, and P h i l l i p  A. Sharp,  Center  f o r  Cancer 
Research, Massachuset ts  I n s t i t u t e  of Technology, Cambridge, MA 02139. 
An a t t e n u a t e d  bac te r iophage  lambda has  been prepared f o r  use as an EK2 v e c t o r .  

CONSTRUCTION OF MODEL RECOMBINANTS CODING FOR 

This  
phage, designated Xgt v i r  Jam27 Zam718-XB' can accomodate up t o  11x106 d a l t o n s  of f o r e i g n  
DNA i n s e r t e d  through Eco R 1  ends.  The mutat ions v i r u l e n c e  and n i n  5 a r e  p re sen t  t o  reduce 
t h e  frequency of lysogen and/or  plasmid formation.  The mutat ions Jam27 and Zam718 r e q u i r e  
a suppressor  i n  t h e  b a c t e r i a l  h o s t .  The phage recombination func t ions  contained i n  t h e  
Eco R 1  hC fragment have been d e l e t e d ,  and on ly  t h e  Eco R 1  h B  fragment remains ( i n  r eve r se  
o r i e n t a t i o n )  i n  t h e  c e n t e r  p o r t i o n  of t h e  v e c t o r .  I n  a d d i t i o n ,  t h i s  phage adsorbs t o  
s e n s i t i v e  b a c t e r i a  a t  a s i g n i f i c a n t l y  reduced rate,  c o n f e r r i n g  ano the r  block t o  t h e  escape 
o f  f r e e  phage. Model recombinants have been cons t ruc t ed  by i n  v i t r o  recombinat ion wi th  an  
Eco R 1  fragment coding f o r  kanamycin r e s i s t a n c e  ( o r i g i n a l l y  de r ived  from R-factor R6-5). 
This  fragment of DNA is 4 . 6 ~ 1 0 6  da l tons  i n  s i z e ,  con ta ins  an  inve r t ed  r e p e a t ,  and a l s o  
appears  t o  con ta in  a promoter f o r  t he  kanamycin r e s i s t a n c e  gene. Using t h i s  model 
recombinant,  t h e  r a t e  of t r a n s f e r  of kanamycin r e s i s t a n c e  t o  permissive and nonpermissive 
s t r a i n s  of E .  c o l i  has  been measured. I n  a d d i t i o n ,  t h e  f r e  uency of v e c t o r  "disarming" 
has  been measured by recombination wi th  a heteroimmune Ximm234  prophage. 

245 

(> 1000 molecules  p e r  cel l )  of c losed c i r c u l a r  v i r a l  DNA. S i m i l a r  c e l l  l i n e s  have heen 
s e l e c t e d  a f t e r  exposure t o  s p e c i f i c  segments o f  SV40 obtained by t h e  use o f  r e s t r i c t i o n  
endonucleases ,  t h a t  l a c k  s u b s t a n t i a l  p o r t j o n s  o f  t h e  l a t e  region of t h e  v i r a l  genome. 
c e l l  l i n e s  should provlde a source of c loned d e f e c t i v e  SV40 DNA molecules t h a t  have been 
pronagated i n  t h e  absence o f  i n f e c t i o u s  h e l p e r  v i r u s  and a r e  s u i t a h l e  f o r  uqe as v e c t o r s .  
Rv propaRatinR t h e  recombinant molecules i n  transformed c e l l s  i t  should he  g o s s i b l e  t o  
c a r r y  l a r g e  sepments of fo re ipn  OVA and circumvent many of t h e  problems imposed hv packinp 
of nNA i n t o  v i r u s  p a r t i c l e s .  

SV40 AS A VECTOR, Joe Sambrook, W i l l i a m  Topp and Wchae l  Rotchan, Cold Spring 
Harbor Laboratory.  Cold Sprin? Harhor,  W 11724 
C e r t a i n  l i n e s  of human c e l l s  transformed hv wild-type SV40 con ta in  l a r g e  q i i a n t i t i e s  

These 

246 CONSTRUCTION OF SV40 VECTORS AND EXPRESSION OF INSERTED SEQUENCES. Stephen P. Goff 
and Paul Berg, Dept. of Biochem., Stanford Un ive r s i ty ,  S t an fo rd ,  Ca. 94305. 
Cleavage o f  SV40 DNA with r e s t r i c t i o n  endonucleases  Hpa I1 and Barn I y i e l d s  a f r ag -  

ment of t he  genome (0.13 t o  0.735 on  t h e  SV40 map) s u i t a b l e  f o r  c lon ing  DNA segments i n  
cu l tu red  C V - 1  monkey c e l l s .  
phage lambda DNA by t h e  poly(dA):poly(dT) method. The r e s u l t i n g  hybr ids  were propagated i n  
C V - 1  c e l l s  i n  t h e  presence of a t empera tu re - sens i t i ve  SV40 h e l p e r ,  *58, a t  41%. 
s t r u c t u r e s  of t he  cloned hybrid molecules were determined by a n a l y s i s  of r e s t r i c t i o n  endo- 
nuclease d i g e s t s  and by heteroduplex a n a l y s i s .  

The RNA produced by C V - 1  c e l l s  i n f e c t e d  with hybrid genomes con ta ined  v i r t u a l l y  no 
lambda-specif ic  RNA, a l though t h e  hybrids  r e p l i c a t e d  a s  we l l  a s  t h e  h e l p e r .  The reason for  
t h e  lack of s t a b l e  lambda -A i s  unknown; perhaps the  l i n k e r  segments of poly(dA):poly(dT) 
block t r a n s c r i p t i o n  or render  t h e  t r a n s c r i p t s  h igh ly  uns t ab le .  To t e s t  t h i s  p o s s i b i l i t y ,  we 
have rejoined t h e  two fragments of SV40 DNA produced by Hpa 11 and Barn I c l eavages ,  u s ing  t h e  
poly(dA):poly(dT) method. The r e s u l t i n g  molecule is a wild- type genome except  f o r  sho r t  
sequences o f  poly(dA):poly(dT) a t  t h e  Hpa I1 and Bam I cleavage s i t e s .  Complementation t e s t s  
were used to determine whether t hese  sequences block t h e  expression o f  t h e  i n t a c t  l a t e  
genes between them ( t h e  g and 

fragment,  con ta in ing  the  SV40 o r i g i n  f o r  DNA r e p l i c a t i o n  and an i n t a c t  gene, w i l l  a l low 
i n s e r t i o n  o f  DNA segments up t o  3 kb i n  length.  

This  vec to r  (termed SVGT-1) has  been joined t o  a fragment of 

The 

genes).  
Other fragments of SV40 DNA a r e  a l s o  being t e s t e d  for  use a s  vec to r s .  One such 
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247 MAPPING OF SEQUENCES WITH TWOFOLD SYMMETRY ON SV40 GENOME, Che-kun 
James Shen and John E. Hearst, Dept. of Chem., Univ. of California, 
Berkeley, CA 94720 
Sequences with a twofold axis of symmetry have been detected in SV40 

DNA and mapped by electron microscopy by their ability of SV40 single 
strands to form hairpins which are stabilized by the photochemical crosslink- 
ing reagents trioxsalen(4,5',8-trimethylpsoralen). SV40 I was digested with 
restriction enzymes EcoRI or HpaII and the resulting linear SV40 DNA molecules 
were denatured and photochemically reacted with trioxsalen at 16.0 t 0.pC at 
different ionic strenths. In 20 mM NaC1, one specific hairpin 150 base pairs 
long was detected at 0.17 2 0.02 map units on the EcoRI map of SV40 DNA which 
is an "in vitro" promoter site for E.Coli RNA polymerase. A similar relation- 
ship between "in vitro" RNA polymerase promoter sites and hairpins has been 
reported for fd bacteriophage DNA(PNAS, , 2 6 4  - 2653). In 30 mM NaC1, five 
more hairpins appeared on these denatured and crosslinked SV40 DNA molecules. 
Four of these were found to be at 0.26 2 0.02, 0.68 If 0.03, 0.84 2 0.02, and 
0.94 2 0.01 units on the EcoRI map, respectively. The fifth one is located on 
or near the EcoRI cleavage site of SV40 DNA. Of these five additional hairpins, 
the one at 0.68 map units is near the replication origin and the hairpin at 
0.94 map units is near the 5' end of the 16s late messenger RNA. 

248 BIOLOGICAL PROPERTIES OF POLYOMA DNA. 
National I n s t i t u t e  of Allergy and Infect ious Diseases, Bethesda, Maryland 20014 

Malcolm A. Martin and Wallace P. Rowe, 

One type of recombinant DNA experiment t h a t  has engendered considerable concern is  the 
propagation of oncogenic animal v i rus  genet ic  information i n  a procaryotic system. 
have been charged by the  N I H  Recombinant DNA Molecule Program Advisory Committee t o  assess  
the poten t ia l  r i s k s  associated with such an experiment and are  i n  the process of cloning 
the polyoma v i rus  genome i n  E. c o l i  using approved phage and plasmid vector  systems and P4 
physical containment. Cloned bac ter ia ,  phage, and pur i f ied  recombinant DNA w i l l  be fed t o  
or inoculated in to  mice, the  na tura l  host f o r  polyoma v i r u s ,  t o  evaluate t h e  biologic  
e f fec ts  of such mater ia ls .  Since it is  very l i k e l y  t h a t  polyoma DNA w i l l  be rep l ica ted  
but not expressed i n  bac ter ia l  c e l l s ,  we  have carr ied out a s e r i e s  of animal s tud ies  to 
assess  the i n f e c t i v i t y  and transforming eff ic iency of purif ied v i r a l  DNA. Our r e s u l t s  
indicate  tha t  polyoma DNA i s  r e l a t i v e l y  highly infect ious by the subcutaneous and in t ra -  
per i toneal  routes and very poorly so following nasal ,  g a s t r i c  or colonic i n s t i l l a t i o n .  
The e f fec t  of DNA conformation and r e s t r i c t i o n  enzyme cleavage on such i n f e c t i v i t y  assays 
as w e l l  a s  r e s u l t s  involving a hamster transformation system w i l l  be discussed. 

we 

249 STATE OF AN SV40-E. COLI RECOMBINANT GENOME IN TRANSFORMED RAT CELLS AND PERSIST- 
ENTLY INFECTED MONKEY CELLS. P. Upcroft, J.A. Upcroft, and G.C. Fareed, 
Molecular Biology Institute and Department of Microbiology and Imnunology, 
University of California, Los Angeles, CA 90024 

The structure and fate of SV40 genomes carrying in the late gene region an E .  
gene have been examined both in transformed rat embryo cells and persistentry infected, per- 
missive monkey kidney cells. 
embryo cells which had been transformed by the purified hybrid SV4O-su+III DNA was cleaved 
with various restriction endonucleases and fractionated by agarose gel electrophoresis. 
SV40 and E. coli SU'III DNA sequences were localized on specific DNA fragments by the 
Southern Tl9vprocedure as described by Ketner and Kelly (1976) and Botchan et al. (1976). 

sistently infected with SV4D. 
were infected with the SV4D-SU'III hybrid DNA. These cell cultures carry appreciable amounts 
of free viral DNA and such cell lines may serve as a helper virus-free molecular cloning sys- 
tem with the capability for propagating much larger foreign DNA segments than can be accepted 
in the lytic system for SV40. 
these cells can be accomplished with the Southern technique. 

suppressor 

High molecular weight DNA obtained from cloned lines of rat 

Both 

An alternative mamnalian vector system utilizes permissive monkey cells whicrare per- 
We have cloned lines of the TC-7 subline of CV-1 cells that 

Identification of both free and integrated hybrid genomes in 

Botchan, M.. TODD, W . .  and Sambrook. J. (1976) Cell 9. 269-287. 
Ketner, G.,  and'Kelly, T. J., Jr. 
Southern, E. (1975) J. Mol. Biol. 98, 503-518. (1976)' Proc. Nat. &ad. Sci. USA 73, 1102-1106. 
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ACHLYA: A SIMPLE EUCARYOTIC SYSTEM. William E. Timberlake and Robert B. 
Goldberg, Wayne State University, Detroit, Michigan 48202 The relation- 
ship between AnRNA and mRNA in the water mold Achlya has been investigated 
in several ways. Sucrose density gradient centrifugation under denaturing 
conditions showed that nuclear and polysomal poly(A)RNA have indistinguish- 
able size distributions. Hyjridization experim nts in which an excess of 
nuclear DNA was reacted with H-poly(A)hnRNA or 'H-poly(A)mRNA showed that 
both populations contain repetitive as well as single-copy transcripts. in the 
same proportion. Analysis of hybrids on hydroxyapatite demonstrated that 
repetitive transcripts represent a population of molecules distinct from the 
single-copy transcripts. The complexity of  whole-cell, nuclear, and poly- 
omal RNA were also determined by saturation hybridization to single-copy 

'H-DNA . All three populations were complementary to essentially the same 
fraction of DNA. Terminal hybridization values were 3.84. 3.76, and 3.762 
of the DNA for whole-cell, nuclear, polysomal RNA respectively, repre- 
senting a complexity of 3.3 - 3.4 X ::' nucleotides. 
the hnRNA and mRNA populations are essentially identical. No evidence for 
selective turnover of any sequence component or size class within the nucleus 
was observed. 

RELATIONSHIP BETWEEN THE NUCLEAR AND POLYSOMAL RNA POPULATIONS OF 

The data suggest that 

251 TRANSFER RNA BIOSYNTHESIS IN THE SILKWORM, BOhBYX MORI, Richard L. Garber, M.A.Q. 
Siddiqui*, and Sidney Altman, Biolpgy Department, Yale University, Nar Haven, Ct. 
06520, and "Biochemistry Department, Roche Institute of Molecular Biology, Nutley, 
N.J. 07110 
Transfer ribonucleic acid is transcribed from DNA as precursor molecules greater in 

length than the functional species, thus requiring nuclease processing. 
original suggestion of this biosynthetic scheme was derived from studies of eukaryotes, 
details of precursor RNA structures and enzymology of processing and nucleotide modification 
have only been attained with bacteriophage and bacteria. 

From the silkworm, Bombyx mori, we have recently isolated tRNA precursors, some 
pure by standards of RNA fingerprinting. One of these, a precursor to alanyl-tRNA, appears 
to have new 5'- and 3'-termini. Nucleotide modifications are present in this precursor. 
Unfractionated precursors can be converted in vitro to tRNA-size products with silkgland 
extract. This extract contains activities resembling the prokaryotic endonuclease RNase P 
and a 3 ' -5 '  exonuclease, both required in bacterial tRNA biosynthesis. No polycistronic 
precursors have been observed in Bombyx. 

Although the 

252 PROFILES OF WHOLE BLOOD RNA OBTAINED FRCM LSD-TREATED RABBITS. Gilles H. Cousineau, 
Georges hbois, Elisabeth Lalague, Louis-Gilles Charbonneau and Marc Champagne, Labo- 

ratoire de Biologie Molgculaire. DQpartement de Sciences Biologiques, Universite de Xontreal, 
Montreal, P.Q.+H3C 357, CANADA. 
Rabbits received LSD at 10, 20 and 25 pg/Kg weight. Whole blood was taken periodically from 
the heart, placed in sterilized test tubes containing 2 ml of methylsulfoxide (la, final). 
The cells were routinely frozen in acetone-dry ice. The Daterial was then treated in one of 
the following fashions: (1) Homogenization in S volumes of Buffer 1 (0.001M MgC12. 0.1H NaCl 
and 0.01M K-acetate, pH 5.2) and bentonite, 0.3%, final. Cold, 0.59. Na-dodecyl sulfate-phenol 
was used for deproteinization. The RNA was precipitated by addition of Na-Acetate (P(X.final) 
to the aqueous phase. Approximately 60 pg of RNA was dissolved in 25 pl of Buffer 2 (0.WH 
Tris-HC1, pH 7.4, 0.2M Na-acetate and 0.001M Na-EDTA) containing 207. sucrose, placed on top 
of 7.2% polyacrylamide gels and electrophoresis carried out. ( 2 )  The material was hemolysed 
in Buffer 3 (0.01M Tris, 0.005M MgCl2 and 0.01M NaCl) and Proteinase K at S O 0  pglml. To one 
volume of this preparation was added 1 volume of Sarkosyl NL-97 (0.5%,final), Buffer 4 (0.02M 
Tris. 0.02M EDTA and 0.2M Na-bisulfite) and EtBr (SO pg/ml,final). The supernatant. saturated 
with KI (density of 1.62). was centrifuged at 10,OOOg for 65 hrs, dialysed and the precipita- 
ted RNA analysed by gel electrophoresis. Results with these methods indicate that the control 
preparations contain 23S, 18s. 12s and 4s RNA. Blood of rabbits injected with 10 pg of LSD 
show the presence of 23s. 12s and 4s RNA only. At higher LSD concentrations. with the excep- 
tion of 4s RNA. all the other RNA popllations were absent. These methods are precise, rapid 
and easily done, and allow us the possibility of determining the presence of low amounts of 
LSD. 
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253 POST-EMBRYONIC CELL LINEAGE OF THE HERMAPHRODITE GONAD IN C. ELEGANS, 
Judith Kimble and David Hirsh, MCDB, Univ.of Colo.,Boulder,Col0.80309 
The post-embryonic lheage of the C. elegans hermaphrodite gonad has 

been determined by direct observation in living worms. 
in newlv hatched worms consists of four contiquous cells. Two of them are 
somatic and two are germ line precursor cells. The lineage of the somatic 
cells proceeds according to an invariant pattern with respect to the number 
of cell divisions, cell miqrations, and the final fate of specific dauqhter 
cells. The lineage of the germ line cells is variable. The somatic develop- 
ment occurs in three distinct stages. An early period of cell divisions gives 
rise to a small qroup of cells. Most of these cells subsequently migrate 
extensivelv. Finallv, another Deriod of cell divisions qenerates all the 
cells present in the adult somatic structures. No single adult structure 
represents a clone of one cell. Instead each structure (uterus, spermatheca, 
and sheath) includes dauqhter cells of different ancestry. 

The gonadal primordium 

254 BIOCHEMICAL ASPECTS OF DIFFERENTIATION IEI HISTOPLASMA CAPSULATUM. George Boguslawski, 
James S. Parr, Dean A. Stetler, and Robyn R. Meyer, Department of Microbiology, 
University of Kansas, Lawrence, KS 66045 
The fungus, Histoplasma capsulatum. is an important human pathogen. The attractive- 

ness of this fungus as a model organism for the study of cellular differentiation stems from 
the fungus' ability to undergo a completely reversible morphological change i n  response to 
temperature shifts. 
37°C. the cells convert to a yeast-like form fY). 
chemical changes including the appearance of multiple RNA polymerase species and the loss of 
an inhibitor of RNA polymerase. 
conversion process. The first of these is the presence in the 5 cells of sulfite reductase, 
the enzyme not detectable in the yeast phase. 
sufficient whereas the yeast cells require cysteine for growth. 
change is the appearance i n  the 
(RPase) which is not found in mycelia. 
for activity, can utilize any of the individual ribonucleoside-triphosphates, and is inhibited 
by pyrophosphate but not phosphate ions. RPase has a 
mol. wt. of 900,000 and is composed of two kindsof subunits (75,500 and 69,000) in a 1:l ratio. 

Since the only governing factor in the conversion is the temperature shift, we in- 
terpret the above results as indicative of differential gene expression in the two mrphologi- 
cal forms. 
t ion. 

At 23'C 5. capsulatum is mycelial (M); when the temperature is raised to 
The conversion results in a number of bio- 

We have recently found two other changes associated with the 

As a consequence, the mycelial cells are self- 
The second conversion-related 

cells of an unusual ribonucleotide polymerizing enzyme 
The enzyme does not require a template or a primer 

Mn2+ ions are required for activity. 

Whether this is  on transcriptional or translational level is now under investiga- 

255 STUDIES ON m REGULATION OF THE E. COLI IACTCSE AND ARABINCSE OPERONS USING A HIGH 
RESOLUTION ELECTRON MICROSCOPIC TECHNIQUES, J. Hirsh and R. Schleif, Brandeis 

University, waltham, Mass. 02154 
Regulatlon of the Escherichia coli lactose and arabinose operons was studied using a high 
resolution electron microscopic technique. Regulatory proteins were visualized bound to 
short, homogeneous DNA fragments containing the regulatory regions from the operons. Many 
known properties .of the lac operon were confirmed, and additional information on the 
conformation of the operator DNA under the bound repressor was obtained. Two types of 
complexes were observed and studied which form on the regulatory sequences of the ara DNA. 
Both complexes are likely to contain RNA polymerase, and require the CAP and 9 C  proteins 
for their formation. 
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Univ. Rochester, Rochester, NY 14642. 

GROWTH I N H I B I T I O N  OF TETRAHYMXNA PYRIFORMIS BY ANTIBIOTICS '4HICH 
INDUCE PROTEIN SYNTHZm d K R m  I m d w a r d  Palmer, Dept. Micro., 

While many aminoglycoside a n t i b i o t i c s  cause misreading of RNA by pro- 
karyot ic  ribosomes, only a few aminoglycosides a r e  e f f e c t i v e  i n  caus ing  eu- 
karyot ic  ribosomes t o  misread RNA,(Wilhelm and P e t t i t t , M .  m. 3511440 
(1976)). The drugs e f f e c t i v e  with eukaryot ic  ribosomes inc lude  Centamycin A ,  
Kanamycin C ,  Lividomycin A ,  Lividomycin B ,  Paromornine and Paromomycin. These 
s t u d i e s  have been performed i n  v i t r o  because aminoglycosides do not  c r o s s  t h e  
membranes of h igher  c e l l s .  We have screened Tetrahvmena Dvrifonnis  (which 
feeds  by phagocytosis)  for s e n s a t i v i t y  t o  var ious  aminoglycoside a n t i b i o t i c s .  
The aminoglycosides which i n h i b i t  t h e  growth of  Tetrah ena 
e x a c t l y  t h e  same aminoglycosides , which cause e u ~ b ~ ~ ~ ~ ~ ~ r % m ? ~ ~  
read RNA i n  v i t r o .  
may induce p r o t e i n  s y n t h e s i s  e r r o r s  i n  l i v i n g  Tetrahymena, and t h u s  may be 
usefu l  i n  t h e  gene t ic  a n a l y s i s  of t h i s  organism. 

These observat ions suggest  t h a t  c e r t a i n  aminoglycosides 

257 
I n s t i t u t e  of Technology, Pasadena, Ca. 91125, Chr is  I l g e n ,  John Carbon, Department of Biology, 
Un ive r s i ty  of C a l i f o r n i a ,  San ta  Barbara 93107. 

ments of Drosophila DNA obta ined  by hydrodynamic shea r  were cons t ruc t ed  by the  poly(A)- 
poly(T) t o i l i n g  method. Seve ra l  b a c t e r i a l  s t r a i n s  bea r ing  plasmids con ta in ing  Drosophi la  
55 RNA genes were s e l e c t e d  by coloay f i l t e r  hybr id i za t ion .  Two of t h e  p lasmids ,  No. 9 and 
No. 19, w e r e  s e l e c t e d  for f u r t h e r  study. The former con ta ins  about  1.5 kb of Dm DXA and 
3 55 genes .  ?he Dm i n s e r t  i n  the  l a t t e r  has  a l eng th  of  about  13 kb and con ta ins  33 tandem 
r e p e a t s  of the  5s gene p l u s  space r  u n i t s .  
r e p e a t  u n i t  of t he  5s genes measured by e l e c t r o n  microscope p a r t i a l  dena tu ra t ion  mapping, 
e l e c t r o n  microscope f 2 r r i t i n  napping, and r e s t r i c t i o n  endonuclease - g e l  e l e c t r o p h o r e s i s  
s t u d i e s .  A l l  methods ag ree  t h a t  the  r epea t  l eng th  i s  about 380320 nuc leo t ides ,  c o n s i s t i n g  
of about  260 nuc leo t ides  of space r  and 120 nuc leo t ides  of gene. 
shows t h a t  the  space r  sequence i s  A+T r i c h ,  r e l a t i v e  t o  the  gene sequence and r e l a t i v e  t o  
most of t h e  Col E l  DNA. Each of t he  enzymes, H a e  111 and Hha I ,  c u t s  t h e  r e p e a t  u n i t  i n  one 
and only  one p lace .  No. 9 con ta ins  two f u l l  r epea t s  t h a t  d i f f e r  i n  l eng th  by about  20 
n u c l e o t i d e s ;  the  l a r g e r  i s  about 390 nuc leo t ides  i n  length .  The 33 r e p e a t  u n i t s  i n  No. 19 
appear  t o  have a length  he t e rogene i ty  of l e s s  than  10 nuc leo t ides .  There i s  some tendency f o r  
e x c i s i o n  of c i r c u l a r  DXA niolecules c o n t a i n i n s  s e v e r a l  5s r e p e a t  u n i t s  du r ing  growth and 
chloramphenicol anp1 i f i ca t j .m  of  the  plasmids i n  E. Coli .  

MAPPING THE DXOSOPXILA 5s GENES I N  SEVERAL RECOM3IRANT PIASMIUS, Ann Sodja ,  
N. Davis Hershey, Sue Conrad, Korman Davidson, D iv i s ion  of  Chemistry,  C a l i f o r n i a  

Recombinant plasmids con ta in ing  the  Col E l  p roka ryo t i c  v e c t o r  and moderate s i z e  f r ag -  

The genes have been mapped and the  l eng th  of the  

P a r t i a l  d e n a t u r a t i o n  mapping 

258 SAPID DEVELOPMENT MUTATIONS I N  DICTYOSTFLIUM DISCOIDEUM, Richard H .  Kess in .  
The B io log ica l  Labora to r i e s ,  Harvard Un ive r s i ty ,  Cambridge, MA 02138 
Seve ra l  muta t ions  a f f e c t i n u  t h e  speed of slime mold development on a 

b iochemica l  and morphologica l  l e v e l  have heen c h a r a c t e r i z e d  and ana lysed  gene- 
t i c a l l y .  These mutants  aag rega te  r a p i d l y  and have an  a b e r r a n t  f r u i t i n g  s t r u c t u r e .  
The n u t a t i o n  c a r r i e d  by s t r a i n  FR17 i s  r e c e s s i v e  and i s  l o c a t e d  on l i nkage  group 
I V .  A s e l e c t i o n  procedure  for i s o l a t i n g  mutants  o f  t h i s  type  h a s  been developed 
and new muta t ions  have been t e s t e d  f o r  complementation. One of  t h e  new a l l e l e s  
causes  aggreoa t ion  i n  c o n c e n t r i c  r i n g s .  The mutant phenotypes can  be  n u t r i t i o n -  
a l l y  c o r r e c t e d .  
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259 BIOCHEMICAL GENETICS OF H U M  HYPOXANTHINE PHOSPHORIBOSYLTWSFEW&SE, GregoryMilman, 
Johns  Hopkins Un ive r s i ty  School of Hygiene and P u b l i c  Hea l th ,  Bal t imore ,  Md. 21205. 
The s p o t  cor responding  t u  hypoxanthine phosphoribosyltransferase (HPRT, E.C.2.4.2.8) 

has  been i d e n t i f i e d  i n  two-dimensional po lyacry lamide  g e l s  of HeLa cel l  e x t r a c t s .  A missense  
mutant d i s p l a y s  a new HPRT s p o t  a t  t h e  same molecular  weight b u t  d i f f e ren  t i s o e l e c t r i c  f o c s i n g  
p o s i t i o n .  
cor responding  t o  both  t h e  wi ld- type  and mutant p r o t e i n s  i n d i c a t i n g  t h a t  they  s y n t h e s i z e  HPRT 
from two s e p a r a t e  genes.  
i n i t i a l l y  a c t i v e  HPRT gene, t hen  wi ld- type  LIPRT p r o t e i n  i n  t h e  r e v e r t a n t s  must be  syn thes i zed  
from a newly a c t i v a t e d  b u t  p rev ious ly  s i l e n t  wi ld- type  gene. The newly a c t i v a t e d  gene i n  t h e  
r e v e r t a n t s  of t h e  missense  muta t ion  appea r s  u n s t a b l e  producing a h igh  f r equencyof  spontaneous  
HPRT mutants.  

P u r i f i e d  wi ld- type  and missense  mutant p r o t e i n s  l a b e l e d  in v ivo  wi th  r a d i o a c t i v e l y s i n e ,  
a r g i n i n e ,  o r  meth ionine  were d i g e s t e d  w i t h  t r y p s i n  and t h e  t r y p t i c  p e p t i d e s  were sepa ra t ed  by 
column chromatography. 
p e p t i d e  p a t t e r n .  A meth ionine  l a b e l e d  p e p t i d e  w a s  i d e n t i f i e d  as t h e  C-terminus because i t  was 
no t  l abe led  wi th  e i t h e r  l y s i n e  o r  a r g i n i n e .  The missense  mutant p r o t e i n  has  a new l y s i n e  
l a b e l e d  p e p t i d e ,  bu t  t h e  chromatography p a t t e r n s  of a r g i n i n e  o r  meth ionine  l a b e l e d  pep t ides  
were i d e n t i c a l  t o  those  of t h e  normal p r o t e i n .  The presence  of a new l y s i n e  l abe led  p e p t i d e  
p rov ides  s t r o n g  ev idence  f o r  a s t r u c t u r a l  gene muta t ion .  

Th i s  r e s e a r c h  w a s  supnor ted  by USPHS Grant CA-21650 from t h e  Na t iona l  Cancer I n s t i t u t e .  

F ive  independent ly  i s o l a t e d  r e v e r t a n t s  of t h e  missense  mutant d i s p l a y  s p o t s  

I f  t h e  missense  p r o t e i n  i s  syn thes i zed  from a mutated form of the  

Less  than  50 nmograms of  HPRT are r e q u i r e d  t o  produce a t r y p t i c  

260 Genet ic  Gontrol o f  Sexual  Dimorphism i n  the  Nematode Caenorhabd i t i s  e l e g a n s ,  Michael 
H. K las s ,  Deut. Mol., C e l l . ,  & Devel. Bio l . ,  Univ. Colorado, Boulder ,  Col. do502 
'The small f r e e - l i v i n g  nematode Caenorhabd i t i s  e l e m n s  i s  u s u a l l y  found as a he rmph-  

r o d i t e ,  b u t  o c c a s i o n a l l y  trve males appea r  i n  t he  popula t ion .  Male and  hermaphrodite gonads 
deve lop  fro:n morphologica l ly  i d e n t i c a l  primordia.  '?he smal l  p r imordia l  gonad l i e s  on the  ven- 
tral s i d e  of t he  worm i n  t h e  coelomic c a v i t y .  The gonad ia l  primordium c o n t a i n s  f o u r  n u c l e i  at 
p a r t u r i t i o n .  A s  t h i s  primordium develops  i n  a hermaphrodi te ,  i t  produces a double-armed, m i r -  
ror symmetrical  gonad that produces f i r s t  sperm and then  eggs.  I n  t h e  male, however, t h i s  
primordium develops  i n t o  a n  asymmetr ica l  s t r u c t u r e  composed of a v e n t r a l l y  l o c a t e d  tes t is ,  a 
l o o p  r eg ion ,  a seminal v e s i c l e ,  and  a vas  deferens .  The male gonad p r e s e n t s  a l i n e a r  sequence 
of n u c l e i  i n  success ive  stages of  spermatogenes ls  beginning  wi th  a m i t o t i c  r eg ion  i n  t h e  
t e s t i s ,  followed by c l e a r l y  d i s t i n g u i s h a b l e  stages of meios is .  Normal males a r e  g e n o t y p i c a l l y  
XO whi le  hermaphrodi tes  are XX. Two mjor l o c i  (tra-1 and t r a -2 )  i n  C. e legans  cause  t h e  sex -  
ual t r ans fo r .mt ion  of hermaphrodi tes  t o  males. A t empera tu re - sens i t i ve  sex  t ransformer  mutant, 
tsB202 has been i s o l a t e d .  tsBZ02 c a r r i e s  a n  autosomal r e c e s s i v e  muta t ion  i n  l i nkage  group I1 
( a n ; e i e  a t  the  t r a -2  1 o c u s ) t  a t  r e s t r i c t i v e  tempera ture  t ransforms a n  XX hermaphrodite 
i n t o  a phenotypic male complete w i t h  a msle gonad and  v e s t i g i a l  e x t e r n a l  g e n i t a l i a  b u t  l a c k -  
i n g  mating behavior .  Tespe ra tu re  s h i f t  exper iments  have determined the  s p e c i f i c  temporal se- 
quences of gonadogenes is ,  oogenes is ,  and  spermatogenes is .  I n  tsB202 both  male and hermaphro- 
d i t e  i n t e r s e x e s  can  be c r e a t e d  by proper  manipula t ion  of  tempera ture .  The male i n t e r s e x  pro-  
duces  oocytes  i n  a n  o therwise  t y p l c a l  male gonad whi le  the  hermaphrodite i n t e r s e x  produces 
only  sperm. 

2'1 PRELIIIIKffiY CHARACTERIZATIOK OF THE RIBCSOMAL GENES IN !.IICE AND llFI?, IIornan 
Arnheirr. ar.d E.M. Southern ,  himmalian Genome U n i t ,  West Mains Road, Edinburgh, 
Scot land .  

S tud ie s  on t h e  s t r u c t u r e  of  mouse and human r ibosomal  DNA were c a r r i e d  out on FcoFI o r  
Eind 111 d i p e s t s  of t o t a l  DKA us inf i  t h e  " t r a n s f e r "  ne thod .  The a n a l y s i s  of D N A ' s  from 
f i v e  inbred  s t r a i n s  of mice (C573L, CBA, C 3 H ,  BALB/c and CBA/H T6T6) i n d i c a t e d  t h a t  t h e  
s t r u c t u r e  of  t h e  r ibosomal  gene r e p e a t s  w a s  he te rogeneous  w i t h i n  a s t r a i n  acd t h a t  t h i s  
p a t t e r n  of  he t e rogen ie ty  d i f f e r e d  among c e r t a i n  of t h e  s t r a i n s .  T i s sue  c u l t u r e  c e l l s  
o r i g i n a l l y  e s t a b l i s h e d  from C 3 H  mice ( L - c e l l s )  or EALB/c mice (nyeloma c e l l s )  ep rea red  
t o  have e s s e n t i a l . 1 ~  t h e  same p a t t e r n  of he t e rogen ie ty  i n  r ibosomal  gene s t r u c t u r e  a s  t h e  
p a r e n t a l  s t r a i n s ,  a l though some q u a n t i t a t i v e  d i f f e r e n c e s  were observed .  S t u d i e s  cn DNA 
from s e v e r a l  d i f f e r e n t  human sources  i n d i c a t e d  t h a t  t h e  s t r u c t u r e  of t h e  ribosomal geces  
i n  nan  i s  he terogeneous  a s  w e l l .  Nice am3 men c a r r y  t h e i r  r ibosomal  genes d i s t r i b u t e d  
arorg a number of  nuc leo la r  o r g a n i z e r s .  O u r  s t u d i e s  on mouse-human c e l l  hybr ids  which 
conta ined  d i f f e r e n t  h w a n  nuc leo la r  o r g a c i z e r s  sugges t  t h a t  c e r t a i n  r ibosomal  r e p e a t s  
are common t o  more than  one nuc leo la r  o r g a n i z e r .  
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s i t y  of C a l i f o r n i a ,  San Diego, La J o l l a ,  C a l i f o r n i a  92093 

ca rboxy lase . ( the  enzyme re spons ib l e  f o r  CO2 f i x a t i o n  i n  p l a n t s )  from t h e  u n i c e l l u l a r  green 
a l g a  Chlamydomonas r e i n h a r d i .  To ta l  C .  r e i n h a r d i  c h l o r o p l a s t  DNA was d iges t ed  wi th  Eco R l  
endonuclease,  t h e  r e s u l t i n g  fragplents oned i n  t h e  plasmid pMB9, and t h e  LS gene-containing 
c lones  s e l e c t e d  by h y b r i d i z a t i o n  wi th  '*P-labeled LS mRNA. These c lones  con ta in  a chloro-  
p l a s t  DNA fragment of 'molecular  weight 3 . 2 ~ 1 0 ~  da l tons .  
w i th  c h l o r o p l a s t  23 S and 16 S rRNA. Such d a t a  a r e  i n  agreement wi th  h y b r i d i z a t i o n  d a t a  
of labeled LS mRNA, 16 S ,  and 23 S rRNA t o  t o t a l  c h l o r o p l a s t  DNA d iges t ed  wi th  Eco R 1  
e n d o r p l e a s e  and inmobilized on Southern f i l t e r s .  Such f i l t e r s  a l s o  show t h a t  t hese  RNA 
s p e c i e s  hybr id i ze  t o  a DNA fragment of molecular weight 3 . 2 ~ 1 0 ~  d a l t o n s .  
doing f i n e  s t r u c t u r e  r e s t r i c t i o n  mapping and e l e c t r o n  microscopic  R-loop a n a l y s i s  t o  
determine t h e  r e l a t i v e  p o s i t i o n s  of t he  genes on t h i s  fragment,  and s t u d i e s  t o  determine 
t h e  expression of t hese  genes i n  E. c o l i  m i n i c e l l s .  These s t u d i e s  were c a r r i e d  out  under 
PZ-EK 1 containment cond i t ions .  

CLONING OF THE GENE CODING FOR THE PLANT C 0 2  FIXATION ENZYME, Stanton Gelvin,  
Linda L. Walker, Chris Head, and Stephen H. Howell, Department of Biology, Univer- 

We have cloned t h e  gene coding f o r  t he  l a rge  subun i t  (LS) of D-ribulose-1,5-bisphosphate 

This fragment a l s o  hybr id i zes  

We a r e  c u r r e n t l y  

DNA SEQUENCE ORGANIZATION I N  THE WATER MOLD ACHLYA. Robert  B. Goldberg, Michael E .  
Hudspeth, and W i l l i a m  E. Timberlake,  Un ive r s i ty  of Ca l i fo rn ia ,  Los Angeles 90024. 263 

Achlya ambisexual is  i s  an oomycete fungus whose sexual  s t a g e  i s  induced by s t e r o i d  
hormones. I n  o rde r  t o  provide a f i r m  foundat ion f o r  i n v e s t i g a t i o n s  o f  t h e  molecular 
mechanisms o f  s teroid-mediated gene r egu la t ion  we have determined t h e  p a t t e r n  o f  DNA 
sequence arrangement i n  t h e  genome o f  t h i s  unique organism. The r e a s s o c i a t i o n  k i n e t i c s  
o f  200 nucleot ide- long DNA fragments analyzed by hydroxyapat i te  chromatography r evea l s  t h e  
presence of a t  l e a s t  t h r e e  k i n e t i  a l l y  d i s t i n c t  c l a s s e s .  
and t h e i r  r a t e  cons t an t s  (M-kec- ') is:  
( 4 3 . 4 ) .  
genome r e s p e c t i v e l y  and comprise 11% and 2% o f  s h o r t  DNA fragments.  
of t h e  s i n g l e  copy, s l o w ,  and f a s t  DNA c l a s s e s  r e l a t i v e  t o  E. c o l i  DNA i s  4 . 4  x lo7, 
8.5 x lo4, and 575 nuc leo t ide  p a i r s .  
DNA sequences a r e  i n t e r s p e r s e d  i n  t h e  genome t h e  r e a s s o c i a t i o n  k i n e t i c s  o f  1800 nuc leo t ide  
DNA fragments were s tud ied .  Those experiments f a i l e d  t o  r evea l  any DNA sequence i n t e r s p e r -  
s i o n  a t  t h i s  fragment l eng th .  This  obse rva t ion  w a s  confirmed by a n a l y s i s  of t h e  r e a s s o c i a t i o n  
k i n e t i c s  of t r a c e r  amounts of 1400 nucleot ide- long fragments of t o t a l  nuc lea r  DNA d r iven  by 
an excess  o f  200 nucleot ide- long fragments con ta in ing  only t h e  sequences o f  t h e  r e p e t i t i v e  
DNA c l a s s e s .  We conclude from t h e s e  s t u d i e s  t h a t  t h e  s h o r t  pe r iod  i n t e r s p e r s i o n  p a t t e r n  
c f  DNA sequence o rgan iza t ion  found i n  most o t h e r  eukaryotes  examined t o  da t e  does no t  occur 
i n  t h e  Achlya genome. (Supported by NSF g ran t  BMS74-21461 and t h e  Brown-Haven Foundation. ) 

C l a s s i f i c a t i o n  o f  t h e s e  c l a s s e s  
S ing le  copy (2.13 x lo-'), slow (1.42), and f a s t  

The slow and f a s t  c l a s s e s  con ta in  approximately 70 and 2000 copies  pe r  hap lo id  
The k i n e t i c  complexity 

I n  o rde r  t o  determine i f  r e p e t i t i v e  and s i n g l e  copy 

264 COMPARISON OF KINETIC.PARAMETERS FOR XANTHINE DEHYDROGENASE FROM WILD- 
TYPE AND FROM A PUTATIVE REGULATORY VARIANT OF DROSOPHILA MELANOGASTER, 
E.P.M. Candido and T.C.R. Edwards, Dept. of Biochem., U. of B.C., Van- 

couver, V6T 1W5, and A. Chovnik, Dept. of Gen. & Cell Biol., U. of Conn., 
Storrs, Conn. Enzymatically active xanthine dehydrogenase (XDH) has been pur- 
ified in high yield by immunoaffinity chromatography of crude extracts on a 
Sepharose 48 column containing covalently attached anti-XDH antibodies. A de- 
tailed kinetic analysis of wild-type XDH over a range of substrate and NAD 
concentrations revealed that Drosophila XDH exhibits ordered binding for the 
substrate and cofactor, i.e. the reaction follows a "ping-pong bi bi" mechan- 
ism, analogous to that of xanthine oxidases and dehydrogenases from vertebrate 
sources. The purified enzyme from r +11i409N flies (wild-type), and from a 
strain producing increased amounts &TETE-+4i409H) yielded similar Km val- 
ues for xanthine, hypoxanthine and NAD (see3elow). 
further evidence that the site is responsible for increased levels of 
synthesis of normal XDH, rather than for synthesis of an enzyme with higher 
affinity for substrate or cofactor. 

Strain Xanthine Hypoxanthine NAD 

The results provide 

Km. Moles/l 

ry+11i409N 2.4~10-~ 1.6~10-~ 4.0~10-~ 
r~+~i409H 2.lxlO-' 1.7x10-' 2.6~10-~ 
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265 MUTANTS OF S49 MOUSE LYMPHOMA CELLS SHOWING CHARGE ALTERATIONS I N  THE REGULATORY 
SUBUNIT OF CYCLIC AMP-DEPENDENT PROTEIN KINASE, Robert A. Steinberg, Department 
o f  Microbiology, Un ive rs i t y  of Ca l i f o rn ia ,  San Francisco, C a l i f o r n i a  94143 

Among v a r i a n t  clones o f  549 mouse lymphoma c e l l s  r e s i s t a n t  t o  c y t o l y s i s  by d i b u t y r y l  
cAMP are a number whose CAMP-dependent p r o t e i n  kinases are a l t e r e d  i n  t h e i r  dose-responses 
t o  cAMP a c t i v a t i o n .  The l e s i o n  i n  these "K," mutants p u r i f i e s  w i t h  the regu la to ry  subunit 
of CAMP-dependent p r o t e i n  kinase (Hochman e t  a l . ,  Proc. Nat. Acad. Sc i .  USA 72, 5051 [1975]). 
Analysis by two-dimensional polyacrylamide gel  e lect rophores is  o f  the kinase regu la to ry  
subuni t  from more than 25 mutagen induced Ka mutant clones has revealed a t  l e a s t  three 
subclasses o f  t h i s  mutant type. One subclass has mutant regu la to ry  subunits which comigrate 
w i t h  w i l d  type subuni t  i n  the two-dimensional ge l  system; one ha.s mutant subunits which a re  
more a c i d i c  than w i l d  type by about one charge; and the t h i r d  has mutant subuni ts  which are 
more bas ic  than w i l d  type by about two charges. C a l i b r a t i o n  o f  ge l s  f o r  u n i t  charge changes 
a l lows refinements o f  the estimates f o r  the mu ta t i ona l l y  induced regu la to ry  subuni t  charge 
a l t e r a t i o n s  which, i n  turn,  d e l i m i t  the poss ib le  amino a c i d  subs t i t u t i ons  under l y ing  the 
charge s h i f t s .  
s t r u c t u r a l  gene mutations i n  t h i s  c u l t u r e d  animal c e l l  system. 

These s tud ies prov ide s t rong evidence f o r  the i nduc t i on  o f  missense 

56 



Tuesday, March 1, 1977 Eucaryotic Genetic Systems 

CHEMICAL METHODS FOR SEQUENCING DNA AND THE R E C O G N I T I O N  OF 
DNA-PROTEIN C O N T A C T S ,  W a l t e r  G i l b e r t  a n d  A l l a n  Maxam, D e p a r t m e n t  
o f  B i o c h e m i s t r y  a n d  M o l e c u l a r  B i o l o g y ,  H a r v a r d  U n i v e r s i t y ,  
C a m b r i d g e ,  MA 0 2 1 3 8  

203 

W e  h a v e  d e v e l o p e d  a c h e m i c a l  me thod  f o r  D N A  s e q u e n c i n g .  We b r e a k ,  
partially, a t e r m i n a l l y  l a b e l e d  D N A  m o l e c u l e  w i t h  f o u r  d i f f e r e n t  c h e m i c a l  
r e a c t i o n s ,  e a c h  r e f l e c t i n g  a c h e m i s t r y  t h a t  i d e n t i f i e s  a s p e c i f i c  b a s e .  
When  t h e  p r o d u c t s  o f  t h e s e  four r e a c t i o n s  a r e  s e p a r a t e d  b y  s i z e  on a 
p o l y a c r y l i m i d e  g e l ,  t h e  l e n g t h s  o f  t h e  t e r m i n a l l y  l a b e l e d  f r a g m e n t s  r e -  
l e a s e d  b y  e a c h  r e a c t i o n  d e t e r m i n e  t h e  s e q u e n c e .  The  m e t h o d  w i l l  s e q u e n c e  
f r o m  o n e  t o  a h u n d r e d  b a s e s  i n  f r o m  t h e  p o i n t  o f  l a b e l i n g .  

T h e s e  m e t h o d s  h a v e  b e e n  u s e d  t o  s e q u e n c e  t h e  t e r m i n a l  r e g i o n  o f  t u m o r  
v i r u s  R N A ' s ;  some o f  t h e  i m p l i c a t i o n s  o f  t h e s e  s e q u e n c e s  w i l l  b e  d i s c u s s e d  

The  c h e m i c a l  a p p r o a c h  t h a t  we u s e  p e r m i t s  u s  to i d e n t i f y  some of  t h e  
c u n t a c t  p o i n t s  a t  w h i c h  p r o t e i n s  t h a t  i n t e r a c t  w i t h  D N A  c o n t a c t  t h e  DNA 
s e q u e n c e .  Such  e x p e r i m e n t s  n o t  o n l y  d e t e r m i n e  w h e r e  c o n t r o l  p r o t e i n s  
b i n d  t o  DNA b u t  a l s o  g i v e  some i n s i g h t  i n t o  t h e  way i n  w h i c h  t h e y  b i n d .  

204 NUCLEOTIDE SEQUENCE OF BACTERIOPHAGE 0x174 DNA, J.C. F iddes ,  F. Sanger,  G.M. A i r ,  
B.G. B a r r e l l ,  N . L .  Brown, A.R. Coulson, C . A .  H u t c h i s o n  111, P . M .  Sloconibe and 
M. Smi th ,  MRC L a b o r a t o r y  o f  M o l e c u l a r  B i o l o g y ,  H i l l s  Road, Cambridge, England 

The r a p i d  p l u s  and minus t e c h n i q u e  has been used t o  o b t a i n  an a lmost  comple te  n u c l e o t i d e  
sequence f o r  t h e  DNA o f  b a c t e r i o p h a g e  0x174. The l o c a t i o n s  o f  t h e  i n i t i a t i o n  and t e r i i i i n a t i o n  
s i t e s  ofi t h e  n i n e  known 0x174 genes have been i d e n t i f i e d .  I n t e r c i s t r o n i c  spaces between t h e  
genes range f rom two t o  111 n u c l e o t i d e s .  Two p a i r s  o f  genes were demonstrated t o  o v e r l a p ,  
w i t h  t h e  n u c l e o t i d e  sequence b e i n g  r e a d  i n  d i f f e r e n t  phases. Gene B i s  thus  e n t i r e l y  con- 
t a i n e d  w i t h i n  gene A, and E l i k e w i s e  i s  w i t h i n  0.  
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R A P I D  DNA SEQUENCING BY PARTIAL RIBOSUBSTITUTION, Wayne M. Barnes, MRC Labora tory  
o f  Mo lecu la r  B io logy ,  Cambridge, England. 

205 

A new r a p i d  method f o r  DNA sequence a n a l y s i s  has been developed. 
Gilbert-Maxam-Mirzabekov p r i n c i p l e  of base -spec i f i c  p a r t i a l  c leavage o f  5 ' - l a b e l l e d  DNA i n  
a v a r i a t i o n  suggested by Dahlberg & Abelson. 
s u b s t i t u t e d  r i b o n u c l e o t i d e s  which a r e  i n t roduced  by DNA polymerase ex tens ion  i n  the  presence 
o f  Mn++. S p e c i f i c i t y  apd l a b e l  i n c o r p o r a t i o n  a r e  achieved by ex tend ing  a r e s t r i c t i o n  f r a g -  
ment p r imer  w i t h  DNA 89lymerase I as i n  t h e  Sanger & Coulson method. A f t e r  a s h o r t  i n i t i a l  
i n c o r p o r a t i o n  w i t h  a- P-deoxynuc leo t ide  t r i phospha tes  t o  l a b e l  t h e  5 '  r e g i o n  o f  t he  t a r g e t  
sequence, the  t r i phospha tes  a re  removed and t h e  r e a c t i o n  m i x t u r e  i s  d i v i d e d  f o u r  way$+for a 
second,primed ex tens ion .  , a l l  
f o u r  deoxynuc leo t ides  and one o f  t he  f o u r  r i b o n u c l e o t i d e s  under c o n d i t i o n s  t h a t  r e s u l t  i n  
about 2% r i b o n u c l e o t i d e  s u b s t i t u t i o n  a t  each p o s i t i o n .  
s i t e  and a l k a l i  c leavage a t  t h e  p o s i t i o n s  o f  p a r t i a l  r i b o s u b s t i t u t i o n ,  each r e a c t i o n  mix -  
t u r e  i s  analysed by e l e c t r o p h o r e s i s  on a h i g h  r e s o l u t i o n  dena tu r ing  acry lamide g e l .  
t he  o t h e r  r a p i d  DNA sequencing methods, t h e  e x t e n t  o f  DNA sequence t h a t  can be determined 
from a s i n g l e  e x p e r i m e n t  i s  l i m i t e d  o n l y  by t h e  r e s o l u t i o n  o f  t h e  ana lys ing  ge ls .  
p resent  some 100 nuc leo t i des  o f  sequence can be determined from a s i n g l e  p r i m i n g  r e a c t i o n .  
The a p p l i c a t i o n  o f  t h i s  techno logy  t o  t h e  i d e n t i f i c a t i o n  o f  p r o t e i n  b i n d i n g  s i t e s  on DNA 
w i l l  a l s o  be discussed. 

The method uses t h e  

I n  t h i s  method the  cleavage i s  a t  p a r t i a l l y  

The second ex tens ion  i s  a c o l d  chase i n  t h e  presence o f  Mn 

A f t e r  c leavage a t  t h e  r e s t r i c t i o n  

As i n  

A t  

206 REGULATION OF THE HIS4 REGION OF YEAST, Gerald R .  F ink ,  Helen Gree r ,  Joseph Keesey, 
Ramunas B i g e l i s ,  Department of  Gene t i c s ,  Development and Phys io logy ,  Corne l l  
U n i v e r s i t y ,  I t h a c a ,  N . Y .  14853 

The r eg ion  of y e a s t  is a funga l  gene c l u s t e r  which s p e c i f i c s  t h r e e  s t e p s  i n  the  
pathway of h i s t i d i n e  b i o s y n t h e s i s .  The complementation behavior  of missense  muta t ions  
i n d i c a t e s  t h r e e  s e p a r a t e  c i s t r o n s  i n  t h e  o rde r  his4A, h is4B,  and his4C encoding  the  informa- 
tion f o r  t h e  3 rd ,  Znd, and 10 th  s t e p s  i n  the  pathway r e s p e c t i v e l y .  A l l  t h r e e  types  of 
nonsense muta t ions  (UAG, UAA, and UGA) a s  w e l l  a s  f r a m e s h i f t  muta t ions  show p o l a r i t y  
from A -> C .  The independent func t ion ing  of t h e s e  r eg ions  i s  dramat ized  by s e v e r a l  
obse rva t ions  (1) d e l e t i o n s  of t h e  AB r eg ion  have a f u n c t i o n a l  C p r o t e i n  (2) nonsense and 
f r amesh i f t  mu ta t ions  i n  C have a f u n c t i o n a l  A and g p r o t e i n .  

a s  determined by e l u t i o n  from an aga rose  column. Co-pur i f i ca t ion  of  t he  t h r e e  a c t i v i t i e s  
is  achieved  by chromatography f i r s t  on AMP-Sepharose and then  DEAE c e l l u l o s e .  Analys is  of 
t h e  p u r i f i e d  p r o t e i n  by SDS-acrylamide g e l  e l e c t r o p h o r e s i s  shows a s i n g l e  p r o t e i n  of 
95,000 MW. In a d d i t i o n ,  immunological and g e n e t i c  ev idence  suppor t  the  conc lus ion  t h i s  
95K p r o t e i n  i s  the  gene product  of  t h e  his4 r eg ion .  A l l  t h r e e  enzymic r e a c t i o n s  a r e  
c a r r i e d  o u t  by t h i s  p r o t e i n  which i s  presumably a dimer of two i d e n t i c a l  95K c h a i n s .  The 
p a r t i a l  a c t i v i t i e s  of d e l e t i o n ,  and nonsense and f r amesh i f t  muta t ions  can  be expla ined  i f  
t he  t h r e e  his(l a c t i v i t i e s  a r e  l o c a t e d  a t  d i s t i n c t  r eg ions  of t h e  95K p r o t e i n  and t h e s e  
r eg ions  can  f u n c t i o n  independent ly .  

a b e r r a n t  r e g u l a t i o n  i s  a consequence of (1) un l inked  muta t ions  ( 2 )  l i nked  dominant 
muta t ions  ( 3 1  a d e l e t i o n  through t h e  his4 end of  t he  3 r eg ion .  

A l l  t h r e e  enzymatic a c t i v i t i e s  s p e c i f i e d  by his4 a r e  i n  an aggrega te  of  180-190,000 MW 

Analys i s  of r e g u l a t o r y  mutants  a f f e c t i n g  the  expres s ion  of t h i s  r eg ion  show t h a t  
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GENETIC CONTROL OF 2u DNA REPLICATION IN 2. CEREVISIAE, Dennis Livingston and 
Leland Hartwell, Department of Genetics, University of Washington, Seattle, 
Washington 98195 

207 

A yeast cell contains three forms of DNA, nuclear, mitochondrial and 2-micron. The 
latter is a well defined circular plasmid containing an inverted repeat. 6 Strains harboring 
different forms of 2-micron DNA have been discovered by comparing restriction enzyme patterns 
from inter-fertile yeast strains and two strains have been found that lack 2-micron DNA. 
Crosses between these strains show that 2-micron DNA is inherited cytoplasmically, that there 
is no restriction between different forms, and that the strains which lack 2-micron DNA have 
a nuclear genome capable of maintaining the replication of this plasmid. Furthermore, 
2-micron DNA can be transmitted independently of both nuclear and mitochondrial genomes in 
crosses producing heteroplasmons and the frequency of its transfer suggests that the 50-100 
copies are localized in one or a few cellular organelles. 

7 and the elongation of nuclear DNA requires the products of genes LdS 2, 8 and 21. Mito- 
%hondrial DNA elongation requires the products of genes cdc 8 and 21 but its replication is 
not dependent upon the nuclear initiation genes, cdc 28, 4 ,  7. Despite its apparent cyto- 
plasmic location, 2-micron DNA replication requires the same gene products as are necessary 
for initiation and elongation of nuclear DNA replication. 

nuclear DNA initiation and replication and as a vector for studying gene expression of 
interspecies recombinant DNA molecules. 

The initiation of nuclear DNA replication requires the products of genes cdc 28, 4 ,  and 

The 2-micron DNA plasmid may be useful for investigations of the mechanisms involved in 

REGULATION OF QUINATE CATABOLISF! IN NEUROSPORA: 
J . A .  Hautala, b1.C. Lucas, K . R .  Reinert, P .  Strdman, J.L. Barea, N . E .  Case, and N . I I .  
Giles, Genetics Program and Oepartment of Zoology, University of Georgia, Athens, 
GA 30602 

The expression of the three linked structural genes (@, @, and qa-4) encoding the 

THE an GEkE CLIJSIER, . J . 1 .  .Jacobson, 208 

enzymes functioning in quinic acid catabolism in Xeurospora is controlle- the protein 
product of a tightly linked regulatory gene (qa-1) which appears to act with the inducer quinic 
acid as a positive regulatory effector (1). blutants in the gene are non-inducible for all 
three enzyme activities. No conclusive evidence exists that the gene cluster i s  transcribed 
as a polycistronic messenger R N A .  Identification and purification of the qa-l gene product has 
as yet had little success since it is apparently present at very low intracellular concentrat- 
ions. Since current complementation data suggest that the qa-1 protein functions primarily in 
the nucleus in iihich it iz encoded, experiments are u n d e r w a z  detect the regulatory protein 
in extracts of isolated nuclei and to see if it fits the criteria of a nonhistone chromatin 
protein. 

the @ gene have been purified and partially characterized. 
- q21-2 locus, is a multimeric enzyme of 20-22  identical 10,000 !l.IV. subunits (2). blutants in the 
qa-' locus which affect either the catalytic site of the enzyme or its aggregation have been 
characterized ( 5 ) .  
; I . k .  en:!-me. 
the cia-2 gene product has been resistant to sequence analysis. 

induced cultures has been isolated and characterized. 
polyadenylated mRSA fractionated by oligo(dT)-cellulose chromatography, as well as various 
size classes of mRSA fractionated by Sepharose CL-IB chromatography have been translated in the 
cell-free wheat germ system. Products synthesized in vitro range in N . 1 .  from 10,000 to over 
100,000 as determined by SDS gel electrophoresis. Experiments are underway to identify the 
fraction of RXA containing the specific 
or qa-3 gene product synthesized in vitro in the uheat germ system. 

In order to elucidate the mechanism of regulation, two of the enzymes under the control of 
Dehydroquinase, encoded in the 

Quinic dehydrogenase, encoded in the qa-3 locus, appears to be a 40,000 
The amino acid sequence of the qa-3 gene product is being determined. Thus far 

Attempts are undericay to isolate mRKA transcribed from the region. Messenger RNA from 
Ii'hole cell RKA, polyadenylated and non- 

m R U  by double immunoprecipitation of either qa-2 

1) Giles, N.H., Case, M.E., and Jacobson, J.K. (1973) In B.A. Hamkalo and J .  Papacontantinou 
(ed.) blolecular Cytogenetics, Plenum Press, Sek Y o r k T p .  309-314. 

6008-6014. 
2 )  Hautala, J.A., Jacobson, J.K., Case, \ I . € . ,  and Giles, S.H. (1975) J. Biol. Chem. 250, 
3) Case, > I . € . ,  Hautala, J.A., and Giles, N.H. ( 1 9 7 )  J. Bact. 129, in press 
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209 GENETIC CONTROL OF PHOSPHORUS METABOLISM I N  NEUROSPORA, Robert  L .  Metzenberg,  
Department of Phys io log ica l  Chemistry,  Un ive r s i ty  of Wisconsin,  14adison, W I  53706 

Sevkra l  enzymes involved  i n  t h e  a c q u i s i t i o n  of phosphorus a r e  no t  made i n  a p p r e c i a b l e  
amounts by wi ld  type  Neurospora when t h e r e  is  adequate  phosphorus i n  the  medium, bu t  a r e  
made i n  l a r g e  amounts when the  c e l l s  a r e  growing i n  low phosphate medium. One member of t he  
fami ly ,  a l k a l i n e  phosphatase ,  approaches 2% of t he  e x t r a c t a b l e  p r o t e i n  i n  phosphorus-starved 
c e l l s ,  bu t  i s  about  20,000-fold lower i n  phosphorus- rep le te  c e l l s .  The gene f o r  t h i s  enzyme, 
and f o r  a c i d  phosphatase  have been mapped. They a r e  unl inked  t o  one a n o t h e r ,  and t o  the  
r e g u l a t o r y  genes.  A model t h a t  s a t i s f a c t o r i l y  f i t s  t he  p r o p e r t i e s  of mutants  i n  these  
genes may be summarized a s  fo l lows .  

(1) The normal product  of  t he  & gene i s  r equ i r ed  t o  t u r n  on expres s ion  ( t r ans -  
c r i p t i o n )  of t he  s t r u c t u r a l  genes of t h e  phosphorus f ami ly .  Thus t h e  immediate c o n t r o l  
over  t h e  s t r u c t u r a l  genes is p o s i t i v e .  

(2) The normal product  of t he  = g e n e  is  requ i r ed  t o  n u l l i f y  the  nuc-l product .  
( 3 )  The normal product of t he  & gene i s  r equ i r ed  t o  n u l l i f y  o r  des t roy  o r  prevent  

(4) Phosphate o r  something der ived  from i t  n u l l i f i e s  o r  d e s t r o y s  o r  p reven t s  t he  

Genet ic  a n a l y s i s  of t h i s  system has  come t o  t h e  po in t  a t  which one may hope to  develop  

t h e  s y n t h e s i s  of t h e  preg product .  

s y n t h e s i s  of t he  & p r o d u c t .  

a n  a s say  f o r  t he  hypo the t i ca l  nuc-l product ,  and perhaps u l t i m a t e l y  i s o l a t e  i t .  The f a c t  
t h a t  & p r o d u c t  i s  almost a? abso lu te  requirement f o r  s y n t h e s i s  of a l k a l i n e  phosphatase  
i n  v ivo  sugges t s  t h a t  i f  nuc-l 
sma l l  amounts, i t  might be p o s s i b l e  t o  d e t e c t  t h e  s y n t h e s i s  of a l k a l i n e  phosphatase  and 
thus  b ioassay  t h e  & product .  Some p re l imina ry  approaches t o  i n s e r t i n g  p r o t e i n s  i n t o  
wa l l - l e s s  " s l i m e "  c e l l s  o f  Neurospora,  us ing  l iposomes, w i l l  be desc r ibed .  An a l t e r n a t e  
approach t akes  advantage of t h e  f a c t  t h a t  t he  nuc-l product  may be expected t o  be concent ra ted  
i n  t h e  nuc leus .  Nucle i  can be i s o l a t e d  ve ry  e a s i l y  from "slime". A double- labe l  au to -  
r ad iog raph ic  system s u i t a b l e  f o r  use wi th  h igh - re so lu t ion  two-dimensional g e l s  has been 
developed, and i t  is  hoped t h a t  t h i s  w i l l  a l l ow the  d e t e c t i o n  of a l t e r a t i o n s  i n  the  nuc-l 
product  i n  s u i t a b l e  mutants .  

1) Li t t lewood,  B .S . ,  Chia,  W . ,  and Metzenberg,  R . L .  (1975) .  Genet ics  79, 419-434. 

product  could  be in t roduced  i n t o  a *- c e l l ,  even i n  very _- 
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266 ISOLATION AND CHARACTERIZATION OF PLASMIDS CONTAINING GENES FOR THE STABLE YEAST 
MA SPECIES.JacquesS.Bechnann, Peter  F. Johnson, John N. Abelson and Shel la  A. 
Fuhman. Dept. Chem., Biol.,  Univ. Cal i f .  San Diego, La J o l l a ,  Ca. 92093 
Recombinant plasmids w e r e  constructed by insertion and l i g a t i o n  of yeast  DNA within 

t h e  tetR gene of t h e  E. a plasmid pBR313 (Bolivar, Rodriguez, Betlach and Boyer,manu- 
s c r i p t  in preparat ionr .  The plasmid tetR gene w a s  s p l i t  by endonucleases R BemI o r  HindIII-  
y ie ld ing  GATC and AGCT cohesive enda, respect ively.  Y e a s t  DNA cut  wi th  endoRBglII(GATC) 
w a s  recombined with the  former and endo R g d I I I  cleaved DNA with t h e  l a t t e r .  Some 4000 
ampRtetS clones. were i s o l a t e d  from more than 30 independent t ransformations,  a l l  of which 
w e r e  then t e s t e d  f o r  t h e  presence of yeast  s p e c i f i c  genes f o r  4S, 5s o r  5.8s WAS. We have 
modified the  screening method described by Grunstein and Hogness (PNAS US 72, 3961-5, 1973) 
so t h a t  i t  is now poss ib le  t o  rapidly r e p l i c a  p l a t e  and screen severa l  thousand clones. 
Approximately 200 clones t a r  
e lec t rophore t ica l ly  purifiedrY2P-labeled 45 RNA. Some of these clones were f u r t h e r  sub- 
divided i n t o  smaller famil ies  according t o  t h e i r  hybridizat ion pa t te rns  t o  ind iv idua l  tRNA 
spec ies ,  p u r i f i e d  by two dimensional g e l  e lec t rophores i s  (Piper ,  Wasserstein, Engbaek, 
Kal tof t , 'Cel is ,  Zeuthen, Liebman and She-, Nature 262, 757-61, 1976). The DNA organiza- 
t i o n  of some of these  clones as analyeed by res t r ic t ionmapping  w i l l  be reported. About 125 
clones containing e i t h e r  a 5 s  o r  a 5.8s gene were i d e n t i f i e d  following the  same hybridiza- 
t i o n  method with 32P-labeled 5 or  5.8s yeast  RNA. A de ta i led  study of the  r e s t r i c t i o n  map 
of one of these clones was undertaken. 

ing yeast  tBNA genes were recognized by hybr id iza t ion  with 

267 O R G A N I Z A T T O N  OF YEAST RIBOSOMAL DNA, J . H .  Cramer, F.W. F a r r e l l y ,  J . T .  
Barn i tz  and R.H.  Rownd, Department of Biochemistry and Laboratory of 
Molecular Bioloky, Univers i ty  of Wisconsin, Madison, Wisc. 53706 

We have cons t ruc ted  hybrid plasmids between EcoRI p a r t i a l  d i g e s t i o n  fragments 
o f  p u r i f i e d  Saccharomyces c e r e v i s i a e  ribosomal DNA and t h e  plasmid RSF 2124, 
which has  a C o l E l  r e p l i c a t o r  and is a m p i c i l l i n  r e s i s t a n t .  The hybrid plasmids 
have been used t o  map t h e  EcoRI, HindII ,  HindIII  and SmaI r e s t r i c t i o n  s i t e s  
i n  t h e  y e a s t  rDNA r e p e t i t i v e  u n i t s .  An a n a l y s i s  of a l a r g e  number of plasmids 
has shown t h a t  t h e  r e p e t i t i v e  u n i t s  a r e  homogeneous i n  s i z e  and composition, 
and t h a t  they a r e  not  separa ted  by l a r g e  heterogeneous spacer  regions.  Some 
o f  t h e  plasmids conta in  EcoRI r e s t r i c t i o n  fragments t h a t  a r e  not  p a r t  o f  t h e  
r D N A  r e p e t i t i v e  u n i t .  These sequences appear t o  represent  "saddle  fragments" 
which span t h e  i n t e r f a c e  between r D N A  and t h e  remainder of t h e  nuc lear  DNA. 
The i r  c h a r a c t e r i s t i c s  a r e  under inves t iga t ion .  From a comparison of t h e  
r e s t r i c t i o n  endonuclease and denatura t ion  maps of  t h e  yeas t  r D N A ,  we have 
been a b l e  t o  p o s i t i o n  t h e  ribosomal RNA coding regions on t h e  dena tura t ion  
map and have determined t h a t  t h e  spacer  reg ions  a r e  A-T r i c h .  
a r e  being conducted with t h e  r D N A  of  t h e  c l o s e l y  r e l a t e d  yeas t  Saccharomyces 
car lsbergens i s ,  

S imi la r  s t u d i e s  

268 THE SYNTHESIS OF YEAST RIBOSOMAL PROTEINS IN VITRO, Jonathan R. Warner and Charles 
Gorenstein, Albert Einstein College of Medicine, Bronx, N. Y. 10461. 
We have demonstrated that a wheat Qerm extract, primed with yeast RNA, synthesizes at least 

thirty five yeast ribosomal proteins. These proteins are all coded by mRNA molecules which contain poly A. 
By quantitative analysis of the products formed under limiting mRNA concentrations, we hove measured the 
level of mRNA for the individual riboranal proteins under various conditions. In confirmation of studies 
i n  vivo (Gorenstein and Warner, P N A S Z ,  1547, 1976) we find that the synthesis of mRNA for the different 
ribosomal proteins i s  coordinately regulated. Within five minutes after wild-type cells are shifted to from 
230 to 36O the synthesis of mRNA for mast of the ribosomal proteins ceases. The mRNA that i s  present 
decays with a half life of 8 to 10 minutes. The synthesis of ribosomal precursor RNA and of mRNA for non- 
r i b o m l  proteins i s  unaffected. After 15 to 20 minutes the synthesis of mRNA for ribosomal proteins 
resumes, and by 60 minutes the production of ribosomal components has equilibrated at the increased 
temperature. In a set of mutants 5 for ribosome synthesis, the resunption of synthesis of mRNA for ribosomal 
proteins never occurs, and the cells are then unable to form new ribosomes at the restrictive temperature, 
although transcription of ribosomal precursor RNA continues. 

ribosomcrl RNA and of mRN4 for ribosomal proteins are coordinately reduced to 20-30% of control levels, 
whereas synthesis of tRNA and of many other mRNA species aontinues. 

Further studies have demonrhated that under conditions of amino acid starvation, the synthesis of 

This research was supported by grants from the NSF and the ACS. 
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CONTROL OF CELL TYPE I N  SACCHAROWCES CEREVISIAL. I r a  Herskowitz,  J e f f r e y  S t r a t h e r n ,  
James t i i cks ,  and J a s p e r  Rine.  Department of Biology and I n s t i t u t e  of  Elolecular Biol-  
ogy, L n i v e r s i t y  of Oregon, Eugene, Oregon 97403. 

269 

Haploid y e a s t  c e l l s  a r e  e i t h e r  of mating type  5 O r  of mating type  u. 
type  can swi t cn  t o  the  o t h e r  mat ing  type  a t  low frequency i n  & s t r a i n s  and a t  hi[$ f requency  
i n  s t r a i n s .  Our s t u d i e s  have i d e n t i f i e d  3 p o i n t s  of i n t e r e s t  w i th  r e s p e c t  t o  e u c a r y o t i c  
gene c o n t r o l :  (1) We propose t h a t  c e l l  type  (mating type  5 OK mating type  c-) is determined 
by i n s e r t i o n  of a b loc  of genes i n t o  t h e  mating type  locus .  I n  t h i s  " c a s s e t t e  model", !La 
and lib& l o c i  a r e  s i l e n t  cop ie s  of 5 and 5 mating type  l o c i ,  r e s p e c t i v e l y ,  which become a c t i -  
va ted  by i n s e r t i o n  of t h e s e  genes ( o r  cop ie s  of t h e s e  genes) i n t o  tile matin:, t y p e  l ocus .  
( 2 )  S t r a i n s  ca r ry ing  t h e  g gene s w i t c h  mating types  a s  o f t e n  a s  every c e l l  d i v i s i o n  cyc le  
and e x h i b i t  a s p e c i f i c  p a t t e r n  of swi t ch ing .  Cells d i f f e r  i n  t h e i r  competence t o  swi tch  
matiny types :  experi'enced c e l l s  ( t h o s e  which have undergone a t  l e a s t  one c e l l  cyc le )  g ive  
r i s e  t o  swi tched  c e l l s  80% of the  t i m e ,  whereas inexper ienced  c e l l s  swi tch  r a r e l y  i f  a t  a l l .  
T h i s  p a t t e r n  of swi tch ing  g i v e s  r i s e  t o  a popula t ion  of  c e l l s  which has  s i m i l a r i t i e s  t o  a 
sten) c e l l / d i f f e r e n t i a t e d  c e l l  popu la t ion .  ( 3 )  The mating type  l o c u s ,  a t  l e a s t  o f  an  5 c e l l ,  
may be a gene c l u s t e r .  From a n a l y s i s  of non-mating mutants  d e f e c t i v e  a t  the  0 mating type  
l o c u s ,  t h e r e  appear t o  be a t  l e a s t  two complementation groups .  One is  formal ly  a p o s i t i v e  
r e g u l a t o r  of or-specific f u n c t i o n s ,  and the  second i s  fo rma l ly  a p o s i t i v e  r e g u l a t o r  of S ~ O K U -  

l a t i o n  and a n e g a t i v e  r e g u l a t o r  of  a - s p e c i f i c  func t ions .  

C e l l s  of one mating 

270 CHROMATIN REPLICATION I N  V I T R O ,  Ronald L .  S e a l e ,  D iv i s ion  of Molecular and C e l l u l a r  
Bio logy ,  Na t ioaa l  Jewish Hosp i t a l  and Research Cen te r ,  3800 E. Col fax  hve . ,  Denver, 
CO 80206. 
An _ _ _  i n  V i t r o  r e p l i c a t i o n  sys tem,  us ing  HeLa c e l l  n u c l e i  was c h a r a c t e r i z e d  f o r  the 

s tudy  of chromatin r e p l i c a t i o n .  
d DNA product ,  and t h i s  DNA w a s  syn thes i zed  from a c t i v e  r e p l i c a t i o n  f o r k s .  The DNA r e p l i -  
caLed i n  v i t r o  accumulated a s  immature DNA p recu r so r  f ragments ;  the  l i g a t i o n  func t ions  a r e  
e x t r a c t e d  i n t o  t h e  c y t o s o l  du r ing  c e l l  f r a c t i o n a t i o n .  

cocca l  nuc lease  d i g e s t i o n .  The i n  v i t r o  DNA was degraded t o  75-80% a c i d  s o l , ~ h l e  m a t e r i a l ,  
compared t o  50% i n  c o n t r o l s ,  i n d i c a t i n g  t h a t  h a l f  the  new DNA is a s s o c i a t e d  wi th  l i i s tones .  
The n u c l e a s e - r e s i s t a n t  DNA w a s  shown t o  be a s s o c i a t e d  wi th  nucleosomes s i n c e  e a r l y  d i g e s t i o n  
products  were m u l t i p l e s  of  the  180 hp u n i t  p a r t i c l e  and l i m i t  d i g e s t  p roduc t s  were t h e  com- 
p l e t e  s e t  of o l igonuc leo t ides  of 30-130 hp ,  as i n  c o n t r o l s .  Analys is  of  t he  s i z e s  of o l igo -  
nuc leo t ide  d i g e s t i o n  in t e rmed ia t e s  showed t h a t  nucleosomes a r e  p a r t i t i o n e d  t o o n e a r m  O F  t he  
r e p l i c a t i o n  fo rk .  

S ince  n u c l e i  i n  v i t r o  accumulated DNA p recu r so r  f ragments ,  i t  was p o s s i b l e  t o  i s o l a t e  
nuclrosome-associated Okazaki f ragments  and demonst ra te  the  a s s o c i a t i o n  of t hese  p recu r so r s  
w i t h  the  nucleosome. By d e n a t u r a t i o n  of monomer, dimer,  t r imer  and te t ramer-s ized  douhle- 
s t r anded  u n i t s  of  i n  v i t r o  DNA, t he  Okazaki fragment t e rmin i  w e r e  shown t o  map o u t s i d e  the  
nucleosome. 

I s o l a t e d  n u c l e i  i nco rpora t ed  'H-TTP f o r  a t  l e a s t  30 min i n t o  

The a s s o c i a t i o n  of DNA r e p l i c a t e d  i n  v i t r o  wi th  nucleosomes was i n v e s t i g a t e d  by micro- 

271 DEVELOPMENTAL REGULATION OF XANTHINE DEHYDROGENASE I N  Drosophila melanogas te r ,  
J a n i s  O'Donnell ,  Stephen C la rk ,  and Arthur Chovnick, Genet ics  and C e l l  
Biology, Un ive r s i ty  of Connect icu t ,  S t o r r s ,  Conn. 06268 
The rosy  locus  which codes f o r  t h e  enzyme xan th ine  dehydrogenase (XDH) i n  

Drosophila melanogas te r  i s  be ing  analyzed i n  an a t tempt  t o  unders tand  i t s  func t ion-  
a l  o rgan iza t ion .  The g e n e t i c  l i m i t s  o f  t h e  s t r u c t u r a l  element have been desc r ibed  
(Gelbar t  & g . ,  Genet ics  z : 8 6 9 ,  1 9 7 4 ) .  Var i an t s  a f f e c t i n g  XDH a c t i v i t y  have been 
de tec t ed  and mapped t o  a r eg ion  cont iguous  t o  t h e  s t r u c t u r a l  element (Chovnick 
- a l . ,  Genet ics  g : 2 3 3 ,  1976; McCarron &., I n  p r e p a r a t i o n ) .  These c o n t r o l  e l e -  
ment v a r i a n t s  w e r e  de t ec t ed  i n  s t o c k s  de r ived  from n a t u r a l  popu la t ions .  Mutagen- 
e s i s  programs based upon prokaryote  models have thus  f a r  f a i l e d  t o  produce r egu la -  
t o r y  mutants .  
o t e  c o n t r o l  r eg ions  which r e q u i r e  d i f f e r e n t  approaches.  I n  o rde r  t o  f u r t h e r  
ana lyze  r e g u l a t i o n  of t h e  rosy  r eg ion  we have been s tudy ing  the  p a t t e r n  of XDH 
a c t i v i t y  du r ing  t h e  development of  t h e  i n s e c t .  
of XDH i n  s e v e r a l  i s o a l l e l i c  l i n e s  de r ived  from wi ld- type  s t o c k s  has  been d e t e r -  
mined and w i l l  be d i scussed .  Other i s o a l l e l i c  l i n e s  and induced XDH mutants  a r e  
be ing  examined f o r  p o s s i b l e  d e v i a t i o n s  from t h i s  developmental  p r o f i l e .  
developmental  v a r i a n t s  de t ec t ed  i n  t h i s  manner may be sub jec t ed  t o  g e n e t i c  f i n e  
s t r u c t u r a l  a n a l y s i s .  
genized i n d i v i d u a l s  f o r  o t h e r  developmental  v a r i a n t s  a r e  be ing  dev i sed .  

These obse rva t ions  sugges t  t h a t  t h e r e  a r e  f e a t u r e s  unique t o  eukary- 

The "normal" developmental  p a t t e r n  

Any 

Schemes which permit.  s c reen ing  of X-ray and chemica l ly  muta- 
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2’ A COLD-SENSITIVE MUTANT STRAIN OF NEUROSPORA CRASSA DEFECTIVE IN THE PROOUCTION OF 
17s rRNA FROM RIBOSOMAL-PRECURSOR RNA. Peter  J .  Russel l  and E r i c  U. Selker, Biology 
Department, Reed College, Port land, OR 97202. 
The b iosynthes is  of ribosomal RNA (rRNA) i n  wi ld- type Neurospora crassa was s tud ied 

by l abe l i ng  experiments us ing [5-%Iur id ine and was shown t o  occur by a pathway s i m i l a r  t o  
t h a t  shown f o r  o the r  eukaryot ic  organisms. The f i r s t  RNA molecule t o  be synthesized i n  
s i g n i f i c a n t  q u a n t i t i e s  i s  t he  2.4x106-dalton ribosomal precursor RNA (pre-rRNA). Th is  RNA 
i s  cleaved t o  produce two species o f  RNA w i t h  weights o f  0.7 and 1.4~106 dal tons.  
former i s  the mature 17s rRNA o f  t he  375 ribosomal subunit,  and the  l a t t e r  i s  the precursor 
t o  t h e  1.27~106 (25s) and 61,000 da l ton  (5 .8s)  rRNAs of the  60s ribosomal subuni t .  

The co ld -sens i t i ve  mutant s t r a i n  o f  E. crassa, cr ib-1.  has been shown prev ious ly  t o  
synthesize unequal amounts o f  25s and 17s rRNA m l e c u l e s  a t  lOOC, r e s u l t i n g  from a g r e a t l y  
reduced accumulation.of s tab le  17s rRNA. Synthesis of these two rRNA molecules i n  t h e  
c r i b -1  s t r a i n  a t  25% i s  almost normal. Labeling experiments have shown tha t ,  a t  lOOC,  
c r i b - I  Synthesizes the 2.4x106-dalton pre-rRNA and t h a t  cleavage o f  t h i s  molecule t o  produce 
the  1.27~106-dalton rRNA proceeds normally, whereas very I i t t l e  s t a b l e  0.7xl06-dalton rRNA 
i s  produced. A t  25OC, synthesis and processing o f  pre-rRNA i n  c r i b -1  i s  almost normal. We 
conclude t h a t  c r i b -1  has a cond i t i ona l  defect  i n  the processing o f  pre-rRNA t o  the mature 
rRNAs and we hypothesize t h a t  t he  primary molecular l es ion  i n  t h i s  mutant s t r a i n  involves 
one o f  t he  components requi red f o r  ribosome biosynthesis, f o r  example, a ribosomal p ro te in ,  
methylase o r  nuclease. 

The 

273 ECTOPIC PEPTIDE HORMONES AND ONCOPIACENTAL ENZYMES IN CULTURED HELA CELLS,RodyP.Cox 
and Nimai K. Ghosh, New York University Medical Center, 550 First Avenue, New York, 
NY 10016 

Human cervical cancer cells, HeLa65 and HeLa71 ectopically synthesize glycopeptide tropic 
hormones - human chorionic gonadotropin (HCG) , luteinizing hormone (LH), follicle stimula- 
ting hormone (FSH) and their subunits. These HeLa cells, however, do not produce other 
glycotrapic and pregnancy-specific hormones - thyroid stimulating hormone (TSH) and human 
chorionic somatomamotropin (HCS). 
using antibodies against corresponding highly purified hormones and 125I-labeled antigens 
as tracers. 
antibody complexes in assays for HCG, LH, FSH and TSH, whereas charcoal adsorption technique 
was used in HCS measurement. 
fold by aliphatic monocarboxylates, Q-butyrate being most effective. 
that mediate increased production of glycopeptide hormones inhibit cell growth and DNA syn- 
thesis without apparently altering RNA synthesis. 
synthesis in HeLa cells cause a simultaneous increase in the activity of the oncofetal alka- 
line phosphatase. 
findings provide further support for the carcinoplacental enzymic constitutions of HeLa 
cells. 
eutopically synthesized by human pituitary and/or placenta. This information may have rele- 
vance to studies on differentiated eukaryotic gene expressions in neoplastic and embryonic 
cells. (Supported by the USPHS, NIH Grant) 

All five hormones were measured by radiohunoassays 

A second antibody against y-globulin was used to isolate radioactive antigen- 

Production of HCG, LH and FSH is stimulated several hundred 
Those fatty acids 

Agents that induce glycopeptide hormone 

HeLa cells also have an aldolase similar to that found in placenta. 

These cells apparently have the potential to produce peptide hormones that are 

Our 

274 ROLE FOR PYR-PUR DNA’S IN CHROMOSOME CONDENSATION, A. Richard Morgan and Douglas 
Johnson, Biochem. Dept., University of Alberta, Edmonton, Alberta, Canada, T6G 2H7. 
Long pyrimidine.purine stretches of DNA of unknown function occur in eukaryotic 

chromosomes. Synthetic DNAs of repeating sequence indicate pyr-pur DNAs from a unique class. 
For example they form triplexes with RIA utilizing Hoogsteen pairing in the major groove of 
the duplex. (Morgan and Wells, (1968) J. Mol. Biol. z:63) The DNAs d(TTC),.d(GAA),, d(TC)n 
.d(GAIn, d(TCC),.d(GGA), and dCn*dGn ali show a transition in the presence of 1mM MgC12, pH<6 
to a new structure characterized by increases in Tm and buoyant density and the uptake of one 
proton/8 nucleotides for d(TC)n’d(GA)n. 
strongly concentration dependent. A specific and compact tetraplex can be made by+e.g. adding 
d(GA), to the remaining space in the major groove of the triplex d(TC),.d(GA),.d(TC),. Double 
isotope and buoyant density labelling experiments prove the complex contains an even number of 
strands. A Hoogsteen duplex or conformational change can be eliminated on the basis of the 
kinetics and that DNAs such as d(TG)n.d(CA)n and the random pyr.pur DNA d(T,C),.d(G,A),, do not 
form new structures. Chemical probes and EM data are consistent with a tetraplex. A biolog- 
ical role is suggested by the in vitro replication of pyr tracts from L cells to give pyr*pur 
DNAs of repeating sequence with the same properties as the synthetic repeating polymers. The 
putative tetraplexes, once formed, are stable at pH 7 in the presence of Mg*, The formation 
is strongly inhibited by intercalating agents such as ethidum and m-AMSA. The latter has 
recently been shown to act in G2 phase, possibly on chromosome condensation (Baguely and 
Ralph). Supported by MRC Canada) 

The kinetics of formation of the new complex are 

63 
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275 PRESENCE OF mRNA SEQUENCES I N  H I G H  MOLECULAR WEIGHT hnR?A. 
John  A.  B a n t l e  & I a n  H. Maxwell, Dept .  o f  Anatomy, Univ.  o f  C o l o .  S c h o o l  of Medicine, 
Denver,  Colo. 80262  

P l i l l i a m  E. Rahn, 

I d e n t i f i c a t i o n  of p r i m a r y  t r a n s c r i p t s  ( P T s )  f o r  mRNA i s  fundamenta l  to u n d e r s t a n d i n g  t h e  
Ovalbumin a n d  s i l k  f i b r o i n  mRNAs a r e  o r g a n i z a t i o n  a n d  r e g u l a t i o n  of t h e  e u k a r y o t i c  genome. 

a p p a r e n t l y  a b o u t  t h e  same s i z e  a s  t h e i r  p u t a t i v e  n u c l e a r  RNA p r e c u r s o r s ,  b u t  t h e  p r e c u r s o r  
o f  g l o b u l i n  mRNA a p p e a r s  t o  be 2-3 t i m e s  l a r g e r  t h a n  t h e  f u n c t i o n a l  mRMA. 
s h i p  between t h e  d i v e r s e ,  l o w e r  copy f r e q u e n c y  mRNAs and t h e i r  r e s p e c t i v e  PTs is n o t  known. 
To d e t e r m i n e  w h e t h e r  h l g h  m o l e c u l a r  w e i g h t  hnLVA m o l e c u l e s  c o n t a i n  s e q u e n c e s  homologous t o  
t h o s e  found i n  poly(A)mLVA, w e  p r e p a r e d  a p r o b e  DNA, "mDNA". mDNA w a s  o b t a i n e d  by  h y b r i d -  
i z i n g  l a b e l e d  unique  sequence  DNA t o  poly(A)mRNA p r e p a r e d  f rom m u s e  b r a i n  polysomes .  
Poly(A)mRXA i n  t h e  size r s n g e  of 2000 NT or less w a s  u s e d .  The c o n p l e x i t y  o f  t h e  mDNA w a s  
e q u a l  t o  a b o u t  35,000 d i f f e r e n t  a v e r a g e  s i z e  mRNAs. mDWA i n c u b a t e d  w i t h  hnRNA m o l e c u l e s  
which were most ly  5000 NT OK g r e a t e r  i n  l e n g t h  (number a v e .  s i z e = 9 0 0 0  NT) h y b r i d i z e d  t o  
n e a r l y  t h e  same e x t e n t  as was o b s e r v e d  i n  "back" h y b r i d i z a t i o n  w i t h  poly(A)mRNA. 
was g r e a t e r  t h a n  when poly(A)mRNA w a s  used  a s  d r i v e r ,  b u t  t h i s  i s  e x p e c t e d  s l n c e  many 
s e q u e n c e s  n o t  complementary t o  t h e  mDNA are p r e s e n t  i n  hnRNA. 
l i t t l e  ( 2 %  o f  mass) s i z e  o v e r l a p  be tween t h e  hnRNA a n d  poly(A)mRNA used  i n  t h e s e  e x p e r i -  
ments.  T h e r e f o r e ,  w e  c o n c l u d e  t h a t  hnRllA m o l e c u l e s  5000 NT or g r e a t e r  c o n t a i n  most o f  t h e  
s e q u e n c e s  p r e s e n t  i n  a d i v e r s e  p o p u l a t i o n  of mRNA. These  r e s u l t s  imply t h a t  PTs a r e ,  i n  
g e n e r a l ,  c o n s i d e r a b l y  l a r g e r  t h a n  r e s p e c t i v e  mWAs. It  i s  n o t  known whether  hnRNA m o l e c u l e s  
c o n t a i n  more t h a n  one  mRNA sequence .  

The s i z e  r e l a t i o n -  

The C o t  k 

E l e c t r o n m i c r o s c o p y  i n d i c a t e d  

276 
B.R.  J O R D A N  and  D.M. GLOVER, CBM/CNRS, M a r s e i l l e ,  France  and I m p e r i a l  C o l l e g e ,  London, England 

h e l d  t o g e t h e r  by hydrogen bonding .  T h i s  s t r u c t u r e  a r i s e s  t h r o u g h  p o s t - t r a n s c r i p t i o n a l  p r o c e s -  
s i n g  of a n  o r i g i n a l l y  c o n t i n u o u s  RNA m o l e c u l e .  The f o u r  p o l y n u c l e o t i d e  c h a i n s  c o u l d  be a r r a n -  
ged  i n  a number of d i f f e r e n t  ways : 

LOCALIZATION OF THE SEQUENCES CODING FOR 5.85 AND 2s RNAS ON A CLONED DROSOPHILA r D N A  
REPEATING LRJIT. 

Mature D r o s o p h i l a  26s r R N A  c o n s i s t s  o f  f o u r  p o l y n u c l e o t i d e  c h a i n s  ( 1 8 S ,  18S, 5.85 and 2s) 

We have s o l v e d  t h i s  q u e s t i o n  by h y b r i d i z a t i o n  of p u r i f i e d ,  3 L P - l a b e l l e d  5.85 and 2s R N A s  
t o  c l o n e d  f ragments  o f  t h e  D r o s o p h i l a  r D N A  u n i t .  

I C I  D TI" 

Saturdiion h y b r i d i z a t i o n  e x p e r i m e n t s  show t h a t  one copy o f  5 . 8 s  and one copy 01 2s h y b r i -  
d i z e  to f ragment  A 1  ( a n d  fragment A 1  o n l y )  t h u s  e l i m i n a t i n g  model ( d ) .  F u r t h e r  d i g e s t i o n  of 
t h e  r D N A  u n i t  by r e s t r i c t i o n  enzymes Sna and Hae I11 f o l l o w e d  by a g a r o s e  gel e l e c t r o p h o r e s i s  
and Southern  h y b r i d i z a t i o n  t o  e i t h e r  5 .85  o r  2 5  RNAs have  shown t h a t  b o t h  t h e s e  RNAs h y b r i d i z e  
t o  t h e  " t r a n s c r i b e d  s p a c e r "  r e g i o n  between 18s and 2 6 S ,  t h u s  e l i m i n a t i n g  models  ( b )  and ( c ) .  

277 DYNAMICS OF RNA POLYMERASE B DISTRIBVPICN I N  POLYTENE CHROHJSOmS, 
A ~ O  L.  Greenleaf, Milan Jamrich, and Ekkehard K.F. Bautz, University o f  

Connecticut, Storrs ,  CT and University of  Heidelberg, Germany. 

is found almost exclusively i n  interbands and puffs  in  Drosophila melanogaster 
sal ivary gland polytene chromosomes, while histone H1 is found e s s e n t i a l l y  only in 
bands. Following "heat shock," RNA polymerase molecules redistribute,  becoming 
associated with the newly induced p u f f s  and d i s soc ia t ing  from previously a c t i v e  
s i t e s .  

Results o f  studies  i n  progress on RNA polymerase B distribution during puff 
formation and regression as  influenced by various experimental manipulations, 
as  we l l  a s  a m o d e l  o f  the functional organization o f  Drosophila polytene chromosomes, 
w i l l  a l s o  be presented. 

Indirect imunofluorescence data t o  be presented show that  RNA polymerase B (or  11) 
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278 ISOLATION AhD CHARACTERIZATION OF NUCLEI AND CHROMATIN FROM NEUROSPORA CRASSA, J.A. 
Hautala and N.H. Giles, Genetics Program and Department of Zoology, University of 
Georgia, Athens, GA 30602 

A procedure has been developed for isolating nuclei from either the conidial or germinat- 
ed conidial growth phase of Neurospora crassa. The conidia were lysed by a French press of a 
frozen cell suspension, and the nuclei -reed from the broken cells by repeated homogen- 
ization in an Omni-mixer. 
density banding in a Ludox gradient. 
11hA:Rh’A:protein ratio of 1:3.5:7 and were active in RNA synthesis. The nuclei, stained with 
the fluorescent DNA stain DAPI, appear under fluorescence microscopy as bright blue spheres, 
1 u in diameter, essentially free of cytoplasmic attachments. Chromatin extracted from the 
nuclei in 70-75% yield by dissociation with 2 b! sodium chloride and 5 I! urea had a DNA:RNA: 
protein ratio of 1:1.05:1.7. 
o f  RNA polymerase template activity lower than that of pure Neurospora DNA, but the maximum 
degree of reconstitutioh obtained was only 10%. 
hydroxylapatite separated the histones from the chromatin acidic proteins. 
inent of histone proteins was present in both the reconstituted and dissociated chromatin 
preparations. 
sulfatd gel electrophoresis ranging in molecular weight from 15,000 to 70,000. 
pattern was much more complex for total dissociated chromatin than for reconstitutcd 
chromatin. 

Pure nuclei were obtained from the crude nuclear fraction by 
The final nuclear yield was 20-30%. The nuclei had a 

Chromatin reconstituted from this preparation exhibited a level 

Fractionation of tieurospora chromatin on 
The normal comple- 

The acidic protein fraction exhibited a variety of bands on sodium dodecyl 
The gel 

279 SMALL STABLE RNA MOLECULES I N  THE NUCLEUS: POSSIBLE MEDIATORS I N  GENE EXPRESSION, 
David Apirion, Bikram S .  Gill and Uma S .  Podder, Washington University Medical 
School, St. Louis, MO 63110 

To probe the possibility that ~ m l l  stable nuclear (ssn)RNAs are involved in gene ex- 
pression, first we tested how much o f  these molecules are retained in chromatin. We found 
that large quantities (as much as 10,000 molecules/nucleus), are retained in chrmatin from 
mouse L cells prepared by three different procedures. 
expression mediated by ssnRNA it is only necessary t o  assume different distributions o f  these 
molecules along the genome (association with middle repetitive DNA). Thus neither qualitative 
nor quantitative differences in ssnRNA patterns among different cell lines from the same 
organism are required to achieve specificity. We compared the ssRNAs from a large number o f  
cell lines from a number of m a m l i a n  species. While species specificity was detected, di- 
verse lines from the same species have qualitatively similar molecules. Quantitative analysis 
suggests that differences in number of specific molecules per nucleus exist between lines. 
However, when the ssRNA of organs were compared, (liver and kidney from mouse) they show 
great similarities but not identical patterns. These patterns are radically different from 
those observed in mouse cell lines. Moreover, in the regenerating liver new ssRNA molecules 
appear. Thus, while these experimets do not establish the function o f  ssRNA molecules, they 
suggest that they could have a role in gene expression. Most important, these experiments do 
not support the prevailing concept that a l l  these molecules have a non specific general func- 
tion, such a s  being part of a nuclear backbone, or participating in transport o f  RNA within 
the nucleus, or  from the nucleus to the cytoplasm. 

In order to achieve differential gene 

230 PHYSICAL MAPPING OF MITOCHONDRIAL GENOME IN MAMMALIAN CELLS. K.Koike, M.Kobayajhi, 
S.Tanaka and H.Mizusawa, Cancer Institute (JFCR), Toshima-ku, Tokyo 170, Japan 
We are seeking insiohts into mechanisms which control the replication and the exgres- 

sion of the genetic informations encoded in the mitochondria1 genome in mammalian cells. 
recent years, extensive use has been inade of bacterial restriction endonucleases in the analy- 
sis of DNA. We applied the technique and examined the specific fragments of mtDidA, generated 
by restriction enzymes. As previously reported [Koike e.t (1975)], the restriction enzyme 
CcoRl created six double-stranded breaks at specific sites in the rat m t D W  molecule. On the 
other hand, two or three restriction sites were obtained in mouse, rabbit and human mtDi4As. By 
analyzing fragments from pulse-labeled replicative intermediates, it was demonstrated thatdis- 
continuous replication of rat mtDNA begins at the fixed origin and proceeds unidirectionally 
around the circular genome, terminating at a region adjacent to the initiation origin. 
this report, we describe our recent results concerning the physical mapping of the mitochon- 
drial genome. Rat mtDNA was cleaved into unique fragments by restriction enzymes EcoRl, HhaI 
and Hindm from E.ccfi, 1f.ItnenioLql;icuh and tf.ifldLuei?zae, respectively. Sizes of the fragments 
were determined with data obtained from the electron microscope and the agarose gel electro- 
phoresis. On the basis of these data and estimates of the sizes of the Dartially-digested 
products, the physical map was constructed. We also used the technique in a cmparative study 
of mtDNAs o f  rat, mouse, rabbit and human and found that tnere was a considerable base-se- 
quence diversion between the species, indicatinq evolutionary diversification. Further infor- 
mations about the physicai mapping are being accumulated in those mammalian cells. The maos 
are currently in use for the analyses o f  i r i  ui-tha plasmid-mtDNA recombinants grown in E.ccLL. 

In 

In 
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281 INDUCTION OF HEAT SHOCK PROTEINS IN DROSOPHILA MELANOGASTER, 

Gensve, Geneva, Switzerland. 
L. Moran. Dgpartement de Biologie moli.culaire, Universiti. de 

We have characterized the tryptic digests of proteins induced by heat 
shock in larval salivary glands and a Kc cell line adapted to grow in 
suspension. Of the major heat shock polypeptides only six have dis- 
tinctly different finqerprints and thus are presumably coded for by 
different genes. The six distinct polypeptides have molecular weights 
of 8 4 K ,  7 0 K ,  6 8 K .  2 6 - 2 7 K ,  2 3 K  and 2 2 K  daltons on SDS polyacrylamide 
gels. 

P o l y f A )  containing RNA has been isolated from salivary glands and 
tissue culture cells. In both cases the RNA induced after heat shock 
codes for the heat shock proteins in vitro. Polysomal, poly(A) containing 
RNA which has been purified from heat shocked cells can be resolved 
into six species on acrylamide gels after removal of the poly(A) tails. 
Evidence will be presented that each of these messenger RNA's codes 
for one of the six distinct polypeptides. 

282 CARCIbiOGEIlCSTS IN PlOUSE & HAN:A "COHCILIATORY" GENETIC :TODFL, John 9. 
Byfield, Div. Radiation Oncology, 'Jniv. Calif., San Diego,Cal. 92103. 
A convergence of data is developing for those physico-chemical agents 

irhich both cause and cure cancer in rodents and man. Yecent studies on in vit- 
ro transformation OE rodent cells indicate t!iat many or all azents thatinduce 
DNA strand breaks can also induce transformation and that the induction of c j -  
ther mutations or D€iA excision repair is probably not an obligatory step. Sim- 
ilarly, "turning on" of RNA virus-related gene expression is also not oblicat- 
ory. However, such cells urobably always contain viral information. The extreme 
difficulty in obtaining unequivocal evidence for viral involvement in human 
cancer together with the abundant clinical evidence that transformation of 
human cells by "clean" DNA-damaging agents (anthracyclines ,actinomycins, hal- 
ogenated pyrimidines) is an extremely rare event suggests that a qualitative 
difference in the mechanism of carcinogenesis may exist for most human versus 
rodent cells. Ily "conciliatory" model Droposes that rodent cells contain the 
genetic information requisite for transformation (i.e. the familiar oncogene 
theory) and that this can be activated by a genetic reorganization induced by 
simple DNA strand breakage not involving mutation se .  "Chemical" carcino- 
genesis may therefore occur in rodents by 2 urocesses:G) structural gene re- 
organization needing only endonucleolytic activity or (b) true nutation at the 
normal oncogene site. In human cells onl:. the latter type occurs since the on- 
cogene is absent. The gene may be the surface nrotein creating "top €: bottom" 

283 SELECTION AND CHARACTERIZATION OF ALCOHOL DEHYDROGENASE MUTANTS I N  C .  ELEGANS, 
David L.  B a i l l i e  and Raja Rosenbluth.  

Alcohol dehydroqase minus mutants of C. e l eqans  have been screened f o r  u s ing  r e s i s t a n c e  
t o  pentene-3-01 and pentyne-3-01 (both r eagen t s  have been success fu l ly  employed for t h i s  
purpose i n  p. melanogaster by S o f e r ) .  Pentene-3-01 would no t  k i l l  t h e  wild type even a t  
high concen t r a t ions .  whereas pentyne-3-01 w a s  l e t h a l  t o  wild type a f t e r  1 2  h r  incubat ion 
i n  .1% s o l u t i o n  of pentyne-3-ol. Using t h i s  concentrat ion F2 ind iv idua l s  from EMS 
(.05M, 4 hr )  t r e a t e d  Po have been screened and s e v e r a l  p u t a t i v e  ADH- mutants have been 
isolat-ed.  Some of these  i n d i v i d u a l s  show a s e n s i t i v i t y  t o  e thano l  which i s  analogous t o  
t h a t  demonstrated i n  g. melanogasteq.  Complementation t e s t s  have been performed on these  
mutants and mapping t o  l i nkage  group i s  i n  p rogres s .  I t  i s  hoped t h a t  s e l e c t i o n  on ethanol  
w i l l  provide a s e l e c t i v e  procedure f o r  f i n e  s t r u c t u r e  mapping and a means by which over- 
producer mutants f o r  a l coho l  dehydroqenase may be ob ta ined .  

___.I 
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284 USE OF STEROID-RESISTANT VARIANTS TO ANALYZE THE INTERACTION OF STEROID HORMONES AND 
CYCLIC AMP I N  HTC CELLS, Dary l  Granner and E. Brad Thompson, Depts. Med. and Biochern. 
Univ.  Iowa and VA Hosp., Iowa City I A  52242, and Lab. Biochem. N C I ,  NIH, Bethesda MD 

Maximal i n d u c t i o n  o f  t y r o s i n e  aminot rans ferase (TAT) i n  i n t a c t  l i v e r  and f e t a l  l i v e r  organ 
c u l t u r e  r e q u i r e s  t h e  presence o f  bo th  g l u c o c o r t i c o i d  hormones and c y c l i c  AMP. I4e have s tud-  
i e d  t h i s  process i n  HTC c e l l s  and f i n d  t h a t :  1 )  d i b u t y r y l  CAMP (Bt,cAMP) i s  i n e f f e c t i v e  un- 
less t he  c e l l s  have been incubated  i n  i nduc ing  concen t ra t i ons  o f  dexamethasone (DEX) f o r  sev- 
e r a l  hours; 2)  removal o f  DEX r e s u l t s  i n  a r a p i d  l o s s  o f  response o f  HTC c e l l s  t o  BtZcAMP; 3 )  
s t e r o i d s  which a re  subopt imal o r  a n t i i n d u c e r s  o f  TAT have l i k e  e f f e c t s  on Bt,cAMP re induc -  
t i o n .  Th is  requ i rement  f o r  s t e r o i d  i n d u c t i o n  has been exp lo red  us ing  s t e r o i d - r e s i s t a n t  
v a r i a n t s  o f  HTC c e l l s  t h a t  have normal amounts o f  c y t o s o l  recep to r  which can be a c t i v a t e d ,  
t r a n s l o c a t e d  i n t o  the  nucleus, and then bound t o  chromat in.  TAT i n d u c t i o n ,  however, does n o t  
r e s u l t .  The f o l l o w i n g  t a b l e  shows t h a t  r e i n d u c t i o n  a l s o  does n o t  occur  i n  these v a r i a n t s .  

TAT S p e c i f i c  A c t i v i t y  
c e l l  t ype  S77 Medium S77 + DEX Conclusion: These s t u d i e s  sug- 

-BtpcAMP +Bt?cAMP - B t p c A M P + B t 2 c A M P  aes t  t h a t  Bt9cAMP r e i n d u c t i o n  
HTC w i l d  t ype  3:9 417 30.5 49.7 k q u i r e s  theL fo rma t ion  o f  a 
HTC-M714H 2.0 2 .3  2.5 2 .4  p roduc t  o f  t he  s t e r o i d  hormone, 
HTC-719C 4.2 4.4 7.3 5.8 p o s s i b l y  TAT-mRNA. D e f i n i t i o n  
HTC-263E 4.1 3.7 7.0 6 .0  o f  t he  s i t e  o f  t h e  d e f e c t  i n  the  

v a r i a n t  c e l l s  shou ld  h e l p  l o c a l i z e  t h e  s i t e  o f  steroid-CAMP i n t e r a c t i o n .  

285 MUTATIONS OF S . CEREVISIAE C A U S I N G  OVERPHODUCTION O F  3iMYDROFOLXTE XC:3UCTASEI 
Christopher G. Goff, Judith Fox, and Gary Ctto, Haverford College, !!averford Pa. 

Dihydrofolnte reductase (FU2Xase) is required for synthesis of tetrahydrofol?.te, 
and thus for one-carbon transfer reactions, in essentially a l l  organisms. Thus folate 
analogs like aminopterin, which specifically inhibit FH,JRaze, block ,;rowth of normal 
cells. liiutnnts resistant to folxte analogs can be sele;ted, and in both bacteria and 
rn:immalian cells the mutations usu,:lly affect FH2Rase, either by altering its active site 
(thus preventing folnte-analog binding) or by causing overproduction of FH Xase (thus 
titrating out the intracellular analog). At least in bacteria, this enzyme may regu- 
late its own synthesis; many mutations appear to affect fol:3te-analog binding and 
FH Rase synthesis simultaneously. 

cerevisiae, with the aim of studying mechanisms replatikg gene expression in a 
genetically well-defined eucaryote. Yeast cells are relatively impermeable to folate 
analogs, so we are using indirect methods. 
mutants by growing out in inhibitory levels of aminopterin, plate, and assay coloziec 
in situ for FII.i?ase nctivity using a coupled dye-reductioc color assay. To date we have 
isolated several low-level overproducers (3-fold more activity than wild type). We hope 
eventually to genetically map "overproducer" and "analog resistant" mutations in detail 
and to physically map the FH-Rase protein. Ye should then be able to locate regulatory 
mutations relative to the stsuctural portion of the FII Rase &ene. 
wild-type yeast FH2Rase and are beginning peptide mapping and immunoloeical studies. 

2 

' Ve are attempting to select both these types of FHJase mutants in haploid 2 

Ye mutagenize cells, enrich for F!I2Flase 

1 

.Ye have purified 2 

67 



Wednoday, March 2, 1977 Eucrvyotic Gmetic Systems 

210 GENE EXPRESSION DURING EARLY DEVELOPMENT O F  2. ELEGANS, David Hirsh, 
Department of M.C.D. Biology, U. of Colorado, Boulder, CO. 80309 

Caen'orhabditis e legans  i s  a s e l f - f e r t i l i z i n g  hermaphrodi t ic  nematode. 
Self  and True males occur spontaneously and a r e  used f o r  g e n e t i c  c rosses .  

c r o s s  f e r t i l i z a t i o n s  occur i n t e r n a l l y .  Embryogenesis from f e r t i l i z a t i o n  t o  a 
500 c e l l  l a r v a  occurs  wi th in  an egg case. Zygote d e f e c t i v e  mutants d i e  during 
embryogenesis p r i o r  t o  emergence of the  la rva .  W e  have s tudied  g e n e t i c a l l y  25 
temperature s e n s i t i v e  zygote d e f e c t i v e  mutants t o  determine t h e  times of ex- 
press ion  of genes whose product4 a r e  required f o r  completion of embryogenesis. 
I n  21 of the  25 mutants, homozygous progeny of heterozygous parents  complete 
embryogenesis a t  r e s t r i c t i v e  temperature i n d i c a t i n g  t h a t  p a r e n t a l  gene expres- 
s ion  i s  s u f f i c i e n t  f o r  s u r v i v a l  of zygotes. I n  10 of these  21 mutants, prog- 
eny from homozygous mothers mated t o  wild type f a t h e r s  d i e  as zygotes. There- 
fore ,  these  10 mutants are s t r ic t  maternals .  P a r e n t a l  genome expression & 
occur f o r  zygote shrv iva l .  
zygous mothers a r e  rescued by wild type f a t h e r s .  Therefore ,  i n  these 11 
mutants, e i t h e r  p a r e n t a l  zygot ic  genome express ion  al lows completion of 
embryogenesis. I n  2 of these  11 mutants, p a t e r n a l  genome expression suppl ies  
a sperm cytoplasmic f a c t o r  t h a t  rescues  homozygous zygotes, s ince  heterozy- 
gous f a t h e r s  mated t o  homozygous mothers produce both homozygous and hetero-  
zygous v i a b l e  progeny. Among the  4 mutants t h a t  cannot complete embryogen- 
e s i s  a s  a r e s u l t  of p a r e n t a l  genome expression,  3 mutants are non-maternals 
s t r i c t l y  dependent on zygot ic  genome expression.  Only one mutant produces 
progeny t h a t  d i e  i n  both of the  o r i g i n a l  g e n e t i c  t e s t s .  Therefore ,  zygote 
s u r v i v a l  r e q u i r e s  both p a r e n t a l  & zygot ic  genome expression.  

t a n t s  a r e  temperature s e n s i t i v e  before  the  1 6  c e l l  embryonic s tage ,  s t r ic t  
non-maternals a r e  temperature s e n s i t i v e  la te  i n  development, and mutants 
dependent on e i t h e r  p a r e n t a l  o r  zygot ic  genome expression a r e  temperature 
s e n s i t i v e  a f t e r  the  1 6  c e l l  s tage  except  i n  the  two cases  where sperm cyto- 
plasm rescues the  zygotes. These two mutants are temperature s e n s i t i v e  e a r l y  
i n  embryogenesis. 

I n  the  remaining 11 mutants, zygotes from homo- 

Temperature-shift experiments so f a r  show t h a t  a l l  s t r i c t  maternal  mu- 
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286 STUDIES ON TWO BODY-WALL MYOSINS IN WILD TYPE AND MUTANT NEMATODES, Frederick H. 
Schachat. Robert L. Garcea and Henry F. Epstein, Stanford U., Stanford, CA 94305 
Native myosin purified from the wild-type, N2, and a body-wall defective mutant, 

E675 of the.nematode contains two myosins, each homogeneous for different heavy chains. These 
myosins can be resolved from one another on hydroxyapatite and, when cleavaged with CNBr, they 
yield different peptide-fragments. 
similar in N2. 

same gene, unc-54. 
gests that unc-54 is the structural gene for a myosin heavy chain. 

to locate the myosins on thick filaments from body-wall muscle. 
the patterns of synthesis and degradation of the two myosins in the wild-type and muscle- 
defective mutants in order to discover how the observed stoichiometry i s  maintained. 

The ratio of the two myosins is about 2:1 in E675 and is 

In E190. on; of the homogeneous myosins is absent. and e675 are alleles of the 
The myosin lacking in El90 is the same one affected in E675. This sug- 

In order to determine the role of these different myosins, we are using antibodies 
Additionally, we are studying 

287 ON STUDYING RECESSIVE LEZ1IAL AND STERILE MUTANTS OF CAENORHABDITIS ELEGANS,R. K. 
Herman and P. M. Meneely, Dept. of Genetics & Cell Biology, University of Minnesota, 
St. Paul, MN 55108 

We are concentrating on the isolation and genetic characterization of recessive lethal and 
sterile mutants of C. elegans in the hope that the anatomical and biochemical study of these 
mutants will tell us something about the genetic control of development. Obviously, for 
maintenance and genetic manipulation. recessive lethal and sterile mutations must be 
balanced in suitably marked heterozygotes. We are thus also engaged in the production 
and identification of balancer chromosomes, which generally carry chromosome rearrangements 
in order to suppress crossing over. Both X-rays and triethylenemelamine have been used to 
generate chromosome rearrangements. One of the rearrangements, a duplication of the X 
chromosome translocated to linkage group V, i s  being used to balance EMS-induced lethals and 
steriles falling in a small region of X. We have thus far found 12 independent lethals and 
steriles in this region. The mutations have been classified into 10 complementation groups, 
with repeats in 2 genes. The phenotypes of the mutants are varied. 
embryogenesis. Others are arrested at various larval stages. One becomes an adult but is 
sterile because of a sperm defect. Still another is fertile, but all of its offspring die 
as larvae. 
I1 after X-ray treatment and have used one such crossover suppressor to balance several 
dozen EMS-induced recessive lethal and sterile mutations. 

Some die during 

We have also selected directly for suppressors of crossing over in linkage grdup 

288 E h i B R M N I C D I i ' W B ~ ~ O F  'IHE Ih"ETINALTRA(X, K. K. Lew. S. Ward 
L!ept. of Biological Chanistry, Hanard Medical School, Boston, \lass. 02115 
The entire Bnbryonic cellular lineage which give rise to the intestine of 

- C. elegans, a free living soil nematode, has been determined by light microscopic 
observation f m  the fertilized f2gg to the newly hatched animl. The cells which 
give rise to the intestine undergo both synmtrical and assymetrical cellular 
divisions. 
were studied for biochemical differentiation. 
chmically differentiated well before the intestinal tract is fonned. 
developed Bnbryonic intestinal tract is canposed of 20 cells and the time course for 
this developmnt is about 9 hours at 2 0 - Z o C .  The analysis of wild type developnent 
will provide us with the backgmund in the study of gut Bnbryonic nutants. 

Besides cellular lineage analysis the cells which produce the intestine 
It appears that the gut cells bio- 

?he canpletely 

69 



Wednesday, March 2, 1977 Eucaryatic Genetic Systems 

289 A GENETIC PATHWAY FOR DAUER LARVA FORMATION I N  CAENORHABDITIS 
ELEGANS, D o n a l d  L. R i d d l e ,  D i v i s i o n  of B i o l o g i c a l  S c i e n c e s ,  
U n i v e r s i t y  o f  M i s s o u r i ,  Columbia ,  Mis sour i  6 5 2 0 1 .  
T h e  d a u e r  l a r v a  i s  a spec ia l ized  t h i r d - s t a g e  l a r v a  f o r m e d  u n d e r  con-  

d i t i o n s  of s t a r v a t i o n .  I t  n e i t h e r  feeds n o r  g r o w s ;  it possesses a special-  
izedimpermeable  c u t i c l e  and e x h i b i t s  a u n i q u e  morphology and b e h a v i o r .  I f  
food i s  e n c o u n t e r e d ,  t h e  dauer  l a r v a  i s  capable  of recovery t o  r e s u m e  d e v e l o p -  
m e n t .  A series o f  m u t a n t s  a f f e c t e d  i n  d a u e r  l a r v a  f o r m a t i o n  is  b e i n g  used  t o  
de te rmine  t h e  n a t u r e  o f  t h e  g e n e t i c  program f o r  t h i s  d i sc re t e  aspect o f  
development.  Mutant  g e n e s  have b e e n  ordered w i t h  respect t o  o n e  ano the r  i n  a 
g e n e t i c  p a t h w a y  based o n  a n a l y s i s  o f  t h e  e p i s t a t i c  r e l a t i o n s h i p s  b e t w e e n  t h e  
genes.  T h e  genes s p e c i f y  a s i g n a l  p a t h w a y  f o r  dauer  l a r v a  f o r m a t i o n .  One  
c lass  o f  mutant  a l r e a d y  c h a r a c t e r i z e d  e x h i b i t s  m o r p h o l o g i c a l  d e f e c t s  i n  
s p e c i f i c  s e n s o r y  neurons  as determined b y  e l e c t r o n  m i c r o s c o p y .  

290 INTERACTIONS BETWEEN THE MITOCHONDRIAL AND NUCLEAR GENOMES I N  NEUROSPORA, David L. 
Edwards, Dept. Bio l .  Sc i ences ,  S t a t e  Un ive r s i ty  of New York, Albany, N.Y.  12222  
The cyan ide - insens i t i ve  r e s p i r a t o r y  system of Neurospora mi tochondr ia  r e q u i r e s  gene- 

t i c  i npu t  from both  t h e  mi tochondr i a l  and nuc lea r  genomes i n  o rde r  t o  func t ion  c o r r e c t l y .  
Muta t ions  i n  e i t h e r  genome can cause  abnormal f u n c t i o n  of t h e  pathway. A series of nuc lea r  
mutants has  been i s o l a t e d  t h a t  cannot  produce t h e  cyan ide - insens i t i ve  pathway under cond i t ions  
where i t  i s  induced i n  wi ld- type  c e l l s .  These mutants  cannot grow i n  t h e  presence  of a n t i -  
mycin A o r  a z i d e  whereas wi ld- type  cel ls  grow by means of t h e  cyan ide - insens i t i ve  pathway i n  
t h e  presence  of t h e s e  drugs .  These an t imycin  A-sens i t ive  mutants can  be a s s o r t e d  i n t o  a t  
l e a s t  two groups by complementation a n a l y s i s .  

pathway p r e s e n t , c o n s t i t u t i v e l y .  
NADH-and s u c c i n a t e  ox idases  and normal o x i d a t i v e  phosphoryla t ion .  
cyanide and s a l i c y l  hydroxamic a c i d  i n d i c a t e s  t h a t  t h e  cyan ide - insens i t i ve  pathway i n  t h e s e  
c e l l s  i s  not u t i l i z e d  i n  v ivo .  

based on a mi tochondr ia l  gene product  a c t i n g  i n  a nega t ive  manner t o  r e g u l a t e  s t r u c t u r a l  
genes f o r  t h e  pathway loca ted  i n  t h e  nuc leus .  Pre l iminary  ev idence  i n d i c a t e s  t h a t  t h i s  
r e g u l a t i o n  is a t  t h e  l e v e l  of t h e  t r a n s c r i p t i o n  of nuc lea r  DNA. (Supported by r e sea rch  
Grant GM-19410 and Research Career Development Award GM-00018 from NIH.) 

An e x t r a n u c l e a r  mutant,  z i - 3 ,  has  been i s o l a t e d  which has  the  cyan ide - insens i t i ve  
Elitochondria from &-3 have normal cytochrome con ten t ,  

T i t r a t i o n  of cni-3 wi th  

These d a t a  suppor t  a model f o r  t h e  r e g u l a t i o n  of t h e  cyan ide - insens i t i ve  pathway 

291 THE PROPOSED INVOLVEMENT OF AN INTERNAL PROMOTER IN REGULATION AND SYNTHESIS OF THE 
MITOCHONDRIAL AND CYTOPLASMIC LEUCYL-tRNA SYNMETASES OF NEUROSPORA, S.R.Cross,  

P a t r i c i a  Beauchamp and Edi th  Horn, Genet ics  D iv i s ion ,  Biochem. Dept. Duke Un ive r s i ty ,  Durham, 
N .  C .  27710. 
The leu-5  r eg ion  o f  l i nkage  group 5 of Neuros o r a  con ta ins  t h e  s t r u c t u r a l  in format ion  f o r  t h e  
cyto-mic and mi tochondr ia l  leucyl-tRNA synEhetases . Ant igenic  a n a l y s i s  i n d i c a t e s  t h a t  
t h e r e  i s  l i t t l e ,  i f  any, s t r u c t u r a l  homology between t h e  two enzymes, The s y n t h e s i s  o f  t h e  
two enzymes appears  t o  be r e c i p r o c a l l y  r e g u l a t e d  i n  response  t o  a r e g u l a t o r y  element o f  
mi tochondr ia l  o r i g i n .  These d a t a  p l u s  t h e  r e s u l t s  o f  g e n e t i c  ana lyses  o f  a tempera ture  
s e n s i t i v e  p l r i o t r o p i c  leu-5  mutant and i t s  r e v e r t a n t s  as well as a v a r i a n t  t h a t  produces 
and e l e c t r o p h o r e t i c a l l y i s t i n g u i s h a b l e  mi tochondr ia l  enzyme sugges ted  
a model of  t h e  leu-5  r eg ion  t h e  essential f e a t u r e  o f  which i s  t h e  proposa l  t h a t  i n i t i a t i o n  
of t r a n s c r i p t i o n f  t h e  gene f o r  t h e  mi tochondr ia l  enzyme depends upon a s t r u c t u r a l  
element (promoter) w i th in  t h e  ad jacen t  s t r u c t u r a l  gene f o r  t h e  cy toplasmic  enzyme. 
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292 REGuLATlON OF ARGININE MeTABOL1Sl-l IN NEUROSPORA. Richard L. Weiss, Biochemistry 
Division, Department of Chemistry and Molecular Biology I n s t i t u t e ,  University of 
Cal i fornia .  Los Angeles, Cal i forn ia  90024 
Neurospora I s  capable of endogenous a rg in ine  biosynthesis .  In  addi t ion,  the 

organism possesses enzymes capable of degrading arg in ine  t o  ammonia, carbon dioxide, and 
glutamic ac id .  
s i g n i f i c a n t  l e v e l  of t h e  first two degradative enzymes. arginase and orn i th ine  amino- 
t ransferase.  No catabolism occurs. During growth in arginine-supplemented medium, 
these  enzymes are induced 3-4 fo ld  and the arg in ine  pool expands approximately 7 fold.  
Catabolism of a rg in ine  proceeds rapidly.  
minimal mrdium, a 30-40 min l a g  precedes t h e  appearance of increased l e v e l s  of the  
ca tabol ic  enzymes. 
t ranscr ip t ion ,  processing, and expression of new mRNA molecules. Catabolism, in 
cont ras t  t o  enzyme induction, is i n i t i a t e d  and s a t u r a t e s  the ava i lab le  enzyme within 
minutes. 
medium are equal ly  rapid.  These observations are cons is ten t  with a compartmentation 
model i n  which t h e  majori ty  of the  i n t r a c e l l u l a r  arginine pool is sequestered within a 
membrane-enclosed organel le .  The s igni f icance  of compartmentation as an i n f l u e n t i a l  
contr ibutor  t o  metabolic regulatfon i n  eucaryotes w i l l  be discussed. 
a t t e n t i o n  w i l l  be paid t o  molecular approaches which a r e  p o t e n t i a l l y  powerful too ls  
in the  continuing e f f o r t  t o  understand b io logica l  regulatory processes i n  eucaryotes. 

During growth in minimal medium, a la rge  arginine pool coexis t s  with a 

When arg in ine  is added t o  cells growing i n  

The delayed response appears t o  represent  the  time required f o r  

Metabolic and regulatory responses t o  removal of a rg in ine  from the  growth 

Par t icu lar  

293 
Nutley. N. J. 07110. 

A series of i n  s i t u  immunoassays have been developed which can be used i n  screening f o r  
t rans la t ion  products of genes cloned i n  i n  v i t r o  recombination experiments with e i t h e r  
phage or  plasmid vectors .  Antigen-antibody complex formation occurr ing within a vector  
phage plaque can be used t o  de tec t  the  production of a s p e c i f i c  pro te in  from an amplified 
gene which is t ranscr ibed a t  normal eff ic iency.  
colonies lysed i n  s i t u  e i t h e r  by h prophage induct ion o r  by biochemical means af ford  
an even higher  l e v e l  of s e n s i t i v i t y  than t h e  plaque assay, probably adequate t o  de tec t  
the production of a few molecules of prote in  per  c e l l .  

AN I N  SITU ASSAY FOR CLONED GENE TRANSLATION IN PHAGE PLAQUES AND BACTERIAL 
COLONIES. A. Skalka and L. Shapiro. The Roche I n s t i t u t e  of Molecular Biology, 

Immunoassays of individual  b a c t e r i a l  

294 PREPARATIVE AND ANALYTICAL HORIZONTAL SLAB GEL ELECTROPHORESIS OF DNA, 
Donald Kaplan and Gary Wilcox, University of California at Los 
Angeles, Los Angeles, California 9 0 0 2 4  

Horizontal slab gel electrophoresis systems have many advantages which are 
not inherent in a vertical slab gel apparatus. We have developed a horizon- 
tal apparatus which has the following features: 1) a capacity of 108 
samples, 2 )  lower percentage agarose (0.2%) and polyacrylamide ( 2 % )  gels can 
be used, 3 )  DNA restriction fragments may be visualized during electro- 
phoresis, 4 )  large capacity preparative agarose gels up to 2-1/2 cm thick 
have been used for the purification of DNA restriction’fragments, 5) different 
percentage gels may be run simultaneously, and 6) rapid and simple prepara- 
tion of the apparatus for use. 

vertical agarose wicks which replaces conventional, less reliable current 
carriers. The agarose wicks are re-usable, can carry up to 200 ma, and do 
not dry out or produce variations in current across the gel. 

The key design feature of the horizontal slab gel apparatus is the use of 
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295 GENE STRClURE AND !L"SWPTION IN DICTYOSTELIUM, R.A. Fi r t e l ,  K. Kindle, W. 
Bawekaq! A. Cockburn, G. Frankel, 11. PkKemn, W. Taylor and M . J .  Newkirk. 
nwt of ~iology,  University of California, San Diego, La Jolla, California 92093. 

Depart- 

W e  have been using several different cloning techniques to approach the question of gene 
structure and transcription in Dictyostelium discoidem. 
ing of (1) rest r ic t ion and randunly sheared nuclear I3Q-i fragments and f2)cDNA copied from m. 

!Ihe structure of the Dictyostelium ribsoma1 FSJA cistron has been elucidated using hybridi- 
zation of labelled r a J A  to restr ic t ion digests of total Dictyostelim CNA and cloning of rDNA 
fragments. 
tains the d n g  regions for  the 17S, 26s' 5.85 and 5s -. 
t iparal le l  -; experimsnts to determine w h e t h e r  or  not the region is  extrachranosomal are 
u n k  way. Clones that  contain Dictyostelium Ld ing  s y e n c e s  w e  constructed with randunly 
sheared DNA, then screened for hybridization t o  p l y ( A )  IWA by the colony f i l t e r  hybridiza- 
tion technique. CJe are now studying three clones of nonmitochondrial origin which have been 
ShCuJn to hybridize to a discrete s ize  or  class of messages. The location of the rnRNA ample- 
men- region and repat and single-copy sequences have been identified. 
being used to d e  changes in specific messenger expressicn throughout the development cy- 
cle and t o  look for  the existence of a nuclear precursor to the nessage. A third approach in 
the lab is the cloning of the CDNAmade from messenger IWA. 
allowing one Lo look for clones amplementary to RNA that has been pre-seleded, e.g., a sfmi- 
p r i f i e d  ma, or a developmtal  class of FNA. 
probes for screening for DNA clones canpl-tary to the message of interest. 

The approaches have involved clon- 

The data from tilese studies irdicate a very large repeat uni t  (47%) which con- 
This repeat is present as an an- 

The clones are also 

This tack has the advantage of 

The cI3Q-i clones can then be used as pure 

296 H0k.I MANY DEVELOPMENTAL GENES ARE THERE IN DICTYOSTELIUM? 
Univ. of California, San Diego, La Jolla, California 92093. 
When considering the dependence and interrelationship of developmental enzymes in 

William F. Loomis, 

DictyosteZim it is central to have some idea how many genes may be involved. 
studies have attempted to estimate the number of genes dispensible for growth but essential 
for aggregation OK later stages of morphogenesis. These include determining the number of 
genetic loci which play major roles in aggregation, the number of RNA transcripts which 
accumulate significantly during various stages of development, and the mutational target 
size of developmental genes. Each of these approaches have indicated that fewer than 300 
genes may play significant roles during the whole process of development. 
estimates will be compared and discussed. 

Several 

The various 

CELL INTERACTION AN0 GENE EXPRESSION IN DICTYOSTELIUM. Maurice Sussman. Department 
of Life Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania. 
Progress from the aggregation stage to the slug and from the slug stage to the cul- 

297 

mination stage is controlled by diffusable molecules produced within the cell mass. Ammonia 
concentration appears critical to the slug t o  culmination transition. Mutant strains unable 
to progress past the slug stage can be carried through if mixed with wild-type cells or with 
extracts of such cells. The biochemical basis of this synergistic development will be dis- 
cussed. 
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298 U S I N G  CLONED DNA TO REVEAL THE GEOGRAPHY O F  THE DICYTOSTELIUM GEdOME 
H a n c y  M a i z e l s ,  T h e  B i o l o g i c a l  L a b x a t o r i e s ,  Harvard U n i v e r s i t y ,  
C a m b r i d g e ,  Massachuset ts  0 2 1 3 8  

A n a l y s i s  O f  p lasmids w h i c h  a m p l i f y  f r a g m e n t s  of D i c y t o s t e l i u m  DNA 
is g e n e r a t i n g  a p i c tu re  o f  t h e  o r g a n i z a t i o n  of t h e  D i c t y o s t e l i u m  
g e n o m e .  D i c t y o s t e l i u m ' s  ribosomal DNA repeated u n i t  comprises 
3 8 , 0 0 0  base pairs --the l o n g e s t  y e t  reported; t h e  17s + 25s  
c o d i n g  r e g i o n  i s  l i n k e d  t o  5s  DNA, as  i n  yeas t  a n d  t h e  p r o k a r y o t e s .  
C u r r e n t  w o r k  i s  f o c u s i n g  on regions of DNA which a re  s p e c i f i c a l l y  
t r a n s c r i b e d  d u r i n g  development.  

299 
Pre l iminary  g e n e t i c  s t u d i e s  on t h e  developmental  (-) muta t ions  i n  a group of  40 independent 
aggrega t ion -de f i c i en t  (Agg-) mutants of  D. discoideum i d e n t i f i e d  5 l o c i  e s s e n t i a l  f o r  aggre-  
g a t i o n  (CG1-5) and revea led  t h a t  a l a r g e  number of  t h e  = m u t a t i o n s  r e s i d e  in  l i nkage  group 
I1  [Coukel l ,  M . B . :  Molec. gen. Genet.  142, 119, 1975).  We have now extended t h e  l i nkage  
a n a l y s i s  o f  t h e s e  muta t ions  and have a s s igned  = m u t a t i o n s  i n  28 of t h e  40 mutants  t o  4 
l i nkage  groups :  16  i n  group 11, 1 i n  group 111, 10 i n  group IV, and 1 i n  group V I .  None of 
t h e  muta t ions  analyzed appeared t o  map i n  l i nkage  group I .  In  add i t ion  a new tempera- 
t u r e - s e n s i t i v e  growth locus ,  =, has been mapped i n  group 111. 
muta t ions  was a ided  g r e a t l y  by t h e  d iscovery  t h a t  d i p l o i d  s t r a i n s  a r e  r e a d i l y  induced t o  
undergo h a p l o i d i z a t i o n  when grown on 0 .1% p-f luorophenyla lan ine  (PFP) a t  e l eva ted  growth 
tempera tures  ( e .g .  25.5"C). Growth o f  d i p l o i d  s t r a i n s  on PFP had no e f f e c t  on t h e  type  of 
segregant  c l a s s e s  ob ta ined ,  t h e  subsequent growth and/or  development o f  t h e  seg regan t s ,  o r  
t h e  a b i l i t y  of  t h e  seg regan t s  t o  reform s t a b l e  d i p l o i d s .  
muta t ions  r ep resen t ing  l o c i  CG1-5 were fused  wi th  5 strains ca r ry ing  muta t ions  a t  agg rega t ion  
l o c i  i d e n t i f i e d  i n  ano the r  s tudy  (Williams, K . L . ,  Newell, P . C . :  Gene t i c s .  z, 287, 1976) ,  
a l l  25 c r o s s e s  produced Agg' d ip lo ids .  This resu l t  sugges t s  t h a t  t h e  10  aggrega t ion  l o c i  
i d e n t i f i e d  i n  t h e  two s t u d i e s  a r e  d i f f e r e n t .  
(Supported by t h e  NRC and t h e  NCI of Canada.) 

PARASEXUAL GENETIC ANALYSIS OF AGGREGATION LOCI IN DICTYOSTELILIM DISCOIDEUM, M . B .  
Coukel l ,  Dept. Biology, York Un ive r s i ty ,  Toronto ,  On ta r io  

Linkage a n a l y s i s  o f  t h e  % 

When 5 Agg- s t r a i n s  ca r ry ing  

These l o c i  have be-n des igna ted  aggA-J. 

uw) RNA POLYMERASE I1 REGULATION I N  AMANITIN RESISTANT RAT MYOBLAST MUTANTS, Mark L. 
Pearson and Michael M. Crera r ,  Department of  Medical Gene t i c s ,  Un ive r s i ty  of 
Toronto,  Toronto Canada M5S 1 A 8 .  
A series of independent d i p l o i d  and t e t r a p l o i d  a-amanitin r e s i s t a n t  mutants  of L6 

ra t  myoblasts have been shown t o  possess  both  a mutant form of  RNA polymerase I1 d e f e c t i v e  
i n  amani t in  b inding ,  and wi ld  type  enzyme. Mutant cells  grown i n  the  presence  of amani t in  
respond by ma in ta in ing  t h e i r  t o t a l  RNA polymerase I1 a c t i v i t y  l e v e l s  cons t an t .  I n a c t i v a t i o n  
of t h e  wi ld  type  enzyme under these  cond i t ions  i s  compensated by an i n c r e a s e  i n  t h e  s p e c i f i c  
a c t i v i t y  of t h e  mutant enzyme. Determina t ion  of the amount of 3H-y-amanitin bound t o  t h e  
wi ld  type  form when t h e s e  c e l l s  are 
enzyme remaining. 
t h e  loss  of  n u c l e o t i d e  inco rpora t ing  a c t i v i t y ;  t h e  i n t r a c e l l u l a r  concen t r a t ion  of t h e  wi ld  
type  enzyme f a l l s .  
l e v e l s  a r e  r egu la t ed  i n  mammalian c e l l s ,  a s  i n  b a c t e r i a ,  by RNA polymerase a c t i n g  as a 
r e p r e s s o r  of i t s  own s y n t h e s i s .  

Su rp r i s ing ly ,  some of  t h e  amani t in  r e s i s t a n t  myoblast  mutants a l s o  appear t o  be 
d e f e c t i v e  i n  myotube format ion ,  and the  s e v e r i t y  of t h e  d e f e c t  can be c o r r e l a t e d  wi th  t h e  
l e v e l  of mutant RNA polymerase I1 a c t i v i t y .  
s t r u c t u r a l  genes can l e a d  t o  p l e i o t r o p i c  d e f e c t s  s p e c i f i c  f o r  t h e  t r a n s c r i p t i o n  of genes 
e s s e n t i a l  t o  myotube format ion  as opposed t o  those  e s s e n t i a l  f o r  c e l l  p r o l i f e r a t i o n .  

grown i n  amani t in  s e r v e s  t o  measure t h e  amount of t h i s  
I n a c t i v a t i o n  of t h i s  a m s i t i n  b inding  capac i ty  d e c l i n e s  i n  p a r a l l e l  w i th  

These r e s u l t s  are c o n s i s t e n t  w i th  t h e  p o s s i b i l i t y  t h a t  RNA polymerase I1 

Perhaps muta t ions  i n  RNA polymerase I1 
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91 ISOLATION AND CHARACTERIZATION OF RESPIRATION-DEFICIENT CHINESE HAMSTER CELL 
Mutants,  I .  E. S c h e f f l e r ,  G .  Di t ta  and K. Soderberg.  Dept.  of Biology, U n i v e r s i t y  
of C a l i f o r n i a ,  San Diego, B-022, La J o l l a ,  C a l i f .  92093. 

Based on t h e  n u t r i t i o n a l  requi rements  of a f o r t u i t o u s l y  i s o l a t e d  Chinese  hamster  c e l l  
l i n e  wi th  a d e f e c t  i n  NADH-coenzyme Q r educ ta se  which has  been  c h a r a c t e r i z e d  by our labor-  
a t o r y  (DeFrancesco & &., J. B i o l .  Chem. 251:4588-4595, 1976) w e  have  devised  a s e l e c t i o n  
scheme which has  pe rmi t t ed  us t o  i s o l a t e  a whole series of  mutants d e f e c t i v e  i n  o x i d a t i v e  
energy metabolism. 
CCL16-B9 appears  t o  be  seve re ly  d e f i c i e n t  i n  succ ina te  dehydrogenase (SDH) a c t i v i t y ,  
based on t h e  fo l lowing  obse rva t ions :  a) Oxygen consumption by i s o l a t e d  mi tochondr ia  could  
be  s t imu la t ed  by w-glycero lphosphate  b u t  
i s o l a t e d  mi tochondr ia  wi th  e i t h e r  Fe(CN)i; 
accep to r s  were nega t ive ,  i n  c o n t r a s t  t o  t h e  experiments wi th  wi ld  type  mi tochondr ia .  
2) Mutant V79-G7 has  'a d e f e c t  which l eads  t o  a s i g n i f i c a n t  r e d u c t i o n  of mi tochondr ia l  
p r o t e i n  s y n t h e s i s ,  a s  seen  by polyacrylamide g e l  e l e c t r o p h o r e s i s  of  s e l e c t i v e l y  labe led  
p r o t e i n s .  
tenfokd r e l a t i v e  t o  wi ld  type :  cytochrome ox idase ,  and t h e  o l igomyc in - sens i t i ve  ATPase. 
Spec t ropho tomet r i ca l ly  cytochrome a and a 3  a r e  no t  d e t e c t a b l e .  

Add i t iona l  mutants a r e  under s tudy  which be long  t o  d i f f e r e n t  complementation groups 
as s tud ied  by somat ic  c e l l  h y b r i d i z a t i o n s .  

Two such mutants have  now been c h a r a c t e r i z e d  f u r t h e r :  1) Mutant 

o t  by s u c c i n a t e ,  b) s e v e r a l  a s says  of SDH i n  
or phenazine me thosu l f a t e  (PMS) as e l e c t r o n  9 

The a c t i v i t i e s  of two mi tochondr i a l  enzyme complexes a r e  reduced a t  l e a s t  

302 CHARACTERIZATION OF CHO-CELL MUTATIONS FOR SIX DIFFERENT AMINOACYL-tRNA SYNTHESES, 
Larry H .  Thompson, Gerald M. Adair ,  Don J. Lofgren, and P a t r i c i a  A. L indl ,  Biomed. 
Sc iences  Div.,  Lawrence Livermore Labora tory ,  P.O.  Box 808, Livermore, CA 94550 
We have been developing  s e l e c t i o n  procedures  f o r  t h e  i s o l a t i o n  o f  c o n d i t i o n a l l y  

l e t h a l  muta t ions  a f f e c t i n g  p r o t e i n  s y n t h e s i s  i n  Chinese hamster CHO c e l l s .  The method 
en r i ches  f o r  mutants by t rea tment  o f  a popu la t ion  wi th  3H-a.a. under r e s t r i c t i v e  cond i t ions  
(39.5OC and reduced a . a .  c o n c e n t r a t i o n s ) .  In  i n i t i a l  growth tes ts ,  most mutants had an 
increased  requirement a t  3 4 O  and/or  39.50 f o r  2 of t h e  fo l lowing  a . a . :  
met, o r  l e u .  A few o f  t h e  mutants were simply tempera ture  s e n s i t i v e .  Biochemical charac-  
t e r i z a t i o n  of t h e  6 phenotypic  c l a s s e s  r evea led  d e f e c t s  i n  each aminoacyl-tRNA syn the ta se  
(RS) cognate  f o r  t!ie phenotypic  mod i f i e r  a . a .  Mutants i n  each c l a s s  had reduced r ecove rab le  
a c t i v i t y  i n  v i t r o  f o r  e x t r a c t s  prepared  from c e l l s  grown under permiss ive  cond i t ions  (340; 
normal a . a . ) .  I n  a d d i t i o n ,  most mutants t e s t e d  had impaired aminoacylation i n  v ivo  under 
r e s t r i c t i v e  cond i t ions  which i n h i b i t e d  p r o t e i n  s y n t h e s i s .  One mutant,  Arg-1, lacked any 
measurable ArgRS a c t i v i t y  i n  v i t r o  (<0 .4% of  WT). In  t h e r m o l a b i l i t y  s t u d i e s  i n  p rogres s ,  
t h e  GlnRS a c t i v i t y  a t  340 of t h e  mutant Gln-2 was only  16% of  M and was i n a c t i v a t e d  very 
r a p i d l y  a t  400 compared t o  WT. 
c l a s s e s  cor responding  t o  t h e  6 RS c l a s s e s .  LeuRS and AsnRS mutants were by f a r  t h e  most 
common. There were 4 d i f f e r e n t  mutants i n  t h e  6ietR.S c l a s s ,  and 3 mutants f o r  GlnRS w i t h  
d i f f e r e n t  p r o p e r t i e s .  Only 1 mutant each was ob ta ined  f o r  HisRS and ArgRS. A l l  o f  t h e  
mutants a r e  g e n e t i c a l l y  s t a b l e  and probably  r ep resen t  po in t  muta t ions  i n  t h e  s t r u c t u r a l  
genes o f  t h e  RSs. (Supported by U.S.ERDA Cont rac t  No. W-7405-ENG-48). 

a r g ,  a sn ,  g l n ,  h i s ,  

Ce l l -hybr id  complementation a n a l y s i s  has  def ined  6 gene t i c  

303 G E N E T I C  C O N T R O L  O F  A R G I N I N O S U C C I N A T E  S Y N T H E T A S E  I N  H U P I A N  L Y M P H O B L A S T S .  
J o s e n h  D .  I r r  h Lee B .  J a c o b " ,  O e n e t i c s  U n i t ,  Y a s s  G e n e r a l  H o s n i t a l  6 
D e p t .  o f  P e d i a t r i c s ,  H a r v a r d  ? f e d i c a l  S c h o o l ,  B o s t o n ,  Ya .  0 2 1 1 4 .  

The  a c t i v i t v  o f  a r g i n i n o s u c c i n a t e  s y n t h e t a s e ,  o n e  of  t h e  a r g i n i n e  b i o s y n t h e t i c  
e n z v m e s  n r o d u c e d  by  e s t a b l i s h e d  l i n e s  o f  human l y m n h o b l a s t s ,  s h o w s  m a r k e d  
d e r e n r e s s i o n  when c e l l s  a r e  t r a n s f e r r e d  t o  a n  a r g i n i n e - d e f i c i e n t  medium.  
T h i s  e f f e c t  was  s e e n  i n  c e l l s  d e r i v e d  f r o m  n o r m a l  i n d i v i d u a l s  a n d  i n  t h o s e  o f  
a n e r s o n  d e f i c i e n t  i n  a r g i n i n o s u c c i n a t e  l y a s e ,  t h e  n e x t  enzyme  o f  t h e  p a t h w a y .  
The  d e r e p r e s s i o n  was  p r e v e n t e d  by  c y c l o h e x i m i d e  s u g g e s t i n g  t h a t  n r o t e i n  s v n -  
t h e s i s  i s  n e c e s s a r y  f o r  t h e  r e s p o n s e .  The  f u l l y  r e o r e s s e d  l e v e l  o f  t h e  enzvme  
w a s  o b t a i n e d  b y  t h e  r e - a d d i t i o n  of  a r g i n i n e  t o  t h e  g r o w t h  medium a n d  p a r t i a l  
r e p r e s s i o n  o c c u r r e d  i n  n o r m a l  c e l l s  g r o w i n g  i n  medium c o n t a i n i n g  c i t r u l l i n e  i n  
n l a c e  o f  a r g i n i n e .  Two t y p e s  o f  v a r i a n t  c l o n e s  i s o l a t e d  f r o m  n o r m a l  c e l l s  by  
d i f f e r e n t  s e l e c t i o n  s y s t e m s  h a v e  s y n t h e t a s e  a c t i v i t i e s  w h i c h  a r e  n o t  r e n r e s s e d  
by  a r g i n i n e  a s  e x t e n s i v e l y  a s  i t  i s  i n  n o r m a l  c e l l s .  One c l o n e  h a s  a n  a c t i v -  
i t v  n e a r l v  ZOO-fold  g r e a t e r  t h a n  i t s  p r o g e n i t o r  when b o t h  a r e  g rown  i n  t h e  
n r e s e n c e  o f  a r g i n i n e .  The  s y n t h e t a s e  a c t i v i t v  w a s  c o r r e l a t e d  w i t h  t h e  amoun t  
o f  s ~ e c i f i c  s y n t h e t a s e  p r o t e i n  p r e s e n t  i n  t h e  v a r i o u s  c e l l s  a n d  i n  n o r m a l  
c e l l s  g rown  u n d e r  c o n d i t i o n s  o f  s y n t h e t a s e  r e p r e s s i o n  a n d  d e r e n r e s s i o n  a n d  
f o u n d  t o  b e  i n  g o o d  a g r e e m e n t .  T h e s e  r e s u l t s  a r e  c o m p a t i b l e  w i t h  a n  h y p o t h -  
e s i s  s u g g e s t i n g  t h a t  a r g i n i n e  c o n t r o l s  t h e  r a t e  o f  e x p r e s s i o n  o f  t h e  g e n e s  
c o d i n g  f o r  s y n t h e t a s e ,  a n d  t h e  v a r i a n t s  a u p e a r  t o  b e  r e g u l a t o r y  g e n e  m u c a n t s .  
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304 CYCLTC W-INDUCED CXDLYSIS.IN S49 CEZLS: SEIEcPIoN OF A "DEXTKSS" m, 
&lip  Bffino and IIma m , Kjhi-ity of California, San h-ancism, CA 94143 

Wild type 549 lyn@xm cells 
aucing CAkQ piwqhdl 'ester-, halting growth in the 5 phase of the cell cycle and - 
guently dying.  By using a counter selection procedure, we have isolated a new class of 

pxd l i ke  the w i l d  type cells to CAMP. of the cyclic nwleotide, D- cells 
resum their wnral growth. 
until m, the D- mtant has a fmctionally norrml -t plptein kinase and retains 
no- ability to induce 
that the altered gene pa% D- mtant is distal to  protein k&e and in a biochgni- 
d pathmy separate fmm that of CAMe i.du=h 'a of plmqkdl 'esteraseorgravtharrest. The 
D- nutant should facilitate studies of the mcharusm . OfcAMpcindUced cytolysis and grarth 
regulatim,in 549 cells. 

to cyclic adenosine 3', 5'-te (CAMP) by in- 

mtants of s49 cells f2Ilrea "deathless" that are resistant to cytalysis, but othenrise res- 
&cm 

Mike all other CAMP resistant nutants of 549 cells isolated 

. sterase and arrest cell gmwth i n G  . It is probable 

305 CONTROL OF INTRACELLULAR PROTEIN DEGRADATION BY THE CELL CYCLE ARREST 
SIGNAL AND INHIBITION OF PROTEIN SYNTHESIS IN SACCHAROMYCES CERVISIAE. 
Terrance Cooper, Dept. of Life Sciences, University of Pittsburgh, Pittsburgh, PA 15260. 

Many wcaryot ic  organisms control their cell division c y d e  in response to the  availability of organic 
and inorganic nutrients. Saccharomyces cerevisiae responds to deprivation of a nitrogen source by 
arresting cell  division at  the  unbudded G I  stage. Cells situated outside of GI at the t ime of deprivation, 
complete t h e  cycle before arresting. This prompted us  to investigate the  source of nutrients used by 
these cells to complete division and the  mechanisms controlling nutrient availability. W e  have found a 
close correlation between accumulation of unbudded cells and loss of previously formed allophanate 
hydrolase activity following nitrogen starvation. These losses a r e  not specific to the  allantgin system, 
since similar degradation can also be Seen when cellular protein levels a r e  monitored with H-leucine. 
Observations of Unger and Hartwell, that  arrest  of the cell division cycle results from t h e  loss of an  
unidentified event occurring subsequent to charging of tRNA, lead us to determine whether or not 
protein degradation was elicited by an inhibition of protein synthesis initiation. W e  have observed such 
degradation upon adding cycloheximide (10 ug/ml) to a culture of Saccharom ces. At  this 
concentration, cycloheximide has been shown (3. Biol. Chem. 251:7278) to specifically in:ibit initiation of 
yeast protein synthesis. These data raise the  possibility t ha t  degradation of intracellular proteins may be 
another cellular process controlled by the  GI  arrest  signal. Concurrent onset of protein degradation and 
cell cycle arrest  likely represents a protection mechanism providing cells with an internal means of 
obtaining nutrients needed to complete cel l  division in the  face of an  adverse external supply of these 
compounds. Supported by Grants GM19386 and GM20693. 

CLONING AND CHARACTERIZATION OF A COMPLEX SATELLITE DNA FROM DROSOPHILA MELANOGASTER, 
Marian B. Carlson and Douglas L. Brut lag,  Dept. Biochem., Stanford Med. Ctr. ,Stanford,  
CA 94305 

A h igh ly  repeated s a t e l l i t e  DNA of Drosophilamelanogastel;  c a l l e d  the1.688 s a t e l l i t e  from 
i t s  buoyant dens i ty ,  w a s  found t o  have a much higher  complexity than t h e  other simple-sequence 
satellites. The 1.688 satellite sepa ra t ed  poorly from t h e  bulk of t h e  DNA in var iousbuoyan t  
d e n s i t y  g rad ien t s ,  and t h e  f r a c t i o n  recovered was only 77% pure. I s o l a t i o n o f 1 . 6 8 8  s a t e l l i t e  
sequences was achieved by moletular  c loning i n  t h e  plasmid vec to r  pSC101. D iges t ionof1 .688  
satel l i te  DNA by e i t h e r  &I I Io r=f  r e s t r i c t i o n  enzymes generatesaseriesoffragments wi th  
l eng ths  which are i n t e g r a l  mu l t ip l e s  of about 365 base p a i r s  (monomer. dimer,and s o o n ;  
M a n t e u i l e s . ,  C e l l 5 ,  413,1975; S h e n e t . ,  Nucleic Acids Res.2,  931, 1976).  Digest ion of one of 
t h e  hybrid plasmids wi th  e i t h e r  enzyme produces 16 monomer fragments from t h e  i n s e r t e d  s a t e l -  
l i t e  DNA. Th i sc loned  6a te l l i t eDNAhas  been used a s  ahybridizationprobetodetecthomologous 
fragments p re sen t  inlowyieldamongtheHaeIIIor ef digestionproductsofgradient-purified 
s a t e l l i t e  DNA. The presence of long oligomers r e s i s t a n t  t oc l eavage  i n d i c a t e  s t h a t  some reg ions  
of sa te l l i te  DNAhavemany fewer r ecogn i t ion  sites thanexpected f r o m a r a n d o m d i s t r i b u t i o n o f  
sites. Two l i n e s  of evidence suggest  a complexity of 365 base p a i r s  f o r  t h e  1 . 6 8 8 s a t e l l i t e .  
F i r s t ,  bes ides  t h e  =IIIand&f s i t e s ,  two s i t e s  f o r  t h e  &I r e s t r i c t i o n  enzyme were a l s o  
found t o  be spaced a t  365 base p a i r  i n t e r v a l s .  Second, s a t e l l i t e  DNA r e n a t u r e s  wi th  t h e  &I11 
sites i n r e g i s t e r .  I n  i t s  complexity,  the1.688 satel l i te  bearsmore resemblance tomanrmalian 
s a t e l l i t e s  than t o  the simple-sequence s a t e l l i t e s  of D.melanogaster.  
and Nat ional  Foundation 5-64) 

(Supported by NIH-GM21498 
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307 SIMPLE TECHNiQUES FOR THE HANIPULATION OF NEUROSPORA "SLIPE". Robert E .  
Nelson, University of Nebraska, Lincoln, Nebraska 68588. Genetic and 

microbiological techniques have been developed f o r  h a n d l i n ~  the c e l l  w a l l - l e s s  
variant of Neuros ora crassa commonly known a s  " s l i m e " .  S l i m e  c e l l s  are multi-  
nucleated 0- =unlike a l l  other eucarvotic protoplasts ,  can be  
routinely mainta in4  a s  a self-propaqating microorganism. In liquid medium, 
growth is exponential;  on so l id  medium, arnwth is c l o n a l ,  and therefore,  pro- 
toplasts  can be e a s i l y  mutagenized. cloned, and repl ica-plated.  Protoplasts 
can be bred t o  filamentous s tra ins  of crassa with recovery of protoplast 
progeny of any d e s i r e d  genotype. Unlike walled plant cel ls  and manv animal 
c e l l  types,  the o s w t i c a l l v - s e n s i t i v e  protoplasts  are particularly sui table  
for  c e l l  tract ionation;  for  example, c leen,  apparently intact  nucle i  can be 
rapidly i so lated i n  quant i t ies  necessary for  biochemical s tudies .  Protopl8sts 
can be induced t o  fuse with each other or t o  fuse  with phorpholipid v e s i c l e s ,  
and protoplast -ves ic le  fusion apparently can be used to transfer macroaolc- 
c u l t s  into  the protoplasts  t o  assay t h e i r  b io logica l  e f f e c t s .  These properties 
indicate that slime protoplasts  will be a u s e f u l  t o o l  f o r  certa in  molecular 
approaches t o  the study of gene control  i n  a simple eucaryote. 

308 THE I N  VITRO SYNTHESIS AND PROPERTIES OF THE OVALBUMIN STRUCTURAL GENE, John J .  
Monahan, L a r r y  FcReynolds, Savio L.C. Woo, Charles D. L ia rakos ,  and B e r t  W .  O ' l l a l l ey ,  
Dept. o f  C e l l  B io logy ,  Bay lo r  Co l lege o f  I k d i c i n e ,  Houston, TX., 77030. 

Using p u r i f i e d  ovalbumin mRNA, a complete (1850 NT) doub le-s t randed complementary DNA 
(ds-cDNAov) was syn thes ized us ing  AMV reverse  t r a n s c r i p t a s e .  
on h y d r o x y l a p a t i t e  (89"C), and had a bouyant d e n s i t y  i n  CsCl g rad ien ts  o f  11.700 gms/cm3. I t  
renatured  a f t e r  heat  dena tu ra t i on ,  w i t h  a C o t l l  va lue  o f  l e s s  than 2 x 10-6 moles sec. 1-1. 
When the  c losed  loop  o f  ds-cDNAov was opened w f h  S1 nuclease, t he  denatured complementary 
s t rands  then rena tu red  w i t h  the  approp r ia te  second o rde r  k i n e t i c s  and a Cotl va lue  o f  
1.89 x l o b 3  moles sec. 1-1. We have used t h i s  f u l l - l e n g t h ,  ds-cDNbV t o  ass65 the  a c t i o n  o f  
35 r e s t r i c t i o n  endonucleases upon t h i s  DNA sequence. 
Hsu I ,  Uba 11,  Xba I ,  Taq I ,  Sal I, Bgl I ,  Bgl 1 1 ,  Xho I ,  Kpn I ,  Sst  11, Hae 11, Hpa I ,  Hap 11, 

However, 13 enzymes d i d  c u t  t he  DNA. They were: Hae 111, Ps t  I ,  Xma 11, Ss t  I ,  Hga I ,  Xho 11, 
Hph I ,  Eco R I I ,  Hin f  I ,  Mnl I ,  Mbo I ,  Mbo 11, and A l u  I .  A d e t a i l e d  map o f  t he  r e s t r i c t i o n  
enzyme r e c o g n i t i o n  s i t e s  f o r  e leven o f  these enzymes was determined. Since the  amino a c i d  
sequence f o r  t he  f i r s t  85 N- te rmina l  amino ac ids  o f  hen ovalbumin i s  known, i t  was t h e r e f o r e  
poss ib le  t o  c o n s t r u c t  a p a r t i a l  nuc leo t i de  sequence cor respond ing  t o  t h i s  pep t ide  fragment. 
Such a t h e o r e t i c a l  sequence would be c u t  by the  th ree  enzymes, Eco R I I ,  H i n f  I ,  and Hph I ,  i n  
c lose  p r o x i m i t y  t o  each o ther .  S ince these  th ree  enzymes d i d  i n  f a c t  c u t  t he  ds-cONAov i n  c lose  
p r o x i m i t y ,  we have there fore ,  t e n a t i v e l y  assipned the  cod ing  p o r t i o n  o f  t he  ova l  buniin gene 
(1161 NT) t o  a reo ion  which begins l e a s t  221 nuc leo t i des  f rom the  5 ' - t e r m i n a l  end o f  t he  qene. 

The ds-cDNA, had a h i g h  Tm 

Some 22 enzymes: Bal  I ,  Barn I ,  B l u  I ,  

Hha I ,  Hind 11 ,  Hind 111, H in  11, Eco R I ,  and Sma I f a f l e d  t o  c u t  t he  ds-cDNAov. 

309 CLONING O F  INTERSPERSED REPETITIVE DNA SEQUENCES FROM THE SEA 
URCHIN USING SYNTHETIC E R I  SEQUENCES. Richard H. Schel ler ,  T e r r y  L. 

Thomas,  Amy S .  Lee,  William H. Klein, Walter  D. Niles, Richard E. Dickerson,  Roy J .  
Bri t ten.  E r i c  H. Davidson, Cal i fornia  Institute of Technology, Pasadena,  CA 91 125. 

the s e a  urchin by means  of blunt end ligation. 
isolated by reassoc ia t ion  of sheared  2000 nucleotide DNA f r o m  s p e r m  to COt40, followed by 
destruct ion of nonrepetitive s ingle-s t randed ta i l s  with SI nuclease.  
used to add a s y m m e t r i c a l  decamer  containing the g R I  endonuclease recognition s i te  to 
the repet i t ive DNA sequences.  After  ligation, f ragments  te rmina ted  by cohesive RI  ends 
were  generated by cleavage with K R I .  These  sequences w e r e  inser ted  a t  the  R I  s i te  in  
the plasmid vector  RSFi124 by conventional means ,  and cloned. 
t ive sequence te rmina tes  in RI  sequences,  they may be excised f r o m  the p lasmid  DNA a t  
will by t rea tment  with &RI endonuclease. 
ual repet i t ive DNA sequences with which to  probe the featurea of the  eucaryot ic  genome. 
This  method of cloning requi res  the addition of only a few base  p a i r s  to  the or iginal  DNA 
and al lows the amplification of any  DNA sequence while providing the opportunity to  re -  
cover  the cloned sequence f r o m  the vector .  

Chemical ly  synthesized K R I  cohesive ends were  added to repet i t ive DNA f r o m  
In terspersed  repet i t ive DNA sequence was 

T4 DNA l igase was 

Since each  cloned repet i -  

These  clones will provide a source  of individ- 
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310 INSERTION AND TRANSCRIPTION OF OVALBUMIN GENE SEQUENCES I N  CHIMERIC BACTERIAL PLASMIDS 
La r ry  McReynolds, James F. C a t t e r a l l ,  Winston Salser, Robb Moses, and Ber t  W. O'Malley. 
Double-stranded ovalbumin DNA was amp l i f i ed  and p u r i f i e d  by the c lon ing  o f  b a c t e r i a l  

transformants. The double-stranded DNA was synthesized f r o m  a complete complementary DNA 
t r a n s c r i p t  of ovalbumin mRNA using av ian myeloblastosis v i r u s  reverse t ransc r ip tase  and the 
se l f -p r im ing  a b i l i t y  .of the i n i t i a l  t r a n s c r i p t .  
added t o  the 3' t e rm in i  w i t h  deoxynucleotidyl t ransferase and the ovalbumin gene was hybr id ized 
t o  a l i n e a r  plasmid DNA, pMB9, conta in ing 3' poly(dT) te rm in i .  This hyb r id  molecule was used 
t o  t ransform the E. c o l i  strain.Xl849. The cloned transformants contained from 30% t o  53% o f  
the complete ovalbumin DNA as determined by hyb r id i za t i on  w i t h  f u l l - l e n g t h  cDNAov. The length 
o f  the i n s e r t s  was confirmed by treatment o f  the i s o l a t e d  plasmids w i t h  the r e s t r i c t i o n  enzyme 
Hha. Separation of t he  fragments by agarose gel e lect rophores is  demonstrated t h a t  theamount 
o f  i nse r ted  DNA ,in the  clones tes ted  var ied from 680 t o  1090 base p a i r s .  Recent experiments 
using the f u l l  l eng th  cDNhv has resu l ted  i n  the i n s e r t i o n  o f  a piece o f  DNA 1850 nuc leot ides 
l ong  i n t o  X1776. The t r a n s c r i p t i o n  o f  ch imer ic  pDNA was s tud ied both i n  v i vo  i n  m i n i c e l l s  
i s o l a t e d  from X1849. RNA was i s o l a t e d  f r o m  the m i n i c e l l s  o f  clone pOv4 and hyb r id i zed  t o  DNA 
probes represent ing both the coding and ant icoding strands o f  ovalbumin. The r e s u l t s  ind icated 
t h a t  both the coding and ant icoding strands o f  ovalbumin DNA were t ranscr ibed i n  the i n t a c t  
m in i ce l l s .  The RNA t ranscr ibed f r o m  the coding strands was complementary t o  50% o f  the i n -  
ser ted ovalbumin DNA. However RNA t ranscr ibed from the ant icoding s t rand was complementary t o  
on l y  20% o f  the i nse r ted  DNA. I n  contrast ,  RNA synthesized i n  v i t r o  us ing p u r i f i e d  pOv4 DNA 
revealed symnetric t r a n s c r i p t i o n  o f  the ovalbumin gene. 

A f t e r  S1 nuclease treatment, poly(dA) was 

311 DETERMINATION OF THE NUCLEOTIDE SEQUENCE OF HUMAN GLOBIN mRNA. Wilson, 
J. T., Marotta, C., Forget, B. G., Weissman, S .  M., Dept. of Human 

Genetics Yale University School of Medicine, New Haven, CT 06510. 
We have used various methods of RNA and DNA sequencing to analyze 

the nucleotide sequence of human globin mRNA and/or the cDNA prepared from 
the mRNA with reverse transcriptase. We have determined the complete sequence 
of the translated portion of the beta chain mRNA and of the untranslated 
region between the termination codon and the polyadenylic acid. We have 
also determined most of the sequence of the translated portion of the alpha 
globin mFWA and the entire untranslated sequence at the 3' end of this RNA. 
There are 131 nucleotides between the termination codon to polyadenylic 
acid and human beta globin mRNA and 109 nucleotides in alpha globin mRNA. 
Except for the previously noted partial homology between the 3' end of SV40 
late mRNA and the beta qlobin ~RNA, and for the common hexanucleotide AAUAAA, 
there were no clear sequence homologies between the 3' untranslated sequences 
of alpha-beta SV40 early and SV40 late mRNA. Our nucleotide sequence analysis 
confirms the fact that the various mutations that lead to single amino acid 
chanoes in human hemoglobin could all have arisen by single base changes. 
In particular, we have demonstrated a substitution of uridine for adenine 
in the sixth codon of signal cell mRNA. 
without the use of cloned DNA but human globin DNA has been cloned in bacteria 
for other studies. 

These analyses were performed 

312 REGULATION OF ALCOHOL DEHYDROGENASE I N  THE NEMATODE Pana r e l l u s  red i v i vus .  
BURKE, Dan, KRIGER, Frank, and SAMOILOFF, Mar t in ,  Un& MANITOBA, 
W I N N I  PEG, MAN1 TOBA , CANADA. 

Exposure o f  populat ions o f  P. r ed i v i vus  t o  a lcohols  r e s u l t s  i n  rap id  increases 
i n  l e v e l s  o f  a lcohol  dehydrcgenase and aldehyde dehydrogenase. 
alcohol dehydrogenase I s  regulated a t  the t r a n s l a t i o n a l  l e v e l  as demonstrated 
by i n h i b i t o r  s tud ies.  
support a model i n v o l v i n g  post  t r a n s c r i p t i o n a l  con t ro l  o f  ADH. 

The l e v e l  o f  

Mutants with a l t e r e d  enzyme func t i on  and regu la t i on  
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314 GENE ACTION AT THE FINAL MOULT OF THE NEMATODE Pana r e l l u s  red i v i vus .  
SWILOFF, Mart in, Un ive rs i t y  o f  MANITOBA, W I N N h O h l ,  CANADA. 

A t  the f i n a l  moul t  i n  Pana r e l l u s  red i v i vus  a requirement f o r  nuclear s t e r o i d  
b ind ing and p o l y a t e n y l h  f i r s t  manifested. SpeciKic behaviours 
associated w i t h  reproduct ion and the s e t t i n g  o f  the aging-clock a l s o  occur 
a t  t h i s  stage. 

ISOLATION AND IDENTIFICATION OF IMMUNOGLOBULIN LIGMT AND HEAW'CHAIN GENE SEQUENCES, 
Leona C. Fitzmaurice. Jacki N. Bennett aid Alan R. Williamson, The University of 
Glasgow, Glasgow G12 m, Scotland. 
Our recent research effort has been directed towards the identification and 

3u' 

isolation of pure inndunoglobulin light and heavy chain gene sequences in cloned recombinant 
DNAs. Methods for the isolation of heavy and light chain polysomes have been developed and 
yield polysomes and polyA-bearing RNA which retain their biological activity in cell-free 
translation. 
partially purified messenger sequences. 
for the preparation of cDNA transcripts from which recombinant molecules will be constructed. 
Construction of recombinant molecules and their cloning in the Curtiss host X1776 will be 
carried out at the Microbiological Research Establishment, Porton, England. A summary of 
progress on this project will be reported. 

Following fractionation on fonnamide gels, these RNAs can be eluted to provide 
These partially purified fractions are being used 

316 
D i f f e r e n t  e a s t  s t r a i n s  h a v e  been o b s e r v e d  t o  e x h i b i t  v a r i a b l e  c a p a c i t i e s  t o  
u t i l i z e  g a f a c t o s e  a n d  m a l t o s e  when i n  t h e  r e s p i r a t o r y - d e f i c i e n t  (RD) s t a t e .  
O t h e r  i n v e s t i g a t o r s  h a v e  p o s t u l a t e d  t h a t  t h e  i n a b i l i t y  t o  u t i l i z e  a g i v e n  
s u g a r  when y e a s t  a r e  R D ,  t e r m e d  t h e  s u g a r - n e g a t i v e  p h e n o t y p e ,  i s  due t o  an 
i m p a i r m e n t  o f  r e q u i s i t e  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  o r  t o  t h e  p r e s e n c e  o f  
t h e  m u t a n t  gal 3 l o c u s .  The n a t u r e  o f  t h e  s u g a r  n e g a t i v e  and p o s i t i v e  pheno-  
t y p e s  when y e a s t  a r e  KD i s  u n d e r  i n v e s t i g a t i o n  u s i n g  y e a s t  s t r a i n s  w h i c h  
h a v e  been  c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  t h e i r  c o n t e n t  o f  m i t o c h o n d r i a l  DNA 
( m W ) ,  s m a l l  c y t o  l a s m i c  c i r c u l a r  DNA ( c i r  D N A ) ,  l a r g e  d o u b l e  s t r a n d e d  R N A  
( I i k R N A ) ,  and  t o  t i e  p r e s e n c e  o f  t h e  gal 3 l o c u s .  The m u t a n t  a1 3 l o c u s  has 
b e e n  shown n o t  t o  I n f l u e n c e  t h e  s u g a r  p h e n o t y p e  a n d  t e t r a d  a k y s e s  o f  c r o s s e s  

among d i f f e r e n t  p h e n o t y p e s  i n d i c a t e s  a comp lex  n u c l e a r  s e g r e g a t i o n .  The 
p w e n c e  o r  absence  o f  d i f f e r e n t  c o m b i n a t i o n s  o f  non -m i  t o c h o n d r i a l  g e n e t i c  de-  
entar ts  has no d i r e c t  a f f e c t  o n  t h e  s u g a r  p h e n o t y p e  and  s t r a i n s  l a c k i n g  mDNA 

a r e  o b s e r v e d  t o  e x h i b i t  b o t h  t h e  p o s i t i v e  a n d  n e g a t i v e  p h e n o t y p e s .  The 
p h e n o t y  e s  o f  h a p l o i d  s t r a i n s  o b t a i n e d  f r o m  c y t o d u c t a n t  m a t i n g s  s u g g e s t  
te i n v o f v e m e n t  o f  c y t o p l a s m i c  f a c t o r s  o t h e r  t h a n  mDNA, c i r D N A ,  o r  LdsRNA 
i n  d e t e r m i n i n g  t h e  s u g a r  p h e n o t y p e .  

GENETIC CONTROL OF THE- SUGAR-NEGATIVE PHENOTYPE I N  YEAST, B r u c e  G .  
Adams. U n i v .  o f  W a s h i n g t o n ,  S e a t t l e ,  Wash., 98195.  
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317 TEMPORAL INDUCTION OF DRUG RESISTANCE AND CELL INACTIVATION BY BUdR AND 1-125  UdR 
I N  SYNCHRONOUS H M T E R  CELLS, H. John Burki,  Biology and Medicine Divis ion,  Lawrence 
Berkeley Laboratory,  Universi ty  of  Ca l i fo rn ia ,  Berkeley, CA 94720 
Mutants r e s i s t a n t  t o  6 thioguanine and ouabain were induced by BUdR i n  synchronous 

Chinese hamster c e l l  s t r a i n s  V79 and CHO. The induc t ion  of  mutants was a func t ion  o f  t h e  
t ime of inco rpora t ion  o f  BUdR i n t o  t h e  DNA du r ing  t h e  DNA syn thes i s  per iod.  The maximum 
induc t ion  of  drug r e s i s t a n c e  occurred i n  t h e  e a r l y  pe r iods  o f  DNA r e p l i c a t i o n  be fo re  t h e  
peak i n  DNA syn thes i s .  The peak for 6TG r e s i s t a n c e  occurs  first,  followed by t h e  OUA r e -  
s i s t a n c e  peak. The peak for 6TG r e s i s t a n c e  can be c o r r e l a t e d  with seve ra l  bands on t h e  X 
chromosome which r e p l i c a t e  e a r l y .  

t h e  e a r l y  r e p l i c a t i o n  r eg ions ,  and it inc reases  t o  a maximum i n  t h e  l a t e r  r e p l i c a t i o n  DNA, 
which appears t o  be centromeric .  

BUdR t o x i c i t y  i s  maximum i n  e a r l y  r e p l i c a t i o n  DNA, whi le  1-125 t o x i c i t y  i s  l e s s  i n  

318 ASSOCIATION OF HELA CELL MITOCHONDRIAL DNA WITH A MEMBRANE FRAGPENT NEAR ITS 
O R I G I N  OF mPLICATION, Manfred Albring,  Jack G r i f f i t h  and Giuseppe A t t a r d i ,  
Divis ion of Biology, C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, C a l i f o r n i a  91125 

Almost a l l  (about  95%) of t h e  mitochondrial  DNA molecules 
r e l e a s e d  by T r i t o n  X-100 l y s i s  of HeLa c e l l  mitochondria  
i n  t h e  presence o f  0.15 M salt are as soc ia t edwi th  a s i n g l e  
protein-containing s t r u c t u r e  varying i n  appearance between 
a 10-20 nm "knob" and a 0.1-0.5 pm membrane-like patch.  
Analysis  by high r e s o l u t i o n  e l e c t r o n  microscopy tndby pay- 
acrylamide g e l  e l ec t rophores i s  a f t e r  cleavzge dmitcchondri-  
a1 DNA wi th  tkendonLc leasesE , ,Q~ ,  I J . L a d u  LI h s  
shown t h a t  t h e  p r o t e i n  s t r u c t u r e  i s  a t t ached  t o  t h e  DNA i n  
t h e  region of t h e  D-loop, and probably near  t h e  o r i g i n  of 
mitochondrial  DNA r e p l i c a t i o n .  The d a t a  s t r o n g l y  suggest  
t h a t  HeLa c e l l  mitochondrial  DNA i s  a t t ached  &I y& tothe 
i n n e r  mitochondrial  membrane a t  or r e a r t h e  o r i a n o f  r e p l i -  
c a t i o n ,  and t h a t  a membrane f r agnen t  of varying dzelemains 
a s soc ia t ed  with t h e  DNA during t h e  i so l a t ion .  ARersodiun 
dodecyl s u l f a t e  e x t r a c t i o n  of mitochondrial  DNA, a small 
5-10 nm p r o t e i n  i s  found a t  t h e  same s i t e  on a f r a c t i o n  of 
t h e  mitochondrial  DNA molecules.  

319 I s o l a t i o n  and Charac te r i za t ion  o f  a p o s t - t r a n s l a t i o n a l  modif icat ion mutation 
a f f e c t i n g  the  developmentally r equ la t ed  g lycos idases  of Dictvostel ium diszoidelm.  
Stephen J .  Free and Robert T. Schimke, Stanford Un ive r s i ty ,  S t an fo rd ,  C a l i f .  94305 

--- __ 

We have i s o l a t e d  a mutant of Dictyostel ium discoideum, M31, which accumulates a reduced 
number of a-mannosidase-1 molecules pe r  c e l l  du r ing  t h e  developmental  program o f  t h i s  
organism. We f i n d  t h a t  t h e  r e spons ib l e  mutat ion,  modA, a f f e c t s  t h e  p o s t - t r a n s l a t i o n a l  
modif icat ion of a-mannosidase-1 and s e v e r a l  o t h e r  developmentally r egu la t ed  lysosomal 
glycosidases .  These enzymes do no t  sha re  a common subuni t  bu t  do share  a common pos t - t r ans -  
l a t i o n a l  modif icat ion system (Dimond & Loomis, 1976) .  These enzymes a r e  e l e c t r o p h o r e t i c a l l y  
1.ess neqa t ive  i n  M31. The modA mutation a f q e c t s  t h e  i n t r a c e l l u l a r  1.evnls nf t hpse  m u J t i . -  
meric enzymes d i f f e r e n t l y .  The l e v e l s  of n-glucosidase a r e  una f fec t ed  by t h e  presence of t h e  
modA mutat ion.  W e  f i n d  only low l e v e l s  of 6-glucosidase-1 a c t i v i t y  i n  M31 c e l l s .  The 
a l t e r a t i o n  i n  modif icat ion renders  5-glucosidase-1 holoenzyme the rmolab i l e  and s u s c e p t i b l e  
t o  degradat ion i n  vivo. a-Mannosidase-1 i s  found a t  1/3rd o f  t h e  wild-type l e v e l  i n  t h e  
modA mutant. Degradation of holoenzyme does n o t  appear t o  be r e spons ib l e  f o r  t h e  l o w  l e v e l  
of a c t i v i t y .  We propose t h a t  a-mannosidase-1 subun i t s  a r e  being degraded p r i o r  to subuni t  
assembly. We conclude t h e  modif icat ion bestows d i f f e r e n t  p r o p e r t i e s  upon t h e  va r ious  
glycosidases .  
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Unive r s i ty  of Cal i forn ia ,  I r v i n e ,  C a l i f .  92715. 
C e n t r i f u g a l  e lu t r ia t ion  w a s  used t o  separate t h e  staqes of t h e  c e l l  cyc le  i n  a c u l t u r e  of 
y e a s t  i n  balanced exponen t i a l  growth, 
c e l l  cycle .  
r a t e  through t h e  c e l l  cycle .  
used t o  b t e r a i n e  t h e  r i t e  of s y n t h e s i s  o f  i n d i v i d u a l  p r o t e i n s  throuRh t h e  c e l l  cycle .  The 
r a t e  of s y n t h e s i s  of each of 26 p r o t e i n s  examined i n  d e t a i l  v d e s  p e r i o d i c a l l y  through t h e  
c e l l  cycle .  from p r o t e i n s  scored a8 
be ing  v a r i a b l e  acco rd ing  t o  v i s u a l  i n spec t ion  of autoradiogram, and t h e  o t h e r  15 were 
randomly s e l e c t e d  from p r o t e i n s  sco red  as having a c o n s t a n t  r a t e  of s y n t h e s i s ,  we suggest  
t h a t  most of t h e  p r o t e i n s  i n  t h i s  euca ryo t i c  organism e x h i b i t  pe r iod ic  changes i n  t h e i r  rate 
of s y n t h e s i s  d u r i n g  t h e  cel l  cycle .  

MACROFOLECULIIR SYNTHESIS THRWCH THE CELL CYCLd OF THE YEAST SACCHAROKYCES 
CEREYISIAE, Steven C. E l l i o t t  and Calvin S. Mclaughlin, Dept. Mol. Biol.  & Biochem. 

hacromolecular syntblesis w a s  examined through t h e  
DNA s y n t h e s i s  is per iod ic  bu t  RNA and p r o t e i n  show an exponent ia l  i nc rease  i n  

C 'Fxr re l l ' s  two-dimensional e loct*ophoret ic  techniaue was 

S ince  11 of t h e  26 p r o t e i n s  were s e l e c t e d  at random 

321 DNA SEQUENCES AND ORGANIZATION OF SEA URCHIN (s. PURPURATUS) HISTONE GENE CODING 
AND SPACER REGIONS, Irmingard Sures ,  Ronald Cohn and Lawrence Kedes, Stanford 
Medical School and Veterans Adminis t ra t ion Hosp i t a l ,  Palo Alto,  C a .  94305. 

The h i s t o n e  genes of s e a  u rch ins  a r e  arranged i n  r epea t ing  segments con ta in ing  one coding 
r eg ion  €or each of t h e  f i v e  h i s t o n e  p r o t e i n s  i n t e r s p e r s e d  wi th  non-coding spacer  DNA. 
r epea t  segment i n  S.  purpuratus  is 6540 base p a i r s  long and has  been cloned i n  E. c o l i  by 
plasmid technology. 
t h e  methods of Maxam and G i l b e r t .  
s e n s i t i v e  sites was prepared.  R e s t r i c t i o n  fragments were l a b e l l e d  a t  t h e i r  5 '  ends with P3' 
and sub jec t ed  t o  chemical ly  c o n t r o l l e d ,  base s p e c i f i c  p a r t i a l  hydro lys i s .  The r e s u l t i n g  
fragments were analyzed by g e l  e l e c t r o p h o r e s i s .  Overlaps i n  s e v e r a l  i n s t ances  and co l inea r -  
i t y  of seduences i n  coding r eg ions  with t h e  known amino a c i d s  of h i s t o n e  p ro te ins  confirm 
t h e  v a l i d i t y  of t h e  sequencing technique and t h e  s t a b i l i t y  of euka ryo t i c  DNA cloned i n  
E. c o l i .  Spacer r eg ions  300-500 base p a i r s  long have been sequenced. Several  a r e a s  of 
p o t e n t i a l  secondary s t r u c t u r e  have been de tec t ed .  A polypyrimidine-polypurine ('-& complex 
has been i d e n t i f i e d  i n  t h e  space r  r eg ion  between t h e  H 2 A  and H 1  gene. 
r epea t ing  elements  have been de tec t ed  bu t  a r e  in f r equen t .  Avai lable  d a t a  on sequences 
surrounding mRNA i n i t i a t i o n  and t e rmina t ion  s i t e s  w i l l  be  presented.  

The 

DNA sequences i n  bo th  coding and space r  r eg ions  have been obtained by 
A d e t a i l e d  map con ta in ing  over  50 r e s t r i c t i o n  endonuclease 

Several  '- small  
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ORGANIZATION OF CODING SEQUENCES I N  Drosoph i la  melanogaster,  
11.W. Young and D.S. Hogness, Department of B iochemis t ry ,  S tan fo rd  U n i v e r s i t y  

211 
School o f  Medicine, Stanford,  C a l i f o r n i a ,  94305. 

the  abundant messenger RHAs expressed i n  c u l t u r e d  Orosoph i la  c e l l s .  Th i s  c o l l e c t i o n  i nc ludes  
over  150 segments de r i ved  from d i f f e r e n t  chromosomal reg ions .  The leng ths  o f  these segments 
a re  g e n e r a l l y  much l a r g e r  than  the  i nc luded  s t r u c t u r a l  genes; hence they  a l s o  c o n t a i n  the  DNA 
sequences t h a t  f l a n k  these genes. 
been found w i t h i n  t h e  c o l l e c t i o n .  

The most abundant species o f  mRNA produced i n  c u l t u r e d  c e l l s  i s  about 4,000 nuc leo t i des  
l o n g  and i s  homologous t o  a repeated  DNA sequence. 
e n t i r e  messehger-coding sequence i s  p resent  a t  each o f  about 50 w i d e l y  separated chromosomal 
s i t e s .  
each mapped by h y b r i d i z a t i o n  o f  t h e  mREiA t o  r e s t r i c t i o n  endonuclease fragments ob ta ined  from 
the  segments. 
a l though v a r i a n t s  do occur and have been cloned. 
g e n e r a l l y  d i f f e r e n t  a t  t he  d i f f e r e n t  s i t e s .  
f o r  another  mu1 t i gene  f a m i l y  t h a t  produces another  abundant mRl.IA-(Rubin, Finnegan, and Hogness 
- - i n  p repara t i on ) .  
t he  3 ' -  and 5'-ends o f  t he  repeated  gene. 

RllA i s  5,000 nuc leo t i des  l o n g  and i t s  e n t i r e  complement has been c loned as a p a r t  o f  a 16,000 
base p a i r  s t r e t c h  o f  Orosoph i la  DNA. 
p o s i t i o n  i n  t h e  chromosomes. 
be unique. 

Me have i s o l a t e d  a c o l l e c t i o n  o f  c loned DllA segments t h a t  c o n t a i n  sequences homologous t o  

Both unique and repeated  s t r u c t u r a l  gene sequences have 

The repea t  i s  o f  a d ispersed type; an 

Cloned DNA segments f r o m  13 of. these s i t e s  have been recovered and the  mRNA-region i n  

Such r e s t r i c t i o n  maps i n d i c a t e  t h a t  most s i t e s  c o n t a i n  a cornon mRNA reg ion ,  
By c o n t r a s t ,  t he  f l a n k i n g  sequences a r e  

A s i m i l a r  d ispersed topography has been observed 

An unusual f e a t u r e  o f  bo th  f a m i l i e s  i s  t h e  presence o f  l i k e  sequences a t  

A l e s s  abundant species o f  mRNA i s  der i ved  from a non- re i te ra ted  segment o f  DNA. The 

A l l  sequences i n  t h i s  segment a re  con f ined  t o  a s i n g l e  
Hence t h e  f l a n k i n g  sequences a re  a l s o  non-dispersed and may w e l l  

212 GENE ORGANIZATION IN DROSOPHILA, A. Chovnick, Genetics and Cell Biology Section, 
University of Connecticut, Storrs, CT 06268 

Recently, several investigative directions have converged to focus attention upon the 
structural and functional organization of higher organism genes. 
relating genes to chromomeres, dissection of genes into structural and control elements, 
their functional regulation during development, and their relative mutability. 
report summarizes our progress in the elaboration of one such genetic unit. 
(ry:3-52.0) in Drosophila melanogester controls xanthine dehydrogenase (XDH) activity, and 
is located on the right arm of chromosome 3 ,  within the polytene band region 87D8-12. 
Originally, the locus was defined by a series of non-complementing, brownish eye color 
mutants, which are enzymatically inactive. 
of such mutants reveals a familiar pattern of allele complementation. In addition to these 
eye color mutants, rosy locus variants (both spontaneous and induced) include several classes 
with normal eye color and possessing XDH activity. These include: (a) electrophoretic 
variants, (b) thermal stability variants, (c) purine sensitives, and (d) variants in level of  
XDH activity. Pursuing the hypothesis that the rosy locus includes both structural and 
control elements, experiments will be described which (1) demonstrate that there i s  but one 
structural element at rosy, and ( 2 )  place genetic boundaries to that structural element in 
terms of a map of rosy locus variants. 
of rosy locus-variants differing in level of XDN activity will be described. 
ments serve to identify a control region contiguous to the XDH structural element, and 
characterize the first control element variants. 

Of interest are questions 

The present 
The rosy locus 

However, recent examination of an enlarged array 

Finally, characterization and fine structure mapping 
These experi- 
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322 THREE LENGTHS OF THE HISTONE GENE REPEAT UNIT IN THE CHROMOSOMES OF THE SEA URCHIN 
L. PICTUS, Ronald H .  Cohn and Laurence H .  Kedes, S t an fo rd  Medical School and 
Veterans Adminis t ra t ion Hosp i t a l ,  Pa lo  A l t o ,  C a l i f o r n i a  94304. 

The h i s tone  genes o f  s e a  u rch ins  which have been cloned i n  E_. 
contiguous r e p e a t i n g  segments con ta in ing  coding r eg ions  f o r  each o f  t h e  f i v e  h i s t o n e  p r o t e i n s  
i n t e r s p e r s e d  with non-coding space r  DNA. 
chromosomal DNA o f  4. oictus has been analyzed.  N ick - t r ans l a t ed  P32 l abe led  DNA probes w e r e  
made from f i v e  r e s t r i c t i o n  fragments of t he  cloned S. purpuratus  DNA which correspond to t h e  
ind iv idua l  h i s t o n e  p r o t e i n s .  R e s t r i c t i o n  endonuclease d i g e s t e d  chromosom~al DNA o f  L. p i c t u s  
was sepa ra t ed  by agarpse g e l  e l e c t r o p h o r e s i s  and t r a n s f e r r e d  to n i t r o c e l l u l o s e  filters by 
b l o t t i n q .  
revealed t h e  presence of t h r e e  s i z e s  o f  r e p e a t  u n i t s  3.5,  4.7 and 7.4 k i l o  base p a i r s .  
r epea t  l eng th  con ta ins  sequences coding f o r  a l l  f i v e  h i s t o n e  p r o t e i n s .  
p o l a r i t y  and s t randedness  o f  t h e  7.4 kb r epea t ,  which has  been cloned i n  E .  & i s  i d e n t i c a l  
t o  t h e  previously analyzed u rch in  5. purpuratus  which has  only one major s i z e d  r e p e a t  u n i t .  
Data on the  c l u s t e r i n g  o f  t h e  va r ious  4. pictus r e p e a t s  w i l l  be  p re sen ted  as well  as t h e  
imp l i ca t ions  o f  t hese  f ind ings  on t h e  evo lu t ion  of r e p e t i t i v e  coding DNA sequences.  

plasmids are arranged i n  

The o rgan iza t ion  o f  t h e s e  r e p e a t  segments i n  t h e  

The n i ck - t r ans l a t ed  DNA probes were hybr id i zed  i n d i v i d u a l l y  t o  t h e  b l o t s  and 

The gene o rde r ,  
Each 

323  HI^ IliVERTED TEKblIIIAL HEPtHT S t Q U E i K C  IN THE GENE-SIZED P I f C C S  OF OXYTRICIIA MACRO- 
dUCLEAK DdA, Glenn A. Herr ick ,  Un ive rs i t y  o f  Colorado, Boulder, Colorado 80309 
ux t r i c h a  (a c i l i a t e d  protozoan) has two types o f  nuc le i  -- micronucle i  and macro- 

nuc le i .  *nuclear geiione i s  t y p i c a l  o f  siost eukaryotes w i t h  a h igh  sequence complexity 
and r e p e t i t i v e  sequences as wel l ;  however, i t  supports no vegetat ive t ransc r ip t i on ,  and, i n  
fac t ,  i t  i s  dispensable f o r  vegetat ive growth. All vegetat ive t r a n s c r i p t i o n  i s  from the 
macronuclear DAH; t h i s  DdA i s  der ived by a post-conjugation processing o f  a micronuclear 
genome and has on ly  about l U %  o f  the sequences present i n  the micronucleus; i t  i s  present i n  
gene- o r  ol igo-gene-sized pieces (about 20.000 d i f f e r e n t  pieces, each present 1.000 times per 
nucleus). These pieces a l l  share i n  conanon the a b i l i t y  t o  y i e l d  s i r ig le-s t rand c i r c l e s ,  he ld  
together by a sho r t  duplex neck. This neck ma te r ia l  has been i s o l a t e d  from t o t a l  macronuclear 
DNA; i t s  p roper t i es  are 1 )  i t  i s  homogeneous i n  size, 23 CP. 2) i t  i s  present once per  s ing le -  
strand c i r c l e .  arid 3)  i t  renatures extremely r a p i d l y  (1/2 Cot = 1.1 x l.l-sec/l). Thus, 
i t  appears t n a t  a l l  the 20.000 d i f f e r e n t  macronuclear gene-sized pieces spo r t  t h i s  same neck 
sequerice ( d i r e c t  Di iA sequencing o f  t h i s  ma te r ia l  should be underway by February 1977).  The 
poss ib le  i n ip l i ca t i ons  o f  t i le  ex is tence o f  t h i s  sequence both f o r  the vegetat ive func t i on  and 
r e p l i c a t i o n  o f  macronuclear DitA and f o r  t l ie  sequeiice-dimiriutioii process which creates the 
iiiacronuclear genome from t i le  micronuclear genome w i l l  be considered. This work was supported 
by j i I H  grant  t S  F32 G:lu5213 t o  Gleiin A. Her r i ck  and by IlIll grant  #5 It01 GI119199 t o  David 11. 
Prescott.  

324 

times duri,ng l y t i c  i n fec t i ons  were hybr id ized t o  p a r t i a l l y  denatured adenovirus 2 DNA o r  i t s  
EcoRI A (d-58.5%) o r  Sal I P. (45.9-100%) r e s t r i c t i o n  fraqments. 
formed opposite the annealed RNA. 
determined by e lec t ron  microscopy. Yost loops f e l l  i n t o  reproducib le  classes, which al lowed 
assignment o f  map coordinates t o  the t r a n s c r i p t s  w i t h  an accuracy o f  about ? 200 nuc leot ides 
(see the F igure) .  The pos i t i ons  o f  sense s t rand switches were located us ing convergent loops 
conta in inq both ea r l y  and l a t e  RNAs hybr id ized t o  opposite strands. Related t r a n s c r i p t s  from 
three regions (38.8-49.9; 49.9-62.2; and 67.9-86.2) have two o r  three a l t e r n a t i v e  5 '  and/or 3 '  
t e rm in i ,  suggesting a l i m i t e d  v a r i a b i l i t y  i n  the processing o f  precursor RNA molecules. 

PIN: E42 €3 /IVA?/ I I I A  ~PEMON,CORE)(PVI.IIW~~)/F;I;I / 1fOK E15.5 FIBER /u9,U 

Early I /  74.6'c--4?--.;il / 

AN EM R-LOOP MAP OF ADENOVIRUS 2 RNA, Thomas R. Broker, James M. Roberts, James 6 .  
Lewis, and Louise T. Chow, Cold Spring Harbor Lab, Cold Spring Harbor, New York 11724 
Adenovirus 2 RNAs ext racted from the cytoplasm o f  human KB c e l l s  a t  e a r l y  and a t  l a t e  

"R-loops" o f  displaced DNA 
The pos i t i ons  and lengths o f  about 1000 such loops were 

1.345 11.1 -38.8 45.749.951.9 62.2 *67.9 78.6 828 86.2 91.5 

Late 9.7 Y 7 -.------.-I-#-$ 

Lato W ?  
Early w 

t : : : : : : : : : I : I ; I I l : ; I I  
0 10 20 30 40 50 60 70 80 90 100 

w 
91.5 96.8 11.1 14.9 62.4 -67.9 
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325 SEQUENCE ANALYSIS OF THE HISTONE H 4  GENE OF THE SEA URCHIN STRONGYLO- 
CENTROTUS PURPURATUS. Michael Grunstein and J u d i t h  E. Gruns te in ,  
Molecular Biology I n s t i t u t e ,  UCLA, Los Angeles,  C a l i f .  90024. 
The h i s t o n e  H 4  gene from t h e  sea u rch in  S t rongy locen t ro tus  pu rpura tus  

has  been sequenced by ' the use  of  d i m e t h y l s u l f a t e  and hydrazine us ing  the pro- 
cedures  of Gilbert and Maxam (unpubl ished) .  Of 120 cont inuous n u c l e o t i d e s  
analyzed a t  t h e  amino-coding terminus,  a l l  are c o l i n e a r  w i t h  t h e  amino a c i d  
sequence of  t h e  h igh ly  conserved h i s t o n e  H 4  p r o t e i n .  
cont inuous n u c l e o t i d e s  d i r e c t l y  "upstream" of t h e  H4  gene have a l s o  been se- 
quenced and t h e  h i s t o n e  H 4  ribosome b ind ing  s i t e  has  been determined. 

Approximately 100 

326 ISOLATION AND CHARACTERIZATION OF THREE ECOR1-DNA FRAGMENTS FROM THE RIBOSOMAL RNA 
GENE CLUSTER OF DROSOPHILA MELANOGASTER. H. Biessmann, K.E. Diamond, A. Dugaiczyk, 
S. Wadsworth, H.L. Heyneker, H.W. Boyer & B.J. McCarthy. Departments of Biochemistry 

Three Drosophila DNA recombinant plasmids were isolated with sequences related to those in 
and Microbiology, University of California, San Francisco 94143 

the ribosomal DNA containing plasmid p h  103 characterized by Glover Gal., Cell 2, 149 
(1975) by screening with non-polyadenylated cytoplasmic RNA. 
quency in the genome is about 200 copies. 
somal RNA as shown by solution hybridization. 
digested DNA, each reacted to a subset of the four major bands comprising the ribosomal gene 
cluster. 
ing in solution and heteroduplex mapping in the electron microscope. The existence of these 
different DNA fragments reflects heterogeneity in the spacer regions of the Drosophila 
ribosomal RNA genes. 

Their average repetition fre- 
All three contain sequences homologous to ribo- 

When hybridized to gel-fractionated EcoRl 

Sequence homology between these three fragments and pDm 103 were defined by anneal- 

327 

The genomes o f  SV40 and Polyoma have been measured using gel e lectrophoresis  and e l e c t r o n  
microscopy by comparing t h e i r  s izes w i t h  the  s i z e  o f  a sequenced r e s t r i c t i o n  fragment o f  
SV40.  
gene products. 

A MEASUREMENT OF THE GENOME S I Z E  OF SV40 AND POLYOMA. Lauren Sompayrac and 
Kathleen Danna, MCD Biology Dept., U n i v e r s i t y  o f  Colorado, Boulder, CO 80302 

Results w i l l  be discussed w i t h  p a r t i c u l a r  re ference t o  possible undetected e a r l y  
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373 TISSUE-SPECIFIC PROTEIN PATTERNS OF DROSOPHILA AS AN INDICATION OF DIFFERENTIAL GENE 
ACTIVITY. Robert Arking and William E. Timberlake. Dept. Biol., Wayne State Univ., 
Detroit, Michigan 48202. 

Using the newly developed technique of autofluorography, we have been able to rapidly 
visualize a large number of 35S-labeled proteins from individual imaginal discs of developing 
Droso hila melano aster larvae. 
deve1:ping larvae: has enabled us to attain high incorporation levels (i.e., 2 X lo6 cpml 
5XTCA-precipitable material/larvae) with a minimum of effort. 
that, during the third larval instar, each tissue investigated has its own distinct protein 
pattern. There are both qualitative and quantitative changes. 
efforts on analyzing only the qualitative differences. 
visualized to date, there are 4 proteins which are common to all imaginal discs but which are 
absent from larval tissues. 
in discs. In addition, there are at least 2 proteins found in larvae which are absent from 
prepupae, while the prepupal stage possesses at least one protein not found in larvae. Most 
striking of all is the fact that the wing disc, the first leg disc, and the eye-antenna1 disc 
each have at least one protein which is unique to that particular disc tissue. Recent tech- 
nical improvements have allowed us to increase the resolving power of our tgchnique and thus 
should enable us to visualize even more proteins. 
designed to determine the stage at which these tissue-specific proteins first appear in wild 
type larvae as well as in individual larvae with a homeotic mutation. 

In vivo labeling, performed by feeding %-labeled yeast to 

Pulse label experiments show 

We have concentrated our 
Of the more than 40 different proteins 

Larval tissues are characterized by at least 2 proteins not found 

The experiments presently underway are 

329 METABOLISN OF NEWLY SYNTHESIZED HISTONE RNA IN DEVELOPING SEA URCHIN EMBRYOS, 
Geoffrey Childs, Shoshana Levy and Laurence Kedes, Stanford Medical School and 
Veterans Administration Hospital, Palo Alto, Ca. 94305. 

Newly synthesized histone specific RNA in the developing sea urchin embryos (S. purpuratus) 
was studied by hybridization to histone DNA probes. 
cloned histone plasmids pSp2 and pSpl7 contain the coding regions of the five histone 
proteins as well as spacer non-coding regions. 
restriction enzymes and subfractions of the histone gene repeat unit corresponding to these 
individual coding and spacer regions were isolated. The fragments were covalently bound to 
cellulose and used for hybridization in DNA excess to probe histone RNA in pulse labeled 
embryos. 
and intact nuclear histone RNA to be eluted and further analyzed. 
method we have studied and will present data on: 
histone specific RNA. 2 .  
cytoplasm. 3. 
treatment of embryos with ultraviolef light. 
cription after fertilization. 

These DNA probes obtained from the 

The plasmid DNA was digested with appropriate 

Hybridization is completed in a short time period enabling individual histone mRNAs 

1. 
Using this hybridization 

The size of newly synthesized nuclear 
The transport of histone specific RNA from the nucleus to the 

The differential inhibition of synthesis of the five histone mRNAs after 
4. The onset of histone specific RNA trans- 

330 Rapid Techniques for Secondary Structure Mapping of RNA, John Vournakis and Alan 
Maxam, Syracuse University, Syracuse. N.Y. 13210 and Harvard University, Cambridge, 
Ma. 02138. 
A rapid technique for mapping helical and non-helical regions along the primary 

sequence of E-Coli 5s RNA and yeast phenylalanyi t-RNA will be discussed. 
similar in principle to the Maxam and Gilbert rapid DNA sequencing procedure. 
molecules are end-labeled specifically at their 5' terminus by the T4 polynucleotide 
kinase reaction, using highly radioactive Y-[~~P] -ATP. Partial digestion of 5'-[32P] - 
RNAs with the single-strand specific nuclease S1 followed by electrophoresis on .20% 
acrylamide - 7 M Urea gels results in the resolution of oligonucleotide fragments that 
terminate in non-hydrogen bonded nucleotides. The exact position of 
i s  determined by comparing S1 digestion and partial KOH hydrolysis patterns. S1 
digestions are performed at several temperatures and salt conditions. 
models are presented and compared to previously generated computer models. 
applicability of this method for studying structure in the non-coding regions of 
eukaryotic mRNA is discussed. 

The method is 
RNA 

each cleavage site 

Secondary structurrt 
The 
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m UV-TRANSCRIPTIONAL UNIT MAPPING IN ADENOYIRUS TYPE 2 ,  Sheldon Girvitz, 
A.J .  Rainbow, Departments of Biology and Radiology, McMaster University 
Hamilton, Ontario, Canada L8S 4IU 

Human KB cells lytically infected with human adenovirus type 2 were pulse- 
labelled with 35S-methionine during the late period of viral infection, and 
the resulting labelled polypeptides analyzed by SDS-polyacrylamide gel 
electrophoresis and autoradiography. A differential reduction of late 
adenovirus type 2 protein synthesis was observed following UV-irradiation of 
the infected cells. The UV-inactivation of specific viral proteins was 
assumed to correlate with physical distance between the genes encoding these 
proteins and their promotors. In this way a more detailed physical map of 
late adenovirus type 2 gene locations was determined; in addition the number 
of promotors for RNA synthesis on the light strand of the viral genome was 
determined. 

332 ORGANIZATION OF RIBOSOMAL AND 5s RNA CODING REGIONS IN DICTYOSTELIUM DISCOIDEUM, 
William C. Taylor, Andrew F. Cockburn, Gary A. Frankel, Mary Jane Newkirk and 
Richard A. Firtel. Dept. of Biology, University of California, San Diego, La Jolla, 

Ca. 92093 

into repeating units 47 kb long. 
remainder is homogeneous spacer. 
unit and is located several kb to the 3' side of the 26s coding region. 
units occur as pallindromic dimers. 
linkage between the 94 kb dimers and if the ribosomal DNA is episomal. 
will show whether the 5s RNA is transcribed from the same strand as the 17s and 26s RNAs. 

fragment into pSClOl by ligation; and 2) Insertion of randomly sheared nuclear DNA into 
pMB9 by the homopolymer extension method. 
found to be unstable during subsequent replication. 
resultant plasmids suggests that large portions of the original fragment were deleated but 
that the 5s region was retained. 

The ribosomal DNA comprises 18 Z of the nuclear DNA in Dictyostelium and is organized 
Only-8 kb codes for the 36s ribosomal precursor, the 
The 5s coding region is contained within the repeating 

The 47 kb repeating 
Experiments are underway to determine if there is any 

Further experiments 

We have isolated 5s containing clones by two methods: 1) insertion of a 7.2 kb Eco RI 

The pSClOl clone containing the 5s region was 
EM heteroduplex analysis of the 

333 
of Biology, University of California, San Diego, La Jolla, CA 92093 

tetracycline-colicin resistance plasmid pME39, we have screened for clones which hybridize 
to [32Pl-labeled poly[Al+-containing RNA and fail to hybridize to mitochondria1 cRNA. 
Various properties of three clones which hybridize to a substantial proportion of this 
poly[Al+ RNA have been studied. 

has sequences complementary to a heterogeneous population of poly[Al+ RMA, while a third (M4) 
is complementary to a small discrete message as well as a population similar to KH10. 

cellulose. 
it directs the synthesis of a protein which comigrates with Dictyosteziwn actin in polyacryl- 
amjde gels. These and additional studies suggest that plasmid M6 carries the coding sequence 
for actin.. 

sequences. The reiterated sequences are repeated approximately 20 times per genome and have 
been mapped within the DictyosteZim genome by hybridizing M6 cRNA to Southern DNA blots of 
nuclear DNA digested with various restriction endonucleases. 

The expression of the various clones has been followedthroughoutthedevelopmental cy- 
cle of this organism. The plasmids are also being used to examine nuclear precursors to mRNA. 

ANALYSIS OF CLONES CONTAINING DICTYOSTELIUM DNA WHICH CODES FOR MESSENGER RIJA, 
Karen L. Kindle, Richard A. Firtel, Mary Jane Newkirk and Michael McKeown, Department 

Using the homopolymer extension method to insert sheared DictyosteZiwn DNA into the 

One clone (M6) has been shown to code for a discrete size message. A second (KH10) 

Message complementary to M6 has been isolated using preparative hybridization to DNA 
When this RNA is translated in a wheat germ in uitro protein synthetic system, 

Hybridization kinetics indicate that M6 contains both repeat and single-copy 
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Chinese hamster l ung  (CHL) hypoxanthine-guanine phosphoribosyl t r a n s f e r a s e  (HPRT) is  composed 
of t h r e e  subun i t s  o f i d e n t i c a l  molecular weight.  Monospecific antibody (Ab,) t o  t h e  n a t i v e  
enzyme does not  have d e t e c t a b l e  c r o s s  r e a c t i v i t y  wi th  HPRT which has  been a l k y l a t e d  wi th  
NEM o r  denatured by hea t  o r  8 M  urea.  
e f f o r t s  have been made t o  develop an  ant ibody capable  of recognizing HPRT subun i t  pep t ides  
(Abd) and t h e i r  fragments.  
HPRT. The Abd and Abn have been cova len t ly  l i nked  t o  Sepharose 4B and employed as a 
simple means of p u r i f y i n g  i n  vivo-labeled [35S]-and [3H]-labeled HPRT. 
HPRT is i d e n t i f i e d  by autoradiographic  a n a l y s i s  fol lowing e l u t i o n  from t h e  Sepharose-antibody 
and e l ec t rophores i s  i n  SDS acrylamide g e l s .  
t o  t h e  Sepharose-antibody whi l e  urea-denatured HPRT is recognized l e s s  we l l  (-7%). 
Abd 2.90% of urea-denatured HPRT can be abserbed to  t h e  Sepharose-antibody whi l e  n a t i v e  
HPRT i s  bound l e s s  we l l  (-10%). 
both t h e  n a t i v e  and subun i t  forms of HPRT. 
a n a l y s i s  of CHL HPRT mutants.  
Among those  which a r e  CRM+ we have i d e n t i f i e d  mutants w i th  reduced and normal molecular 
weights.  
f o r  reduced HPRT molecular weights r e q u i r e s  a d d i t i o n a l  s tudy.  

I M ” E  CHARACTERIZATION OF CHINESE HAMSTER HPRT MUTANTS. C.T.  Caskey, T.H. Sawyer, 
G.D. Kruh, R.G. Fenwick, Jr. Baylor Col lege of Medicine, Houston, Texas 77030. 

Since we have p a r t i c u l a r  i n t e r e s t  i n  nonsense mutat ions,  

This  w a s  achieved by immunization of a sheep wi th  urea-denatured 

The r a d i o a c t i v e  

Using Abn 2.90% of n a t i v e  HPRT can be absorbed 
Using 

Thus we now have t h e  capac i ty  t o  recognize immunologically 
These techniques have been app l i ed  t o  t h e  

We have now i d e n t i f i e d  both CRM- and C& HPRT mutants.  

Determination of t h e  type  of mutat ion (de l e t ion ,  f r amesh i f t ,  nonsense) r e spons ib l e  

MUTATIONS AFFLCTIBG NEUROTRAX‘SMITTER~RELATED EliZYMhS, Richard L. Russel l ,  C a r l  C. ”’ Johnson, James B. Rand, Stewart  Scherer ,  and Maurice S .  Z w a s s ,  Ca l i fo rn ia  I n s t i t u t e  
of Technology, Pasadena, CA 91125 

Radiochemical assays based on t h e  s e l e c t i v e  e x t r a c t i o n  of e i t h e r  s u b s t r a t e  o r  product from 
an aqueous r eac t ion  volume i n t o  an organic  s c i n t i l l a t o r  have been developed f o r  s e v e r a l  
enzymes of neurotransmit ter  metabolism. These r ap id ,  convenient assays have made it poss ib l e  
t o  sc reen  l a r g e  numbers of mutant l i n e s  f o r  p o t e n t i a l  enzymatic de fec t s ,  and two mutants 
with ace ty l cho l ines t e ra se  de fec t s ,  p lus  two more with cho l ine  ace ty l t r anspe rase  d e f e c t s  
have been iden t i f i ed .  
which suggest p o t e n t i a l  r o l e s  f o r  t h e  enzymes they  l ack ,  and t h e s e  r o l e s  w i l l  be  discussed.  

Two of t h e s e  mutants have q u i t e  pronounced behavioral  abnormali t ies  

336 MOLECULAR CLONING OF RESTRICTION FRAGMENTS OF Xh80dara DNA, Lawrence 

hh8Odara and pBR317 DNA were restricted with R.  BamI endonuclease and 
ligated with T4-induced polynucleotide ligase. Transformation of E. coli K12 
with the ligation mixture allowed the isolation of clones containing m 1 7 -  
Xh8Odara chimeras. The cloned DNA fragments were analyzed by digestion with 
pairs of restriction endonucleases. 
determine the molecular weight and identity of the cloned DNA fragmecpts. 

R. E m 1  fragments of XhEOdara were further restricted with R. EcoRI endo- 
nucleasender R. EcoRI* conditions. 
R. BamI-R. EcoRI* fragments which have been ligated to pBR317 DNA restricted 
wit= Sam= R. EcoRI. Transformation of E. coli K12 with this DNA has 
yielded G e s  whicharenow in the process of-beingidentified. 
simultaneous use of two enzymes allows cloning of defined regions of the 
arabinose operon starting at given restriction sites. 

Greenfield, Donald A. Kaplan, and Gary Wilcox, University of California 
at Los Angeles, Los Angeles, California 90024. 

This method is rapid and allows one to 

This second digestion y i e l d s 0  

The 
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t h e  technique of RNA-cDNA hybr id iza t ion .  
ing  conclusions: (1) Of t h e  4000 d i f f e r e n t  mRNAs which are produced, only 
20% a r e  produced in.any g r e a t  abundance ( i . e .  g r e a t e r  than 1 copy 1 c e l l ) ,  
( 2 )  A l l  m-RNA sequence complexity i s  p r e s e n t  i n  poly A containing RNA, and 
(3 )  A l l  sequence complexity is present  i n  polysomal mRNA. 

a temperature-sensi t ive mutant, RNA2. This mutant has previously been shown 
t o  s e l e c t i v e l y  s h u t  of f  t h e  synthes is  of  ribosomal pro te ins .  
s t u d i e s  have revealed t h a t  approximately 30% of t h e  abundant mRNAs ( i . e .  1 3 0 )  
are n o t  p r e s e n t  a t  t h e  r e s t r i c t i v e  temperature. 
us an experimental system i n  which t o  look a t  t h e  coordinate  c o n t r o l  of a 
l a r g e  number of p r o t e i n s .  

SEQUENCE COMPLEXITY OF YEAST WAS, L.M. Hereford and M. Rosbash, The 
Rosens t ie l  I n s t i t u t e ,  Brandeis Universi ty ,  Waltham, Massachusetts. 
The.number and d i s t r i b u t i o n  of mRNA sequences has  been examined using 

This  approach has l e d  t o  t h e  follow- 

The na ture  of t h e  abundant mRNA has  been examined i n  more d e t a i l  using 

Hybridizat ion 

This  observat ion has given 

338 HISTONE GENE ARRAWQEMENT I N  THE SEA URCHIN. David S. Holmes*, 
Norman Davidson. R. Cohnt and L. Keded. 'Calif. In s t .  of Tech. 
and +Stanford Mehcal School. 

The ordering and spacing of f i v e  histone genes on 2 separa te  fragments of 
sea  urchin (S. purpuratus) DNA cloned i n  the  plasmid P S C l O l  has been 
determined by e lec t ron  microscopy. 
H3 and H2a. Each gene i s  separated by spacer DNA of unknown function and 
the coding sequences a re  a l l  on the  same strand. Following hybridization 
of histone M N A  t o  e i t h e r  double o r  s ing le  stranded DNA genes were 
visualized i n  the  e lec t ron  microscope by R-loop formation or by complexlng 
wi th  gene 32-ethidium bromide respectively.  A new modification of the  
R-loop procedure involving hybridization of  histone mRNA t o  s lng le  
stranded DNA followed by DNA-DNA reassociation w a a  a l so  used. I n  addition 
these  techniques were employed t o  v i sua l i ze  h is tone  genes on enriched sea 
urchin sperm DNA. Several contiguous repea ts  of t he  5 histone genes were 
recognized. 

The order of genes i s  H 1 ,  H4, H2b, 

87 



Euaryotic Genetic Systems Thvday, March 3,1977 

C Y C L I C  AMP, REVERSE TRANSFORMATION, AND GENETIC REGULATION, Theodore T .  Puck, 
Eleanor  Roosevelt  I n s t i t u t e  f o r  Cancer Research ,  Un ive r s i ty  of Colorado Medical 
Cek te r ,  B129, 4200 E a s t  Ninth Avenue, Denver,  CO 80262 

213 

Agents which i n c r e a s e  t h e  c e l l u l a r  concen t r a t ion  of  c y c l i c  AMP cause  t ransformed 
CHO-K1 c e l l s  t o  l o s e  t h e  i n  v i t r o  c h a r a c t e r i s t i c s  a s s o c i a t e d  wi th  malignancy and assume 
t h e  h a b i t u s  of normal f i b r o b l a s t s .  The t ransformed c e l l s  l o s e  t h e i r  compact, pleomorphic 
c h a r a c t e r ;  t h e  c e l l s  s t r e t c h  o u t  i n t o  t y p i c a l  f i b r o b l a s t i c  forms; t h e  r a p i d l y  o s c i l l a t i n g  
knobs on t h e  c e l l  s u r f a c e  d i s a p p e a r  o r  mig ra t e  t o  t h e  two ends of t h e  sp indle-shaped  c e l l  
which r e s u l t s ,  caus ing  ex tens ive  s u r f a c e  t r a n q u i l i z a t i o n ;  t h e  c e l l s  o r i e n t  t o g e t h e r  i n  
p a r a l l e l  t o  t h e i r  l ong  dimension; and wh i l e  growth on p l a s t i c  s u r f a c e s  remains a t  100% 
p l a t i n g  e f f i c i e n c y ,  growth i n  aga r  suspens ion  falls t o  ze ro .  Th i s  change, c a l l e d  Reverse 
Transformat ion ,  i s  synerg ized  by t e s t o s t e r o n e ,  t e s t o l o l a c t o n e ,  o r  va r ious  p ros t ag land ins .  

A v a r i e t y  o f  exper iments  u t i l i z i n g  e l e c t r o n  microscopy ( 1 1 ,  immunofluorescence wi th  
a n t i b o d i e s  t o  t u b u l i n  (2) and a c t i n  (3), and k i n e t i c s  s t u d i e s  wi th  colcemide and cy to-  
c h a l a s i n  B ,  demonst ra te  t h a t  t h e  t ransformed s t a t e  i s  accompanied by a randomized ar range-  
ment of micro tubules  and m i c r o f i b r i l s .  I n c r e a s e  i n  CAMP l e v e l s  causes  o r g a n i z a t i o n  of  a 
h igh ly  ordered  arrangement of both  mic ro tubu les  and m i c r o f i b r i l s  which t r a v e r s e  t h e  e n t i r e  
l e n g t h  of  t h e  c e l l .  

which i n  normal grorsth medium resembles  t h e  t ransformed CHO p a r e n t ,  t o  ex tend  d e n d r j t i c  
processes  which l i n k  up  among t h e  c e l l s  of a co lony  t o  form a network. 

g iven  p a t t e r n  of  mic ro tubu la r  and m i c r o f i b r i l l a r  o r g a n i z a t i o n ;  c y c l i c  AMF i s  r equ i r ed  f o r  
t h i s  organized  p a t t e r n  t o  form; mic ro tubu la r  p rocesses  a r e  connected t o  s p e c i f i c  chromosomal 
s i t e s  (presumably on t h e  r e i t e r a t e d  DNA r e g i o n s )  even i n  i n t e r p h a s e ;  t h i s  organized  s t r u c -  
t u r e  i s  impor tan t  i n  t h e  c o n t r o l  o f  genomic f u n c t i o n s  involved  i n  r ep roduc t ive  r e g u l a t i o n ;  
d i s r u p t i o n  of t h i s  o rgan iza t ion  y i e l d s  a c e l l  which e x h i b i t s  t ransformed c h a r a c t e r i s t i c s  
i n  v i t r o  and may be  malignant i n  v ivo .  

1) In  c o l l a b o r a t i o n  wi th  D r .  Kei th  P o r t e r .  
2 )  I n  c o l l a b o r a t i o n  wi th  D r .  B i l l  R .  Br inkley .  
3 )  I n  c o l l a b o r a t i o n  wi th  Dr. El ias  Lazar ides  

Inc rease  i n  c y c l i c  AMP l e v e l s  causes  c e l l s  o f  a hybr id  between CHO and hamster b r a i n ,  

A t h e o r e t i c a l  formula t ion  has  been proposed i n  which normal c e l l s  a r e  committed t o  a 

-- 

214 THE USE OF AMINO ACID RESISTANT PIUTASTS I N  A STUDY OF AMSO A C I D  TRANSPORT IN 
>lAE.IM&LIAN CELLS IN CULTURE A S D  SS40 TRANSFORWKTS, Ellis Englesberg ,  N i l l i am 

i l e i se r ,  and Richard Bass,  Biochemis t ry ,  Molecular  Biology S e c t i o n ,  Department o f  B io log ica l  
Sc iences ,  Un ive r s i ty  o f - C a l i f o r n i a ,  San ta  Barbara ,  C a l i f o r n i a  93106 

Rais ing  t h e  concen t r a t ion  o f  each of  the amino a c i d s  i n  RlEM i n h i b i t s  t h e  growth of  
mammalian c e l l s  i n  c u l t u r e  (A9,  C H O ,  Babl 3T3, SV40 t ransformed Ralb 5.13 (SLT2), W138) ( I ) .  
There a r e  some s i m i l a r i t i e s  i n  t h e  i n h i b i t o r y  p a t t e r n s  sho\<ll by each o f  t h e  above c e l l  l i n e s  
bu t  t h e r e  a r e  some unique d i f f e r e n c e s .  blutants r e s i s t a n t  t o  15 and 20 mM L-phcnyla lan ine  
have been i s o l a t e d  i n  t h e  mouse ce l l  l i n e  A9 (1) and t o  20 and 30 mN i n  t h e  hamster  c e l l  
l i n e s  V79 and CTI; . These mutants were i s o l a t e d  by a s i i t g l e  s e l e c t i o n  s t e p .  Phenyla lan ine  
r e s i s t a n t  mutants (Pher) i n  A9 were shown t o  b e  s t a b l e ,  and t o  occur  spontaneous ly  a t  a r a t e  
o f  4 . 9  x l W 5  p e r  c e l l  pe r  gene ra t ion .  The f requency  o f  occur rence  o f  t h e s e  mutants can  be  
inc reased  s e v e r a l  f o l d  by chemical ru t agens  such a s  EMS and N G .  
i n i t i a l  r a t e s  o f  phenyla lan ine  uptake  by pa ren t  and mutants showed a b i p h a s i c  curve  sug- 
g e s t i n g  two t r a n s p o r t  sys tems.  
sys tems.  I t  is sugges ted  t h a t  t h e  s e l e c t i o n  o f  c lones  r e s i s t a n t  t o  high concen t r a t ions  of  
s e v e r a l  o f  t h e  n a t u r a l  amino a c i d s  may b e  used a s  a gene ra l  method f o r  t h e  i s o l a t i o n  o f  
mutants a f f e c t i n g  t h e  va r ious  amino a c i d  t r a n s p o r t  systems i n  mammalian c e l l s .  
mutants have a l s o  been i s o l a t e d  i n  a s i n g l e  s t e p  procedure  by  s e l e c t i n g  f o r  v a r i a n t s  r e -  
s i s t a n t  t o  5 - f luo ro t ryp tophan  ( 2 ) .  

A Lineweaver-Burk p l o t  o f  

Each Pher mutant had a l t e r e d  p r o p e r t i e s  o f  bo th  t r a n s p o r t  

l r a n s p o r t  

Ke s t u d i e d  t h e  p a t t e r n  o f  amino a c i d  i n h i b i t i o n  o f  growth o f  3T3 and SVTZ. S ince  SV40 
trarisformcd c e l l s  havc been p rev ious ly  shown t o  be  more e f f i c i e n t  i n  t r a n s p o r t i n g  c e r t a i n  
amino a c i d s  than  jT5 ( 3 ) .  we thought  i t  might be  p o s s i b l e  t h a t  t ransformed c e l l s  would bc  
morc seve re ly  i n h i b i t e d  by some amino a c i d s  as a r e s u l t  o f  an amino a c i d  antagonism a t  t h e  
t r a n s p o r t  o r  amino a c i d  a c t i v a t i o n  l c v e l .  There  were s e v e r a l  d i f f e r e n c e s  shown in  the amino 
a c i d  i n h i b i t i o n  p a t t e r n  between 3T3 and SVT?. Of p a r t i c u l a r  i n t e r e s t  was t h e  f ind ing  t h a t  
meth ionine  h i l l e d  SbT2 under cond i t ions  i n  which growth o f  3T3 i s  only  t empora r i ly  de layed .  
blcthionine r e s i s t a n t  v a r i a n t s  o f  SSTZ have been i s o l a t e d .  These  mutants rescmblc more 
c l o s e l y  3 3  than  SVT2 wi th  r e s p e c t  t o  c e l l u l a r  morphology, growth p a t t e r n ,  and maximum den- 
s i t y  of growtii. One mutant had a h i g h e r  e f f i c i e n c y  of  p l a t i n g  i n  s o f t  aga r  than  SVTZ whi l e  
ano the r  rescmbled 5T3 i n  t h i s  r e s p e c t .  Vaximum growth i n  low serum was no t  a f f e c t e d .  T h e  
a s s o c i a t i o n  between methior.ine s e n s i t i v i t y  and t r ans fo rma t ion  c h a r a c t e r i s t i c s  provldes  a means 
of  ana lyz ing  t h e  g e n e t i c  b a s i s  o f  r e v e r s i o n  of  SYJO t r ans fo rman t s .  

(1) Englesberg ,  E . ,  R .  Bass and N .  Heisc r  (1976) Somat. C e l l  Genet. '. l . 4  11 - 4 2 8 .  
( 2 )  Taub, bl. and L. t ng le sbe rg  (1976) Somat. C e l l  Genet. 2 : 4 4 1 - 4 5 2 .  
( 3 )  F o s t e r ,  D.O. and A . G .  F'ardee (1969) J .  Bio l .  Chem. %:2675-2681. 



Friday, March 4, 1976 

215 

Eucaryotic Genetic Systems 

A SEARCH FOR NONSENSE MUTANTS AND NONSENSE SUPPRESSORS IN  
MAMMALIAN CELLS, Mar io  R. Capecchi, Department o f  B io logy ,  
U n i v e r s i t y  o f  Utah, S a l t  Lake C i t y ,  Utah 84112. 

The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  nonsense mutants and t h e i r  suppressors i n  mammali- 
an c e l l  l i n e s  would g r e a t l y  a i d  the  gene t i c  a n a l y s i s  o f  mammalian c e l l s  and t h e i r  v i ruses .  
For t h i s  purpose we have i s o l a t e d  500 independent mouse f i b r o b l a s t  c e l l  l i n e s  l a c k i n g  hypo- 
xanth ine-guan ine  phosphor ibosy l  t r a n s f e r a s e  (HGPRT) a c t i v i t y .  These c e l l  l i n e s  have been 
screened f o r  immunological  c ross  r e a c t i n g  m a t e r i a l  (CRM). About 40% o f  these HGPRT- c e l l  
l i n e s  were CRtF (1,2). I nc luded  i n  t h i s  pool  o f  HGPRT- CRM' c e l l  l i n e s ,  a re  mutants which 
c o n t a i n  a l t e r e d  HGPRT molecu les  whose subun i ts  m ig ra te  f a s t e r  and s lower  than w i l d  t ype  HGPRT 
subun i t s  on SDS po lyacry lamide ge l  e l e c t r o p h o r e s i s .  The reason f o r  t he  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 y  i s  be ing  i n v e s t i g a t e d  by t r y p t i c  p e p t i d e  a n a l y s i s .  Obv ious ly ,  t h e  mutants whose 
subun i t s  m i g r a t e  f a s t e r  than the  w i l d  type  enzyme subun i t s  a r e  cand ida tes  f o r  nonsense mu- 
t a n t s .  A l t e r n a t i v e  methods o f  i d e n t i f y i n g  nonsense mutants a r e  a l s o  be ing  i n v e s t i g a t e d .  I n -  
c luded  i n  these s t u d i e s  a r e  exper iments des igned t o  t e s t  phenotyp ic  suppress ion  o f  HGPRT non- 
sense mutants by m i c r o i n j e c t i o n  o f  5. and yeas t  suppressor tRNAs i n t o  t h e  mammalian 
c e l l s .  

I d e n t i f i c a t i o n  o f  mammalian c e l l  l i n e s  c o n t a i n i n g  nonsense suppressors i s  be ing  pursued 
by screen ing  r e v e r t a n t s  o f  t he  HGPRT- c e l l  l i n e s  i n  v i t r o  f o r  suppressor tRNAs. These assays 
u t i l i z e  a c e l l - f r e e  p r o t e i n  s y n t h e s i z i n g  system d e r i v e d  f rom the  pa ren ta l  mouse c e l l  l i n e  
programmed w i t h  RNA f rom a d e r i v a t i v e  o f  Q, c o n t a i n i n g  an amber mu ta t i on  i n  t h e  v i r a l  coa t  
p r o t e i n  gene. The i n  v i t r o  system responds t o  suppressor tRNA i s o l a t e d  f rom c. and 
yeas t  ( 3 ) .  
developed. 
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A comparable system which responds t o  och re  suppressor tRNAs has a l s o  been 
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