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2Dept o f  Molec. Genet ics and Mic rob io logy ,  U. o f  Massachusetts, Worcester, MA 01605. 

s t imu la tes  the  appearance o f  a g g l u t i n i n s  on the  a cell surface, and i t  promotes 
morphological  a l t e r a t i o n s  ("schmoos") o f  t h e  t a r s e t  a c e l l .  
- ste2, 4, 5, 7, 8, 9, 11 and 12, r e s u l t  i n  i n s e n s i t i v T t y  t o  a - f a c t o r  (1,2), ss t2  mutants a re  
supersens i t i ve  T3)- G l y  t h F s t e 2  mutants a re  s p e c i f i c a l l y  de fec t i ve  f o r  a x 1  mat ing  
func t i ons  mediated by a - f a c t o - x e  have found t h a t  r a d i o a c t i v e  a - f a c t o r  brnds r e v e r s i b l y  
t o  s p e c i f i c  sa tu rab le  s i t e s  on a c e l l s .  
b i n d i n g  a c t i v i t y  a t  permiss ive  %mperature t h a t  was t h e r m o l a b i l n h u s  suggest ing t h a t  t he  
STE2 gene encodes the  a- fac to r  receptor .  
r e s t r i c t i v e  c o n d i t i o n s  produced no de tec tab le  m i n g  a c t i v i t y .  The ste5, 7 and 11 mutants 
showed apprec iab le  numbers o f  a - f a c t o r  b i n d i n g  s i t e s  and the  l i g a n d  a m i t y  was - 
i n d i s t i n g u i s h a b l e  from t h a t  o f  t he  w i ld - type ;  these mutants a re  presumably d e f e c t i v e  f o r  
pos t - recep to r  func t ions  of t he  response pathway. The s te4  mutants showed reduced a f f i n i t y  
f o r  a - fac to r ,  suggest ing t h a t  t he  STE4 gene produc t  l e s t 0  s t r u c t u r a l  a l t e r a t i o n s  of the  
recep to r  ( e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ) .  

mu ta t i on  sst2.  
a - f a c t o r  F E p t o r .  
ros2 o r  ros3)  was present.  
e x p e r i m e n t s t h a t  t he  STE4 gene produc t  a f f e c t s  the  a - f a c t o r  receptor .  
found t o  be a l l e l i c  t o  mu ta t i on  cdc39 which, under the  approp r ia te  cond i t i ons ,  b locks  the  
c e l l  d i v i s i o n  c y c l e  a t  t h e  a - f a c t o r a r r e s t  p o i n t  ( 4 ) .  

Muta t ions  a t  t he  STE2 locus  l e a d  t o  a v a r i e t y  of phenotypes. 
se lec ted  t h a t  f a i l e d  t o r r e s t  c e l l  d i v i s i o n  i n  response t o  a-factor.-e o f  these 
mutants were a l s o  de fec t i ve  f o r  a g g l u t i n i n  i nduc t i on ,  whereas o the rs  remained induc ib le .  
The s te2  d e l e t i o n  mutant was d e f e c t i v e  f o r  bo th  responses: 
i n d u z n .  

( 1 )  MacKay, V .  and R. Manney. 1974. Genet ics 76: 273. 
( 2 )  Har twe l l ,  L. 1980. J .  C e l l  B i o l .  85: 811.- 
( 3 )  Chan, R. and C. Ot te .  
( 4 )  Reed, S. 1982. Genet ics 95: 561. 

GENETIC CONTROL OF THE 5 CELL CYCLE BY a-FACTOR. 
and l L .  Har twe l l .  

1920. Jenness, 1A. Burkho lder  
1Dept. o f  Genetics, U. o f  Washington, Seat t le ,  WA 98195 and 

The pept ide ,  a - fac to r ,  b locks  the  d i v i s i o n  o f  a c e l l s  i n  t h e  G 1  phase o f  t he  cyc le ,  i t  

Muta t ions  i n  e i g h t  genes, 

Tempera ture-sens i t i ve  s te2  mutants produced a 

The s te2  and s t e l 2  mutants grown under 

Temperature-sensi t ive mat ing  de fec ts  i n  s te2  mutants were suppressed p a r t i a l l y  by 
Th is  observa t ion  suppor ts  t h e t i o n  t h a t  t he  SST2 gene produc t  a f f e c t s  the  

Muta t ion  sst2 a l s o  suppressed ste4 mutantswhen another muta t ion  ( r o s l ,  
Th i s  r e s u l t  co r robo ra tes  t h e  suggest ion f rom the  b ind ing  

- 
Mutat ion  r o s l  was 

25 ste2 mutants were 

d i v i s i o n  a r r e s t  and a g g l u t i n i n  
Thus the  SiEE gene d i f f e r e n t i a l l y  c o n t r o l s  these two response pathways. 

1982. Molec-and C e l l  B i o l .  p :  11. 
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Thomas A. Peterson, Stephanie Richardson and Cur t  Wittenberg, B iochemis t ry  and Molecular 
B io logy  Sect ion,  Department o f  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  C a l i f o r n i a ,  Santa 
Barbara, CA 93106. 

I n  Saccharomyces, c e l l  d i v i s i o n  i s  c o n t r o l l e d  bo th  i n  response t o  n u t r i e n t  
l i m i t a t i o n  and by  mat ing  pheromone i n  p repara t i on  f o r  sexual con jugat ion .  I n  each case 
r e s t r a i n t  o f  d i v i s i o n  occurs l a t e  i n  the  G 1  i n t e r v a l  o f  t he  c e l l  d i v i s i o n  c y c l e  l ead ing  
Har twe l l  and h i s  c o l l a b o r a t o r s  t o  propose the  ex is tence o f  an i n t e g r a t i v e  ga t i ng  event 
designated as " s t a r t . "  It has been our  goal ,  us ing  genet ic  and molecu la r  methods, t o  
descr ibe  " s t a r t "  i n  mo lecu la r  terms. 

Muta t ions  i n  f o u r  genes, CDC28, CDC36, CDC3; and CDC39, have been shown t o  confer  
c o n d i t i o n a l  a r r e s t  a t  s t a r t .  These genes have been i s o l a t G  recombinant plasmids and 
t h e i r  p roduc ts  have been the  major focus o f  our  i n v e s t i g a t i o n s .  
- _ _  CDC28, CDC36 and CDC37 has al lowed the  p r e d i c t i o n  o f  a probable p r imary  s t r u c t u r e  f o r  each 
o f  t he  encoded products.  Computer based comparisons de tec ted  re la tedness  between CDC28 
and a number o f  p r o t e i n  k inases, i n c l u d i n g  oncogenes o f  t h e  s rc  fam i l y ,  and between CDC36 
and another yeas t  cdc gene, w, as w e l l  as t h e  av ian  r e t r o n a l  oncogene e ts .  No match 
was found f o r  C D C 3 r  Ant ibod ies  prepared aga ins t  t he  CDC28 and CDC36 p r o d u z  have been 
used as bo th  b i m i c a l  and c y t o l o g i c a l  probes. I m m u ~ c i p i t ~ f r o m  yeas t  c e l l  
l y s a t e s  prepared w i t h  anti-CDC28 produc t  an t ibody  were found t o  con ta in  a 34 kD phospho- 
p ro te in ,  shown t o  be the  %-product. 
t o  possess a p r o t e i n  k inase a c t i v i t y .  Phosphate was t r a n s f e r r e d  from exogenous ATP t o  a 
40 kD po lypep t ide  which had co -p rec ip i t a ted  w i t h  t h e  CDC2B produc t .  
t he rmo lab i l e  when temperature s e n s i t i v e  CDC28 mutants- used. 
suggests t h a t  t he  40 k D  po lypep t ide  i s  tm v i v o  suhs t ra te  o f  a CDC28-encoded p r o t e i n  
k inase.  
o f  t he  CDC28 produc t  i s  associated w i t h  a c t i n  f i b e r s  o f  t h e  yeas t  cy toske le ton .  
more, genet ic  s tud ies  suggest t h a t  t he  COC28 produc t  f unc t i ons  i n  c o n t r o l l i n g  a c t i n  
s t r u c t u r e .  
mediated, a t  l e a s t  i n  pa r t ,  by  p r o t e i n  phosphory la t ion .  The i m p l i c a t i o n s  o f  t h i s  model 
w i t h  respec t  t o  c e l l  c y c l e  r e g u l a t i o n  and the  poss ib le  r o l e s  o f  o the r  s t a r t  gene produc ts  
w i l l  be discussed. 

A GENETIC AND MOLECULAR ANALYSIS OF D I V I S I O N  CONTROL I N  S. C E R E V I S I A E ,  Steven 
I. Reed, J i l l  Ferguson, J e f f r e y  A. Hadwiger, Jeong-Yau Ho, A t t i l a  T. Lor incz ,  

DNA sequence ana lys i s  o f  

These immunoprecipi tates,  i n  add i t ion ,  were found 

The r e a c t i o n  was 
Pre l im ina ry  evidence 

F luorescent  an t ibody  double l a b e l l ~ g ~ e r i m e n t s  i n d i c a t x t  much, i f  no t  a l l ,  
Fu r the r -  

We propose t h a t  t he  s t a r t  e x m a y  c o n s t i t u t e  a c y t o s k e l e t a l  t r a n s i t i o n  
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1391 IDENTIKCATION OF A GLYCOPROTEIN INVOLVED IN THE G~ TO s TRANSITION 
IN YEAST. 

L-Alberqhina, L.Popo10 and M.Vai. - Sez.sic-himica Comparata, Dip.Fidiologia 
e Biochimica Generale - Univ.Milano-Via Celoria '6- 20133 Milano,(Italy). 

A labile protein plOO (MW=100 Kd, PI-4.8-5; 
release from cell cycle arrest of th- m~~canc cdc25 of 2.cerevisiae which is 
blocked in the start area at nonpernissive temperature. Another labile pro&*. 
plOO*, contiguous to pl00 on 2D-gels, behaves as a cell cycle modulated 
protein preferentially made during late G1 till mid S phase. Pulse-chase 
labeling experiments and peptide mapping analysis indicate that plOO and 
p100* are process d to a protein p115 (115 Kd, pI-v4.8-5.2). By labeling 
experiments with 
results to be the major yeast qlycoprotein. The synthesis of p100, p100*  
and pll5 is inhibited by tunicamycih. 
membrane and its biochemical function is now under investigation. 

I S  specifically made during 

5 
H-glucosamine and by 2D analysis of total protein, p115 

P115 is localized in the plasma 

1392 GENETIC STUDIES ON THE MECHANISM OF VACUOLE ASSEMBLY IN YEAST. Vytas A. Bankaitis 
and Scott D. Emr, Division of Biology, Cal i fornia  I n s t i t u t e  of Technology, 
Pasadena, CA 91125 

We are studying the mechanism by which proteins  are  delivered to  the vacuole in  the yeast 
Saccharomyces cerevis iae .  To t h i s  end, we have constructed fusions of PRC1, the gene 
encoding the vacuolar enzyme carboxypeptidase Y ( C P Y ) ,  to  K 2 ,  the g e n e  encoding a 
normally secreted yeast enzyme invertase. These hybrid genes program the synthesis  i n  
yeast of chimeric proteins  tha t  consist o f  amino-termini derived from CPY and a carboxy- 
terminus derived from invertase. Such chimeric proteins  exhibi t  invertase  ac t iv i ty .  Our  
data indicate  that  re la t ive ly  short portions of the amino-terminal CPY primary sequence 
a re  suf f ic ien t  t o  resu l t  i n  t he  delivery of CPY-invertase fusion proteins  t o  the 
vacuole. Fusion s t r a i n s  are  consequently unable to u t i l i z e  sucrose as a sole  carbon 
source. We have exploited t h i s  property t o  obtain mutants tha t  are  defect ive in  the 
target ing of CPY-invertase to  the vacuole and instead secrete  a large percentage of the 
hybrid protein in to  the yeast periplasm. The corresponding mutations are  a l l  trans- 
act ing,  recessive, and define at  l eas t  eight complementation groups. Our experiments 
indicate  tha t  such mutants are  s imilar ly  defective in  the local izat ion of wild-type CPY to  
the yeast vacuole and tha t ,  i n  these mutant s t r a i n s ,  CPY accumulates in  its core 
glycosylated form. We believe that  the gene fusion approach and an analysis of such 
vacuolar protein target ing (VPT) mutants w i l l  contr ibute  to  an understanding of how 
proteins  are  sorted i n  yeast. 

1393 ISOLATION OF THE G E N E  FOR HMG-CoA REDUCTASE: THE RATE-LIMITING ENZYME OF STEROL 
BIOSYNTHESIS. Michael Basson, Mary H .  Kral l ,  and Jasper Rine, University of 
Cal i fornia ,  Berkeley CA 94720 

3-hydroxy-3-methylglutaryl Coenzyme A reductase (HMG-CoA reductase) i s  t h e  ra te-  
l imit ing enzyme f o r  the biosynthesis of s t e r o l s  and a l l  other  isoprenoid-derived compounds, 
such as dol ichol ,  ubiquinone, and isopentenylated adenosine. 
increase HMG-CoA reductase a c t i v i t y  by select ing from a population of c e l l s  transformed 
w i t h  a yeast  genomic l i b r a r y  on multicopy plasmids those t h a t  were r e s i s t a n t  t o  a competi- 
t i v e  inh ib i tor  of HMG-CoA reductase. 
contained overlapping oieces of the yeast  genome. Cel ls  containing these plasmids con- 
ta in  8-14 times more HMG-CoA reductase a c t i v i t y  than do isogenic c e l l s  without the plasmid 

presence of three t ranscr ip ts .  By delet ion mapping we establ ished t h a t  a 3.3 kb RNA i s  
responsible f o r  overproduction of enzyme ac t iv i ty .  To determine whether th i s  gene i s  the 
s t ructural  gene f o r  HMG-CoA reductase, we performed low stiingency DNA-DNA hybridization 
using a cDNA f o r  hamster HMG-CoA reductase as a probe. T h i s  cONA cross-hybridized w i t h  a 
574 bp fragment of yeast  DNA from the reqion encoding the 3.3 kb RNA. Translation of the  
open reading frames i n  the  yeast  and hamster genes would yield proteins in which long 
s t re tches  of amino acid residues a re  conserved i n  the reqion of the act ive s i t e  of the 
enzym 
aene '%r HMG-CoA reductase. 

We isolated genes t h a t  

The plasmids isolated from res i s tan t  transformants 

DNA-RNA hybridization b lo ts  using pieces of the  inser t  DNA as probes indicate  the 

T h i s  sequence homolo!${ strongly suqgests tha t  the  yeast  qene i s  the s t ructural  
udies of the reaulat lon of t h i s g e n e  a r e  in Droaress. 
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Two segments of yeast genomic DNA were isolated from a plasmid l ibrary by hybridization to  
synthetic 01 igodeoxynucleotide pools complementary t o  DNA sequences encoding the reported 
amino acid sequences of mating pheromones secreted by S. cerevesiae &-cells. 
fragments appear t o  contain functional genes since theyhybridize t o  mRNA a-cell specifically 
and, on multicopy plasmids, increase the level of a-factor secreted by MAE transformants. 
Transcriptional control i s  t h o u g h t  t o  be located within DNA sequences upstream of the a-  
factor coding regions where the two fragments have strong homology w i t h  other a-specific and 
haploid-specific genes. The fragments encode 36 and 38 residue peptides which-contain the 
reported undecamer sequences with a change i n  the order of the 3 C-terminal residues, and 
with the addition of 4 amino acids C-terminal to  the reported terminus, suggesting that these 
residues are removed either in normal peptide processing o r  as an a r t i fac t  of a-factor 
purification. The coding sequences diverge from one another l i t t l e  b u t  are unTike the 
structure o f  most precursors t o  secreted proteins in that the C-terminal (mature pheromone- 
containing) portion i s  hydrvphobic while the N-terminal portion i s  not .  Genetics and the 
deduced a-factor precursors 
i s  d i s t i k t  from t h a t  of &factor precursors. 
in these putative a-factor precursors suggest that  they may be post-translationally inserted 
into the endoplasmic reticulum. 

a-FACTOR STRUCTURAL GENES, Charles Brenner, Richard Najarian, Paul Laybourn, James 
Merryweather and Anthony Brake. Chiron Corp., 4560 Horton S t . ,  Emeryville CA 94608. 

These two 

sequences suggest that their  processing and secretion pathway 
The small size and lack of signal sequences 

GENETIC ANALYSIS OF THE a-FACTOR RECEPTOR, Anne C. Burkholder and Leland H. 
Hartwell, Dept. of Genetics SK-50, University of Washington, Seattle, WA 98195. 

MATa cells specifically bind u-factor and respond to it by arresting cell division, 

1395 

inducEcel1 surface agglutinins and forming an altered morphology described as projection 
formation. Temperature-sensetive mtations in the a-specific sTez gene result in 
thermolabile u-factor binding activity. 
substitution of the genomic 
completely sterile, and shows no response to u-factor in assays for cell division arrest, 
agglutinin production, or projection formation. These mtant phenotypes suggest that the 
function of the STEl gene is to encode a structural component of the a-factor receptor. 

A STE2 null mutant (ste2-l0::LEU2, constructed by 
gene with E) has no a-factor binding activity, is 

The analysis of the u-factor dose response and binding activity of ST62 mutants that 
retain partial activity indicates that the receptor is functionally complex. One mutant, 
ste2-8, has very little a-factor binding activity and does not division arrest or form 
projections even at high a-factor concentrations, yet has a nearly wild-type dose response 
for the induction of agglutinin. The ste2-9 mutant does not bind a-factor, division arrest 
or form projections, but has a high constitutive level of agglutinin. The gene product 
may have different functional domains responsible for binding a- factor and signaling the 
responses which can mutate independently. 
the positions and phenotypes of additional mutants in the STE2 gene. 

- 

We are trying to map these domains by analyzing 

1396 CDC17 FUNCTIONS IN TELOMERE METABOLISM, Michael J.  Carson and Leland H. Hartwell, 
University of Washington, Seattle, WA 98195 

The %17 gene performs an essential function during the cell cycle. 
temperature sensitive allele of cdcl7 show elevated levels oL mitotic recombination at 
sublethal temperatures. 
preferentially in the intervals of the chromosome closest to the telomere. This result 
suggested a defect in DNA metabolism near the end of the chromosome. We find that telomeres 
are longer in e l 7  strains than in E l 7  strains at the permissive temperature and that they 
become even longer by addition of sequence near or in the C[1-3]A telomeric repeated DNA when 
cells are propagated at sub-lethal temperatures. 
a similar stage of the cell cycle have no effect on telomere length. The altered telomere 
length phenotype of the e l 7 - 1  mutation is recessive and coreverts and cosegregates with 
the temperature-sensitive lethal phenotype; we conclude that both phenotypes result from a 
deficiency in the amount of functional CDC17 gene product. Although the mitotic recombina- 
tion evcnts induced in cdcl7-1 strains requires RADS2 function, telomere growth occurs in a 
- rad52 mutant. 
recombination. 
in telomere metabolism and is necessary to prevent telomeres from growing longer during cell 
division. 

Strains with a 

We have mapped these recombination events and find that they occur 

Mutations in other genes that function at 

Thus telGre growth is not a consequence of rad52 dependent mitotic 
We conclude that the z 1 7  gene product probxy plays some essential role 
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We are i n v e s t i g a t i n g  the  t r a n s c r i p t i o n  pa t t e rn  of & genes du r ing  the  normal e e l 1  cyc le  
and fo l lowing  c e l l  cyc le  arrest. The t r a n s c r i p t i c n  of t h ree  cloned genes is  c u r r e n t l y  
under s tudy:  cdc 27, a gene r equ i r ed  f o r  mi tos i s ;  g& 22, requi red  f o r  DNA r e p l i c a t i o n ;  
and an ex t r agen ic  suppressor  of & 22 mutations.  Our r e s u l t s  s o  far  show that & 22 
express ion  i s  n o t  dependent on cont inued  c e l l  cyc le  progress .  

p resented .  

TRANSCRIPTION OF CDC GWZS IN 5 .  POWZ, P e t e r  A.  Fantes ,  David Hughes and Col in  
Gordon, Edinburgh Un ive r s i ty ,  Edinburgh EH9 3JT, U . K .  

!Further observa t ions  on the  t r a n s c r i p t i o n  of t hese  and o the r  genes w i l l  be 

1398 CELL TYPE-SPECIFIC CONTROL OF El EXPRESSION I N  YEAST, Monica C .  F l e s s e l  and 
Jeremy Iho rne r ,  Department of Microbiology and Immunology, Univers i ty  of Ca l i fo rn ia ,  
Berkeley, Ca l i fo rn ia  94720 .  

MFal, t he  major s t r u c t u r a l  gene f o r  a - fac tor  mating Dheromone i n  Saccharomyczs ce rev i s i ae ,  
i s  expressed only  i n  K u  c e l l s .  
gene express ion  sugges ts  t h a t  ml and o the r  !Y c e l l - s p e c i f i c  genes r equ i r e  p o s i t i v e  regula-  
t i o n ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  by the  p r o t e i n  prodiict of t he  m a 1  locus .  Sequence 
comparisons between the  5’ - t lanking  reg ions  of two a c e l l - s p e c i f i c  genes,  E l  and G 3 ,  
have revea led  consensus sequences t h a t  may r ep resen t  p o t e n t i a l  r egu la to ry  si tes.  

an  ml-LSLL2 gene f u s i o n  which p l aces  inve r t a se  express ion  under the  con t ro l  of  t he  el 
promoter. 
c e l l  types  (cAM.a and KO, hap lo ids ,  and MAJa/Ea d i p l o i d s )  when the  fus ion  gene i s  c a r r i e d  
on a multi-copy plasmid, on a cent romer ic  plasmid, o r  i s  in t eg ra t ed  i n t o  the  genome i n  re- 
placement of che wild-type M F m l  locus .  
and assayed f o r  cor respondingchanges  i n  the  l e v e l  and c e l l  t ype - spec i f i c i ty  of i n v e r t a s e  
a c t i v i t y .  
two d i r e c t  r epea t s  of a shor t  palindromic sequence (CTAATTAG) i s  important f o r  high l e v e l  
and a c e l l - s p e c i f i c  gene express ion .  
s i s  t o  genera te  smal l  de l -e t ions  and i n s e r t i o n s ,  and chen ica l  mutagenesis t o  genera te  poin t  
muta t ions ,  t o  f u r t h e r  de f ine  the  important f e a t u r e s  of t hese  r egu la to ry  regions: 

The cu r ren t  model f o r  such c e l l  tyoe-spec i f ic  c o n t r o l  of 

We have been i n v e s t i g a t i n g  the  c e l l  t ype - spec i f i c  con t ro l  of E l  express ion  u t i l i z i n g  

We have compared l e v e l s  of express ion  of i nve r t a se  a c t i v i t y  i n  a l l  t h ree  yeas t  

We have cons t ruc ted  promoter inutations i n  v i t r o  

Dele t ions  generated wi th  Bal 31 nuc lease  i n d i c a t e  t h a t  a 50 bp reg ion  conta in ing  

We a r e  c u r r e n t l y  u t i l i z i n g  l i nke r - in se r t ion  mutagene- 

1399 MOLECULAR ANALYSIS OF THE G 5  GENE PRODUCT, A HAPLOID-SPECIFIC FUNCTION REQUIRED 
FOR PHEROMONE-INDUCED CELL CYCLE ARREST. Richard Freedman, J ane t  Schul tz  and 
Jeremy Thorner,  University of Ca l i fo rn ia ,  Berkeley, Ca l i fo rn ia  94720.  

We prev’.ously i s o l a t e d  the  D 5  gene from a genomic l i b r a r y  and l o c a l i z e d  the  gene with- 
Electrophore- in a 4 kb r eg ion  of t h e  o r i g i n a l  i n s e r t  by d e l e t i o n  mapping and sub-cloning. 

t i c  a n a l y s i s  of polyA+ RNA us ing  a G 5 - s p e c i f i c  DNA probe demonstrated t h a t  t h e  gene spe- 
c i f i e s  an  mRNA of  about 2 .9  kb. This  t r a n s c r i p t  i s  found i n  both MATa and MATa hap lo ids ,  
b u t  no t  i n  MATaIMATa d i p l o i d s ;  the  t r a n s c r i p t  is  found, however, i n  matal/MATa and MATa/ 
=a2 mutant d i p l o i d s ,  sugges t ing  t h a t  z 5  i s  under the  nega t ive  t r z c r i s o n a l  con t ro l  
of t h e  MAT r egu la to ry  p r o t e i n s .  W e  have determined the  complete nuc leo t ide  sequence of 
over 3600 bps of t he  STJS-containing fragment.  
of 2751 bps,  w i th  no apparent  i n t r o n s ,  t h a t  could p o t e n t i a l l y  encode a hydrophi l ic  polypep- 
t i d e  of 103,000 MW. Preceding t h e  ORF, a t  about -200 bps upstream from the  ATG, a r e  re- 
pea t s  of a sequence, t he  so-ca l led  “a / a  box“, t h a t  has been found i n  mul t ip l e  copies  i n  the  
5‘ - f lanking  r eg ion  of o the r  y e a s t  genes whose t r a n s c r i p t i o n  i s  repressed  i n  d i p l o i d s  ( in-  
c luding  HO, MATal and c e r t a i n  Ty elements) and which appears  from the  work of o the r s  t o  be 
s u f f i c i e n t  t o  r e p r e s s  t r a n s c r i p t i o n  of downstream genes i n  g+la/EALu c e l l s .  Even when s 5  
i s  c a r r i e d  on a multi-copy plasmid, presence of  t he  a l a  box sequences i s  s u f f i c i e n t  t o  com- 
p l e t e l y  r e p r e s s  express ion  i n  d i p l o i d s .  
f o r  de te rmining  the  i n t r a c e l l u l a r  l o c a t i o n  and func t ion  of i t s  product ,  t h e  z 5  gene has 
been fused t o  both the  yeas t  G 2  gene and t h e  E .  c o l i  lacZ gene. 
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The RAS; and E 2  genes of Saccharoiayces cerevisiae are the close homologs to the mammalian 
- ras genes (Powers et al. 1984, Cell, 3 6 ,  607). Genetic analyses have shown that neither RAFl 
nor are essential genes; howeverFdouble mutation in these genes inhibits continuous- 
growth of the mutant (Kataoka et al. 1984, Cell, 37, 437. Tatchell et al. 1984, Nature, =, 
523). Recent analyses of the mutants have suggested the participation of the RAS protein in 
the regulatory mechanism(s) of adenylate cyclase activity in yeast (Toda et al. 1984, Cell, 
in press). We have been carrying out biochemical and structural studies on the yeast RAS 
proteins. The RAS2 protein overproduced in yeast cells under the control of promotor 
exhibited GDP and GTP binding, which is characteristic of other ras proteins (Tamanoi et al. 
1984, P.N.A.S., in press). Although the amino acid sequences of RASl and RASZ proteins are 
very similar in the first 180 residues, they diverge in the C-half portions, indicating that 
each might function differently in yeast. To investigate this possibility, we have started 
biochemical analysis of the RASl protein. First, we constructed overproducing systems. 
Cloned DNA fragments were inserted downstream of the lac promotor for the expression in 
E.coli or of the K O  promotor for S.cerevisiae. 
near homogeneity has molecular weight of 32-33Kd (SDS-PAGE). The RASl protein binds both GDP 
and GTP at nearly the same level as RAS2 protein. Furthermore, the RAS proteins have GTPase 
activities. 

COMPARATIVE STUDY OF THE YEAST RASl AND RASZ PROTEINS, Asao Fujiyama, Madan Rao, 
Nasrollah Samiy, and Fuyuhiko Tamanoi, Cold Spring Harbor Laboratory, NY 11724 

The RASl protein purified from E.coli to 

1401 FUNCTION OF THE ras-RELATED YP2 GENE I N  SACCHAROMYCES CEREVISIAE,  D i e t e r  G a l l w i t z ,  
Corne l ia  Donath, Hans-Joachim Persk i ,  Andreas Rauh, Hans-Dieter Schmi tt and Peter  
Wagner, I n s t i t u t  f u r  Phys io log ische Chemie, U n i v e r s i t a t  Warburg, D-3550 Marburg, FRG 

T h r e e  r a s - r e l a t e d  g e n e s  h a v e  b e e n  f o u n d  i n  Saccharo rnyces  c e r e v i s i a e .  One o f  
them,  t h e  YP2 g e n e  ( l ) ,  i s  a s i n g l e  c o p y  gene  and s e r v e s  a v i t a l  f u n c t i o n .  
Gene d i s r u p t i o n  shows t h a t  t h e  o t h e r  t w o  r a s - r e l a t e d  genes ,  RASl  and RAS2, 
c a n n o t  c o m p l e m e n t  t h e  YP2 gene  d e f e c t .  M u t a t i o n s  i n t r o d u c e d  i n t o  t h e  p r o t e i n  
c o d i n g  r e g i o n  h a v e  e n a b l e d  u s  t o  i d e n t i f y  s p e c i f i c  a m i n o  a c i d  r e s i d u e s  
c r i t i c a l  f o r  t h e  n o r m a l  f u n c t i o n i n g  o f  t h e  YP2 p r o t e i n .  D a t a  w i l l  a l s o  b e  
p r e s e n t e d  on t h e  r e g u l a t i o n  o f  t h e  YP2 gene  e x p r e s s i o n .  

(1)  G a l l w i t z , D . ,  C .Dona th  & C . S a n d e r s  ( 1 9 8 3 )  N a t u r e  306,  7 0 4 - 7 0 7 .  
This work was supported by  g ran ts  f rom the  Deutsche Forschungsgemeinschaft and the  Fonds 
de r  Chemischen I n d u s t r i e .  

1402 
- S .  cerevisiae contains a single essential gene (E) encoding 6-tubulin. 
have been isolated by selecting cells resistant to the anti-mitotic drug benomyl. Included 
among these were 9 conditional-lethal mutants, 3 temperature-sensitive (Ts )  and 6 cold-sensi- 
tive (Cs) for growth. We have also used the more general technique of in vitro mutagenesis 
followed by gene replacement to isolate 4 Ts and 5 Cs mutations in TUB2 which do not confer 
resistance to benomyl. Strains carrying these mutations showedcell-cycle specific 
arrest at their restrictive temperatures as large-budded cells blocked in mitosis. Incuba- 
tion of strains carrying the Cs allele tub2-104 at the restrictive temperature resulted in 
depolymerization of most of the cell's microtubules as visualized by indirect immunofluores- 
cence. OAPl staining of the nuclear DNA showed that 90% of the large-bud arrested cells 
contain a single unelongated nucleus. These observations are consistent with a role for 
microtubules in chromosome segregation in yeast. The tub2-104 mutation also confers a cold- 
sensitive defect in nuclear fusion during conjugation and a recessive defect in sporulation. 
We expect that many suppressors of E m u t a t i o n s  will compensate for the tubulin defect by 
altering an interacting protein. This approach should allow us to identify microtubule as- 
sociated proteins. Twenty seven mutations in 16 complementation groups have been identified 
that suppress the Cs phenotype of tub2-104 and themselves confer a Ts lethal phenotype. At 
least one of these groups is likely to directly affect microtubule function, since its Ts 
phenotype is very similar to the Ts alleles of x. We also intend to present data on the 
other TUB2 alleles and their suppressor groups. 

GENETIC ANALYSIS OF MICROTUBULES, Tim C. Huffaker, James H .  Thomas and David 
Botstein, M . I . T . ,  Cambridge, MA 02139 

Mutations in = 
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1403 CYTOSKELETON O F  SCHIZOSACCHAROMYCES D, J e r e m y  S .  Hyams, J o h n  Marks  
a n d  I a i n  H a g a n ,  D e p a r t m e n t  o f  B o t a n y  & M i c r o b i o l o g y ,  U n i v e r s i t y  

C h a n g e s  c?r?lt%ge o r n a n i z ' a t i o n  o f  t u b u l ' i n  a n d  a c t i n  t h r d u n h '  <he c e l l  c v c l e  o f  t h e  
e London  Gower S t r e e t  London  W C l E  6BT U K - ~ ~~ 

f i s s i o n  y e a s t  w e r e  i n v e s t i g a t e d  by  f l u o r e s c e n c e  m i c r o s c o p y  u s i n g  a n t i - t u b u l i n  
a n t i b o d y  ( K i l m a r t i n )  a n d  p h a l l o i d i n  ( W i e h l a n d )  a s  s p e c i f i c  p r o b e s .  M i c r o -  
t u b u l e s  w e r e  v i s u a l i z e d  a s  two d i s t i n c t  a r r a y s ;  d u r i n g  i n t e r p h a s e ,  c y t o -  
p l a s m i c  m i c r o t u b u l e s  e x t e n d e d  p a r a l l e l  t o  t h e  l o n g  a x i s  o f  t h e  c e l l  w h i l s t  a t  
d i v i s i o n  t h e y  f o r m e d  a b r i g h t l y  s t a i n i n g  s p i n d l e .  A c t i n  s t a i n i n g  was m a i n l y  
i n  t h e  f o r m  o f  d o t s ,  t h e  d i s t r i b u t i o n  o f  w h i c h  c o i n c i d e d  p r e c i s e l y  w i t h  t h e  
known p a t t e r n  o f  c e l l  w a l l  d e p o s i t i o n  i n  t h i s  o r g a n i s m  ( M i t c h i s o n  a n d  N u r s e ,  
i n  p r e s s ) .  I n  s h o r t  c e l l s  (c9.5 p m ) ,  d o t s  w e r e  s e e n  o n l y  a t  t h e  o l d  e n d  
( t h e  e n d  w h i c h  e x i s t e d  p r i o r  t o  s e p t a t i o n ) .  Above  t h i s  l e n g t h  d o u b l e  end  
s t a i n i n g  was  o b s e r v e d  u n t i l  t h e  c e l l  e n t e r e d  m i t o s i s  when a r i n g  o f  a c t i n  
a n t i c i p a t e d  t h e  f o r m a t i o n  o f  t h e  s e p t u m .  A r r a y s  of  a c t i n  d o t s  w e r e  a l s o  
s e e n  t o  be  s p a t i a l l y  a s s o c i a t e d  w i t h  t h e  m u l t i p l e  s e p t a  p r o d u c e d  when t h e  
c e l l  d i v i s i o n  c y c l e  m u t a n t  c d c  1 3  was g rown  a t  t h e  r e s t r i c t i v e  t e m p e r a t u r e .  

S u p p o r t e d  by  S c i e n c e  a n d  E n g i n e e r i n g  R e s e a r c h  C o u n c i l  g r a n t  G R C  03584  a n d  
A c t i o n  R e s e a r c h  f o r  t h e  C r i p p l e d  C h i l d  g r a n t  A8 1 3 8 7 .  

- 

IDENTIFICATION OF AN ELEMENT LIPSTREAM FROM THE a-SPECIFIC STE3 GENE OF YEAST THAT 
I S  SUFFICIENT FOR REGULATION BY MATING TYPE. 
George F. Sprague, Jr.*,  Debra Chaleff+, *Univers i ty  of Oregon, Eugene, OR 97403, 
%.I. DuPont Co., Wilmington, DE 19898. 

I4O4 Eric E. J a r v e  David C. Hagen*, 

The express ion  of the  STE3 gene of 5. c e r e v i s i a e  is con t ro l l ed  in a t  least th ree  ways: 
1) STE3 RNA is present  in a cells, not  in a o r  =/a c e l l s ;  
r equ i r e s  the  a1  p ro te in  encoded by =a. 2) The l e v e l s  of STE3 RNA inc rease  fou r fo ld  
when a cells are exposed t o  a - f ac to r .  3) The products  of n a n d  = are requi red  
f o r  e f f i c i e n t  express ion .  Dele t ions  approaching the  STE3 gene from upstream i n d i c a t e  
that sequences as f a r  as 450 base pairs 5' t o  t he  ATG of STE3 are requi red  f o r  proper 
r egu la t ion .  
t a i n i n g  a CYC1- lacZ gene fus ion  (provided by L. Cuarente) i n t o  which varying l eng ths  of 
STE3 upstream sequences are inse r t ed  i n  p lace  of t he  upstream a c t i v a t i o n  sites (UAS's) 
of the cycl gene. T ransc r ip t iona l  and t r a n s l a t i o n a l  s tart  s i g n a l s  a r e  provided by cycl 
sequences.  So f a r  i t  has been demonstrated that a p iece  of DNA -170 base pairs in 
l eng th  is s u f f i c i e n t  t o  confer  a - spec i f i c i ty  and a - f ac to r  i n d u c i b i l i t y  onto  the  
CYCI-lac2 gene. 
t he  products  of STE7 and = are requi red  f o r  the  express ion  mediated by these  
upstream sequences.  
b.p. fragment conta ins  a t  least one sequence that is a l s o  found i n  another  a -spec i f ic  
gene, a s t r u c t u r a l  gene encoding a- fac tor  (FaJ ) .  
- STE3 sequence are loca ted  upstream from the  E a l  gene a t  a comparable d is tance .  

a - spec i f i c  a c t i v a t i o n  

To def ine  the  3' limits of these  sequences,  a v e  used a plasmid con- 

- 

Preliminary r e s u l t s  us ing  ste7 and d e l e t i o n  mutants i n d i c a t e  that 

Computer a n a l y s i s  of STE3 upstream sequences i n d i c a t e s  that the  170 

-- 

Four similar copies  of t h i s  13 b.p. 

146 
A non-uividing cell may enter what has been termed the  G - O  s t a t e ,  in  which it is  
phys io log ica l ly  d i s t i n c t  from a p r o l i f e r a t i n g  cell .  For y e a s t  t h i s  G-O s t a t e  can be 
equated wi th  s t a t i o n a r y  phase. We have i s o l a t e d  a mutant s t r a i n  of 2. c e r e v i s i a e  
cond i t iona l ly  de fec t ive  f o r  outgrowth from s t a t i o n a r y  phase. When mutant cells f i r s t  
grown t o  s t a t i o n a r y  phase a t  the permiss ive  temperature of 30" were sh i f t ed  t o  f r e s h  
medium a t  the  r e s t r i c t i v e  temperature of 14', cell d iv i s ion  d id  not  occur  for a t  least 8 
genera t ion  times. Those cells which d id  even tua l ly  p r o l i f e r a t e  no longer  slmwed the  
co ld - sens i t i ve  outgrowth de fec t ,  sugges t ing  that they  were pseudorevertant cells which 
overgrew the non-dividing mutant ce l l  popula t ion .  The defec t  is s p e c i f i c  f o r  outgrowth 
from s t a t i o n a r y  phase, since exponen t i a l ly  growing cells s h i f t e d  t o  14O continued t o  
d iv ide  exponent ia l ly  f o r  a t  least 6 gene ra t ions .  Genetic segrega t ion  pa t t e rns  sugges t  
t h a t  the  defec t  is mult igenic .  This mutant phenotype is evidence that  t h e  G-O s t a t e  may 
be a g e n e t i c a l l y  d i s t i n c t  cell  cyc le  phase not experienced by p r o l i f e r a t i n g  c e l l s .  

A G-O MUTANT OF YEAST, Gera ld  C. Johns ton ,  Michael A .  Drebot and Richard A .  
Singer ,  Dalhousie Univers i ty ,  Ha l i f ax .  NS B3H 4H7, Canada 
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1406 GENES SELECTIVELY EXPRESSED DURING PROLIFERATION OF DICTYOSTELIUM AMJEBAE. 
W. Kopachik. L. G. Bergen and S. L. Barclay, University of Wisconsin, h d i s o n ,  WI 

53706. 
From a cDNA l i b r a r y  of log phase Dictyostelium discoideum w e  ident i f ied  t ranscr ip ts  

which are abundant i n  p r o l i f e r a t i n g  but a r e  a t  low o r  undetectable leve ls  i n  non- 
prol i fe ra t ing  developing cells. Plasmids from nine representat ive clones had unique 
r e s t r i c t i o n  fragment pa t te rns  and hybridized t o  d i f fe ren t -s ized  mRNAs. 
displayed a range of species  homologies when hybridized t o  2. purpureum or 2. nucoroides 
RNA and four  showed s t rong  homologies t o  t ranscr ip ts  from Polysphondylium violaceum. 
Accumlated leve ls  of these  t ranscr ip ts  decreased t o  undetectable leve ls  during 
development. 
although a c t i n  mRNA was shown t o  be present. Synchronously germinating spores contained 
no homologous mRNA a t  one hour post induction, but abundant leve ls  of mRNA homologous t o  
a l l  cDNAe were found a t  3 hr  post  induction. The high leve l  of expression of these 
t ranscr ip ts  p r i o r  t o  t h e  f i r s t  cell divis ion a f t e r  germination, and t h e i r  shut off during 
d i f fe ren t ia t ion ,  suggests t h a t  they have an important r o l e  in prol i fe ra t ion  of amoebae. 

These sequences 

h t u r e  spores contained no detectable  mRNA homologous t o  these  &“As. 

1407 JIOSYNTHESIS AND METABOLISM OF ISOPFNTENYLADENOSINE IN S.  CEREVISIAE,  Howard F. Laten 
and Carol A. Van Kas t ,  Loyola University of Chicago, ChicaRo, I L  60626 

Isopentenyladenosine is a member of a c l a s s  of potent plant  srowth hormones cal led cytokinins. 
It (or  a re la ted  der ivat ive)  i s  a l s o  a const i tuent  of t R N A  species  i n  p lan ts ,  animals, and 
microorganisms. The presence of f r e e  isopentenyladenosine i n  p lan ts  has been a t t r ibu ted  t o  
t R N A  turnover, de novo synthesis ,  or both, and the  exis tence of f r e e  isopentenyladenosine i n  
slime mold and yeast  has only recent ly  been demonstrated. Its function i n  yeast i s  not known. 
We have shown tha t  f r e e  isopentenyladenosine i s  synthesized de novo i n  yeast  (Laten etg. ,  
PNAS, i n  press) .  W e  have fur ther  character ized t h i s  synthesis  and present evidence from & 
vivo labe l l ing  s tudies  tha t  AMP i s  one of the subs t ra tes  i n  the reaction. Degradation of iso- 
pentenyladenosine has been shown t o  be catalyzed by adenosine (or adenine) aminohydrolase in  
f i s s i o n  yeast  and m a m m a l s ,  and by cytokinin oxidase i n  plants .  Our r e s u l t s  from penetic and 
-- in  vivo labe l l ing  s tudies  involving isopentenyladenine u t i l i z a t i o n  by adenine auxotrophs sup- 
gest  tha t  cytokinin oxidase catalyzes  the conversion of isopentenyladenine to adenine i n  5. 
cerevis  iae .  

INTERACTION OF YEAST SEXUAL AGGLUTININS. Peter N. Lipke, Kevin 
Terrance, Neil Wagner, and Yu-Sheng Wu, Hunter College of CUNY, 
New York, NY 10021 

1408 

Sexual aqglutinins of g. cerevisiae have been partially puriIied from 
cellular extracts. The a-agglutinin, purified at least 160-fold, is 95% 
carbohydrate, is heat stable, and is inactivated by NaIO. or pronase. It is 
rich in Ser, Gly, Glx, and Ala. a-Agglutinin, purified at least 500-fold, 
contains several glycopeptides associated with activity. 30% of the weight 
is carbohydrate. The interaction of the agglutinins has been studied by 
cellular bioassays and by binding of 1251-labelled a-agglutinin. Both 
assays suggest that a-agglutinin is the a-agglutinin receptor and vice 
versa. The agglutinins amear to interact in either of two states, one with 
-of lo9 L/MOL and the‘other considerably weaker. The two states form 
with similar kinetics, and are similarly affected by perturbations of pH, 
temperature, and ionic strength. The ratio of binding in the two states is 
not altered by pretreatment of %-cells with a-factor. The structural basis 
for the binding heterogeneity is not known. Binding assays demonstrate that 
there are about l o r  a-agglutinin receptors per a-cell, the number beino 
increased 2 to 4 fold following challenge with a-factor. (Supported by 
grants from NSF and the CUNY PSC-BHE program) 
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IDENTIFICATION OF GENES REGULATED BY MAT AND BY MATING PHEROMONES. 

Biology and Department of Biology, Univers i ty  of Oregon, Eugene, OR 97403 

The yeas t  Saccharomyces c e r e v i s i a e  d i sp lays  th ree  cell  types:  a ,  a ,  and a/a.  Pos i t i ve  
and negat ive  r egu la to r s  encoded by the mating type locus  a l le les  ( E a  a n z g a )  a f f e c t  
t he  express ion  of unlinked genes,  t he  products of which a r e  r e spons ib l e  for the  
c h a r a c t e r i s t i c  traits of the d i f f e r e n t  ce l l  types.  The express ion  of some of these  
genes is a l s o  a f f e c t e d  by the  yeas t  mating pheromones, a - fac tor  and %-factor. 
i d e n t i f y  common f e a t u r e s  among genes regula ted  e i t h e r  by the MAT a l l e l e s  or by the 
pheromones, we have i s o l a t e d  con t ro l  sequences from genes which are expressed only i n  a 
c e l l s  ( a  s p e c i f i c ) ,  o r  i n  a and & cells but not i n  % / a  d ip lo id  cells  (%/a  i n h i b i t e d ) .  
This i s o l a t i o n  has been accomplished by screening  a fus ion  l i b r a r y  (provided by 
S. F i e lds  and K. Wilson). From 368,000 t ransformants  we have i d e n t i f i e d  81 plasmids 
which produce 8-galactosidase i n  a cells  but  no t  i n  &/a d ip lo id  c e l l s .  
t hese  plasmids produce the  same amount of 6-galactosidase i n  5 cells a s  they do i n  
a c e l l s  and a r e  the re fo re  & / a  i nh ib i t ed .  We have not yet i d e n t i f i e d  any new a - spec i f i c  
genes.  express ion  in some of these  plasmids is  a f f e c t e d  by &-factor t rea tment .  

In the  two cases examined so f a r ,  RNA production from the  chromosomal gene is 
regula ted  i n  the  same mnner  as the  plasmid-borne lacZ i s  regula ted .  These two genes 
a r e  not known a / c  i n h i b i t e d  genes; t h e i r  r e s t r i c t i o n p a t t e r n s  or t r a n s c r i p t  s i z e s  d i f f e r  
from those of E, 5 1 ,  5 9 1 2 ,  E, E a L  and K a L .  

1409 Gretchen McCaffrey and George F. Sprague, Jr., I n s t i t u t e  of Molecular 

To 

A t  l e a s t  46 of 

1410 
Spontaneous cycloheximide resistant mutations were selected at lug/ml cycloheximide and 
were screened for ts lethality. 6-7% were found to be ts lethal. The crl (cycloheximide 
resistant lethal) mutations are ts mutations in 22 essential genes whicGppear to be 
TunctionalTy related. All o f  the mutations arrest late in the cell cycle at 37'C, fail 
to arrest in G1 in stationary phase or in response to amino acid starvation, are 
hypersensitive to trif luoroleucine, 8-thienyl a1 anine and thi alysi ne; are hyposensi tive to 
canavanine. Anaerobic conditions phenotypically suppress the cycloheximide resistance of 
all but one o f  the crl mutations at 25'C and at least partially phenotypically suppress 
the ts lethality of most of the fi mutations. Other phenotypes associated with some of 
the crl mutations include: cross resistance t o  structurally and functionally unrelated 
antibiotics, sporulation defects (spo- or 2 spored asci), hyperaccumulation of glycogen. 
Data will be presented concerning mapping, the nature of the sporulation defects and 
nuclear morphology. 

CYCLOHEXIMIDE RESISTANT CELL DIVISION CYCLE MUTATIONS. John McCusker and James E. 
Haber, Brandeis University, Waltham, MA 02254 

1411 INTRACELLULAR CAMP AND CGMP CONCENTRATIONS IN SPORULATING YEAST 
SACCHAROMYCES CEREXISIAE. Zofia Olempska-Beer. National Insti- 
tutes of Health, Bethesda. MD 2 0 2 0 5 .  It has been supqested that 

a decrease of CAMP may be necessary for the initiation of meiosis and 
sporulation in Saccharomvces cerevisiae. I have measured the intra- 
cellular concentrations of CAMP and cGMP during sporulation of the wild 
type strain Y55 and a guanine auxotroph. The sporulation was initiated 
by transferring cells growing exponentially in a gluconeoqenic medium 
to a medium containing either a growth limiting concentration of 
pyruvate or one lacking either nitrogen or sulfur (for Y55) or quanine 
(for guanine auxotroph). No consistent pattern of chanqes in CAMP 
concentration was observed. However, cGMP (and GTP) always decreased 
after transfer to the sporulation medium, sometimes after a brief ini- 
tial increase. These results supgest that a decrease in the concen- 
tration of CAMP is not required for meiosis and sporulation. whereas 
a decrease of GTP or cGMP may be necessary. 
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1412 TlJO FUNCTIONAL ALPHA-TUBULIN GENES I N  SACCHAROMYCES CEREVISIAE, Peter J .  Schatz 
and David Botstein, Massachusetts Institute of Technology, Cambridge, 111\ 02139 

!Je have isolated two different genomic DNA sequences from the yeast Saccharomyces 
cerevisiae that are highly homologous to the two alpha-tubulin genes of the fission yeast 
Schizosaccharomyces pombe (generously provided by T. Toda and M. Yanagida). DNA sequence 
studies, as yet incomplete, reveal open reading frames that encode amino acid sequences 
strongly homologous to alpha-tubulins from other species. The two genes have been called 
- TUB1 and -- TUB3 (TUBE encodes beta-tubulin). Both alpha-tubulin genes appear to have inter- 
vening sequences beginning in codon 9. 

Gene disruption studies show that TUB3 is not essential for vegetative growth, mating 
or sporulation, although some deleterious effects are observed. These effects, as well as 
an increase in sensitivity to the antimicrotubule drug benomyl show that the gene is 
expressed. Some spores containing an apparently disrupted gene have also been 
recovered, although the frequency and the grswth and sporulation phenotypes of diploids 
heterozygous for such a disrupted gene suggest that might be more important in both 
growth and sporulation. A fuller characterization of the structure, function and 
expression of the yeast tubulin genes is in progress. 

1413 

The yeast gene, yp2, encodes a protein that exhibits significant homology 
to the mammalian a proteins. This gene is located between the actin (LLU) 
and beta tubulin (m) genes, on chromosome VI. and is expressed in growing 
cells. yp2 is not a member of the complementary set of &U.l and IW.2 genes, the 
two close yeast homologs of the ras oncogenes. Using gene disruption 
techniques we have shown that the intact yp2 gene is required for spore 
viability. Using recessive conditional lethal mutations in the actin and 
tubulin genes, we have also shown that these genes, which flank D2. are 
functional in diploid cells that contain a yp2 disrupted genes in & 
configuration. Thus, we can conclude that the YE;: gene product is essential 
f o r  the vegetative growth of yeast. Unlike f&%l and BAS2 genes, the yp2 gene 
does not seem to work through the adenylate cyclase regulatory system. We have 
shown that by disrupting the 
mutations have a continuous activation of protein kinase which is normally 
activated by cyclic AMP. This mutation can compensate f o r  the US.l and 
lack of activity, but it cannot bypass the gene product. In order to 

GENETIC STUDY OF THE YEAST YP2 GENE: A PUTATIVE ras PROTO-ONCOCENE 
HOMOLCGUE, Nava Segev and David Botstein, Massachusetts Institute Of 
Technology, Cambridge. Massachusetts 02139 

gene in a h#,?XL cell. Cells with 9Ey1 

better 
and to 

understand the biological, role of the gene product 
investigate its possible importance in the cell cycle, 

in cell growth 
Conditional- 

lethal mutants are being constructed by & yLtre mutagenesis. 

GENETIC INSTABILITY OF THE & MUTATION. Jeffrey R. Shuster, 
Anne Randolph and Carlos George-Nascimento, Chiron Corporation, 
Emeryville, CA 94608 

1414 

Use of &mutant strains of Saccharomyces cerevisiae have proven useful in the 
reduction of generalized protease activities durinR the isolation of proteins from 
yeast. We have found that the reduction in carboxypeptidase-Y (cpY) acttvtty due 
to the pep4-3 mutation becomes unstable during prolonged subculturing on YEPD 
complex medtum. Three pep4-3 strains were tested for cpY acttvity after 
approximately six months of subculturing. The strains contained 38%, 14%, and 89% 
of the cells in the populations as cpY+ respectively. 
the cpY+ clones indicated that the strain had picked up a suppressor mutation 
which also restored wild type levels of protease-B to the cells. Therefore, it is 
tecommended that users of & strains monitor the strains periodically for 
reversion. Data will be presented demonstrating the effect on protein production 
in a pep4-3 and a reverted strain. 

Further analysis of one of 
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1415 
C e l l u l a r  a c t i v i t i e s  during p r o l i f e r a t i o n  have been grouped i n t o  two classes: the  DNA-divi- 
sion sequence comprising the  programmed sequence of pe r iod ic  even t s  f o r  r e p l i c a t i o n  and 
segrega t ion  of nuc lear  DNA, and "growth" a c t i v i t i e s  involved in the  production of new cell 
mass. Growth is normally r a t e - l imi t ing  f o r  ce l l  p r o l i f e r a t i o n .  Growth and t h e  DNA-divi- 
sion sequence a r e  necessa r i ly  coord ina ted ,  in part by growth requirements f o r  c e r t a i n  DNA- 
d i v i s i o n  sequence s t eps .  Another form of coord ina t ion  has been r ecen t ly  recognized t o  
occur  in the f i s s i o n  yeas t  5. e; in those  cells  growth seems t o  be regula ted  by the  
DNA-division sequence. This lat ter,  novel coord ina t ion  has been manifested by growing S. 
pornbe cells under l i m i t i n g  condi t ions  which make performance of the DNA-division sequence, 
not growth, the  r a t e - l imi t ing  determinant f o r  cell  p r o l i f e r a t i o n .  Re l i e f  of such l i m i t i n g  
cond i t ions  f o r  5. pombe cells allowed acce le ra t ed  growth, in conjunct ion  wi th  acce le ra t ed  
cell  d iv i s ion .  Cells of the budding y e a s t  5. ce rev i s i ae ,  however, d id  no t  show t h i s  
coord ina t ion ;  r e l i e f  of such l i m i t i n g  condi t ions  allowed acce le ra t ed  cel l  d i v i s i o n ,  but 
without acce le ra t ed  growth. Moreover, under such l i m i t i n g  cond i t ions  popula t ions  of 
smaller g .  c e r e v i s i a e  cells  produced by slowing growth wi th  cycloheximide gave rise t o  
l a r g e r  cells when cycloheximide w a s  removed. 
c e r e v i s i a e ,  un l ike  5. pombe, growth is nor r egu la t ed  by the  DNA-division sequence. 

CELL CYCLE REGULATION OF GRDVTH I N  YEASTS, Richard A.  S inger  and Gerald C. 
Johnston Dalhousie Univepsity,  Hal i fax ,  NS B3H 4H7, Canada. 

Those observa t ions  suggest that  in 5. 

1416 ROLES OF CYCLIC AMP-DEPENDENT PHOSPHORYLATION AND DEPHOSPHORYLATION OF PROTEINS IN  
THE YEAST CELL CYCLE, Isao  Uno, Kun ih i ro  Matsumoto*, and Tatsuo Ishikawa, I n s t i t u t e  
o f  App l ied  Microbiplo( ly,  U n i v e r s i t y  of  Tokyo, Buhkyo-ku, Tokyo, Jaban;*Tottoni 
Un ive rs i t y ,  T o t t o r i ,  Japan 

The r e g u l a t o r y  r o l e s  o f  CAMP i n  Saccharomyces ce rev i s iae  have been s tud ied  by us ing  mutants 
de fec t i ve  i n  adenylate cyc lase  o r  CAMP-dependent p r o t e i n  k inase. 
r e q u i r i n g  mutants a r res ted  a t  t he  G1 phase o f  t he  c e l l  cyc le  i n  the  absence o f  CAMP, and 
t h a t  phosphory la t ion  o f  c e l l u l a r  p r o t e i n s  by  cAMP-dependent p r o t e i n  k inase has essen t ia l  
f unc t i ons  i n  passing through G1 t o  S phase o f  t he  c e l l  cyc le .  
phosphorylated w i t h  phosphoprotein phosphatases. The ppdl mutant was i s o l a t e d  as a 
suppressor o f  t he  cyr2 mutant which has the  a l t e r e d  c a t a l y t i c  svbundt o f  CAMP-dependent 
p r o t e l n  k inase. 
found i n  crude e x t r a c t s  o f  t he  w i l d  type  s t r a i n .  The ppdl-mutant was d e f i c i e n t  i n  type  I 
phosphoprotein phosphatase a c t i v i t y .  
decreased phosphory la t ion  o f  c e l l u l a r  p ro te ins  i n  the  c r 2  mutant may be overcome by  the  
decreased dephosphoryl a t i o n  i n  the  absence o f  type  I p*phoprotein phosphatase a c t i v i t y .  
The and 
suppress G1 a r r e s t  by the  n u t r i t i o n a l  l i m i t a t i o n  orby the  adenylate cyc lase  muta t ion  
(*). The r e s u l t s  suggested t h a t  phosphory la t ion  o f  c e l l u l a r  p ro te ins  i s  ind ispensab le  
f o r  c e l l  cycle,  b u t  dephosphorylat ion i s  no t .  

We demonstrated t h a t  CAMP- 

Phosphoproteins a re  de- 

A t  l e a s t  th ree  k inds  o f  phosphoprotein phosphatase ( I ,  I 1  and 111) were 

The ppdl mutant c h a r a c t e r i s t i c s  suggest t h a t  t he  

mutants which produce h i g h  l e v e l  o f  CAMP-lndependent p r o t e i n  k inase 

1417 SIGMA ELEMENTS MAY FUNCTION AS HORMONE-RESPONSIVE PROMOTERS, S c o t t  W .  Van Arsde l l ,  
Gary L .  S t e t l e r  and Jeremy Thorner, Univers i ty  of Ca l i fo rn ia ,  Berkeley, CA 94720. 

W e  have previous ly  i s o l a t e d  s e v e r a l  genomic c lones  conta in ing  sequences whose express ion  
i n  a c e l l s  is a l t e r e d  a f t e r  exposure t o  a - f ac to r .  Deta i led  a n a l y s i s  of c lone  ScG7 i n d i c a t e s  
t h a t  i t  encodes a 650-base polyA+ RNA spec ie s  which i s  a t  least  100 times more abundant i n  + 
c e l l s  which have been t r e a t e d  wi th  a - f ac to r  compared t o  un t r ea t ed  + cells.  The 650 base  RNA 
i s  t r ansc r ibed  from a r eg ion  cons i s t ing  of a c l u s t e r  of s h o r t  r e p e t i t i v e  elements.  S 1  map- 
ping i n d i c a t e s  t h a t  t r a n s c r i p t i o n  i n i t i a t e s  w i t h i n  a fu l l - l eng th  * element and te rmina tes  
wi th in  a fu l l - l eng th  delta element l oca t ed  downstream. When a s ing le-s t randed  probe conta in-  
i ng  only sequences from t h e  ScG7 - element is  used in Northern b l o t  a n a l y s i s ,  t h ree  major 
polyA+ RNA spec ie s  of approximately 450, 650, and 4900 bases  are de tec t ed .  
RNAs is  d rama t i ca l ly  induced by a - f ac to r .  
l e v e l s  of induct ion  i n  5 cells t r e a t e d  wi th  a - f ac to r  and i n  a cells  t r e a t e d  wi th  5 - f ac to r ;  
none of t he  t h r e e  RNAs are p resen t  a t  s i g n i f i c a n t  l e v e l s  i n  d ip lo ids .  We have r e c e n t l y  con- 
s t r u c t e d  a recombinant plasmid i n  which t h e  ScG7 - element has  been in se r t ed  j u s t  up- 
stream of the  coding sequence and te rmina tor  of a promoter-less s 2  gene. 
formed wi th  the  sigma-SUCZ fus ion  plasmid, a new prominent 1.8 kb polyA+ t r a n s c r i p t  appears  
i n  response  t o  a - f a c t o r h i c h  hybr id i zes  t o  both  Sigma and s 2  probes.  
t echniques  a r e  be ing  used t o  map p r e c i s e l y  t h e  sequences that a r e  r equ i r ed  f o r  t h i s  h o m o M l  
induct ion  of t r a n s c r i p t i o n .  
elements i n  t h e  y e a s t  genome func t ion  a s  hormone-responsive promoters which tu rn  on t&- 
pres s ion  of downstream genes dur ing  the  mating process .  

Each of t hese  
The t h r e e  s igma-re la ted  t r a n s c r i p t s  show similar 

In + c e l l s  t r ans -  

In v i t r o  mutagenesis 

These da t a  sugges t  t h a t  a t  l e a s t  a sub-set  of t he  25-30 s i  ma 
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1418 IDENTIFICATION OF A MYOSIN-LIKE PROTEIN IN SACCHAROMYCES CEREVISIAE. F.Z .  Watts, 
E. Orr, Dept. o f  Genetics, University o f  Leicester, University Road, Leicester, U.K. 

We have now identified a myosin-like protein in Saccharm ces cerevisiae. This protein with 
a molecular weight o f  approximately 200K has b e e d e d  biochemically and immuno- 
logically. Evidence suggesting that the sequence o f  this protein is relatively conserved 
through evolution will be presented. Antibodies against this protein have helped in 
localising it inside the cell as well as in studying its presence in s m e  cell cycle (*) 
mu tan ts. 

1419 YEAST MUTANT DEFECTIVE IN CELL-CYCLE ARREST. 
Dept. of Molecular Biology, Massachusetts General Hospital, Boston, MA 02114. 

Arrest of the mitotic cell-cycle in 2. cerevisiae involves the interaction of external 
signals such as mating pheromones and nutrient levels, with internal signals defining 
cell type. The &l gene (arrest defective) gene was defined by a spontaneous mutant 
defective in the normal arrest of the mitotic cell-cycle. 
to alpha-factor, and failed to enter stationary phase o r  spxlate when limited for 
nutrients. 
frame defines a 192aa. protein with no significant homology to any previously identified 
gene involved in cell-cycle regulation. 
frame shows that the &l gene is not essential; this null mutant has the same phenotype 
as the original mutant. In addition to the defect in cellular arrest, the el mutants 
are defective in the expressionof all tested a-specific genes. Mata cells carrying the 
- ardl::E3 mutation mate at 10-3 relative to iild-type 5 cells, makz reduced levels of 
a-factor, fail to agglutinate, do not express Barrier activltiy, and have reduced levels 
of expression of a e6-lacZ fusion. Mat alpha cells carrying the *l::G3 mutation 
mate normally. This suggests that the interaction between environmental signals and 
cell type may be complex, and does not simply involve a variety of signals triggering a 
single arrest mechanism. 

Malcolm Whiteway and Jack Szostak 

Ardl mutants failed to respond 

The e l  open reading 

Insertion of the HIS3 gene into the &l reading 

The &l gene has been cloned from a YCp50 clone bank. 

Cell Cycle: Oncogene Homologues and Meiosis 

1420 GENE EXPRESSIOli IN SPORULATING CELLS OF SACCHAROMYCES CEREVISIAE, Susan Lindquist 
& Steve Kurtz, The Department of Molecular Genetics & Cell Biology, The University 
o f  Chicago, Chicago, Illinois, 6063% 

When yeast cells are induced to snorulate they undergo a dramatic series of changes in gene 
expression. Shortly after transfer to nitrogen free medium, mRNAs for certain proteins are 
repressed while a broad array of messages for other proteins are induced. At distinct times 
later in sporulation, two sets of messenger RNAs are induced in a/a but not in a/a o r  a / a  
cells. (Kurtz, S. and Lindquist, S. (1984) P.N.A.S. (USA) 81: 7323-7327) .  The first set 
appears at the time of spore wall de?osition. In vitro translation of some of these 
messages is affected by Signal Recognition Particle. Taken together with the fact that the 
spore wall is deposited between a double membrane that surrounds the prospore, these 
findings support the notion that the first set of messages in involved in spore wall 
synthesis. These messages are concentrated in the ascal cytoplasm, suggesting the spore 
wall is synthesized by the maternal cytoplasm, not by the spore. The second set of 
sporulation specific messages appears as the first set is degraded. These messages are 
produced inside the developing spore and are absent from the ascal cytoplasm. At the time 
of  their production, the transcriptional repetoire of the cell has been dramatically altered: 
The cells are refractory to induction of hsp70, the maior heat shock protein. 
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1421 ROLE OF CAKP III CELL DIVISION, Kunihiro Ilatsumotol, Isao UnoZ and 
Tatsuo IshikawaZ, IDepartment of Industrial Chemistry, Tottori- 
University, Tottori; 2Institute of Applied Microbiology, University of 
Tokyo, Tokyo, Japan 

In an attempt to determine the role of CAMP in yeast, we isolated three groups 
of cAMP-requiring mutants, G, c r2 and CYR3 (1). The cyrl mutation caused 
the deficiency of adenylate cycla*2). Thecyr2 mutation was altered i n  the 
catalytic subunit of CAMP-dependent protein kinase. The CYR3 mutation caused 
the alteration of the regulatory subunit of CAMP-dependentotein kinase 
which had high Ka values for CAMP (3). The cyrl, -.and CYRj mutations were 
suppressed by the bc 1 mutation, which r e s u l w i n  de,iciency of thc regulatory 
subunit of cAiJP-de&ent protein kinase and production of high level of CAMP- 
independent protein kinase (1). 
mutation, which was defective in phosphoprotein phosphatase. 
mutation was suppressed by the pdel mutation, which was deficient in high Km 
phosphodiesterase (4). The cyrl,TcyrZ and CYR3 mutants were arrested at the 
Gl phase of the mitotic cell cycle in the absence or '  cAPIP. The phenotype of 
these cyr mutants mimicked those o f  nutritionally limited cells. The and 
ppdl mutations suppresse'd Gl arrest caused by nutritional limitation. The 
temperature-sensitive (ts) cyrl, cyrZ and CYR3 mutations permitted the 
initiation of meiosis, but resulted in thefrequent production of two-spored 
asci at the restrictive temperature. Unlike the wild type cells, these ts 
mutants cells were capable of initiating meiosis in nutrient growth medium. 
I n  diploids homozygous for the bcyl or dl mutations, no premeiotic DNA 
replication occurred, and no spores w e r s r m e d .  
works as a positive effector at the start of yeast mitosis via the activation 
of cXlP-dependent protein kinase, but that it does as a negative effector at 
the start of meiosis. 

(1) K .  tlatsumoto g .  Proc. Natl. Acad, Sci. 1I .S.A.  7'9: 2355-2359 (1982) 
( 2 )  I(. Platsumoto g e. J. Bacteriol. 157: 2 7 7 - 2 3 2  ( l l l C 4 )  
(3) I. Uno et al. J. Biol. Chem. 257: 14110-14115 ( 1 9 3 2 )  
(4) I. Uno 2. J. Biol. Chem. 258: 3539-3542 (1983) 

The cyr2 mutation was suppressed by the ppdl 
The CYR3 

These data suggest that CAMP 

1422 Y E A S T  R A S ~  GENES ARE R*EQUIRED FOZ( PROPER NUT~IENT RESPONSE. 
K.Tatchell , L.Robinson , J.Cannon , R.Schultz , M.Breit*enbach+. 

D.DeFeo-Jones,' G. Temeles', J. Gibbs', 1.Sigal' and 3.M.Sco:nick'. 3ept. of 
Biology, University of Pennsylvania, Philadelphia, PA 19104. 'Institut fur 
Ailgemeine Biochemie, Wahringerstrasse 38, 1090 TJienna, Austria. '3eot. of 
Virus & Cell Biology, Merck Sharp & Dohme Research Laboratories, West Poipt, 
PA 19486. 

- Saccharomy_cgs ____ .___ cerevisiae contains thr$e unlinked genes whicn share 
homology with the ras oncogene family: Y?2-,_R&l?S,2, an6 R&S22 . ?he RASl and 
RASP gene products can be immunoprecipitated by antibodies against mammaliar 
ras3 and hydrolyze GTP. 
missense mutations at amino acid positions known to increase transformation 
in mammalian cells have decreased intrinsic GTPase activity. 

Spores containing gene disruptions of both RASL and RAS2 fail to grow 
but cells containing single RAS disruptions are ~ i a b l e ~ , ~ ~ ~ - A l t h o u g h  neithe? 
gene Is absolutely essential, disruptions have a number of pleiotropic 
phenotypes which include: 1) the inability to effectively utilize noc- 
fermentable carbon sources, 2 )  the hyperaCCUmUlatiOn of the storage 
carbohydrates glycogen and trehalose and, 3) the ability to sporulate on rich 
media. These phenotyges suggest that decreased levels of ?A-S lead to 
premature starvation response. 

- ras2 which fall into a number of complementation groups. Alleles in two of 
these bypass the requirement for _R&s, allowing cells containing neither EA3 
gene to grow. One of these mutations, sral_, has a pleiotropic phenotype 
consistent with loss of ability to respond to starvation signals. Similar 
phenotypes are observed in yeast cells which contain a !?Ag2va-:29 missense 
mutation. However another bypass mutant (sca3) has none of these phenotypes. 
The phenotypes of these mutants and observations of altered levels of CAMP and 
membrane bound adenlyate cyclase activity in some of these mutants suggests 
that is required for proper nutrient response. 

lGallwitz.D.,Donath,C., & Sander,C. Natxre 3 0 6 .  ?04-707.(1983) 
'DeFeo-J0nes.D. e__t dL Nature 306, 707-?@9.(;963) 
3Papageorge,A.G. g! dI. Molec. Cell. Biol. 4, 23-29. (1984) 
4Kataoka,T. g.1 all  Cell 37, 437-445. (1984) 
5Tatchell,K. cL .all Nature 309, 523-527. (1984) 

We report here that yeast RAS proteins containing 

We have isolated extragenic suppressors of the respiratory defrct of 
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C ytoskeleton and Organelles 

1423 
L. Danie ls ,  Dept. o f  B i o l o g i c a l  Sciences, Carnegie-Mel lon Un ive rs i t y ,  Pittsburgh;PA 

Plasmids capable o f  complementing the  orbl-1122 Ponseose mu ta t i on  were recovered from 
the  Car lson  and B o t s t e i i  YEp24 bank, and t h e  i&- Reed YEp13 bank. Thst t he  complementing 
p lasa ids  each conta ined the  ;en? was conf i rm?d by segregat iona l  ana lys i s  o f  i n t e g r a n t  
crosses. From t h e  same YEpl3 bank many d i f f e r e n t  i n s e r t s  cdpable o f  complementing the  pep4-3 
a !u ta t ion  were i so la ted .  O f  seven examined i n  so:%? d e t a i l ,  n o w  proved t o  con ta in  the  
:!me. The PEP4 gene was recovered from t h e  YEp24 tank by complementation. Proo f  o f  i t s  
recovery was based or? segregat iona l  analyses o f  crosses i n v o i v i q g  i n teg ran ts .  

S t ra ins  were cons t ruc ted  which c a r r i e d  a YEp (P;1311 plasmid,  a YEp (PEP4) plasmid,  
ho th  plasmids o r  no p lasmid  and w i t h  a w i l d  t y p e  c h r y r x o m a l  genotype f o r  p ro tease genes. 
t xp ress ion  o f  p ro tease B was fo l l owed  d u r i n g  growth o f  these s t ra ins .  I n  the  p lasmid- f ree  
s t r a i n ,  t he  l e v e l s  o f  protease B rose a t  l e a s t  10 f o l d  as t h e  c e l l s  approached s t a t i o n a r y  
phase, s i m i l a r  t o  r e s u l t s  p rev ious l y  repo r ted  (1). I n  c e l l s  con ta in ing  t h e  PEP4 bear ing  
plasmid,  t he  l e v e l  o f  derepress ion  was comparable t o  t h a t  seen i n  t h e  absence o f t h e  p lasmid  
I )u t  derepress ion  occur red  much e a r l i e r  i n  the  growth curve. Th is  f i n d i n g  i s  no t  unexpected 
s ince  pep4-3 he terozygotes  show a dosage e f f e c t  on pro tease B l e v e l s  ( 2 ) .  C e l l s  bea r ing  
t h e m  con ta in ing  plasmid derepress l e v e l s  o f  p ro tease B more than 40 f o l d  and the  derepress ion  
occurs  as t i l e  c e l l s  en te r  t he  d i a u x i c  p la teau.  C e l l s  bear ing  bo th  plasmids derepress protease 
L1 a t  t h e  d i a u x i c  p la teau  and beyond. Derepression i s  a t  l e a s t  100 f o l d .  The e f f e c t s  o f  
t he  The s i g n i f i c s v c e  o f  t h i s  r e i a t i o n s h i p  
i s  unc lear ,  s ince  the  t i f i i n g  o f  derepression as we:l as the  ex ten t  of derepression a re  a f fec ted .  
La te  i n  the  growth curve  o f  t he  s t r a i n  bea r ing  bo th  plasmids,  t he  s p e c i f i c  a c t i v i t y  o f  p ro tease 
B i n  c e l l s  f a l l s .  Concomitant ly,  s u b s t a n t i a l  amounts o f  a c t i v e  p ro tease B a re  secre ted  
i n t o  t h e  medium. 

1)  Saheki, T., Holzer,  H. 1975. Biochim. Biophys. Acta 384: 203-214. 
2) Zubenko, G. 1981. Ph.0. t h e s i s ,  Carnegio-Mel lon U n i v e r s i t y .  

GENETICS OF VACUOLAR PROTEASES, E. Jones, C. Moehle, M. Kolodny, M. Aynardi, F. Park, 
15213. 

and PEP4 plasmids appear t o  be m u l t i p l i c a t i v e .  

1424 GENES CONTROLLING MDRPHOGENETIC STEPS OF THE CELL CYCLE, J.R. P r ing le ,  S. L i l l i e ,  
B. Haarer, K. Coleman, J. Robinson,. A. S tap le ton ,  A. Adams, R. Preston, and C. 
Jacobs, D i v i s .  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  Michigan, Ann Arbor,  M I  481UY 

We are  engaged i n  a.geneti.c a n a l y s i s  o f  morphogenesis du r ing  t h e  c e l l  c y c l e  o f  t he  yeas t  
Saccharomyces ce rev i s iae .  
t a n t s  w i t h  de fec ts  i n  morphogenesis, i s o l a t i n g  and c h a r a c t e r i z i n g  ex t ragen ic  suppressors 
o f  these morphogenetic muta t ions ,  and c l o n i n g  t h e  genes i d e n t i f i e d  by t h e  morphoyenetic and 
suppressor muta t ions  as a means t o  i d e n t i f y  and cha rac te r i ze  t h e  gene produc ts .  
gress i nc ludes  t h e  i d e n t i f i c a t i o n  o f  severa l  new complementation groups o f  c o l d - s e n s i t i v e  
mutants t h a t  produce m u l t i p l e ,  abnormal ly e longated  buds a t  r e s t r i c t i v e  temperature.  Also,  
we have i s o l a t e d  and analyzed numerous ex t ragen ic  suppressors o f  cdc3, CdclU, c d c l l ,  cdc l2 ,  
cdc24, and muta t ions .  I n t e r e s t i n g l y ,  most o f  t h e  suppressors a re  recess ive  t o  t h e i r  
w i l d - t ype  a l l e l e s  and appear t o  y i e l d  some unexpected " i n t e r g e n i c  noncomplementation". H1- 
so, we have found t h a t  muta t ions  a t  CDC3 can suppress muta t ions  a t  e, and v i c e  versa, 
presumably r e f l e c t i n g  a d i r e c t  i n t e r a c t i o n  between these gene produc ts .  F i n a l l y ,  we have 
c loned t h e  CDC3, CDClU. CDC11, CDC12, and CDC24 genes and have beyun a t tempts  t o  i d e n t i f y  
t h e  produc ts  o f  these genes. I n t e r e s t i n g l y ,  p lasmids c a r r y i n g  can complement 
muta t ions  as w e l l  as c d c l 2  mutat ions,  a l though the  former complementation appears t o  re -  
q u i r e  a chromosomal change i n  t h e  r e c i p i e n t  s t r a i n  (disomy f o r  t h e  g - c a a r y i n y  chromo- 
some?) as w e l l  as t h e  presence o f  t h e  CDC12-carrying plasmid.  Fusions o f  cuc24 t o  t h e  C, 
c o l i  && gene and of  genes have been cons t ruc ted  and, 
i n  the  l a t t e r  case, t h e  r e s u l t i n g  f u s i o n  p r o t e i n s  have been used t o  generate a n t i s e r a  t h a t  
a re  now be ing  charac ter ized .  The hope i s  t h a t  these a n t i s e r a  (and those y e t  t o  be ra i sed  
aga ins t  s i m i l a r  f u s i o n  p r o t e i n s  f o r  t he  o the r  genes o f  i n t e r e s t )  w i l l  a l l o w  us t o  l o c a l i z e  
and beg in  t o  cha rac te r i ze  t h e  func t i ons  o f  t h e  gene produc ts  o f  i n t e r e s t .  
r e s u l t s  have been summarized elsewhere (1 ) .  

1. 

We are  i s o l a t i n g  and c h a r a c t e r i z i n g  tempera ture-cond i t iona l  mu- 

Recent p ro -  

t o  t h e  E. =lac2 and 

Some o f  these 

Pr ing le ,  J.R., Coleman, K., Adams, A., L i l l i e ,  S . ,  Haarer, B., Jacobs, C;, Robinson, 
J., and Evans, C. (1984) " C e l l u l a r  morphogenesis. in t h e  yeas t  c e l l  c y c l e  , I n  Molecu la r  
B io logy  o f  t h e  Cytoske le ton  (G. Bo r i sy ,  0. Cleveland, and 0. Murphy, eds . ) ,Co ld  Spr iny  
Harbor Laboratory,  Cold Spr ing  Harbor. I n  press.  
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1425 NUCLEAR FUSION IN YEAST, Mark D. Rose and Gerald R. Fink, Whitehead Institute for 
Biomedical Research and Department of Biology, MIT, Cambridge, MA 02142 

During conjugation, two haploid nuclei fuse to form a diploid nucleus. Nuclear fusion 
is not a passive process and is mediated by extranuclear microtubules extending from the 
spindle plaque. Several mutations have been isolated that disrupt nuclear fusion while not 
otherwise affecting conjugation. We have been examining these mutations with the aim of 
identifying the proteins and structures responsible for this nuclear function. 

Kar- mutations at these loci are recessive, yet only one parent need be mutant for fusion to 
fail. Moreover, nuclei in the heterokaryotic zygotes fail to fuse during subsequent mitotic 
division. We present evidence that nuclei must be activated for nuclear fusion prior to con- 
jugation and activation is dependent on both the &4& gene product and mating hormones. 

The = gene 
is toxic in high copy number. Replacement of the single chromosomal gene with null al- 
leles constructed in vitro results in a recessive lethal phenotype. is essential for 
viability of both haploids and diploids. 

Homozygosity at MAT 
results in higher levels of expression whereas heterozygosity results in lower levels. After 
treatment of =a haploids with a factor, transcript levels are reduced to the level of a/a 
diploids, suggesting that high levels of activity are required only prior to but not during 
mating. 

Examination of cytoskeletal elements in shmoos and zygotes reveals a specific defect in 
extranuclear microtubule structure in karl-l cells. 
tants elaborate an aberrantly long extranuclear microtubule structure. This aberrant struc- 
ture, made prior to mating, could prevent nuclear fusion either by steric hindrance or by the 
absence of an essential structure. 

We have been using a spheroplast fusion assay to examine nuclear fusion independently of 
conjugation. Fusion is stimulated 1000 X by prior treatment with a factor. Stimulated 
fusion is dependent on in a manner similar to mating. A s  early as one can fuse stimu- 
lated cells, the 
indicating the =dependent step has been passed. 

been used to localize the product in mating cells. 

The kar loci (for karyogamy defective) define genes that are required for nuclear fusion. 

We have isolated the =gene by complementation of the -mutation. 

The transcript of the = is regulated by the mating type locus. 

Upon treatment with a factor, the mu- 

gene product is not able to complement the mutant nucleus in trans, 

Finally, antibodies to the gene product have been produced. Immunoflourescence has 

Plolecular Analysis of Cytoskeleton. Lorraine Pillus and Frank Solomon, Department 
of Biology, Il.I.T., Cambridge, MA 02139 1426 

AS part of a study of microtubule structure and function, we have begun an analysis of 
yeast microtubule proteins. The approach we take to identify these proteins is based on 
methods we have applied to cultured cells. In those experiments, cells are extracted with 
non-ionic detergents so that 70 per cent of the total protein is released under conditions 
that preserve cellular microtubules. These structures are then quantitatively depolymerized, 
and their components solubilized by a second extraction including calcium ions. The 
microtubule components can be identified by comparing calcium extracts from cells with and 
without microtubules. The components of different microtubule structures which arise in 
different cell states can also be identified and the assembled and unassembled pools of 
components can be compared. This approach enables one to work with very small amounts of 
material, and to analyze microtubules as they exist in vivo rather than to rely on in vitro 
reconstitution techniques. The basic features of this assay - extraction under stabilization 
conditions and depolymerization of microtubules both in vivo and in vitro - are now in hand 
for 2. cerevisiae. The morphological correlate of each state has been demonstrated. We are 
now using the assay to identify microtubule components in yeast. The goal of this work is 
to use molecular and genetic analysis in concert to understand microtubule functions. 
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Regulation and Recombination 

1427 
The yeast  plasmid Z a i c r o n  c i r c l e  encodes a s i t e - s p e c i f i c  recombinase designated FLP which 
promotes e f f  i c i e n t  inversion ac ross  two p rec i se  599 base-pair  inverted repeat  sequences on 
t he  2-micron molecule. We p u r i f i e d  the PLP p r o t e i n  from H. ooli c e l l s  transformed with a 
plasmid containing PLP coding sequences t r ansc r ibed  from an e f f i c i e n t  promoter. Using 
p u r i f i e d  enzyme p repa ra t ions ,  we undertook nuclears  p ro tec t ion  and f i l t e r  binding 
experiments t o  s tudy the  s i t e s  w i th in  the inverted repeat  sequences t h a t  a r e  important f o r  
binding of FLP t o  subs t r a t e  DNA. We f i n d  t h a t  FLP p r o t e c t s  about 50 base-pairs of DNA 
from non-specific nuclease d iges t ion .  The p ro tec t ed  s i t e  c o n s i s t s  of two 13 base-pair  
inverted repeat  sequences separated by an 8 base-pair  spacer  region. A t h i r d  13 Wse-pair  
element i s  a l s o  p ro tec t ed  by binding of the PLP protein.  We f i n d  t h a t  FLP promotes 
s i t e - s p e c i f i c  cleavage of subs t r a t e  DNA within the 8 base-pair  spacer  region. We have 
looked a t  these FLP-DNA i n t e r a c t i o n s  on i n t a c t  ( 'wild-type')  s u b s t r a t e  and var ions mutant 
subs t r a t e s .  We d i scuss  the s t r u c t u r a l  f ea tu re s  of the binding s i t e  with respect  to t he  
mechanism of FLP-mediated recombination. 

INERACITON OF THE FLP RECOBINASE WITB SUBS'IIUTE 2-YICBON CIRCLE DNA 
Brenda I. Andrews, Linda Beat ty  and Paul D. Sadowski, IT. of Toronto 

1428 SUPERCOILING, CHROMATIN STRUCTURE, AND THE REGULATION OF ACID PHOSPHATASE GENE 
EXPRESSION, Lawrence W .  Bergman, M a r t i n  C .  Stranathan, Connie S. Agnor and L i s a  
P re i s ,  Department o f  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  Maryland B a l t i m o r e  
County, Ba l t imore ,  MD 21228. 

To i n v e s t i g a t e  t h e  mechanism o f  t r a n s c r i p t i o n a l  a c t i v a t i o n ,  we have developed a h i g h  copy 
p lasmid  system c o n t a i n i n g  the  e n t i r e  s t r u c t u r a l  and r e g u l a t o r y  sequences o f  t h e  a c i d  
phosphatase (PH05) gene and t h e  TRPl/ARSl sequences o f  t he  yeas t  Saccharomyces c e r e v i s i a e .  
The r e s u l t i n g  3.4kb p lasmid  has been u t i l i z e d  t o  t rans fo rm e i t h e r  w i l d  t ype  o r  a number o f  
a c i d  phosphatase r e g u l a t o r y  mutant s t r a i n s .  Ana lys i s  o f  mRNA l e v e l s  under repressed and 
derepressed growth c o n d i t i o n s  revea ls  t h a t  normal t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  t h e  gene 
p e r s i s t s ,  a l though gene copy number has been increased approx imate ly  50 - fo ld .  A n a l y s i s  o f  
changes i n  t h e  l i n k i n g  number o f  t h e  plasmids i s o l a t e d  under repressed and derepressed 
g rowth  c o n d i t i o n s  has revea led  t h a t  t h e  t r a n s c r i p t i o n a l l y  a c t i v e  p lasmid  c o n t a i n s  2-3 l e s s  
n e g a t i v e  s u p e r c o i l s  t han  the  i n a c t i v e  plasmid.  Th is  d i f f e r e n c e  i n  l i n k i n g  number i s  
s i m i l a r l y  seen i n  a p lasmid  c o n t a i n i n g  a second sequence- re la ted  phospha te - rep ress ib le  
a c i d  phosphatase gene, however, i s  n o t  seen i n  p lasmids  i s o l a t e d  f rom e i t h e r  f u l l y  
c o n s t i t u t i v e  o r  non-derepress ib le  r e g u l a t o r y  mutants suggest ing  t h a t  t h e  change i n  l i n k i n g  
number i s  assoc ia ted  w i t h  t h e  mechanism o f  r e g u l a t i o n  o f  t h e  a c i d  phosphatase gene, 
F i n a l l y ,  a n a l y s i s  o f  t h e  chromat in  s t r u c t u r e  o f  these plasmids has revea led  a l o c a l i z e d  
d i s r u p t i o n  o f  nucleosome p o s i t i o n i n g  assoc ia ted  w i t h  t r a n s c r i p t i o n a l  a c t i v i t y .  

1429 STRUCTURE-FUNCTION STUDIES OF THE YEAST GLYCERALOEHYDE-3-PHOSPHATE DEHYDROGENASE 
GENE PROMOTER. 

ce rev i s iae  f rom vec tors  u t i l i z i n g  t h e  g l y c e r a l d e h y d e  dehydrogenase gene 
TGPD) po r tab le  promoter [G.  A. B i t t e r  and Egan K.  M. (1984). Gene, i n  press]. The 
l e v e l  o f  heterologous p r o t e i n  express ion  va r ies  depending on t h e  heterologous gene 
cloned i n  t h e  vector,  demonstrat ing t h a t  DNA sequences i n  a d d i t i o n  t o  t h e  promoter 
and t r a n s c r i p t i o n  te rm ina to r  determine expression- l eve l s .  
sequences around t h e  t r a n s l a t i o n  i n i t i a t i o n  s i t e  o f  t he  HBsAg gene, a ten -  t o  
f i f t e e n - f o l d  inc rease i n  expression l e v e l  was observed. The e f f e c t s  o f  codon 
u t i l i z a t i o n  on t r a n s l a t i o n  e longa t ion  have a l so  been inves t iga ted .  

t e n - f o l d  decrease i n  heterologous p r o t e i n  express= l e v e l s ,  i n d i c a t i n g  a r o l e  o f  
these sequences i n  promoter func t i on .  A unique S a l I  s i t e  was engineered 240 bp 5' 
t o  t h e  TATA box o f  t h e  GPD p o r t a b l e  promoter. Upstream regu la to ry  sequences from 
o ther  yeas t  genes have been c loned i n t o  t h i s  s i t e  and t h e  e f f e c t  on GPD promoter 
f u n c t i o n  auant i ta ted .  

Grant A. B i t t e r  and Kevin M. Egan, Amgen, Thousand Oaks, CA 91320 

Heterologous p ro te ins  have been expressed i n  Saccharom ces 

By op t im iz ing  DNA 

De le t i on  o f  nuc leo t ides  -676 t o  -380 o f  t h e  GPD po r tab le  promoter r e s u l t s  i n  a 
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1430 THE ISOLATION OF ALCOHOL OXIDASE AiqD TWO OTHER METHANOL REGULATABLE GENES 
FROM THE YEAST, PICHIA PASTORIS, Paul F. B r u s t ,  S teven  6. E l l i s ,  P a t r i c i a  
J. Koutz,  Ann F.%f%,Michael M. H a r p o l d  and Thomas R .  Gingeras ,  S a l k  
I n s t i t u t e  Biotechnology/Industrial Assoc ia tes ,  I nc . ,  La J o l l a  CA 92037 

The o x i d a t i o n  o f  methanol  f o l l o w s  a w e l l  d e f i n e d  pathway and i s  s i m i l a r  f o r  
s e v e r a l  m e t h a n o t r o p h i c  y e a s t s ,  The use o f  methanol  as t h e  sole  ca rbon  sou rce  
f o r  t h e  g r o w t h  o f  p. p a s t o r i s  s t i m u l a t e s  t h e  e x p r e s s i o n  o f  a f a m i l y  o f  genes. 
Three methanol  r e s p o n m e s  have been i s o l a t e d ,  cDNA c o p i e s  made f r o m  
t h e  mRNAs o f  t h e s e  genes and t h e  p r o t e i n  p r o d u c t s  f r o m  i n  v i t r o  t r a n s l a t i o n s  
examined. The i d e n t i f i c a t i o n  o f  a l c o h o l  o x i d a s e  as o n e o f t h e c l o n e d  methanol  - 
r e g u l a t e d  genes has been made by  enzymat i c ,  immuno log ica l  and sequence a n a l y s e s .  
Methanol  r e g u l a t e d  e x p r e s s i o n  o f  each o f  t h e s e  t h r e e  i s o l a t e d  genes can be 
demons t ra ted  t o  o c c u r  a t  t h e  l e v e l  o f  t r a n s c r i p t i o n .  F i n a l l y ,  DNA sub f ragmen ts  
o f  two o f  t h e  methanol  r e s p o n s i v e  genomic c l o n e s  f r o m  P. p a s t o r i s  have been 
i s o l a t e d  and i d e n t i f i e d  as  c o n t a i n i n g  t h e  c o n t r o l  r e g i o n s  i n v o l v e d  i n  methanol  
r e g u l a t i o n .  

1431 DESCRIPTION OF PICHIA PASTORIS AS A HOST SYSTEM FOR DNA TRANSFORMATIONS, J. M. Cregg, 
K. J .  Barringer-. Hess le r ,  and K. R .  Madden, S I B I A ,  La J o l l a ,  CA 

Methanol  u t i l i z i n g  y e a s t  a r e  o f  i n t e r e s t  i n  u n d e r s t a n d i n g  t h e  r e g u l a t i o n  o f  gene e x p r e s s i o n  
by  methanol  and i n  d e t e r m i n i n g  t h e  mechanism b y  wh ich  enzymes such as  t h e  a l c o h o l  o x i d a s e  o f  
m e t h y l o t r o p h s  a r e  compar tmen ta l i zed  i n  peroxisomes. 
f a c i l i t a t e d  by  t h e  a b i l i t y  t o  t r a n s f o r m  t h e  y e a s t .  

We have deve loped  t h e  m e t h y l o t r o p h i c  y e a s t ,  P i c h i a  p a s t o r i s ,  as a h o s t  system f o r  DNA 
t r a n s f o r m a t i o n s .  The system i s  based on a h i s T X K 3  dehydrogenase d e f e c t i v e  mu tan t  o f  
- P. p a s t o r i s  ( h i s 4 1  and t h e  s p h e r o p l a s t  generat ion-CaC12 PEG f u s i o n  p rocedure .  
s e l e c t a b l e  m a z r ,  t h e  P. p a s t o r i s  HIS4 gene has been i s o l a t e d  f r o m  a P. p a s t o r i s - Y E p l 3  
l i b r a r y  by c o m p l e m e n t a t ~ o n o f c c h a r o m y c e s  c e r e v i s i a e  his4ABC- hos t -  P T % X Z  wh ich  
c o n t a i n  e i t h e r  a P i c h i a  o r  Saccharomyces HIS4 gene t r a n s f K  t h e  P .  p a s t o r i s  h i s 4 -  h o s t  t o  
h i  s t i d i ne p r o  t o t  rophy. 

I n i t i a l l y ,  any p l a s m i d  wh ich  c o n t a i n e d  DNA sequences homologous t o  t h e  P i c h i a  genome 
i n t e g r a t e d  i n t o  t h e  genome. 
wh ich  we examined d i d  n o t  m a i n t a i n  p lasmids  as autonomous e lemen ts  i n  P. p a s t o r i s .  
T h e r e f o r e ,  DNA f ragmen ts  w i t h  ARS a c t i v i t y  i n  P i c h i a  were s e l e c t e d  f r o %  a P .  p a s t o r i s  DNA 
l i b r a r y  by t r a n s f o r m a t i o n  i n t o  P. p a s t o r i s .  T-fragments, PARS1 and PARST w m a t e d  
wh ich  i n c r e a s e  t r a n s f o r m a t i o n  f T e q m o f  p lasmids  as  much as  l o 4  f o l d  t o  a b o u t  l x 1 0 5 / p g  
and m a i n t a i n  p lasmids  as autonomous elements i n  P .  p a s t o r i s  f o r  a t  l e a s t  50  g e n e r a t i o n s  i n  
s e l e c t i v e  medium, even when t h e  p lasmids  containlo-nces homologous t o  t h e  Pichia 
genome. 

92037 .  

These s t u d i e s  wou ld  be g r e a t l y  

As a 

Autonomous rep1  i c a t i o n  sequences (ARSs) f r o m z r e v i s i a e  

1432, ANALYSIS OF A NONTRANSCRIBED REGION 5 '  TO A RIBOSOMAL PROTEIN GENE. 

Ribasomal p r o t e i n  qenes ( r p j  i n  y e a s t  lrlay he r e g u l a t e d  a t  t h e  t r ? n s c r i p t i o n a l  and 
t r a n s l a t i o n a l  l e v e l .  We have sequenced a l i n k e d  p a i r  o f  r p  gene, ( t ,p28-rpSS copy I )  
and d u p l i c a t e  c o p i e s  o f  t h e s e  genes wh ich  e x i s t  i n  a s i m i l a r  l i n k a g e  a r rangemev t  ( r p 2 8 -  
r p 5 5  copy 2 )  i n  t h e  genome. We a r e  a n a l y z i n g  t h e  i n t e r g e n i c  r e g i o n  wh ich  i s  5 t o  r p 5 5  
t r a n s c r i p t  t o  d e t e r m i n e  how t h i s  r e g i o n  i s  i n v o l v e d  i n  t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  
t h e  r p 5 5  gene. Some o f  t h e  s h o r t  sequence homo log ies  found  5' t o  o t h e r  y e a s t  r p  genes 
a r e  a l s o  p r e s e n t  in t h e s e  i n t e r g e n i c  r e g i o n s  ups t ream f r o m  copy 1 and copy 2 o f  r p 5 5 .  
However, t h e  e x a c t  p o s i t i o n  o f  t h e s e  s h o r t  homo log ies  i s  n o t  conserve: between d u p l i -  
c a t e  c o p i e s .  We have used two approaches t h u s  f a r  t o  examine t h i s  5 n o n t r a n s c r i b e d  
r e g i o n .  F i r s t  we have a t t e m p t e d  t o  c o r r e l a t e  DNasel s e n s i t i v e  s i t e s  5' t o  r p 5 5  w i t h  
t h e  l o c a t i o n  o f  t h e  s h o r t  r p  gene sequence homo log ies  p r q s e n t  i n  t h i s  r e g i o n .  Second- 
l y ,  we have c o n s t r u c t e d  a f u s i o n  between t h e  n o n t r a n s c r i b e d  i n t e r g e n i c  r e g i o n  5' t o  
r p 5 5  and a p r e v i o u s l y  c h a r a c t e r i z e d  c y c l - l a c z  f u s i o n  (PNAS 78:2199).  S i n c e  t h i s  f u s i o n  
c o n t a i n s  none o f  t h e  t r a n s c r i p t  o f  r p 5 5  (wh ich  c o u l d  c o n t r i b u t e  t o  t r a n s l a t i o n a l  con -  
t r o l  o f  t h i s  gene) we can d e t e r m i n e  whe the r  t h i s  ups t ream n o n t r a n s c r i b e d  r e g i o n  a l o n e  
i s  s u f f i c i e n t  t o  r e g u l a t e  p - g a l a c t o s i d a s e  e x p r e s s i o n  as a r i b o s o m a l  p r o t e i n  under  con -  
d i t i o n s  where r i b o s o m a l  p r o t e i n s  a r e  assumed t o  be t r a n s c r i p t i o n a l l y  r e g u l a t e d .  

D a v i d  M. 
Donovan and Nancy J .  Pearson, U n i v e r s i t y  o f  Mary land ,  C a t o n s v i l l e ,  MD 21228. 
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1433 R DIHYDROFOLRTE REDUCTRSE GENE FROM YERST. Christopher G. Goff and Barri 

S. cerevisiae apparently has two distinct isozymes of dihydrofolate reductase (E.C. 
1.5.1.3):  one a Soluble cytoplasmic enzyme (a monomeric protein 27,000 daltons in MW; Goff, 
unpublished), accounting for '95% of the dihydrofolate reductase activity in the cell; and 
the other (of uncertain MW) embedded in the mitochondria1 membrane, exhibiting ' 5 %  o f  the 
total activity (Zelikson and Luzzati, E.J.B. 79, 265) .  Mutations in a nuclear gene,-, 
eliminate the mitochondria1 enzyme's activity (along with the activlty of several other 
enzymes of mitochondria1 folate metabolism) and are (conditionally) lethal despite the 
continued presence of the cytoplasmic isozymes (Zelikson and Luzzati, gp. cit.). No muta- 
tions affecting the cytoplasmic isozyme have been reported. 
Rarclay (Toronto) a cloned yeast DNR fragment, isolated from the Friesen yeast bank, which 
appears to code for the cytoplasmic dihydrofolate reductase. 
fragment, cloned into pRR313, confers trimethourim resistance on E. coli cells which carry 
it. E. coli with the plasmid produces a small amount of soluble 27,000 dalton dihydrofolate 
reductase activity (in addition to the '15,000 dalton E. coli enzyme), which is sensitive to 
asinopterin but resistant to trimethoprim, as expected for the yeast enzyme. 
generated a restriction map of this DNR fragment and are now 1) sequencing it to compare the 
polypeptide to other characterized dihydrofolate reductases, 2) integrating it on shuttle 
vectors to identify the chromosome carrying the gene, and 3)  creating mutants in it by "gene 
disruption". 
between the cytoplasmic and mitochondrlal enzymes. 

Fessler, Haverford College, Haverford, PFI, 19041 

We have obtained from Dr. Barry 

R 1.6 kb BamHI - SalI yeast 

We have 

We intend eventually to determine the structural and genetic relationship 

1434 
The yeast 2 micron plasmid encodes a protein. FLP, that mediates site-specific recombination. 
When two FLP sites are present on a substrate in a direct orientation. FLP-mediated 
recombination excises the DNA from between the sites. We have used a novel technique. 
'Nuclease-Primed Substrate Analysis', to determine the minimal duplex DNA sequence needed for 
this recombination event. A linear DNA with two FLP sites in a direct orientation is treated 
with a double-strand specific 3'-exonuclease (ExoIII) to generate molecules with a nested set 
of single-strand deletions that extend into one of the FLP sites. The DNA is then 
end-labeled at the sites of the deletions using an a-32P labeled dNTP and Klenow polymerase. 
Cleavage of the DNA at a restriction endonuclease site present between the two FLP sites 
produces a ladder of labeled fragments extending from the cleavage site to the deletion at 
the 3' end of each molecule. If the DNA is treated with FLP prior to endonnclease digestion, 
molecules containing two intact FLP sites will undergo intramolecular recombination and 
excise the restriction cleavage site from between the FLP sites. Endonuoleass digestion of 
this FLP-treated DNA generates labeled fragments only from molecules that were deleted beyond 
the minimal DNA sequence needed for FLP activity. Comparison of the fragments produced by 
restriction enzyme digestion of untreated and FL.P-treated DNA shows to the nucleotide the DNA 
sequence required for FLP-mediated recombination. A modified form of this technique can be 
used to study the minimal sequence requirements of site-specific DNA binding proteins. 

A NOVEL MElUOD To DJiTERMINE DNA SEQUINCES ESSJNTIAL FOR FLP-MEDIATED RECOMEJINATION 
Richard M. Gronostajski, Paul D. Sadowski, Univ. of Toronto, Toronto, Ont., M5S 1A8 

1435 MEIOTIC R B X 3 l 7 3 ~ I C N  BFIWEEN REPEATED S-FS CN NCNICTWUXOUS cHRcMos(MES I N  
- S. cEFEVISIAE,Sue Jinks-Wbertson and 'R-aras D. Petes ,  University of Chicago, 
Chicago, I L  60637 

The yeast transformation system was used to  a n s t r u c t  a diploid s t r a in  w i t h  different 
selectable markers (URA3' and HIS3+ genes) at  identical p s i t i o n s  on chramsome M hamlqs. 
The meiotic s e y r e g a t K o f  the ar t i f ic ia l ly-anstructed alleles w a s  examined by tetrad dis- 
section and, a s  eqected, mst spres had ei ther  the HIS3+ or URA3' gene. 
of atuut 0.5%, tuwevex, te t rads  were f a d  a n t a i n i n g x p r e  with neither of the wild type 
genes. Physical analyses of the aberrant tetrads dmns t r a t ed  that the His-Ura- spres w e r e  
the resul t  of a nonreciprocal recombination (gene anversion) event involving the HIS3+ gene 
inserted into chrm- M and a His3- allele a t  the HIS3 locus on chrumsane XV.The 
m e i o t i c  frequency of gene w n v e r s i r w e e n  the rep== genes on nonbrmkgous 
chrmsares  was  s i m i l a r  to  that observed between allelic sequences a t  the HIS3 locus. 

chrorrpsanes questions t k  presuned mechanistic relationship-een gene mnversion and 
reciprocal r e d i n a t i o n ,  since reciprocal exchanges acmmpanyiq gene anversions between 
mturally-occurring, d i s p r s e d  repeats muld result in n w r o u s  ch?xmums aberrations. 
Experiments are in p r q r e s s  M c h  w i l l  determine whetner conversion rvents between non- 
ramlogous c h r m s o m e s  are associated wi'h reciprocal exchanges. 

A t  a frequency 

Tk high frequency of anversion between the repeated HIS3 genes on nonhmlogOus 
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SENETICS AND BREEDING OF LAGER YEAST, M.C. Kielland-Brandt, C. Gjermansen, S. Holm- 
berq, T. Nilsson-Tillgren**, M.3. Pedersen*, J.G.L. Petersen, 3. Polaina and P. Sigs- 1436 

gaard* Carlsberg Laboratory and *Carlsberg Research Laboratory, Gamle Carlsberg Vej 10, 
DK-2500 Copenhagen Valby and **Institute of Genetics, University of Copenhagen, Denmark 

cluding Ty, their Southerns are virtually identical, as opposed to the variation seen when 
different Saccharornyces species are compared. Until recently, their qenetics were obscure due 
to low spore viability. However, internuolear chromosome transfer mediated by the karl muta- 
tion has enabled us to study single chromosomes of lager veast in the genetic background of 
strains with normal marker segregation. In connection with Southern hybridization analysis 
this technique has revealed extensive structural heterozygosis, resembling species hybrids in 
plants. This intrinsic genetic variation is utilized in a promising cross breeding proqram. 

A specific aim for strain improvement is the reduction of diacetyl production. This off- 
flavor compound is formed in a side reaction from an intermediate in the biosynthesis of val- 
ine. We have therefore undertaken a study of the valine and isoleucine pathwavs in academic 
yeast. The genes known for the enzymes in these pathways have been mapped, cloned and partial- 
ly sequenced. Synthesis of the enzymes is regulated in response to two kinds of stimuli: 
Starvation for any amino acid causes increased synthesis (general control) of two of the en- 
zymes while the simultaneous presence of isoleucine, valine and leucine results in repression 
(multivalent repression) of all of them. These responses are being correlated with the corre- 
sponding mRNA levels and presence of promoter signals. 

Yeast strains used in lager beer production are closely related. With several probes, in- 

1437 

The biogenesis  of a l l  animal and p l a n t  peroxisornal p ro t e ins  inves t iga t ed  to d a t e  begins  on 
P e e  p ly r ibosomes  and almost a l l  o f  than ( inc lud ing  a major i n t e g r a l  membrane protein,  PNAS 
- 81:7127, 1984) are synthesized a t  t h e i r  f i n a l  s i z e s .  We have undertaken t h e  cloning o f  
cDNAs coding for peroxisomal p ro te ins  i n  o rde r  to ob ta in  d e t a i l e d  s t r u c t u r a l  information 
t h a t  may be r e l evan t  to t h e i r  i n t r a c e l l u l a r  t r a n s p o r t .  Candida t r o p i c a l i s  was grown on 
alkanes,  which causes  t h e  p r o l i f e r a t i o n  of peroxisomes and t h e  induct ion o f  peroxisomal 
enzymes including c a t a l a s e  and p-oxidation enzymes, o r  on glucose,  i n  which few peroxisomes 
form. A cDNA l i b r a r y  was constructed cunplementary t o  m R N A s  of  alkane-grown c e l l s .  l h e  
l i b r a r y  was screened f o r  sequences induced by growth on alkanes by d i f f e r e n t i a l  DNA d o t  b l o t  
hybr id i za t ion  using [32PlcLNA complementary t o  poly(A+)RNA o f  alkane- or glucose-grown C. 
t r o p i c a l i s .  P o s i t i v e  c lones  (9% of t h e  t o t a l )  were subjected to hybr id i za t ion - se l ec t ion  
t r a n s l a t i o n .  Seven c l o n e s  have been i d e n t i f i e d  t h a t  hybridize to rnRNAs whose c e l l - f r e e  
t r a n s l a t i o n  products  comigrate with polypept ides  o f  highly p u r i f i e d  C .  t r o  i c a l i s  peroxi- 
mmes. Among these ,  c lones  coding f o r  c a t a l a s e  and for acyl-CoA oxidase’have been posi- 
t i v e l y  i d e n t i f i e d  by imnmoprec ip i t a t ion  o f  t h e  t r a n s l a t i o n  products  with s p e c i f i c  a n t i s e r a .  
RNA do t  b l o t s  and c e l l - P e e  t r a n s l a t i o n s  conf i rn  t h a t  growth o f  C. t r o p i c a l i s  on alkanes 
causes  s t r i k i n g  inc reases  i n  t h e  expression of m R N A s  coding f o r  t h e s e  two  enzynes. 

CLONING OF cDNAs CODING FOR CATALASE AND OTHER PEROXISCMAL PROTEINS OF CANDIDA 
TROPICALIS, Paul B. Lazarow, Richard A.  Rachubinski and Yukio F u j i k i ,  T n e  
Rockefeller Universi ty ,  New York, NY 10021 

1438 TRANSLATIONAL REGULATION OF THE ACTIVATOR OF GENERAL AMINO ACID CONTROL IN 
YEAST, Peter P. llltller and Alan G. Hinnebuach, NIH. Bethesda, MD 20205 

The GCW5 gene encodes a bggps-acting positive regulator of amino acid biosynthetic 
genea in S. cereviaiae. The expreasion of thia activator is itself controlled by 
trans-acting factora that reapond to amino acid levels and this regulation occur8 at 
the tranalational level. The GCBz and the Gcnt4 products act aa poaitive regulators of 
GW.l tranalation during amino acid starvation, whereas the 4CDL product appears to act 
aa s translational repressor. The @4 aRNA 5’ leader ia nearly 600 nucleotides in 
length and contains four amall open reeding frames, each of which is two or three 
codona in length and coaplete with initiation and termination codons. A 250 bp 
deletion of the amall open reading fraaes leads to constitutive derepreeaion of GCN4 
tranalation. We are inveatigating the hypothesis that the m a l l  open reading frsaes in 
the GfNd .RIA 5’ leader are in fact the fie-acting Sequences that reprees translation 
initiation at the 5g.r  coding sequences. A mutation in the GcQl gene also lead6 to 
constitutive derepresaion of tftd.l expression, auggesting that GCDl aediates the 
tranalational repression exerted by the 4fE.l mRNA 5’ leader sequences. Either of these 
autations suppresses the requirement of the GcWz and GC@ products, suggesting that 
GcW_2 and GCWS antagonize these negative regulatory elemente in response to amino acid 
starvation. 
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1439 Charac te r i za t ion  of MOD5. A Gene E s s e n t i a l  f o r  Modif icat ion of Both Mitochondria1 
and Cytoplasmic tRNA i n  Saccharomyces ce rev i s i ae .  D.R. Najarian,  M. Dihanich, A. 
Hopper and N.C. Martin. Universi ty  of Texas Heal th  Science Center a t  Dal las ,  Dallas, 
TX 75235, Dept. of Penn. S t a t e  Univ.. Hershey, PA 17033. 

Based on t h e  biochemical and immunological non-ident i ty  of p r o t e i n s  wi th  analogous 
func t ions  i n  d i f f e r e n t  c e l l u l a r  compartments, i t  has been hypothesized t h a t  such p r o t e i n s  
must be encoded by sepa ra t e  nuc lea r  genes. However. t h e  mod)-lmutation of 2. c e r e v i s i a e  is 
a s i n g l e  nuc lea r  mutat ion which s imultaneously abo l i shes  the  isopentenyl  modif icat ion of 
both cytoplasmic and mitochondria1 t r a n s f e r  RNA. A 7.0 kb y e a s t  genomic fragment w a s  cloned 
by complementation of t h e  md5-1 loss of suppression phenotype, and shown g e n e t i c a l l y  t o  be 
an a l l e l e  of MOD5. Mutant c e l l s  transformed wi th  YEpMOD5 (1.6), a multicopy plasmid 
ca r ry ing  a 1.6 kb fragment subcloned from t h e  o r i g i n a l  i s o l a t e ,  a r e  r e s to red  wi th  r e spec t  t o  
i sopen teny la t ion  of both mitochondrial  and cytoplasmic tRNA. I n  v i t r o  measurements of t h e  
t r a n s f e r  of t h e  isopentenyl  group of A* isopentenyl  pyrophosphate t o  tRNA d e t e c t  e levated 
a c t i v i t y  wi th  r e spec t  t o  wild-type i n  e x t r a c t s  of YEpMOD5 (1.6) transformants.  bu t  no 
a c t i v i t y  in mutant c e l l  e x t r a c t s .  Incomplete DNA sequence information r evea l s  a l a r g e  open 
reading frame. Analysis of t h e  DNA sequence and RNA and p r o t e i n  products  of MOD5 a r e  
underway and should answer t h e  ques t ion  of whether d i f f e r e n t  forms of t h e  t r a n s f e r a s e  a r e  
encoded by t h e  same g e n e t i c  information o r  whether i d e n t i c a l  p r o t e i n s  a r e  found in both 
compartments. (Supported by NSF Grant PQ4830221). 

140 ANALYSIS OF THE RAD3 GENE OF SACCHAROMYCES CEREVISIAE, Louie Naumovski 
and Errol C. Friedberg, Dept. of Pathology, Stanford Medical School, Stanford CA 94305 
The RAD3 gene of S. cerevisiae is required for the excision repair of DNA damaged by UV- 

light and certain chemicals. Previously existing mutations in the RAD3 gene had rendered cells 
sensitjve to  DNA damage but did not. affect viability. disru tion 
experments  wlth the cloned gene that  it IS also necessary for cell v1ablhty under normaYcondl8ons. 
W e  have sequenced the gene and found an open reading frame of 778 aa that  could encode a protein 
of 9OkDa. W e  have also isolated several UV sensitive viable chromosomal alleles by gap repair of 
centromeric plasmids and have sequenced these t o  map the mutations. Additionally, we have 
constructed several mutant alleles by in vitro mutagenesis. 

Since RAD3 temperature s e n i t x m u t a n t s  a re  not available, we have devised an approach 
to examine t h e n a t u r e  of the essential function based on regulatable expression of a plasmid borne - RAD3 gene in cells with a chromosomal gene disruption (rad30). The RAD3 gene was placed under 
control of the  GALl promoter. UV sensitive rad3 cells transformed with this plasmid a re  still UV 
sensitive whengrown on dextrose but a r e  U V X s t a n t  when grown on galactose, an inducer of the 
GALl gene. The plasmid was introduced into cells carrying a disruption of the chromosomal gene by 
first transforming a diploid (rad3/rad3O) and then dissecting te t rads  on galactosesontaining medium. 
These cells grow well on g a m u t  when transferred to dextrose, growth slows af ter  24hr and 
eventually ceases. During this period the cellular and the budding morphology is altered. Further 
studies using this strain construction may be helpful in elucidating the nature of the essential 
function of E. 

H o w e v e r x  have shown b 

1441 The Nucleotide Sequence of the RAD2 Gene from S. cerevisiae, Charles M. Nicolet, Janet  
Chenevert, and Errol C. F r i e d b e r n p t .  of Pathology, Stanford University, Stanford, CA 
94305 
RADZ is one of several genes required in Saccharom ces cerevisiae for excision repair of 

DNA d a m r s  ecifically RADZ is involved in the e a d c - t h e  site of dama e. In 
an effor t  81 $&erstand thFmafecular mechanism of &AD$ action, the gene was cloned in tie lab 
with the goal of producing enough protein for b i o c h e m i a n a l y s i s .  W e  a re  currently investigating 
structural features of the gen& Here we report the sequencing of a 3.9 kilobase region i f  the  
chromosome carrying the RADZ gene. W e  located an open reading frame of 2928 nucleotides, 
potentially coding for a m a m i n o  acid protein with a calculated molecular weight of 111.1 
kilodaltons. The nucleotide and amino acid sequences were compared with those of RADl and RAD3. 
Consensus nucleotide sequences among the RAD genes were located in the 5' a noncoding 
regions, though no striking amino acid h o m o l o g r w e r e  detected. 
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1442 THE EFFECT OF micRNA ON GENE EXPRESSION I N  YEAST, Ophry Pines  and Masayori Inouye, 
Department of Biochemistry,  SUNY a t  Stony Brook, Stony Brook, NY 11794 

Recently,  a number of pub l i ca t ions  have e s t ab l i shed  t h e  a b i l i t y  of a n t i s e n s e  t r a n s c r i p t s  
(termed micRNA) t o  r e g u l a t e  gene express ion  in  p roka ryo t i c  c e l l s .  The y e a s t  Saccharomyces 
c e r e v i s i a e  w a s  chosen t o  test t h e  ex i s t ence  and mechanism of t h i s  new type  r egu la t ion  i n  
euca ryo t i c  cel ls  due t o  advanced techniques  in molecular b io logy  and gene t i c s  of t h i s  
system. Fragments from two genes coding f o r  a c t i n  and t h e  iso-1-cytochrome C of yeas t  
were subcloned i n t o  plasmid s h u t t l e  v e c t o r s  capable  of r e p l i c a t i n g  both  in E. and 
yeas t .  The cloned fragments from these  genes were i n s e r t e d  downstream t o  induc ib le  
yeas t  promoter i n  r eve r se  o r i e n t a t i o n  t o  t h e  n a t u r a l  genes. when yeas t  transformant c e l l s  
ca r ry ing  t h e  above plasmids were appropr i a t e ly  induced, a n t i s e n s e  t r a n s c r i p t s  of yeas t  
a c t i n  and cytochrome C w e r e  produced. Curren t ly  experiments are i n  progress  t o  determine 
t h e  e f f e c t  of such  plasmid cons t ruc t ions  on t r a n s c r i p t i o n ,  t r a n s l a t i o n ,  and phenotypic 
express ion  of a c t i n  and cytochrome C. RNA from yeas t  cel ls  has  been i s o l a t e d  and t e s t e d  
wi th  va r ious  probes t o  determine t h e  r e l a t i v e  amounts of a n t i s e n s e  t r a n s c r i p t s  from t h e  
plasmids,  n a t u r a l  t r a n s c r i p t s  from t h e  a f f e c t e d  chromosomal genes,  and t r a n s c r i p t s  from 
unre l a t ed  genes. Fusions between t h e  coding sequences of yeas t  genes and t h e  E. c o l i  lacZ 
gene are being used t o  de te rmine  t h e  r e l a t i v e  amount of t r a n s l a t i o n  of such E n e x n t h e  
presence  o r  absence of a n t i s e n s e  mRNA. Experiments t o  determine t h e  e f f e c t  of t h e  micRNA 
genes on t h e  y e a s t  growth and ce l l  cyc le  are in progress .  

1443 REGULATION OF YEAST GE ES INDUCED BY DNA DAMAGING AGENTS, Stephanie W.  Ruby1’* 
and Jack  W. Szostak’, ‘Dept. of B io log ica l  Chemistry, Harvard Medical School and 

Dept. of Molecular Biology, Mass. General Hospi ta l ,  Boston, MA 02114. 
The yeas t  Saccharomyces c e r e v i s i a e  has a set of genes t h a t  a r e  induced i n  response t o  DNA 
damaging agents .  We have previous ly  i d e n t i f i e d  and cloned s i x  DNA damage induc ib le  (din) 
genes as fus ions  t o  t h e  E. c o l i  l ac2  gene. 
t he  promotor of  t he  yeas t  gene. 
by i d e n t i f y i n g  unlinked r egu la to ry  genes. W e  have cloned one gene t h a t  a f f e c t s  t he  
express ion  of one && gene but no t  of another  one. This  t r ans -ac t ing  gene (& f o r  
- damage E p r e s s i o n )  raises both t h e  basa l  and damage induced l e v e l s  of t he  E l  
t r a n s c r i p t .  
he presented .  

The express ion  of each fus ion  is  con t ro l l ed  by 
Curren t ly  we are s tudying  t h e  r egu la t ion  of t he  din genes 

Experiments f u r t h e r  de f in ing  t h e  r o l e  of DEX i n  t he  r egu la t ion  of E l  w i l l  

1444 HOMOTHALLIC SWITCHING AN0 GENE CONVERSION I N  YEAST, J e f f r e y  S t r a t h e r n l ,  
Margaret  Kel l y 2 ,  Brenda S h a f e r l ,  and Carolyn M c G i l l l .  1NCI-Freder ick Cancer 

Cancer Research F a c i l i t y ,  Labora tory  o f  Eukaryo t ic  Gene Expression, P.O. Box 8, 
F r e d e r i c k ,  MD 21701; ZCold S p r i n g  Harbor Labora tory ,  NY 11724. 

An unexpressed copy o f  MATa i s  s t o r e d  a t  t h e  HMLa locus  on t h e  l e f t  arm o f  chromosome 
111, and an unexpressed c o p y  o f  MATa i s  s t o r e d T n  t h e  r i g h t  arm o f  chromosome I11 a t  
d HMRa. HML and HMR are  k e p t  s i l e n t  by t r a n s - a c t i n g  f u n c t i o n s  encoded by t h e  M A R / S I R  
genes. Some y e a s t  s t r a i n s  ( h o m o t h a l l i c )  can change f rom t h e  a c e l l  t y p e  t o  t h e I ? . C n  
t y p e  and from t o  a. These swi tches  r e f l e c t  changes from K a  t o  MATa and MATa t o  
- MATa. They occur by s u b s t i t u t i n g  cop ies  o f  HMRa o r  HMLa i n t o  MAT. These s p e c i f i c  
genome rearrangements occur a t  h i g h  e f f i c i e n c y  (over 80%)n p a r t i c u l a r  c e l l s  w i t h i n  a 
c l o n a l  pedigree. Homotha l l i c  s w i t c h i n g  has severa l  f e a t u r e s  i n  common w i t h  gene conver-  
s ion .  

Research sponsored by t h e  N a t i o n a l  Cancer I n s t i t u t e ,  OHHS, under Cont rac t  No. N01-CO-23909 
w i t h  L i t t o n  B i o n e t i c s .  I n c .  

We w i l l  p resent  exper iments t e s t i n g  t h e  r e l a t i o n s h i p  o f  these processes. 
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lM5 ANALYSIS O F  PLASMID RECOMBINATION C A T A L Y Z E D  B Y  C E L L - F R E E  E X T R A C T S  O F  
S A C C H A R O M Y C E S C E R E V I S I A E .  L o r r a i n e S y m i n g t o n a n d  RichardKolodner.0ana-Farber Cancer 
I n s t i t u t e ,  B o s t o n ,  MA 0 2 1 1 5  
We h a v e  r e c e n t l y d e s c r i b e d  a n  i n  v i t r o  a s s a y  s y s t e m  t o  i n v e s t i g a t e  t h e m o l e c u l a r  
m e c h a n i s m s o f g e n e t i c  r e c o m b i n a t i o n  i n  y e a s t .  T h i s  a s s a y  u t i l i z e s  yeast cell-free 
e x t r a c t s t o c a t a l y z e  r e c o m b i n a t i o n  e v e n t s  b e t w e e n  h o m o l o g o u s  p l a s m i d s  c o n t a i n i n g  
d i f f e r e n t m u t a n t a l l e l e s o f  t h e T c o r A R G 4 g e n e s .  R e c o m b i n a t i o n  e v e n t s  were  d e t e c t e d  
by t r a n s f o r m i n g  p r o d u c t  D N A  i n t o a n  E .  c o l i  recA ( a r  H )  s t r a i n  t o  s $ l e c t  f o r  
T c r / A R G 4  r e c o m b i n a n t s .  T h e  r e a c t i o n  i n l r e a g  t h A 3 r e q u e n c y  o f  Tc o r  A R G  
t r a n s f o r m a n t s  ( r e c o m b i n a n t s )  f rom 2 X 1 0 -  t o  1 - 3  X  1 0 -  . The s t r u c t u r e s  o f  T c r  
p l a s m i d s  were d e t e r m i n e d  by r e s t r i c t i o n  mapp ing  a n d  w e r e  c o n s i s t e n t  w i t h  a 
r e c o m b i n a t i o n r e a c t i o n  i n v o l v i n g g e n e c o n v e r s i o n a n d c r o s s i n g  o v e r .  E l e c t r o p h o r e t i c  
a n a l y s i s o f p r o d u c t  D N A  h a s  i n d i c a t e d t h a t a n u m b e r o f n o v e l  D N A  s p e c i e s  a r e  f o r m e d  
d u r i n g  t h e r e a c t i o n ,  t h e s e  h a v e  b e e n a n a l y z e d  by e l e c t r o n  m i c r o s c o p y .  R e c o m b i n a t i o n  
be tween  c i r c u l a r  s u b s t r a t e s  a p p e a r e d  t o  i n v o l v e  t h e  f o r m a t i o n  and  p r o c e s s i n g  o f  
f i g u r e - 8 m o l e c u l e s .  To a n a l y z e  r e s o l u t i o n  o f  f i g u r e - 8 m o l e c u l e s ,  we h a v e  c o n s t r u c t e d  
p l a s m i d s c o n t a i n i n g a r t i f i c i a l  H o l l i d a y J u n c t i o n s .  T h e s e s u b s t r a t e s h a v e  been  u s e d  t o  
p u r i f y  and  c h a r a c t e r i z e  a n  a c t i v i t y  f r o m  c r u d e  e x t r a c t s  t h a t  c l e a v e  H o l l i d a y  
j u n c t i o n s .  

1446 Molecular Cloning and Genetic Mapping of the Yeast U Gene 
William A. Weiss and Errol C. Friedberg 
Department of Pathology, Stanford Medical School, Stanford, CA 94305 

The RAD1, RADP, RAD3, RAD4, and U genes are required for excision repair of DNA 
damage in  yeast. W e  have isolated two plasmids which exclusively complement the U V  sensitivity of 
radlO-1 and u - 2  mutants. One of these plasmids (pNF101) contains the qene since a 
plasmid carrying this gene integrates uniquely a t  the R.4D10 chromosomal locus. The other plasmid 
(pNF100) contains a tRNA gene which apparently suppresses the *-I a w l  a - 2  mutations. The 
two plasmids bear no detectable homology t o  each other. The insert in pNFlOl was subcloned to !.I 
kb, and this fragment was shown to  encode a protein of approximately 33,000 daltons when expressed 
i n  5 coli maxicells. We have deleted this 1.1 kb fragment from the genome of a wild type strain. and 
have thus demonstrated that Rt\DIO is a non-essential gene. The deletion mutants obtained were 
significantly more UV sensitive than the corresponding &-I or w - 2  alleles. Plasmid pNFlO! 
was also used to  probe a blot of veast chromosomes resolved by two-dimensional pulsed field gradie?: 
gel electrophoresis. This experiment demonstrates the gene to  be on chromosome XIIL 

1447 MEIOTIC GENE CONVERSION OF THE TANDEMLY ITERATED C U P l  GENE 
J . W .  Welch, D.H.  Maloney, and S.  Fogel.  Univ. of C a l i f .  Berkeley, Ca. 

In copper r e s i s t a n t  y e a s t  s t r a i n s  the  CUPl locus  i s  a tandemly organized  
s t r u c t u r e  composed of  up t o  14 segments each 2.0kb i n  l eng th .  The locus  con ta ins  
no EcoRl sites. Thus, d i g e s t i o n  wi th  EcoRl c l eaves  only  e x t e r n a l  s i tes  and 
genera tes  DNA fragments hybr id i zab le  t o  32P l a b e l l e d  probes s p e c i f i c  f o r  the  
r epea t  u n i t .  Copy number changes i n  the  reg ion  are assessed  by the  f ragment ' s  
phys i ca l  l eng th .  

Copy number changes i n  unse lec ted  t e t r a d s  from a c r o s s  of 9x9 r epea t  u n i t s  
were analyzed by Southern hybr id i za t ion .  Of 202 complete t e t r a d s  1 7 %  show copy 
number changes.  Changes were found i n  s i n g l e  spo res  o r  in two spores  of i nd iv idua l  
t e t r a d s .  These c l a s s e s  occur  wi th  equal  frequency. Only one r e c i p r o c a l  exchange 
was found. To account f o r  copy number changes,  we propose a molecular model 
based on misaligned p a i r i n g  of  homologous segments followed by gene conversion 
wi th  and wi thout  a s soc ia t ed  exchange. 
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1448 A GENT? DOSAGE SELECTION SYSTEM FOR DETECTING MITOTIC AND MEIOTIC ANEUPLOIDY I N  
YEAST. 

Fogel*. *Department of Genet ics ,  Un ive r s i ty  of Ca l i fo rn ia ,  Berkeley, CA 94720, U.S .A .  
+V.T.F.H.S., P.O.  Box 12233, Research Tr i ang le  Park,  North Caro l ina ,  27709.  

The t e s t  a s says  gene dosage a t  two l o c i  on chromosome V I I I  us ing  a leaky  ts  a l l e l e  of AKG4 
and copper r e s i s t a n c e  confer red  by cupl. Extra  chromosomes provide  simultaneous i n c r e a s e r  
dosage f o r  both genes and g ives  r ise  t o  copper r e s i s t a n t ,  a r g i n i n e  pro to t rophic  outgrowths 
(pap i l l ae )  on s e l e c t i v e  medium. Spontaneous and chemically-induced m i t o t i c  and meio t ic  aneu- 
p lo idy  may be assayed i n  t h e  same c u l t u r e  of t h e  t e s t e r  s t r a i n .  

a t  a r a t e  of approximately 10-8 e v e n t s / c e l l / q  i v i s i o n  
disome (n+l) production i s  approximately 10-  t o  events lmeios is .  

p lo idy .  S imi l a r ly ,  paraf luorophenyla lan ine  (PFA) induces a s i g n i f i c a n t  i nc rease  over t h e  
spontaneous meio t ic  r a t e .  

The system rep resen t s :  
and meios is  and b) 
t i o n  by i n d u s t r i a l  and environmental  chemica ls .  

Stephen G .  Whittaker*,  Beth M .  Rockmill*, Michael A.  Resnick+, and Seymour 

During m i t o t i c  c e l l  d i v i s i o  i n  d i p l o i d s ,  t r i somic  (2n+l) p a p i l l a e  arise spontaneously 
In meios is ,  t he  spontaneous r a t e  of 

Methylbenzimidazole-2-yl carbamate (MBC) e l i c i t s  h igh  l e v e l s  of m i t o t i c  and me io t i c  aneu- 

a )  a novel model f o r  examining chromosome behaviour dur ing  m i t o s i s  
an  extremely s e n s i t i v e  and simple method f o r  examining aneuploidy induc- 

Funded by N.I.E.H.S. con t r ac t  number N01-ES-15004. 

ISOLATION OF GENES AFFECl'IHG tWA G w l E  EXPRESSION Us S, CEREVISIAE AND S. wI(BE. 
I an  Willis, Vanessa Chisholm and Dieter S & l l ,  Yale Univers i ty ,  New Haven, CT 
0651 1 .  

The t R N A  base i n s e r t i o n  mutant Ai47:8 der ived  from the  S. pombe supg-e opal suppressor  
is  suppressor - inac t ive  i n  s i n g l e  copy. However, on t h e  multi-copy plasmid vec to r  YRpl7, 
t h i s  mutant t R N A  gene, a f t e r  t ransformat ion  i n t o  S, c e r e v i s i a e  s t r a i n  YH-D5 his4-260(UGA), 
B ( U G A ) ,  W ( U A G )  permi ts  weak p ro to t roph ic  growth. Northern a n a l y s i s  of RNA 
from these  t ransformants  r e v e a l s  t h a t  t he  b iosynthes is  of  t he  mutant t R N A  is almost 
but not completely blocked a t  the  f i r s t  s t e p  i n  s p l i c i n g  - endonucleo ly t ic  cleavage 
( 1 ) .  Using the  YRp17/Ai47:8 c lone  a s  a vec to r  we have i n s e r t e d  randomly genera ted  fragments 
of e i t h e r  S, c e r e v i s i a e  or S. pombe chromosomal DNA and have se l ec t ed  t ransformants  
i n  S, c e r e v i s i a e  which e x h i b i t  enhanced rates of pro to t roph ic  growth. Data w i l l  be 
presented  concerning the  a n a l y s i s  of  t he  plasmid D N A s  recovered from these  cells .  One 
approach which has been employed relies on the  i n a b i l i t y  of the  S, c e r e v i s i a e  s p l i c i n g  
endonuclease t o  exc i se  the  i n t r o n  from the  S. pombe sup8. l euc ine  t R N A  precursor  (2). 
Thus, an S. pombe DNA i n s e r t  has  been i d e n t i f i e d  which presumably con ta ins  the  gene 
for t h e  s p l i c i n g  endo- nuc lease .  
( 1 )  Willis, I., Hot t inge r ,  H . ,  Pearson, D . ,  Chisholm, V . ,  Leupold, U . ,  and SOU, 

(2) i t h  Moi. M 64n.H$t$iey.eri+, Hpk.&illis, I . ,  Koch, T . ,  Arentzen, R . ,  and S611, 

1449 1 

D .  (1984) EMBO J. 3, 1573-1580. 

Sum D. T~~~.$,T er- 

1450 !IFE GENE OF SAOI"HARCE1YCES CEREVISIAE, Elizabeth Yang and Errol C. F r i d k r g ,  
Stanford University, Stanford, CA 94305 

The excision repair gene, RAD1, of Sacchar 
sequenced. The ccding r e g s o f  the 
which  m l d  translate into a protein w i t h  a theoretical mlecular weight of IlOkDa. 
me RADl transcript has been identified, and 
R A D l a  to  other knm mRNAs show that in wildtype cells the expression of the 
gene is very low. The 5 '  and 3 '  ends of the 
protection expzr-ts reveal one major transcript s t a r t  in  wild- cells. 
have been raised to two synthetic pptides, each rqresentjng a different region of 
the RPDl &o acid sequence that is hydrophilic and has a high probability of containing 
a B turn. When used in Western blot analysis of total yeast lysates, both antisera 
identify a peptide specific band that migrates a t  50kBa, rather than the predicted 
size of IlOkDa. 

ces cerevisiae, has been clone3 and 
is 2916 bp or 972 amino acids i n  size,  

hybridizatims ccmparing the level of 

mRNA have been mapped, and RNA 
Antibodies 
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The Nucleus and DNA Replication 
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Princeton,  NJ 08544, and 'Department of Pharmacology, Eea l th  Sciences Center,  S t a t e  Universi ty  
of New York, Stony Brook, NY 11794. 

CONTROL OF 2 MI$RO~ CIRCLE PLASMID PROPAGATION, James R. Broach', Ling-Chuan C. Wu 
and Paul  F i she r  Department of Molecular Biology, Pr inceton Universi ty .  

A s  an autonomously propagating gene t i c  element,  t h e  multicopy yeas t  plasmid 2 micron 
c i r c l e  can he viewed a s  a chromosomal repl icon on which a r e  superimposed plasmid encoded 
s t a b i l i t y  func t ions .  Under s teady s t a t e  growth cond i t ions  t h e  plasmid behaves e s s e n t i a l l y  a s  
a chromosomal repl icon:  each plasmid r e p l i c a t e s  once and only once during each c e l l  cycle ,  
using t h e  same enzymatic machinery used t o  r e p l i c a t e  chromosomal DNA. In s p i t e  of s t r i n g e n t  
c o n t r o l  of i t s  r e p l i c a t i o n .  though, t h e  2 micron c i r c l e  i s  s t a b l e  during m i t o t i c  growth and 
i s  t r ansmi t t ed  e f f i c i e n t l y  t o  a l l  haploid progeny following meiosis .  Current evidence 
suggests  t h a t  t he  r e l a t i v e l y  high s t a b i l i t y  of 2 micron c i r c l e  and of hybrid plasmids der ived 
from it can be a t t r i b u t e d  t o  a plasmid encoded p a r t i t i o n i n g  system and t o  t h e  a b i l i t y  of t he  
plasmid t o  inc rease  copy number when i ts  copy number is  low. 

We have r ecen t ly  def ined t h e  2 micron c i r c l e  encoded components t h a t  a r e  necessary 
f o r  s t a b l e  plasmid propagation. This  s t a b i l i t y  system c o n s i s t s  of two p ro te ins ,  encoded i n  
plasmid genes designated BEpl and m, and two c i s - ac t ing  s i t e s ,  t h e  r e p l i c a t i o n  o r i g i n  of 
t h e  plasmid and a second s i t e  designated REp3. RBp3 c o n s i s t s  of f i v e  and one-half d i r e c t  
tandem repea t s  of a 62 bp sequence and i s  apparent ly  t h e  s i t e  a t  which t h e  REP pro te ins  a c t  
t o  promote s t a b i l i z a t i o n .  

propagation, we 
have examined t h e  p r o p e r t i e s  of t h e  REpl pro te in  and t h e  a s soc ia t ions  of 2 micron c i r c l e  with 
subce l lu l a r  components. We f i n d  t h a t  t h e  w p r o t e i n  copur i f i ea  with t h e  nuclear  p e l l e t  and 
nuc lea r  matr ix  f r a c t i o n s  of yeas t .  I n  add i t ion ,  t h e  2 micron c i r c l e  appears t o  be at tached 
t o  t h e  nuclear  p e l l e t  f r a c t i o n  through s p e c i f i c  s i t e s  on i t s  genome. The p a r t i c u l a r  s i t e  on 
t h e  plasmid genome through which t h i s  attachment occurs  appears  t o  vary a s  a func t ion  of t he  
c e l l  cycle .  So luh i l i za t ion  of REpl p r o t e i n  from a nuclear  p e l l e t  f r a c t i o n  i s  coincident  with 
r e l e a s e  of 2 micron c i r c l e  from the  nuc lea r  p e l l e t .  p r o t e i n  appears  t o  exh ib i t  
DNA binding a c t i v i t y  wi th  s p e c i f i c i t y  f o r  s p e c i f i c  regions of t h e  2 micron c i r c l e  genome. 
These r e s u l t s  suggest t h a t  REPl pro te in  a c t s  aa  a b iva l en t  connector,  promoting a s soc ia t ion  
of 2 micron c i r c l e  with t h e  nuc lea r  matr ix ,  or with some component t h a t  c o p u r i f i e s  with t h e  
matr ix .  These r e s u l t s  w i l l  be discussed i n  terms of t he  probable r o l e  of t h e  REP pro te ins  i n  
plasmid p a r t i t i o n i n g  and copy con t ro l .  

To explore  t h e  mechanism by which t h e  BBp system s t a b i l i z e s  plasmid 

F i n a l l y ,  

1452 DISSECTION OF THE YEAST DNA REPLICATION APPARATUS. J u d i t h  L. Campbell, 
L. M. Johnson, A.Y.S. Jong, F. Sr ienc ,  K. Sweder, D i v i s i o n s  o f  B i o l o g y  and 
Chemistry, C a l i f o r n i a  I n s t i t u t e  o f  Technology, Pasadena, CA 91125; 
M. P. Snyder, Department o f  B iochemis t ry ,  S t a n f o r d  U n i v e r s i t y  School o f  Medicine, 
S tan ford ,  CA 94305. 

A p u r e l y  b iochemica l  approach t o  unders tand ing  t h e  complex DNA r e p l i c a t i o n  apparatus o f  
e u k a r y o t i c  c e l l s  i s  u n l i k e l y  t o  g i v e  much i n s i g h t ,  s i n c e  one can never  be sure  t h a t  t h e  
r e a c t i o n s  c h a r a c t e r i z e d  i n  v i t r o  mimic r e a c t i o n s  o f  p h y s i o l o g i c a l  s i g n i f i c a n c e .  There fore ,  
i t  has been necessary t o  t a k e  a combined g e n e t i c  and b iochemica l  approach t o  t h e  s tudy  o f  
DNA r e p l i c a t i o n .  I n  p r o k a r y o t i c  systems, c o l l e c t i o n s  o f  temperature s e n s i t i v e  DNA r e p l i -  
c a t i o n  mutants have been used, f o r  ins tance,  i n  c o n j u n c t i o n  w i t h  i n  v i t r o  r e p l i c a t i o n  
e x t r a c t s ,  t o  p u r i f y  t h e  p r o t e i n s  encoded by these r e p l i c a t i o n  genes and t o  de termine t h e i r  
a c t i v i t i e s .  As an example o f  u s i n g  a g e n e t i c  d e f e c t  t o  i d e n t i f y  a r e p l i c a t i o n  p r o t e i n ,  we 
have shown t h a t  t h e  p r o d u c t  o f  t h e  CDCB gene encodes t h y m i d y l a t e  k inase. l .2.3 
new techno log ies  a l l o w  a d i f f e r e n t  approach. P r o t e i n s  known t o  be i n v o l v e d  i n  p r o c a r y o t i c  
r e p l i c a t i o n  and t h e r e f o r e  l i k e l y  t o  be i n v o l v e d  i n  y e a s t ,  can be p u r i f i e d  f rom y e a s t  by 
biochemical  assay. The p u r i f i e d  p r o t e i n  can i n  t u r n  be used t o  p r o v i d e  an o l i g o n u c l e o t i d e  
probe o r  an a n t i b o d y  probe f o r  i s o l a t i n g  t h e  gene. 
can be a l t e r e d  by i n  v i t r o  mutagenesis, r e i n s e r t e d  i n t o  t h e  chromosome and t h e  phenotype o f  
t h e  r e s u l t i n g  mutants can a l l o w  e v a l u a t i o n  o f  t h e  r o l e  o f  t h e  p r o t e i n  e i t h e r  i n  r e p l i c a t i o n  
o r  the  r e l a t e d  pathways o f  r e p a i r  and recombinat ion.  We have begun t o  use t h i s  approach 
and have c loned the  gene f o r  y e a s t  DNA polymerase I and shown t h a t  i t  i s  i n v o l v e d  i n  y e a s t  
DNA r e p l i c a t i o n .  Secondly, we have p u r i f i e d  severa l  s i n g l e - s t r a n d  DNA b i n d i n g  p r o t e i n s  
and have i s o l a t e d  t h e  gene f o r  one o f  these. 
g e n e i t y  and w i l l  be e x p l o i t e d  i n  t h e  same way. 

sequences invo lved.  
used t o  d e f i n e  t h e  f u n c t i o n a l  s t r u c t u r e  o f  t h e  ARSl element.4 

1. S c l a f a n i ,  R. and Fangman, W. (1984) Proc. N a t l .  Acad. Sci .  81, 5821-5825. 
2. 
3. 
4. Stinchcomb, e t  a l .  (1979) Nature  282, 39-43. 

Recent ly,  

I n  t h e  y e a s t  system, t h e  c loned gene 

Other  p r o t e i n s  have been p u r i f i e d  t o  homo- 

I n  a d d i t i o n  t o  s t u d i e s  on t h e  enzymatic apparatus o f  r e p l i c a t i o n ,  we have s t u d i e d  DNA 
A f l o w  c y t o m e t r i c  assay of p lasmid  s t a b i l i t y  has been developed and 

Jong, A.Y.S., e t  a l .  (1984) J. B i o l .  Chem. 259, 1 1 0 5 2 - 1 1 0 5 8 r  
Jong, A.Y.S.  and Campbell, J.L. (1984) J. B i o l .  Chem. 259, i n  press.  
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1453 GENETIC ANALYSES OF snRNAS AND RNA PROCLSSING IN YEAST, Christine 
Guthrie, Roy Parker, Bruce Patterson, Nora Kiedel, Trey Simmons, 

Harold Swerdlow, and Joseph Tamm, Department of Biochemistry and Biophysics, 
University of California, San Francisco, CA 94143 

We are exploiting the unique genetic capabilities of Saccharomyces 
cerevisiae to determine the functions of small nuclear RNAs (snRDJAs). Yeast is 
especially suited for this investigation because, as we have recently 
demonstrated ([l] and unpubl.), the genes encoding at least 6 of these RNAs 
are present in single copy, in striking contrast to the situation in higher 
organisms. Our initial approach is to clone the genes encoding these RNAs 
(designated SNR3, SNR4, etc.), disrupt them by insertion of a yeast selectable 
marker, and then replace the resident chromosomal gene with its disrupted 
counterpart and observe the resulting phenotype. 

Surprisingly, SNR3 appears to be dispensable [21. To test the hypothesis 
that this is due to a related snRNA which performs the same function, we made 
a partial deletion of the gene encoding snR4, whose 2D electrophoretic 
behavior is similar to that of snR3. While the snr3-, snr4- double mutant is 
also viable, it uncovers a third apparently related species, snR5. Experiments 
to make the deletion, and if necessary construct the triple mutant, are 
in progress. 

Analyses of other snRNAs have provided more dramatic results. Cells 
deleted for exhibit cold- and osmotic-sensitive growth. Preliminary 
results suggest that at least one biochemical defect in this strain involves 
rRNA synthesis and/or processing. Finally, deletions of either SNK7 or SNRB 
produce inviable haploids. In the former case, we have shown t h a t l e t n a m  
can be complemented in trans by a small subclone encodins onlv the snKtdA: this 
experiment-is in progress f o r  &. O u r  highest priority-is now the generatisn 
of conditional alleles. 

In addition, with these cloned genes in hand, we can now use a variety of 
approaches to directly investigate (1) the interaction of snRNAs with other 
cellular components (minimally, the snRNP proteins), as well as (2) their 
involvement in mRNA splicing per se, by taking advantage of cis-acting 
splicing mutations we have generated in a complementary study [3]. 
[l] Wise, J., Tollervey, D., Maloney, D., Swerdlow, H., Dunn, E. and Guthrie, 
C. Cell g:743-751, 1983. [21 Tollervey, D., Wise, J . A . ,  and Guthrie, C. Cell 
- 35:753-762, 1983. [31 Parker, K. and Guthri<-. C. Cell, in press. 

STUDIES ON TIE RXPLICATION OF YEAST CHROMOSOflE 111, Carol S .  Newlon”, 
R. P. Green, K. E. Kim, T. G. Palzkill”, S .  Synn and S .  T. Woody, Department 
of Biology, University of Iowa, Iowa City, IA 52242 

Rare recombination events between the homologous 

1454 

and MAT loci on chromosome I11 
result in a stable, circular derivative of the chromosome containing approximately 200 
kilobases (kb) of DNA ( 1 ) .  We have prepared a library of @I fragments of this 
chromosome in the vector YIPS and have constructed a restriction map of the entire 
ring chromosome. Analysis of each cloned fragment for autonomously replicating 
sequences ( E ’ s )  has revealed the presence of at least eleven E elements on the ring 
chromosome. Each of these E ’ s  is contained within a fragment of 500 base pairs or 
less. The number of e ’ s  and their spacing (3 to 70kb) are broadly consistent with the 
expected distribution of replication origins (2). 

sequences related to the consensus sequence (A/TTTTATGTTTA/T) found in other E ‘ s  (3, 
4). To investigate the relative strength of these E ’ s ,  we have made use of a colony 
color assay in which the copy number of a plasmid containing e, an e, and the weak 
ochre suppressor, sup11, can be determined from the color of the colonies produced by an 
ade2-ochre strain carrying the plasmid (P. Hieter, C. Mann, M .  Snyder and R .  Davis, per. 
comm.). The rates of both 1:0 and 2:O segregations of the plasmid are directly 
reflected by the frequency of pinklred and whitelred half sectored colonies. The 
relative efficiences of the chromosome I11 & vary by at least a factor of thirty. 

systematically deleting S ’ s  from the wild type chromosome I11 (350kb) and two circular 
derivatives, the 200kb ring chromosome (1)  and a 66kb derivative ( 5 )  which contains only 
two strong e ’ s .  Deletion of a single E from the 66kb derivative destabilizes it 
signifiomtly while deletion of the same from the normal chromosome has no 
detectable effect. 
1 .  Strathern, J.N., C.S. Newlon, I. Herskowitz and J.B. Hicks (1979) Cell g:309. 
2. Newlon, C.S. and W.G. Burke (1980) ICN-UCLA Symp. on Molec. and Cell Biol. 19:399. 
3 .  Stincbcomb, D.T., C. Mann, E. Selker, and R.W. Davis (1981) ICN-UCLA Symp. on 

4. Broach, J.R., Y.-Y. Li, J. Feldman, M .  Jayaram, J. Abraham, K. Nasmyth and J.B. 

5. Surosky, R.T. and B.-K. Tye (1985) Genetics, in press. 
*Present address: Dept. of Microbiology, UMDNJ-New Jersey Medical School, 100 Bergen 

St., Newark, NJ 07103 

DNA sequence analysis has revealed that at least three of these E ’ s  contain 

To determine whether m ’ s  are essential for normal chromosome stability, we are 

Molec. and Cell Biol. g:473. 

Hicks (1983) Cold Spring Harbor Symp. Quant. Biol. g:1165. 
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Ubiquitiin, a 76 residue protein, occurs in eukaryotic cells either free or covalently joined 
via its carboxyl terminus to a variety of protein species. Previous work suggested that ubi- 
quitin may function as a siqnal for attack by Droteinases specific f o r  ubiquitin-urptein con- 
jugatesl. 
mofabile in the cell line ts85, a mouse-derived cell cycle mutantz. Using ts85, we show that 
the degradation of the bulk of short-lived proteins in this higher eukaryotic cells is accomp- 
lished through a ubiquitin-dependent pathway3. The S. cerevisiae ubiquitin gene has been iso- 
lated and found to contain six consecutive ubiquitin-coding repeats in a heat-to-tail arrange- 
ment4. This striking sequence organization suggests that yeast ubiquitin is generated by pro- 
cessing of a precursor protein in which tandem repeats of  the ubiquitin amino acid sequence 
are joined directly via the Gly-Met bond between the last and the first residues of mature 
ubiquitin, respectively. We will describe ubiquitin gene disruption experiments,and in ad- 
dition, replacement of the natural, internally repetitive ubiquitin gene with an artificial, 
single-copy derivative. 
protein degradation5 is being tested using ubiquitin-lac2 gene fusions. 

BIOCHEMISTRY AND GENETICS OF UBIOUITIN, Daniel Finley, Engin Ozkaynak, Aaron'Cie- 
chanover and Alexander Varshavsky, M. I. T., Cambridge, MA 02139 

We have found that the first enzyme of  the ubiquitin-conjugation pathway is ther- 

The proposed role of amino-termina; ubiquitination in selective 

1. Hershko, A .  (1983) Cell 34, 11. 
2 .  Finley, D., Ciechanover, A. and Varshavsky, A. (1984) Cell 37, 43. 
3. Ciechanover, A., Finley, D. and Varshavsky, A .  (1984) C e l l z ,  57. 
4 .  Ozkaynak, E., Finley, D. and Varshavsky, A. Nature, in press. 
5. Hershko, gt. PNAS, in press. 
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of Biophysics, Faculty of Science, Kyoto University, Sakyo-ku, Kyoto 606, Japan. 

CONTROL MECHANISidS OF CHROMOSOME MOVEMENTS IN MITOSIS. 
Mitsuhiro Yanagida, Yasushi Hiraoka, Tadashi Uemura and Tatsuya Hirano, Department 

Cold-sensitive mutations in&- and 0-tubulin genes of the fission yeast 2. pornbe blocked 
the spindle formation at restrictive temperature [l-41 and the cells were arrested at later 
stages of mitosis. Condensed individual chromosomes were seen in the arrested cells 14-51, 
indicating that chromosomes could condense and individually segregate in the absence of 
spindle function. In a highly reversible B-tubulin mutant incubated at restrictive tempera- 
ture and then shifted to permissive temperature, spindle was rapidly formed and the chromo- 
somes were completely separated within 20 min after shift [41. 

A contrasting phenomenon was found in the case of type I1 DNA topoisomerase (w) 
mutants that also blocked the nuclear division [61. Neither chromosome condensation nor 
segregation occurred in the mutant cells at restrictive temperature. Transient double-strand 
cutting appeared to be required for the condensation-segregation processes. Spindle was, 
however, formed in s apparently at a normal timing, pulling the small parts of chromosomes 
but failed to separate them. Then spindle disappeared and the septum was formed, cutting 
across the undivided nucleus and producing two separated parts of the cell. The results 
clearly showed that mutations block the chromosomal condensation-segregation but do not 
interfere the spindle formation and cytokinesis. At least parts of the pathways for chromo- 
some condensation-segregation and spindle formation-dynamics appear to be independent. Type 
I1 enzyme appears to play a dual role in the nuclear division and also in the maintenance of 
a proper superhelical density in chromatin that was shown by its ability to compliment defect 
in type I enzyme [61. 

that are not normal in chromosome movements in mitosis. Some mutants showed defective pheno- 
types nearly identical to those of tubulin and mutants, but were derived from different 
genes. Investigation of these gene products and functions are being conducted. 
[11 Toda et al. (1983) 3. Mol. Biol. 168, 251-270. 121 Umesono et al. (1983) J. Mol. Biol. 
- 168, 271-284. [31 Toda et al. Cell 21, 233-242. [41 Riraoka et al. (1984) Cell 2 in press. 
[ 5 1  Umesono et al. (1983) Current Genetics z, 123-128. [61 Uemura et al. (1984) EMBO Journal 
- 3, 1137-1744. 

By a cytological screening method, we have isoldted new temperature-sensitive mutants 
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1457 MUTATIONAL ANALYSIS OF SPINDLE POLE BODY REGULATION, Peter Baum, Loretta Goetsch, 
and Breck Byers, Department of Genetics, University of Washington, Seattle, WA 98195 

The microtubule-organizing organelle of yeast -- the spindle pole body (SPB) -- plays 
essential roles in various processes throughout the life cycle. Both karyogamy and spore wall 
formation, for example, are mediated by distinct functional states of the SPB. In the cell 
division cycle, the phenotypes of the cdc mutations reveal that SPB behavior is interdependent 
with other landmark events, reflecting the crucial role of the SPB in spindle formation. 
Despite continued RNA and protein synthesis and cellular enlargement, failure of  nuclear 
division in &mutants is accompanied by tile absence of further S"B duplication. 

We have recently sought new Is. variants which affect SPB behavior and have identified 
the mutation 
cation within individual nuclei. This deregulation of SPB duplicatio with espect to nuclear 
division has been explored by assaying the phenotypes of various eES double mutants. 
We find that @ is epistatic, with regard to extra rounds of SPB duplication, to cdc4, cdc7, 
and w, suggesting that the absence of continued SPB duplication by these &mutants re- 
sults from an inhibitory mechanism mediated by ='. 
mutant is arrested with a single SPB; similarly, temperature-sensitivity for fails to 
permit continued SPB duplication in cells subjected to arrest by mating factor. There- 
fore, a mechanism independent of = must be required for inhibition of SPB duplication at 
"start". Cloning of the genes involved in SPB duplication may permit us to determine their 
mode of regulation. 

(for extra yindle pole bodies) that causes multiple rounds of SPB dupli- 

I n  contrast, the espl cdc28 double 
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U n i v e r s i t y  o f  C a l i f o r n i a ,  Santa Barbara, CA 93106. 

CENTRDMERE STRUCTURE AND FUNCTION, John Carbon, Louise Clarke, Hanspeter hns tu tz ,  
Barbara F i she l ,  Bruce Futcher, and Ray Ng, Department o f  B i o l o g i c a l  Sciences, 

Centromere DNA's (CEN) have been i s o l a t e d  from the  buddinq yeast,  Saccharmrces 
cerev is iae ,  and t h e  f i s s i o n  yeast, Schizosaccharomyces &; -Nuc leo t i de  sequence compari- 
son (1 )  o f  several  S. ce rev i s iae  CEN reg ions  revea ls  the  presence i n  each o f  a h igh  (93-94%) 
A+T reg ion  o f  n e a r l y  un i fo rm l e n g r ( 8 2 - 8 9  bp),  designated sequence element 11. This reg ion  
i s  f l anked  on one s ide  by  a h i g h l y  conserved 11 bp sequence (111), and on the  o ther  s ide-by  
a l e s s  h i g h l y  conserved 14 bp sequence ( I ) .  Hyb r id i za t i on  w i t h  syn the t i c  element I 1 1  probes 
revea ls  the  presence o f  s i m i l a r  DNA sequences i n  the  centromere reg ions  from S. ombe chro- 
mosomes I and 11. 
c a r r i e d  out.  S ing le  base changes e i t h e r  w i t h i n  (2)  o r  c l o s e l y  adjacent t o  the  conserved 
sequence element I 1 1  r e g i o n  can impa i r  CEN func t i on ,  r e s u l t i n g  i n  increased frequency o f  
m i t o t i c  nond is junc t i on  o f  t he  a l t e r e d  chromsomes. 
DNA sequences t o  t h e  r i g h t  o f  element I 1 1  are  requ i red  f o r  proper m i t o t i c  f unc t i on ,  b u t  t he  
a c t i v e  CEN reg ion  i s  p robab ly  no longer  than 150-200 bp. Both reg ions  I 1  and I 1 1  are  
r e q u i r e n o r  normal centromere func t i on ,  a l though centromeres con ta in ing  111 p lus  t runcated  
o r  rearranged po r t i ons  o f  reg ion  I 1  r e t a i n  p a r t i a l  a c t i v i t y  (3 ) .  These s t r u c t u r a l  changes 
o f  t he  h igh  A+T reg ion  I 1  d r a s t i c a l l y  a f f e c t  t he  me io t i c  segregat ion pa t te rns  o f  t he  a l t e r e d  
chromosomes; the  s i s t e r  chromat ids separate p remature ly  i n  me ios is  I and segregate randomly, 
g i v i n g  some second-d iv is ion  segregat ion o f  CEN-linked markers. Thus, an i n t a c t  element I 1  
reg ion  i s  necessary t o  ho ld  t h e  s i s t e r  chromat ids together  du r ing  the  f i r s t  m e i o t i c  
d i v i s i o n .  

i n  low copy number ( 1  o r  2 per c e l l )  i n  t h e  homologous-host c e l l .  
ce rev i s iae  con ta in ing  as many as f i v e  se lec tab le  CEN plasmids per c e l l  i n d i c a t e  t h a t  t he  
e x t r a  centromeres i n t e r f e r e  w i t h  nuc lear  d i v i s i o n ,  cause increased chromosome nondis junc- 
t i o n ,  and lead  t o  c e l l  death, presumably due t o  compet i t ion  f o r  a l i m i t e d  number o f  b ind ing  
s i t e s  on the  m i t o t i c  sp ind le .  Centromere plasmids i n  S. ce rev i s iae  are  m i t o t i c a l l y  s t a b i l -  
i zed  and undergo proper Mendelian segregat ion i n  meiosis.  
r e p l i c a t i n g  i n  S. & c e l l s  a re  n o t  m i t o t i c a l l y  s t a b i l i z e d  and do n o t s u r v i v e t h r o u g h  
meios is .  
aneuploid chromosomes. 

(1 )  For review, see Carbon, J. ,  C e l l  2, 351-353 (1984); ( 2 )  McGrew, J .  and F i t zge ra ld -  
Hayes, M., Abstracts,  X I I t h  I n t .  Conf. Yeast Genet ics and Mol. 
(3 )  Carbon, J. and Clarke, L., J .  Ce l l  Sci. Suppl. 1, i n  press. 

I n  v i t r o  mutagenesis s tud ies  on the  2. ce rev i s iae  r e g T o n k  been 

De le t i on  experiments i n d i c a t e  t h a t  some 

Plasmids con ta in ing  i n t a c t  centromeres from e i t h e r  S. ce rev i s iae  o r  S. pombe are  present 
S t u d i e s x S .  

However, S. pombe CEN plasmids 

Th is  i s  cons is ten t  w i t h  the  known in to le rance  o f  S. pombe c e l l s  t o  the  presence o f  

B io l . ,  p. 47 (1984); 
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The replication and segregation of chromosomes during mitotic cell growth depends upon the 
interaction of the chromosomes with specific proteins. We are developing novel assays for 
identifying genes that encode these proteins, the site(s) of interaction between these 
proteins and the DNA and the function of these interactions in chromosome replication and 
segregation. Plany of  the genes identified by cell division cycle mutations may encode 
proteins that interact with the chromosomes; therefore we have begun the analysis of these 
genes with OUK assays. A premise to our first assay is that many of the interactions 
between chromosomes and proteins will involve the metabolism of the DNA (introduction and 
removal of nicks, gaps, double strand breaks, modifications, etc.) and that the failure to 
complete any of these metabolic steps in its normal time frame may result in damage to the 
chromosomes. We may detect this damage because its repair by a recombination pathway will 
induce mitotic recombination while the absence of its repair may induce chromosome loss. 
Therefore we expect many CDC mutations that limit the function of proteins that metabolize 
DNA to induce chromosome recombination and/or loss .  Furthermore, the map position of the 
mitotic recombinants induced by a particular CDC may indicate the distribution of the damage 
on the chromosome and thus the site(s) of chromosomal metabolism. We find that limiting the 
function of any CDC gene product in the nuclear pathway with the exception of start mutations 
induce chromosome recombination, loss, or both. Limiting CDCl5 and CDC17 function induces 
recombination preferentially near the centromere and telomere respectively, suggesting that 
important metabolism of these two chromosomal domains fails to occur at these blocks. 
Subsequent biochemical analysis of telomere structure in CDC17 shows that telomere metabolism 
is altered in cells limited for CDC17 function. We are also using a second assay that may 
allow us to determine if the protein DNA interaction functions in replication or  segregation. 
This assay can detect the simple loss, nondisjunction, over-replication and rearrangement of 
minichromosones that may result from limiting cdc function. So far our results show that 
the minichromosome frequently over-replicates when limited for CDC6 function suggesting that 
this gene product is necessary for controlling the initiation of new rounds of DNA synthesis. 

MITOTIC CHROMOSOME TRANSMISSION, Douglas Koshland, Michael Carson and Leland 
Hartwell, University of Washington, Seattle, WA 98195 

1 4 0  VXCI!.AXISKS THAT ALTER CHROMOSOfE STRUCTURE, Thomas D. Petes, Mark Goeble, Sue Jinks- 
Robertson and Arthur Lustig. Department of Molecular Genetics and Cell Biology, 
University of Chicago, Chicago, Illinois 60637 

Although the eukaryotic chromosome is usually regarded as a stable structure, in the yeast 
Saccharomyces cerevisiae, a number of cellular mechanisms exist that can alter DNA sequences 
within the chromosome. 
recombination between repeated genes on nonhomologous chromosomes. 
evidence that recombination between yeast genes repeated on nonhomologous chromosomes occurs 
frequently in meiosis. 
altering the length of a simple sequence of DNA located at the end of the yeast chromosome. 
I will describe attempts to obtain strains of yeast that are mutant for this function. The 
third issue that will be discussed is the fraction of the yeast genome that is required for 
cell viability. We have investigated this problem by determining what fraction of random 
single gene disruptions in diploid yeast strains result in haploid lethality. 

One type of mechanism involved in changing DNA sequences is 
I will discuss the 

4 second mechanism that affects chromosomal sequences acts by 

141 
Massachusetts General Hospital, Boston, MA. 02114 

TELOMERES AND ARTIFICIAL CHROMOSOMES OF YEAST, Jack W. Szostak, Toby Claus, Andrew 
Murray, Barbara Dunn, Dean Dawson and Victoria Lundblad. Dept. of Molecular Biology, 

Inverted repeats composed of telomeric sequences can be processed into two new ends in 
yeast (telomere resolution). These new ends are subsequently modified by the addition of 
yeast-telomere sequences (the addition reaction). We have examined the substrate specificities 
of these two reactions. Inverted repeats composed of clusters of C4A2 repeats (Tetrahymena 
telomeres) or  CA repeats are resolved. As few as 6 C4A2 repeat units are sufficient. The 
reaction is orientation specific, in that the center of the inverted repeat must correspond to 
the 5' end of the CA Strand. We constructed inverted repeats with varying amounts of 
asymmetric DNA inserted at the center of symmetry, to prevent the formation of cruciforms. 
These structures also resolved, although large inserts decrease the efficiency of the 
reaction. It therefore seems likely that the resolution reaction involves a DNA cutting enzyme 
that recognizes CA rich DNA sequences. 

repeat, o r  in vitro by restriction digestion, are processed in vivo by the addition of several 
hundred base pairs of Cl-3A DNA in an apparently non-template directed form of DNA synthesis. 
The reaction is independent of the recombination and repair gene RAD52. The added DNA is  
sometimes separated from the C4A2 cluster by linker sequences used in the plasmid 
construction, suggesting that strand invasion followed by primer extension is  not the 

Ends composed of telomeric sequences generated in vivo by the resolution of an inverted 
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mechanism of t e lomere  e l o n g a t i o n .  A p o s s i b l e  mechanism f o r  t h i s  r e a c t i o n ,  and a model of its 
r o l e  i n  te lomere  r e p l i c a t i o n  w i l l  be presented .  

A r t i f i c i a l  chromosomes can be c o n s t r u c t e d  by combining cloned cent romeres ,  r e p l i c a t o r s ,  
t e l o m e r e s  and genes.  S e v e r a l  exper iments  s u g g e s t  t h a t  t h e  s i z e  of t h e s e  molecules  is t h e  
c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  t h e i r  m i t o t i c  s t a b i l i t y .  I n c r e a s i n g  t h e  s i z e  of an  a r t i f i c i a l  
chromosome up t o  >lo0 kb r e s u l t s  i n  i n c r e a s e d  s t a b i l i t y .  A 130 kb fragment of a n a t u r a l  
chromosome h a s  a similar s t a b i l i t y ,  about  100 f o l d  less t h a n  t h e  s t a b i l i t y  of t h e  i n t a c t  
chromosome. Decreasing d i s t a n c e  between t h e  centromere and t h e  c l o s e s t  t e lomere  l e a d s  t o  o n l y  
a small d e c r e a s e  i n  chromosomal s t a b i l i t y .  We conclude t h a t  t h e  l e n g t h  of t h e  DNA molecule is 
t h e  main d e t e r m i n a n t  of s t a b i l i t y  r a t h e r  t h a n  t h e  p r e c i s e  arrangement of f u n c t i o n a l  e lements .  

Nucleus, Chromosomes and DNA Replication 

CHARACTEBIZATLON OF PLASKID pGCR1. Henry V.  Baker I1 and Dan G. Fraenkel,  
Harvard Medical School,  Boston, MA 02115 1462 

The l e v e l s  of most g l y c o l y t i c  enzymes a r e  approximately 5% of wi ld  type i n  gcr s t r a i n s  
grown on  gluconeogenic carbon sources .  Furthermore un l ike  wi ld  type s t r a i n s ,  t he re  i s  
an apparent  i n d u c i b i l i t y  of  t he  a f f e c t e d  enzymes when gcr s t r a i n s  a r e  grown on media wi th  
sugars .  Under these  condi t ions  the  a f f e c t e d  enzyme l e v e l s  are approximately 20 t o  50% of 
wild type.  Kawasaki and Fraenkel  repor ted  the  i s o l a t i o n  of plasmid pGCRl which encodes 
- GCR complementing a c t i v i t y .  
complementing a c t i v i t y  was c a r r i e d  on  a 7.4 Kb fragment i n s e r t e d  a t  t he  B a d 1  s i t e  of 
plasmid pCV13. 
menting a c t i v i t y  t o  a 3.5 Kb fragment,  and suggested t h a t  a n  NcoI s i t e  wi th in  t h i s  f rag-  
ment was i n  t he  p u t a t i v e  GCR gene. This  sugges t ion  was confirmed when a 3 Kb DNA fragment 
encoding 
rep laced  wi th  gcr::LEUZ the  r e s u l t a n t  s t r a i n  showed the  repor ted  gcr phenotype. 
r e s u l t  sugges ts  t h a t  plasmid pGCRl does i n  f a c t  encode g?&. 
determine the  DNA sequence of g. 

R e s t r i c t i o n  endonuclease a n a l y s i s  revea led  t h a t  t he  g?& 

Sub-cloning experiments narrowed down the  r eg ion  encoding the  g?& comple- 

w a s  i n s e r t e d  i n t o  t h e  NcoI s i te .  Furthermore,  when chromosomal= w a s  
This  

Work i s  now underway t o  

1463 CHARACTERIZATION OF cI5 A N D  TRANS ELEMENTS ASSOCIATED W I T H  YEAST M T - D N A  
REPLICATION, Hugues Elanc,  CGM du CNRS, G i f  sup  Yvet te  91190, France. 

I n  c e r e v i s i a e ,  a s p e c i f i c  c l a s s  of c y t o p l a s m i c  mutants,  t h e  hypersuppress ive  rho- (HS 
- rho- )  w h i c h  r e p l i c a t e d  p r e f e r e n t i a l l y  t h e i r  m t - D N A  when i n  c o m p e t i t i o n ,  e n a b l e d  u s  t o  
i s o l a t e  t h r e e  s p e c i f i c  m t - D N A  sequences of  t h e  rho+ genome(wi1d type). The a m p l i f i e d  m t  
genomes of t h e  d i f f e r e n t  H5 rho- c a r r y i n g  one of t h e  t h r e e  sequences,  & &or 
300bp l o n g  and  85% homologous ,  c o n t a i n  t h e  i n f o r m a t i o n  r e c o g n i z a b l e  by t h e  e n z y m a t i c  
machinery t o  i n i t i a t e  DNA r e p l i c a t i o n .  The t h r e e  f u n c t i o n a l  s e q u e n c e s  show s e v e r a l  
s t r i k i n g  conserved  f e a t u r e s :  (1) a nonanucleo t ide  i d e n t i c a l  t o  t h e  mt-DNA gene-promotor- 
l i k e  sequence, ( 2 )  immedia te ly  downstream a s t r e t c h  of non a l t e r n a t e d  G ( o r  C on t h e  o t h e r  
s t r a n d ) ,  (3)  a n d  a t  t h e  o t h e r  e x t r e m i t y  o f  t h e  300bp, a p a l i n d r o m i c  s e q u e n c e  o f  40 
nucleo t ides .  The r o l e s  o f  t h e s e  d i f f e r e n t  modules i n  t h e  i n i t i a t i o n  o f  DNA r e p l i c a t i o n  
a r e  under i n v e s t i g a t i o n .  No m t - D N A  encoded gene product seems t o  be a b s o l u t e l y  r e q u i r e d  
f o r  r e p l i c a t i o n ,  s i n c e  every  rho- mutant  can a p p a r e n t l y  r e p l i c a t e  its m t - D N A  a c c u r a t e l y  
even though some o f  them have no DNA i n  common. Therefore  a l l  p r o t e i n s  c r i t i c a l  f o r  t h i s  
p r o c e s s  a r e  probably n u c l e a r l y  encoded. The s y n t h e s i s  of m t - D N A  is r e g u l a t e d  independent ly  
of t h e  o t h e r  y e a s t  DNA r e p l i c o n s ;  consequent ly  s p e c i f i c  genes should  be i m p l i c a t e d  i n  t h i s  
phenomenon. So we s e t  up  a p r o c e d u r e  t o  s e l ec t  tS n u c l e a r  m u t a n t s  w h i c h  a t  e l e v a t e d  
t e m p e r a t u r e  a r e  d e f e c t i v e  i n  m t - D N A  propagation. Mutants of  t h i s  t y p e  have been o b t a i n e d  
and t h e i r  a n a l y s i s  a r e  i n  progress .  
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1464 
Laboratories, Inc., Elkhart, IN 46515 

to yeast cells by enzymatic removal of its fatty acyl moiety. The remaining cyclic 
peptide portion, polymyxin B nonapeptide, while not inhibitory to yeast, enhances 
sensitivity of cells to various drugs, presumably by increasing membrane permea- 
bility. Mutants resistant to polymyxin B simultaneously show decreased responsive- 
ness to treatment with the nonapeptide. This indicates that the peptide portion of 
polymyxin B is the moiety responsible for the permeability changes. The resis- 
tance is inherited as a simple recessive trait. 

there is a need for drug resistance markers in yeast to allow simple and rapid 
selection on complex media. 
tion without damage to the cells may result in the increased efficiency of secretion 
of various molecules, and thus facilitate the recovery of desired products of 
cloned genes. 

EFFECTS OF POLYMYXIN B AND POLYMYXIN B NONAF’EPTIDE ON YEAST. 
Boguslawski, Biosynthesis Research Laboratory, Biotechnology Group, Miles 

George 

Polpyxin B, a toxic, membrane-affecting antibiotic, can be rendered harmless 

Polymyxin B and PBN may become useful in yeast research for two reasons. First, 

Second, the PBN-induced perturbation of membrane func- 

1465 THE UHE OF YEAST 

and C.A.Cullis . 1)John Innes Institute, Colney Lane, Norwich NR47UH,U.K. 2)Agrigenetics 
Corperation, Madison, Wisconsin 53716,USA. 

The functional determinants of yeast chromosomal architecture can be defined as ars, CEN and 
telomeric sequences. We have selected fragments of DNA from the higher plant Luzula pilosa 
which mimic the phenotype of these sequences in yeast. This has proved to be an effective 
way of isolating fragments which can be used to probe the genomic organisation of this 
species. For example, a 3.6kb EcoRI fragment which contains two yeast ars sequences is der- 
ived from L.pilosa chloroplast DNA. As it hybridises strongly to at least one other L.pilosa 
fragment and to two non-contiguous regions of the chloroplast genome in both barley and 
maize which do not cross hybridise with each other, we think that it may contain a duplic- 
ated sequence, each copy of which flanks a segment of chloroplast DNA which is re- 
arranged with respect to the genomes present in other monocots. CEN sequences confer mitotic 
stability on containing plasmids and reduce their copy number0 one per cell. The yeast 
actin gene is apparently lethal at high copy number, so we have used a pJDB219::yeast actin 
vector (pBA6) to select sequences from both yeast and L.pilosa DNA which reduce asmid copy 
number. The vector alone does not transform yeast at a measurable frequency(<lO-”). but tra- 
nsforms at a high frequency when ligated to a fragment containing E. We also have trans- 
formants containing L.pilosa DNA ligated to BclIcut pSZ216 (a linear vector bordered by two 
Tetrahymena telomeresl . The cut vector lacks 1 telomere so does not transform yeast. 

SELECT PROBESIFOR THE ANALYSIS OF A HSGHER PLANT GEYOME. B.A. 
Bowen J. H .Cramer , G. P. Creissen , S .R. Turner , H. Paaren , R .Brookland ,G. E .Marks1 

1466 ‘,N ELECTROPHORETIC KARYOTIPE OF YEAST, Georges F. Carle, Maynard V .  Olson, 
Department of Genetics, Washington University, St. Louis, MO 63110 

A new method of separation for high molecular DNA molecules has been used to establish 
an “electrophoretic karyotype“ of Saccharomyces cerevisiae. The separation and charac- 
terization of individual yeast chromosomes was performed by Orthogonal-Field-Alternation 
Gel Electrophoresis followed by transfer to nitrocellulose membrane and hybridization to 
single-copy yeast DNA probes. In our standard laboratory strain, twelve individual bands 
can be detected by ethidium-bromide staining of the gels: nine of these bands appear to 
arise from a single chromosome, the other three being multiplets. Interstrain chromosome- 
length polymorphism has been used to resolve two of the doublets into singlets. 
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1467 EVOLUTION OF THE YEAST GENE FAMILY BY REARRANGEMENTS OF CHROMOSOME TERMINI ,  
John Celenza,  Frank Eng, Laura Sarokin ,  and Marian Carlson, Columbia Univers i ty ,  
College of Phys ic ians  and Surgeons, New York, NY 10032. 

The yeas t  genome con ta ins  2 d i spersed  family of s t r u c t u r a l  genes f o r  i nve r t age ,  t h e  SUc 
genes (SUCl-SUC5 and SUC7). Most e a s t  s t r a i n s  ca r ry  zero ,  one o r  a few SUC genes and 
ca r ry  n e g a t i ~ l l e l e ~ a l l e d  suc , a t  t he  remaining l o c i .  
gene sequences,  except f o r  4 7 w b i c h  i s  a pseudogene. Analys is  of t he  phys ica l  s t ruc -  
t u r e s  of d i f f e r e n t  sUc l o c i  has  shown tha t ,except  f o r  = , the  sUc genes a r e  loca t ed  near  
telomeres and sugges ts  t h a t  t he  evo lu t ion  of t h i s  gene family occurred by a t  l e a s t  two 
d i f f e r e n t  mechanisms. Sequence comparison i n d i c a t e s  t h a t  t he  homology between and the  
o the r  X C  l o c i  i nc ludes  only  the  s t r u c t u r a l  gene, c lose  f l ank ing  sequences and a 5 '  regula- 
t o ry  reg ion  d i s t a n t  from the  gene. I n  c o n t r a s t ,  t he  z, SUC3, SUC4, SUC5, and suc7 genes 
a r e  embedded wi th in  l a r g e  reg ions  of homology. The homology ex tends  seve ra l  kb upstream 
from the  s t r u c t u r a l  genes and ex tends  downstream i n t o  telomere-adjacent sequences lo- 
ca ted  approximately 5 kb from each SUC gene. Recovery of cloned DNA has  shown t h a t  when a 
given chromosome c a r r i e s  a suc0 a l l =  r a t h e r  than  the  corresponding sf a l l e l e ,  t he  
chromosome has  a d i f f e r e n t  terminus l ack ing  the  gene and f l ank ing  sequences.  The ev i -  
dence sugges t s  t h a t  t he  d i spe r s ion  of t he  G, SUC3, SUC4, B, and suc7 genes t o  d i f f e r -  
en t  chromosomes occurred by rearrangements of chromosome t e rmin i .  

g The s u c 0 a l l e G  conta in  no SUc 

1468 CHARACTERIZATION OF CENTROMERE DNAs FROM SCHIZOSACCHAROMYCES POMBE, Louise C1 arke, 
Barbara R. F i she l ,  Hanspeter Amstutz, and John Carbon, U n i v e r s i t y  o f  C a l i f o r n i a ,  
Santa Barbara, CA 93106 

S. pombe centromere reg ions  have been i s o l a t e d  by  chromosome "wa lk ing"  f rom the  centromere- 
T i n k e d g e n e s  L Y S l  on chromosome I and and RAN1 on chromosome 11. The p u t a t i v e  
centromere DNA-ment f rom e i t h e r  chromosome, when p r e s e n t  on an autonomously rep1 i c a t i n g  
plasmid, l i m i t s  the  h i g h  copy number o f  t he  plasmid t o  approximately one per c e l l ,  Both 
centromere DNA sequences h y b r i d i z e  t o  s y n t h e t i c  DNA probes de r i ved  from the  h i g h l y  con- 
served sequence element 111 reg ion  o f  Saccharom ces ce rev i s iae  centromeres. The a c t i v e  
segment f rom chromsome I 1  i s  no longer  t d h t e g r a t i o n  o f  a plasmid c a r r y i n g  t h i s  
DNA a t  t he  homologous s i t e ,  d u p l i c a t i n g  the  reg ion  i n  one copy o f  chromosome I 1  i n  an h-/h- 
d i p l o i d ,  r e s u l t s  i n  t y p i c a l  d i c e n t r i c  behavior.  The hos t  d i p l o i d  undergoes an increased 
frequency o f  h a p l o i d i z a t i o n  du r ing  m i t o s i s ,  presumably i n i t i a t e d  by  chromosome non-dis junc- 
t i o n .  Un l i ke  CEN sequences cloned on plasmids i n  2. cerev is iae ,  t h e  2. pombe CEN sequences 
do n o t  s t a b i l i z e  plasmids i n  m i t o t i c a l l y  d i v i d i n g  2. pombe c e l l s ,  no r  d o e y d i r e c t  t he  
proper  segregat ion  o f  p lasmids through meios is .  T h i s x e r v a t i o n  i s  cons i s ten t  w i t h  the  
known i n s t a b i l i t y  o f  aneuploid chromosomes i n  t h i s  organism. Comparative DNA sequence da ta  
w i l l  be presented. 

1469 STRUCTURE AND FUNCTION OF YEAST CENTROMERE 111, Susan Cumberledge, Ray Ng, and John 
Caabon, Dept. of Bio l .  Sc i . ,  Univ. of Ca l i f . ,  Santa  Barbara,  CA 93106. 

Experiments t o  d e f i n e  reg ions  impor tan t  f o r  centromere a c t i v i t y  as w e l l  a s  t o  determine 
the  f u n c t i o n a l  boundar ies  of 9 3  have  been c a r r i e d  ou t .  
sequence element I11 r e g i o n  of G 3  have been genera ted .  
and me io t i c  s eg rega t ion  w i l l  be r epor t ed .  
c leavage  s i tes  4 bp and 10 bp,  r e s p e c t i v e l y ,  t o  t he  r i g h t  of element I11 and have used t h e s e  
t o  d e f i n e  the  r igh t -hand boundary of E 3 .  

was assayed by t e t r a d  a n a l y s i s .  Plasmids con ta in ing  wild-type cent romeres  undergo proper  
2+:2- seg rega t ion  i n  a t  l e a s t  60% of t h e  t e t r a d s ,  always i n  the  two sister spores .  
showing 1+:3- o r  3+:1- s eg rega t ion  a r e  seldom observed ((8%). 
d e l e t i o n s  i n  t he  high A+T element I1 show a b e r r a n t  me io t i c  behavior .  
t e t r a d s ,  t he  plasmid is found i n  non- s i s t e r  spo res .  
observed. 
non- s i s t e r  t e t r a d s  decreases .  The presence  o r  absence of element I has  l i t t l e  e f f e c t  on 
meio t ic  behavior .  The above r e s u l t s  sugges t  t h a t  element I1 is important f o r  ho ld ing  
sister chromatids toge the r  du r ing  t h e  f i r s t  me io t i c  d i v i s i o n .  

Po in t  muta t ions  i n  the  conserved 
Thei r  a f f e c t  on plasmid m i t o t i c  

In a d d i t i o n ,  w e  have genera ted  &I and =I1 

The me io t i c  behavior  of ARS-CEN3 plasmids con ta in ing  va r ious  centromere d e l e t i o n s ( 1 )  

Te t r ads  
Plasmids con ta in ing  50 bp 

I n  35% of the  2+:2-  
A 1+:3- o r  3+:1- seg rega t ion  is  r a r e l y  

A s  t h e  s i z e  of t h e  d e l e t i o n  i n  element I1 decreases ,  t h e  frequency of 2+:2- 

(1) Carbon, J. and C la rke ,  L . ,  J.  C e l l  Sc i .  Suppl.  1, i n  p re s s .  
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1470 SWUENQS TEAT PROMUIE AUIUNOMOUSREPLICATION IN YEAST (ARS's) HAVE A 
CHARAClIRlSnC ASYMMElTtIC SIRUCWRE, Andra I. Dayton. G. L..n & C. Csoce. The 
W i s t u  Institute, 36'th b Spruce St. Phil.. P.. 19101, ARS's M prob8bfy yeur DNA 
replication origins. To determine the sequences critid for function ve sebctud for 
delelion mulagenesis a236 bp hulern sequence vith ARS mit iv i~  in yeast, usrying for 
function by w r i n g  the g r ~ ~ t h  trtrr of trmrforruats. The results indicated a 
pronounced ugmmetry in ARS suucture: PragrWSne deletion from one side resulted 
in a grrdud proy.aive lor of hnction over 20 bp Md d e r i d  the lefhyd bordor of 
a central "CON" region essential for hnnion. PtogrWSn~ deletion from the other side 
resulted in a sharp progressive loa of function over a m g e  of 3-4 bp. .nd deried the 
righrwd border of the *core". The bast threavry .Lilnment bemeen our 236 bp 
humm ARS rqwnce and two short sequences. BOARS Md f82 (Keu'aoy 1983, EMBOJ 
2.p1571) precisely aligned our 'core" vith one drailvly determined by K s ~ a y  (1984. 
Ce1137,p299), vhon data ~ f l ~ c t s  the same ugmetry ve measure quratit8tivefy. Our 
results conrim thu the Broach conmnsus sequence (JRBrorch e~ J, 1980. Cofd 
5pfing Bubo/ 5ymp. UUM;. Bid.  47,pllB) is not required for ARS Rnction. 
place consrrrints upon vhu mquencar may be ConSiQred necessary for ARS hnction 
and suggest a model in vhich the yeast replication mwhinery initiates DNA replicalion 
by rvst binding to 1 Con region Md then melting the DNA to one side Of the C O N ,  
initiating synthesis in the direction of the melt. Replication vould i n i W  in the w e  
direction LO EO trmscriplion. 

1471 I'CXIC EFFECTS OF EXCESS CLONED CENTROMERES, Bruce F u t c h e r  and John Carbon, 
U n i v e r s i t y  of C a l i f o r n i a ,  S a n t a  Barbara .  
P l a s m i d s  c a r r y i n g  a y e a s t  c e n t r o m e r e  have  a copy number o f  one,  w h i l e  o t h e r  

y e a s t  p l a s m i d s  have  h igh  copy numbers. To f i n d  t h e  r e a s o n  f o r  t h e  low copy number 
o f  c e n  p l a s m i d s ,  s e v e r a l  p l a s m i d s  e a c h  c a r r y i n g  a c e n t r o m e r e  a n d  a d i f f e r e n t  
s e l e c t a b l e  m a r k e r  were c o n s t r u c t e d .  When yeast were t r a n s f o r m e d  w i t h  f i v e  
d i f f e r e n t  p l a s m i d s  s i m u l t a n e o u s l y ,  s e v e r a l  e f f e c t s  on  t h e  h o s t  cel ls  were noted. 
F i r s t ,  t h e  p l a s m i d s  were m u t u a l l y  u n s t a b l e .  S e c o n d ,  t h e  h o s t  c e l l s  g r e w  more  
s l o w l y  t h a n  c o n t r o l  c e l l s ,  e v e n  i n  n o n - s e l e c t i v e  medium. T h i r d ,  c u l t u r e s  c o n -  
t a i n e d  many dead cells. F o u r t h ,  t h e  r a t e  o f  chromosome l o s s  i n c r e a s e d  two t o  s i x  
f o l d .  F i f t h ,  a n  u n u s u a l l y  l a r g e  p r o p o r t i o n  o f  t h e  c e l l s  were i n ,  or were a b o u t  t o  
b e g i n ,  n u c l e a r  d i v i s i o n .  S i x t h ,  t h e r e  a r e  p r e l i m i n a r y  i n d i c a t i o n s  t h a t  t h e  copy 
number  o f  e a c h  c e n  p l a s m i d  g o e s  u p  i n  a s t r a i n  c o n t a i n i n g  5 c e n  p l a s m i d s .  
Seventh ,  m e i o t i c  s e g r e g a t i o n  was somewhat a b e r r a n t ,  and some s p o r e  c l o n e s  con- 
t a i n e d  c e n  p l a s m i d s  which a c t e d  l i k e  ars p l a s m i d s  i n  t h e  f i r s t  few m i t o t i c  d i v i -  
s i o n s .  B a s e d  m a i n l y  o n  t h e  s l o w  g r o w t h  r a t e  of t h e  c e l l s ,  we c o n c l u d e  t h a t  a n  
e x c e s s  o f  c e n t r o m e r e s  is t o x i c ,  and t h a t  t h e  copy number of c e n t r o m e r e  p l a s m i d s  i s  
o n e  b e c a u s e  o f  s e l e c t i o n  a g a i n s t  c e l l s  c a r r y i n g  m u l t i p l e  c e n t r o m e r e  p l a s m i d s .  
T h i s  t o x i c i t y  may be due  t o  c o m p e t i t i o n  between t h e  c e n t r o m e r e s  f o r  some f a c t o r  
p r e s e n t  i n  l i m i t i n g  q u a n t i t i e s :  e.g., c e n t r o m e r e  b i n d i n g  p r o t e i n s ,  m i c r o t u b u l e s ,  
o r  s p a c e  on t h e  s p i n d l e  p o l e  body. 

1472 THE FRACTION OF THE YEMT GENOME ESSENTIAL FOR CELL VIABILITY, 
Marit Goebl and Th- Petes, University of Chicago, Chlcago, I L  60637 

We are detennlning what fraction of the  yeast genome is easential  for viabil i ty.  
To study t h i s  problem, we have constructed random gene d i s ~ p t i o n s  in a diploid 
yeast s t ra in  and a re  detenalnlng the fraction of these disruptions which a re  
haploid lethal. If the  tetrada of the  disrupted yeast segregqrte ZdeadrZllve 
spores, we assume that the  disruption is lethal in haplolds. 
ruptions t h a t  are hot haploid l e tha l ,  we have checked respixatory competence 
and auxotrophy. We have examined 10 random disruptions thus far, and only 
one of these dlaNptions was a l e tha l  event suggesting that a large fraction 
of the yeast genome is not essential  f o r  growth. 
because 90% of the yeast genome is single copy DNA and m o s t  of the genome I s  
transcribed. 
N P t d  Y e B S t S  have altered phenOtYpaS( Such 
or an inabili ty t o  grow cm glycerol ). 
the  yeast genome is involved in important ce l lu la r  functions although the 
sequences are not essential  for growth. 

I n  those dis- 

This is a surprising resu l t  

of the dls- 
reduced ab i l i t y  t o  g8X'EiMte 

Although only one of the disruptions is l e tha l ,  

U e  conclude th+t a large fraation of 
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1473 A GENETIC ANALYSIS OF HISTONE FUNCTION I N  YEAST, Michael Grunstein,  T i l lman  
Schuster and Joonho Choe, Department o f  B io logy  and Molecular B io logy  I n s t i t u t e ,  
UCLA, Los Angeles, CA 90024 

Changes i n  chromosome s t r u c t u r e  are  cen t ra l  t o  the  con t ro l  o f  gene a c t i v i t y  i n  

Since h is tones  form t h e  b u i l d i n g  b locks  o f  t he  chromosome we a re  pursuing a 

S i m i l a r  experiments a re  c u r r e n t l y  underway us ing  h is tone H4. 

eukaryotes. 
t o ry .  
genet ic  and biochemical  approach toward h i s tone  f u n c t i o n  i n  yeast.  
presented which d e f i n e  t h e  reg ions  i n  h is tones  H2A and H2B which are  requ i red  f o r  
chromosome func t i on .  
main conc lus ion  t o  da te  i s  t h a t  t he  on ly  essen t ia l  p o r t i o n  o f  h i s tone  H2B ( o r  H 2 A )  i s  
t he  cen t ra l  hydrophobic core  o f  t he  p ro te in .  Other regions, i nc lud ing  bo th  evo lu t i on -  
a r i l y  d ivergent  and i n v a r i a n t  residues, a re  no t  requ i red  f o r  c e l l  v i a b i l i t y .  

Since 5. pombe i s  a yeas t  whose chromosome under90 more obvious condensation than 
those o f  S. cerev is iae ,  we have charac ter ized  bo th  s t r u c t u r e  and genet ic  p roper t i es  o f  
h is tones  Tn t h i s  organism. 
pombe h is tones  and the  a b i l i t y  o f  these p ro te ins  t o  f u n c t i o n  i n  v i v o  i n  5. cerev is iae .  

How these changes are  caused i s  unknown and i s  t he  focus o f  our labora-  

Experiments w i l l  be 

Our 

Experiments w i l l  he presented t h a t  show the  s t r u c t u r e  o f  2. 

1474 STRUCTURAL REQUIREMENTS FOR A YEAST CENTROMERE, Alison Hi1 1 and 
Kerry Bloom, University of North Carolina, Chapel Hill, NC 27514 

The centromeres of yeast chromosomes are characterized by short elements 
of DNA sequence homology that are organized in a 220-250 bp protected 
core in chromatin. This unique chromatin conformation is also associated 
with the elements of centromere homology in chromosome 4 .  We have 
isolated a 650 bp DNA fragment that s p a n s  the protected centromere core 
from chromosome IV and substituted these sequences into the centromere 
region of chromosome 111. The CENl fragment is functional in either 
orientation in chromosome I11 and is organized in the same chromatin 
structure in chromosome 111 or IV. 

In an effort to study the relationship of this unique chromatin 
structure to centromere function, we have constructed an inducible 
centromere by placing CEN3 sequences adjacent to the yeast promoter. 
Growth on galactose induces transcription from the promoter,and 
inactivates C s  function. Conversely, growth on glucose represses 
transcription and the CEN3 sequences behave as stabilizing elements. The 
structure of the Csl region in chromatin is correspondingly destroyed 
upon transcriptional inactivation. We a r e  examining the utility of these 
constructions to isolate conditionally high-copy centromere plasmids from 
yeast. 

1475 
A l t h o u g h  e u k a r y o t i c  t opo isomerases  a r e  w e l l  c h a r a c t e r i z e d  i n  v i t r o ,  t h e i r  f u n c t i o n  i n  v i v o  
remains much l e s s  c l e a r .  To i n v e s t i g a t e  t h i s  q u e s t i o n ,  we produced f i v e  t e m p e r a t u r e -  
s e n s i t i v e  m u t a t i o n s  o f  t opo isomerase  I I  by s u b j e c t i n g  i::c c l o n e d  s t r u c t u r a l  gene (Goto and 
Wang, C e l l  36:  1073, 1984) t o  i n  v i t r o  rnutagenesis.  These top;! ~ i a t a n t s  do  n o t  e x h i b i t  a 
u n i f o r m  c e l l  c y c l e  a r r e s t  a t  r e s t r i c t i v e  tempera tu re  ( see  a x D i N a r d o ,  V o e l k e l ,  and 
S t e r n g l a n z ,  PNAS 81: 2616, 19841, b u t  90% o f  t h e  c e l l s  become i n v i a b l e  when an e x p o n e n t i a l l y  
g r o w i n g  c u l t u r e  i s  h e l d  a t  r e s t r i c t i v e  tempera tu re  f o r  I 1/2 g e n e r a t i o n s .  T h i s  l e t h a l i t y  i s  
c o m p l e t e l y  a m e l i o r a t e d  when t h e  c e l l s  a r e  p r e v e n t e d  from t r a v e r s i n g  t h e  c e l l  c y c l e  by a r r e s t  
w i t h  a l p h a  f a c t o r .  Thus, t opo isomerase  I1 i s  r e q u i r e d  i n  a c t i v e l y  m e t a b o l i z i n g  c e l l s  only 
i f  they  a r e  p a s s i n g  t h r o u g h  t h e  c e l l  c y c l e .  When t e m p e r a t u r e - s e n s i t i v e  top2 c e l l s  a r e  
a r r e s t e d  w i t h  a l p h a  f a c t o r  and t h e n  a l l o w e d  synch ronous ly  t o  t r a v e r s e  t h e  c e l l  c y c l e ,  t hey  
a b r u p t l y  become i n v i a b l e  60  t o  80  m i n u t e s  a f t e r  r e l e a s e  from a l p h a  f a c t o r .  S t a i n i n g  o f  t h e  
n u c l e i  and m i c r o t u b u l e s  shows t h a t  t h i s  i s  t h e  t i m e  of m i t o s i s ,  t hus  s u g g e s t i n g  t h a t  
t opo isomerase  I I  a c t i v i t y  i s  r e q u i r e d  f o r  chromosome s e g r e g a t i o n .  F u r t h e r  exper imen ts  w i t h  
t h e  m i c r o t u b u l e - d e s t a b i l i z i n g  d r u g  n o c o d a r o l e  show t h a t  when m i t o s i s  i s  p r e v e n t e d ,  
i n v i a b i l  i t y  a t  t h e  r e s t r i c t i v e  tempera tu re  i s  a l s o  p r e v e n t e d .  These r e s u l t s  a r e  c o n s i s t e n t  
w i t h  t h e  h y p o t h e s i s  t h a t  t opo isomerase  I I  i s  r e q u i r e d  t o  a l l o w  t h e  s e g r e g a t i o n  o f  
chromosomal DNA m o l e c u l e s .  We a r e  c u r r e n t l y  i s o l a t i n g  suppresso rs  o f  * m u t a t i o n s  i n  
o r d e r  t o  i d e n t i f y  c e l l u l a r  components t h a t  i n t e r a c t  w i t h  topo isomerase  I I .  

DNA TOPOISOMERASE I I  I S  REQUIRED AT THE TIME OF MITOSIS, Connie Holm and 3a:sid 
B o t s t e i n ,  M. I .T . ,  Cambridge, ?lA 02139 

134 



Yeast Cell Biology 

1476 
We have i d e n t i f i e d  th ree  co ld - sens i t i ve  ( c s )  l e tha l  a l l e l e s  of a gene, ( N D C I ,  f o r  nuclear  
- d iv i s ion  c y c l e )  which i s  required fo r  t h e p r o p e r  segregat ion of chromosomesat mi tos i s  and 
meiosis .  When an unbudded haploid ndclcs  c e l l  i s  s h i f t e d  t o  non-permissive temperature,  our  
r e s u l t s  i nd ica t e  t h a t  t h e  c e l l  buds normally, r e p l i c a t e s  i t s  DNA and dup l i ca t e s  and segre-  
ga t e s  i t s  sp ind le  pole  body. However, nuclear  DNA does not seg rega te ,  remaining i n  a s i n g l e  
region i n  one c e l l  body. The c e l l  can then d iv ide ,  producing one v i ab le  daughter c e l l  t h a t  
i s  d ip lo id  and one "aploid" daughter c e l l  containing no de tec t ab le  nuclear DNA.  

The gene 
i s  located on chromosome 13 w i t h i n  800 bD of -. Gene d i s rup t ion  experiments have demon- 
s t r a t e d  t h a t  % is e s s e n t i a l  fo r  spore germination. While the  = a l l e l e s  of = behaved 
a s  r eces s ive  t o  wt ,  d i p l o i d s  heterozygous f o r  a d i s rup t ion  o f  N D C I  grew poorly.  Faster  grow- 
ing "pseudo-revexants"  harbored changes i n  p loidy which r e s u l t e d i n  a higher  number of  
chromosome 13 copies  per genome. 
c e l l s  i s  t ha t  t h e i r  de fec t  i s  i n  at tachment of the chromosomes t o  one of t he  sp ind le  poles .  
The de fec t  could be i n  a component of the sp ind le  pole body o r  kinetochores .  For t h i s  rea- 
son, we a r e  r a i s ing  an t ibod ie s  i n  o rde r  t o  l o c a l i z e  the  m product i n  the  c e l l .  

A N A L Y S I S  OF u, A G E N E  R E Q U I R E D  FOR CHROMOSOME S E G R E G A T I O N ,  M .  Andrew Hoyt, 
James H .  Thomas and David Bo t s t e in ,  M.I.T., Cambridge, MA 02139 

We have i so l a t ed  DNA containing u by complementation of t he  5 mutations.  

A hypothesis cons i s t en t  w i t h  t he  known p rope r t i e s  of  

1477 
' L ~ I C  i s o l a t i o n  and i n i t i a l  c h a r a c t e r i z a t i o n  of mutants i n  y e a s t  DNA topoisomerases I and I1 
by t h e  Sternglanz l abora to ry  13. Biol .  Chem. 259:1375-1377 (1984) and Proc. Nat l .  Acad. 
S c i .  81:2616-2620 (1984)l provides  an important t o o l  f o r  i n v e s t i g a t i o n  of t h e  i n  vivo 
func t ions  of t hese  enzymes. We have used mutants provided t o  us  by t h e  Sternglanz lab-  
o ra to ry  t o  ask whether e i t h e r  topoisomerase I o r  11 p lays  a r o l e  i n  maintaining 
supe rco i l ing  of t opo log ica l ly  r e s t r a i n e d  DNA i n  vivo.  
c i r c u l a r  2pm plasmid DNA under cond i t ions  designed t o  prevent  r e s i d u a l  DNA topoisomerase 
a c t i o n  from wild type y e a s t  c e l l s  and from y e a s t  c e l l s  w i th  topoisomerase I and/or I1 
mutations (topl and/or ~ t o p 2 ) .  
(non-permissive f o r  top2 mutat ion)  
of supe rco i l ing  were determined by e l ec t rophores i s  i n  agarose g e l s  containing chloroqdine 
phosphate. Several  topl a l l e l e s  cause a s l i g h t  (1-3 supe rco i l s )  i nc rease  i n  
negat ive supe rco i l ing  while  a top2 a l l e l e  has  no s i g n i f i c a n t  e f f e c t .  
r e s u l t s  suggest  t h a t  t h e  presence of topl and =muta t ions  i n  t h e  same c e l l  l e a d s  t o  a 
much l a r g e r  (>5  supe rco i l s )  i nc rease  i n  negat ive supe rco i l ing  a t  38'. The r e s u l t s  -are 
c o n s i s t e n t  with t h e  a c t i v e  supe rco i l ing  model r ecen t ly  proposed by t h e  Worcel l abora to ry  
[Ce l l  37:21-41 (1984)l  with t h e  modif icat ion t h a t  topoisomerase 11, l i k e  topoisomerase I ,  
can r e l a x  supercoi led DNA i n  vivo. 

TOPOISOMERASES I AND I1 AFFECT THE SUPERCOILING OF 2 Um PLASMID DNA I N  VIVO, J o e l  
A.  Huberman and Raul A.  Saavedra, Roswell Park Memorial I n s t . ,  Buffalo,  NY 14263 

We have i s o l a t e d  covalent ly  c losed 

The c e l l s  were maintained a t  23' or  incubated a t  38O 
f o r  150 min p r i o r  t o  DNA i s o l a t i o n .  Re la t ive  l e v e l s  

However, prel iminary 

1478 ADDITIVE INTERACTIONS BETWEEN POLYMERIC MITOCHONDRIAL DNA-DERIVED ARS ELEMENTS AND 
CHROMOSOMAL CENTROMERES, Bradley C.  Hyman, Department of Biology, Universi ty  of 
Ca l i fo rn ia ,  Rivers ide C a .  92521 

Ind iv idua l  eukaryot ic  c e l l  chromosomes a r e  organized i n t o  mul t ip l e  r e p l i c a t i o n  u n i t s .  
i n v e s t i g a t e  t h e  r e p l i c a t i v e  behavior of molecules containing s e v e r a l  r ep l i cons ,  hybrid plas-  
m i d s  were constructed t h a t  con ta in  an increasing dosage of tandemly repeated ARS elements.  
The amplif ied na tu re  of ARS+ Ee_tite (p-) mtDNA provides  a ready source of tandemly repeated 
ARS segments. HS416 p -  mtDNA, which con ta ins  t h e  sequence, w a s  p a r t i a l l y  digested with 
2 1  t o  produce a populat ion of fragments,  each an i n t e g r a l  mu l t ip l e  of t he  700 base p a i r  
repeat ing u n i t .  Af t e r  f r a c t i o n a t i o n  on agarose g e l s ,  fragments of t h e  des i r ed  ARS dosage 
were excised,  l i g a t e d  i n t o  t h e  el cloning s i te  of YIp5, and introduced i n t o  e- yeas t  
hosts .  a 1  cleavage does not i n t e r r u p t  ARS a c t i v i t y ,  a s  YRMp416 DNA (YIp5 p lus  a s i n g l e  
HS416 r epea t )  promoted high frequency yeas t  t ransformation t o  Ura' w i th  subsequent uns t ab le  
maintenance a s  an extrachromosomal element. 
within 5% of t h e  c e l l  populat ion,  m i t o t i c  s t a b i l i t y  i s  doubled t o  10% when a HS416 dimer i s  
present  ( Y W ~ 4 1 6 ~ ) .  
does not e f f i c i e n t l y  s t a b i l i z e  these  molecules.  Rather ,  YRMp416-CEN3 is  re t a ined  i n  20% of 
a growing c e l l  populat ion,  while  YRMp416'-CEN3 is  present  i n  over 40% of t h e  c e l l s ,  consis-  
t e n t  with ARS dosage. Ce l lu l a r  copy number determinat ions w i l l  be  reported t o  t e s t  t h e  c i s -  
dominant na tu re  of centramere copy number c o n t r o l  w i th  these  ARS elements.  
w i l l  address  t h e  p o s s i b i l i t y  of a d d i t i v e  r e p l i c a t i o n  e f f i c i e n c y  or enhanced segregat ion a s  a 
funct ion of ARS dosage. 

To 

While YRMp416 is  maintained a t  high copy number 

The presence of a CEN3 sequence in se r t ed  i n t o  each of t hese  plasmids 

This approach 
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1479 ISOLATION OF DNA POLYMERASE I GENE. 
Department o f  Chemistry, Ca l i f o rn ia  I n s t i t u t e  o f  Technology. Pasadena, CA 91125 

i s  thought t o  be the most l i k e l y  candidate f o r  the nuzlear r e p l i c a t i o n  en yme. We have 
i so la ted  the gene f o r  DNA polymerase I by screening a yeast X g t l l  l i b r a r y f w i t h  antibodies 
t o  polymerase I. The genomic clone was then i so la ted  from a YEp24 l i b r a r y  and shown t o  
overproduce polymerase a c t i v i t y  4-5 fo ld .  To examine whether DNA polymerase I i s  a s ing le  
copy essent ia l  gene, a gene d i s rup t i on  experiment was performed i n  a d i p l o i d  s t ra in .  
Sporulat ion resu l ted  i n  2 v iab le  and 2 i nv iab le  spores, demonstrating t h a t  DNA polymerase I 
i s  i n  f a c t  a s i n g l e  copy essent ia l  gene. The spores containing the d isrupted gene 
germinate t o  g i ve  a terminal phenotype t yp i ca l  o f  a r e p l i c a t i o n  defect--dumb-bell shaped 
c e l l s .  

1. M. P. Snyder, personal comnunication. 

Lianna M. Johnson and Jud i th  L, Campbell, 

O f  the three DNA polymerase a c t i v i t i e s  found i n  S. cerevisiae, DNA polymerase I 

1480 CLONING OF THE DNA MODIFICATION METHYLASE Hha I 1  I N  SACCHAROMYCES CEREVISIAE,  
B r i g i t t e  L. Lebreton and Paul H. Roy, Lava1 Univers i ty ,  Quebec, Canada. 

A hyb r id  plasmid has been constructed consis t ing o f  the yeast expression vector pAAH5, 
which promotes high l eve l s  o f  t ransc r ip t i on  from an A D C I  promoter adjacent t o  a Hind I 1 1  
s i t e  and a 851-bp Aha I11 fragment containing the Hha I 1  modi f icat ion methylase gene. 
l a t t e r  fragment wasder ived from pDI 10, i n  which G H h a  I 1  methylase gene i s  expressed 
from a d i s t a n t  pBR 322 promoter. The Hind I 1 1  ends of-e vector were completed w i th  DNA 
polymerase I la rge fragment and the c loned fragment added by blunt-end l i g a t i o n .  Transfor- 
mants o f  E. c o l i  were selected by colony hyb r id i sa t i on  using a probe prepared from an M13 
clone o f  Y h e m - b p  fragment. These clones do no t  express the methylase gene i n  E. c o l i ,  
confirming the absence o f  a bac te r ia l  promoter and i n d i c a t i n g  t h a t  the ADCI  p r o m o f e r x  
be non-functional i n  E. c o l i .  DNA prepared from these clones was transformed i n t o  yeast. 
Transformation i n t o  S. cerevisiae LL20 ( w ,  l e u  2-3, leu 2-112, h i s  3-11, h i s  3-15) was 
ca r r i ed  out  using t h e  L iAc- t reated c e l l s  t e c m q u e .  
analysed f o r  the presence o f  the Hha I 1  methylase gene and i t s  expression. 
protect ion o f  endogenous DNA t o  H- I (isochizomer o f  Hha 11) d igest ion was found i n  some 
transformants, i n d i c a t i n g  the expression o f  the Hha methylase gene. 
i s  needed t o  learn more about the l e v e l  o f  expression i n  transformants. 

This i s  the f i r s t  example o f  the i n t roduc t i on  o f  a fore ign s i t e  spec i f i c  DNA methylase 
a c t i v i t y  i n  an eucaryot ic  c e l l  which methylates the ma jo r i t y  o f  the c e l l  DNA under the 
contro l  o f  a yeast promoter. 

The 

was prepared f romTansformants and 
P a r t i a l  o r  f u l l  

Further i nves t i ga t i on  

1481 GENES CONTROLLING TELOMERE LENGTH I N  SACCHAROMYCES CEREVISIAE,  Arthur J. Lus t ig  and 
Thomas D. Petes, Dept. of Molecular Genetics & Cel l  Biology, The Un ive rs i t y  o f  
Chicago, Chicago, IL .  60637 

DNA located a t  the telomeres of yeast chromosmes i s  present as (C I -~  A) t r a c t s  from 300 t o  
700 bp i n  length. 
telomere (+50 bp) and t o  a much la rge r  degree (2 - fo ld )  between some yeast s t ra ins.  
data from c u r  laboratory  (R. H. Walmsley and T. D. Petes, i n  press) have shown t h a t  telomere 
length i s  under genetic con t ro l .  

The mechanism by which yeast maintains telomere length as we l l  as the possible functions o f  
telomeric sequences i s  being invest igated through the i d e n t i f i c a t i o n  and character izat ion o f  
mutants defect ive i n  s p e c i f i c  genes c o n t r o l l i n g  telomere length. To screen fo r  such mutants 
we have used a bank o f  yeast mutants temperature sens i t i ve  ( t s )  f o r  growth a t  37OC. DNA was 
i so la ted  from %200 members o f  the t s  bank a f t e r  s h i f t i n g  t o  the r e s t r i c t i v e  temperature. 
The s i ze  o f  the telomeric ( C  A),tract was ascertained d i r e c t l y  by Southern b l o t  analysis 
using a simple sequence probe: F ive mutants demonstrating a dramatic increase or  decrease 
i n  (Ci-$ A)g t r a c t  length have been i d e n t i f i e d .  The nature o f  these mutations i n  telomere 
s t ruc  u e 1 

The s i ze  o f  these t r a c t s  var ies t o  a small extent  w i t h n  a s ing le  
Recent 

cu r ren t l y  under invest igat ion.  
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1482 LACK OF AN ASPERGILLUS PROMOTER FUNCTION AND INTRON SPLICING IN 
Gary L. McKnight, ZymoCenetics, Inc., 2121 N. 35th Street, SACCHAROMYCES. 

Seattle,  WA 98 103 

The function in S. cerevisiae of an As r illus nidulans promoter and the proper splicing of an 
- -  A. nidulans i n G r r s e q u e n c e  hyv," been investigated. An A. nidulans cDNA and 
corresponding gene which encode alcohol dehydrogenase (ADH) have provided the test 
system. The A. nidulans ADH cDNA generates less  ADH activity than the  5. cerevisiae - ADHl cDNA wTen each i s  expressed from the S. cerevisiae A N 1  promoter. Thafirst of t w o  
introns present in the  A. nidulans ADH gene was tested for efficient splicing in 3. cerev' iae 
following the r e p l a c e m e m e  corresponding cDNA segment with the genomic $NA 
segment. The lntron was not efficiently spliced, pe!haps due to lack of a TACTAAC splicing 
signal. The A. nidulans ADH promoter did not efficiently express the A. nidulans ADH cDNA 
in glucose-grown S. cerevisiae. These results suggest the  promoter and splicing signals in 
filamentous fungi %e not similar t o  those employed in 5. cerevisiae. 

1483 
Medicine, Rochester, NY 14642. 
In our studies of the cellular and genetic control of bleomycin action on 
cerevisiae and human diploid fibroblasts, we have investigated the action of bleomycin on 
yeast chromatin with the use of agarose gel electrophoresis. 
grown to mid-logarithmic or stationary phase in complete nonsynthetic growth medium. 
Washed cells (1-2~10~ per ml) were exposed to bleomycins at pH 4 . 5  in deionized water. 
No exo, . , a s  metal ions were added to the mixture. After treatments, cells were washed, 
converted to spheroplasts, and lyzed. DNA was extracted, purified and run on 1.5% hori- 
zontal o r  vertical agarose gels. 
Electrophoretic analyses of DNA isolated from untreated cells exhibited a high molecular 
weight, indicating that endogenous nucleases did not significantly affect native yeast 
DNA. Whole yeast cells treated with bleomycin showed increasing DNA fragmentation and 
degradation with increasing concentration of bleomycin (10-7 to 10-3 M), indicating that 
DNA cleavage was dose-dependent; a series of DNA bands was also observed. 
unit length of these bands has been determined, and is consistent with preferential 
chromatin cleavage in yeast at internucleosomal or linker DNA. 

INTH(NUCLEOS(1"IAL CLEAVAGE OF YEAST CHRWTIN PRCpl CELLS TRBATPS !nTH GLYCOPEPTIDIC 
B.E(IMYCINS. C. W. Moore, C. Jones and L. Wall, University of Rochester School of 

Saccharomyces 

Diploid strain CM-1293 was 

The repeated 

1484 IDENTIFICATION AND CHARACTERIZATION OF S. cerevisiae CEN 14, Maureen Neitz 
and John Carbon, University of California, Santa Barbaia, CA Q3lQ)h 

The nucleotide sequence oc a small DNA frqment rmtaininv the functional centromere 
from S .  cerevisiae chromosome XIV will be presented. Sequence data indicates that 
CEN 14 contains an (A+T)-rich region resembling the sequence, element II,ohserved in 
other sequenced yeast centromeres, as well as the hiRhly conserved sequence, element 117. 
Centromeric DNA was identified by its ability to stabilize a yeast plasmid against 
mitotic loss (segregation rate 0.021, and by the predominant 2+:2- segreEation of such 
plasmids through meiosis. This DNA was localized to chromosome XIV by intep,rating a 
flanking DNA sequence along with a selectable gene and mapping the integrated gene by 
standard genetic methods. 

1485 
Isolation and initial characterization of salt-treated residual nuclei from Saccharomyces 
cerevisiae has previously been reported (Exp. Cell Res. 1 5 3 : 3 7 4 ) .  Here we report further 
characterization of these residual nuclei. The proteins associated with residual nuclei 
in yeast have been compared in 
identical in both mutants and are of low iholecular weight (60 Xd and less). There are no 
major protein bands in the molecular weight range of the lamin proteins. When yeast 
residual nuclei protein preparations are tested for immunological reactivity with anti- 
bodies which cross-react with lamins from several eukaryotes, there is no signal detected. 
I n  this respect, the polypeptide profile of yeast residual nuclei appears to be most 
similar to that of nuclear matrices in Tetrahymena. Electron microscopic thin sections of 
detergent-treated yeast nuclei, which are lacking nuclear membranes, show no evidence for 
a peripheral lamina. 

cycle (GI, S and M) were also investigated. The major proteins associated with residual 
nuclei are the same at all time points tested though there were a few differences in less 
abundant proteins. Studies on the association of TRPlARSl, CEN 6, 2 Il plasmid and rDNA with 
residual nuclei are in progress. Preliminary results suggest that these sequences associate 
with residual nuclei to different extents at different points in the cell cycle. 

FURTHER CHARACTERIZATION OF SALT-TREATED RESIDUAL NUCLEI IN YEAST, Judith A. 
Potashkin and Joel A. Hubeman, Roswell Park Memorial Institute, Buffalo, NY 14263 

and pep4 mutants. The most abundant proteins are 

The DNA and proteins associated with residual nuclei during different times in the cell 
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1486 
Yeast vector, pSB227, has 2~ ARS, and Trpl and leu 2-d gene of yeast. Another isogenic 
plasmid, pSB228, has normal leu 2 gene in place of leu 2-d gene. I n  yeast c e l l s  grown i n  
minimal media lacking tryptophan but supplemented with leucine, both plasmids were 
present at 20-30 copies per cell. When yeast cells were grown in minimal media lacking 
leucine, plasmid pSB227 increases to 200 copies per cell, while pSB225 was still preaenl 
at 20-30 copies per cell. Since leu 2-d gene has most of the promoter deleted and is 
thus expressed very poorly in yeast, yeast cells compensate this defect by increasing the 
gene dosage albiet plasmid copy number. We have examined the expression of the normal 
leu 2 promoter and the leu 2-d promoter by constructing a leu 2 - lac z fusion and 
assaying B-galactosidase levels. Increased copy number per cell in media larking leucine 
can either be due to selection of cells with high copy number o r  due to increased 
replication of plasmid. Experiments discriminating between these two possibilities will 
he presented. 

CONDITIONAL YEAST VECTOR AMPLIFICATION, RaJinder S. Cidhu and Arthur 2 .  LolLox> 
Wadley Institutes of Molecular Medicine, Dallas, Texas 75235 

1487 
Scott, University of Illinois, Urbana, IL 61801. 
We are using a multicopy yeast DNA plasmid YARpl (Trpl R1 Circle) as a model system for the 
study of the structure and function of Saccharomyces cerevisiae replicator chromatin. 
plasmid is only 1,453 base pairs, present at more than 100 copies per cell, and is main- 
tained in a chromatin structure comparable to yeast chromosomal DNA. In order to study 
protein complexes that may be associated with replicator chromatin, we are purifying YARpl 
chromatin DNA from lysates made by osmotic shock of yeast spheroplasts at physiological 
ionic strength. The lysate is then subjected to several additional purification steps 
which include (in order): tangential flow ultrafiltration, ultracentrifugation, and gel 
filtration on Bio-Gel A-15M. Gel filtration yields a partially included peak of YARpl 
chromatin of approximately 10 Md that is separated from the bulk of the protein. Addi- 
tionally, several other enzyme activities including DNA and RNA polymerase, DNA primase, 
topoisomerase, and fumarase, were shown to elute as high molecular weight peaks. The DNA 
primase activity coelutes with the DNA polymerase activity at an apparent molecular weight 
of 1.8 Md, and may represent a larger molecular weight complex containing the two activi- 
ties. This high molecular weight material has been pooled and further analysis bas shown 
that the proposed complex elutes from Bio-Gel A-15M at a comparable position following 
either freeze-thawing or ( W , ) 2 S O 4  precipitation at 50% saturation. 

FRACTIONATION AND PARTIAL CHARACTERIZATION OF LARGE MOLECULAR COMPLEXES CONTAINING 
YEAST DNA REPLICATION ENZYMES, Rodger G. Smith, Michael D. Strathearn, John F. 

The 

1488 
Mazrimas, San Jose State University, San Jose, Ca. 95192 and Lawrence 
Livermore National Laboratories, Livermore, Ca. 94550. 
It is known that the core histones of yeast and higher eukaryotes exhibit 
different separation characteristics. We report here a comparison of yeast 
and calf thymus histone separations by reverse phase high performance 
liquid chromatography. Yeast nuclei were isolated, digested with 
micrococcal nuclease and pancreatic ribonuclease, l y s e d  and crude 
nucleohistone complexes precipitated by addition of MgC12. A histone rich 
fraction was prepared by acid extraction and ethanol precipitation. The 
histone fraction was easily suspended in aqueous 0.1% trifluoroacetic acid 
(TFA) and injected into a 70 cm PRP-1 reverse phase HPLC column (Hamilton). 

All five calf histones were cleanly separated from each other upon 
elution with a gradient of 23 to 65% acetonitrile in 0.1% TFA. By 
monitoring the U V  absorbance at 214nm, the order of elution was determined 
to be H1, HZb, HZa, H4, H3 with H3 having a retention time of approximately 
40 minutes. Significant differences were observed in the calf thymus and 
yeast histone elution profiles. Yeast histones HZa, H4, and H2b all eluted 
earlier than calf thymus H2b. Yeast histone H3 was most strongly retained 
by the column. The identity of isolated fractions was confirmed by 
electrophoresis using standards. 

YEAST HISTONE ISOLATION USING HPLC, Pamela C. Stacks and Joseph 
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1489 ROLES OF DNA TOPOISCMERASES 1 AND I1 IN DUA REPLICATION AND TR4NSCRIFTION, Rolf 
Sternglmz, Stephen DiNardo, Steven J. Brill and Karen Voelkel-Meiman, SUNY, 
Stony Brook, NY 11794 

Yeast strains with mutations in the genes for DNA topoisomerases I and 11 have been identi- 
fied by us previously. 
normal rate [JBC 259, 1375 (1984) ; also accompanying Abstract]. 
temperature-sensiGe topoisomerase I1 mutant (topZ-1) has been described [PNAS 81, 2616 
(1984)J. 
appears to replicate and transcribe its DNA normally. 
ta~; top2 double mutants grow poorly at the permissive temperature and shut down DNA and 

are affected while the synthesis of 3 different mRNAs is unaffected. 
that DNA replication and at least same RNA synthesis require topoisomerase action but that 
either topoisomerase can perform the required hction (except for termination of DNA 
replication where topoisomerase 11 is essential for decatenation). 

Topoisamerase I mutants (=) are viable and grow at almost a 

The mutant is defective in the termination of DNA replication but otherwise 

A conditional-lethal 

In contrast to the single mutants, 

RNA synthesis rapidly at the restrictive temperature. Ribosomal RNA and tRNA synthesis 
The results suggest 

1490 CONSTRUCTION AND ANALYSIS OF DELETION CHROMOSOMES IN YEAST, Richard T. Surosky 

We have developed a simple method for the construction of large chromosomal deletions 
in yeast. Diploid yeast cells were transformed with DNA fragments that replace large 
regions of the chromosome by homologous recombination. Using this method, we have 
constructed a deletion on chromosome 111 in which the entire left arm has been removed. 
The centromere is 12 kb from the left telomere. We have also deleted the right arm of 
chromosome 111 producing a 120 kb chromosome. Both of these telocentric chromosomes 
have approximately the same mitotic stability as a normal chromosome 111. We have 
also made systematic deletions on both the left and right arms of chromosome 111. A 
65 kb deletion chromosome shows a ten-fold decrease in mitotic stability. Smaller 
deletion chromosomes show further decreases in stability. 

and Bik-Kwoon Tye, Cornell University, Ithaca, NY 14853 

1491 DNA SEQUENCE-POSITIONED CHROMATIN STRUCTURES OF THE YEAST HSP83 
LOCUS, C. Szent-Cyorgyi, D.B. Finkelstein, and W.T. Carrard, The U n i v e r s i t y  

o f  Texas Health Science Center at Dallas, Dallas, Tx. 75235 
We have investigated at high resolution the chromatin s t ructure o f  the locus containing a 
qaccharom ces cerevisiae gene that  encodes an 81 kd heat shock protein ( the  homolog o f  
w P 8 3 1 .  Nor thern hybridization enables u s  to  determine that  wi th in  10 mirt o f  
heat shock= the steady state level o f  HSP83 t ranscr ip t  i s  induced at least tenfold 
over the basal level ( 2 7 O ) .  DNase I and micrococcal nuclease cut t ing sites in nuclei 
isolated from either heat shock induced o r  uninduced cells were mapped along the HSP83 
locus by ind i rect  end-labeling. A persistent set o f  nuclease hypersensit ive features- 
noted. Regions -150 b p  in breadth that  are hypersensit ive to  DNase I are centered a t  
-1625 bp, -545 bp, -155 bp, +2400 bp, and +3375 bp relat ive to  the t ranscr ip t ion s tar t .  
The DNase I sites (except +2400 bp )  each display central ly located protected regions of 
20-40 bp, implying the presence o f  DNA b ind ing proteins. The Pelham heat shock 
consensus sequence lies wi th in  a protected subdomain o f  the site at -155 bp. Sequences 
corresponding to  po ly(A1 addit ion and possibly t ranscr ip t ion termination reside wi th in  the  
site a t  +2400 bp. A clear a r ray  o f  DNA sequence-positioned nucleosones, detectable by 
either nuclease, resides 3' to  the DNase I hypersensit ive region a t  +3375 bp: a similar 
a r ray  may ex is t  5' t o  the site a t  -1625 bp. These two hypersensit ive regions are also 
each demarcated 5' and 3' b y  exceptionally s t rong micrococcal nuclease cleavages % 160 bp 
apart,  a length which coincides wi th  the canonical nucleosomal repeat. (Supported by 
grants  from N l H  and The Robert A. Welch Foundation). 

139 



Yeast Cell Biology 

1492 
The TRPl/AASl c i r c u l a r  plasmid has th ree  p rec i se ly  posi t ioned nucleosomes on a sequence of 
unknown funct ion ( U N F )  f lanked by nuclease s e n s i t i v e  regions (Thoma g &. J.Mol.Blo1. 
177,715 C19841). To t e s t  whether posi t ioning is determined by boundary condi t ions or due 
t o  histone-DNA i n t e r a c t i o n s  we have in se r t ed  DNA fragments of varying lengths  between the 
pos i t i ons  of two of the  nucleosomes. In every case the nucleosomes o r i g i n a l l y  r e s iden t  on 
the yeast  sequences were posi t ioned on the  same sequences. In se r t ion  of 75 bp r e su l t ed  in  
the  add i t iona l  sequences ex i s t ing  in  a l i n k e r  region;  a 155 bp i n s e r t  contained an addi- 
t i o n a l  nucleosome on the  new DNA. Uhen 300 bp was in se r t ed ,  one add i t iona l  nucleosome was 
present ,  f lanked by l i n k e r s  of 100 and 50 bp, even though the added DNA is  long enough f o r  
two nucleosomes. Since long l i n k e r s  a r e  observed r a the r  than a l t e r e d  nucleosome posi-  
t i o n s ,  we doubt t h a t  boundary condi t ions determine nucleosome pos i t i on  in  t h i s  case.  The 
300 bp i n s e r t  con ta ins  two tandemly repeated segments of D N A  derived from a sea urchin 5s 
r R N A  sequence which forms a phased nucleosome when assembled with his tones in  v i t r o  (Simp- 
son and S ta f fo rd ,  PNAS, 80, 51 C19831). The nucleosome formed in  yeast  maps in  a s imi l a r  
pos i t i on  on one of the  tandem repea t s ;  t he  same sequence i n  the  other  repeat  is in  a l i nk -  
e r  region. A nucleosome posi t ioned on t h i s  second 55 sequence would impinge on one of the 
s t a b l e  nucleosomes on the  yeast  UNF sequences and may therefore  be precluded. We conclude 
t h a t  sequence s p e c i f i c  DNA h i s tone  in t e rac t ions  may play an e s s e n t i a l  r o l e  in Posi t ioning 
of nucleosomes both i n  vivo and i n  v i t r o .  

CHALLENGING NUCLEOSOME POSITIONS ON YEAST PLASMID CHROMATIN, F r i t z  Thoma and 
Robert T .  Simpson, National I n s t i t u t e s  of Health,  Bethesda, MD 20205 

- 

1493 CLONING, ~ C I E R I Z A T I O N  AND SEQUENCE OF ?HE YEAST DNA TOPOISOMERASE I GENE, 

Catherine Thrash: A.T. Bankier? B.G. Barrell, and Rolf Sternglanz: SUNY; Stony 
Brook, M I  11794 and MRC Laboratory o f  Molecular Biology! Cambridge CB2 2QH, England 

2 

The structural gene for yeas t  IRJA topoisomerase I (TOPI) has  been cloned from two y e a s t  
genomic plasmid banks. 
mapping shows t h a t  TOPI is identical t o  t h e  gene previously c a l l e d  Ml. S i x  topl, (e) mutants i n c l E g  gene d i s rup t ions  are v i a b l e ,  d e m o n s t r a t i n g 7 K t  DNA topoisomerase 
I is n o t  essential for v i a b i l i t y  i n  yeas t .  
been sequenced. The p r o t e i n  has  769 amino acids and a molecular weight of 90,020. 

In t eg ra t ion  of plasmids c a r E g  t h e  gene and subsequent gene t i c  

A 3787 bp DNA fragment including the gene has 

HIGH FREQUENCY EXCISION OF A TY ELEMEN DURING TRANSFORMATION OF YEAST, 1494 Gary Tschumpr and John Carbon, Department of Biological  Sciences,  
Universi ty  of Ca l i fo rn ia ,  Santa Barbara, Ca l i fo rn ia  

A c h a r a c t e r i s t i c  f e a t u r e  of cloned yeast centromeres is t h e i r  a b i l i t y  t o  r e s t r a i n  
plasmid copy number i n  yeas t  t o  an  average of one copy per c e l l .  
a plasmid that  permits s e l e c t i o n  of yeast t ransformants  on the basis of plasmid copy 
number. I n  a d d i t i o n  t o  the cloned centromere (m), a se l ec t ab le  marker (m) and 
2 micron DNA, t he  plasmid confains  the coding region of the kanamycin r e s i s t ance  gene 
from the b a c t e r i a l  transposon Tn5 attached t o  a fragment of Chlamydomonas reinhardtii 
DNA that funct ions as a veak promoter i n  yeast. 
encoded by the kanamycin r e s i s t ance  gene confers  r e s i s t ance  t o  Genet ic in  (G418 s u l f a t e ) .  
Yeast cells containing t h i s  plasmid are s e n s i t i v e  t o  l e v e l s  of Genet ic in  gEater than 
100 u g / m l ,  however, when the 
d r i v e s  the  plasmid t o  high copy number and the  c e l l s  become r e s i s t a n t  t o  more than 
500 ug/ml of Genet ic in .  During i n i t i a l  experiments with t h i s  plasmid, a transformant 
was obtained i n  which r e s i s t ance  t o  high concentrat ions of Genet ic in  was conferred by 
a low copy numbsr plasmid. Analysis of t he  plasmid revealed a Tyi element i n se r t ed  i n  
the  promoter of t he  phosphotransferase gene r e s u l t i n g  i n  high l e v e l  expression of t h i s  
gene. When yeast is retransformed with t h i s  plasmid, about 2556 of transformants c a r r y  
a plasmid from which Tyl has undergone s p e c i f i c  exc i s ion ,  leaving behind a s o l o  d e l t a  
sequence and rendering the host  c e l l s  s e n s i t i v e  t o  high l e v e l s  of Genet ic in .  The 
frequency of Tyi exc i s ion  is g r e a t l y  reduced following the  i n i t i a l  t ransformation event .  

93106 

We have constructed 

In yeast, the phosphotransferase 

copy number con t ro l  is absent ,  t he  2 micron DNA 
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1495 MIERACHY OF DNA REPLICATION ORIGINS IN YEAST. Bik-Kwoon Tye, Clarence Chan, Gregory 
Maine, Pratima Sinha and Steve Passmore. Cornell University, Ithaca, NY 14853. 

We have previously reported the isolation of yeast mutants that are defective in the mainten- 
ance of circular minichromosomes. The minichromosomes are mitotically stable plasmids, each 
carrying an 
defective (Mcm-) mutants which comprise 16 complementation groups. These mutants can be 
divided into two classes, specific and nonspecific, by their differential ability to maintain 
minichromosomes with different &s. The specific class of mutants is defective only in the 
maintenance of minichromosomes that carry a particular group of &s. Two specific mutants, 

and w, have been analyzed further. -6 shows temperature sensitivity for g 
specificity. At low temperature, it affects the stability of somebutnotallminichromosomes, 
depending on the ARS present. At high temperature, it affects all minichromosomes tested. 
The homozygous diploid of this mutant also loses its na_tural chromosomes at an abnormally 
high frequency. The mutant s, besides showing an Mcm phenotype, is also an a specific 
sterile. These two phenotypes are caused by a single mutation mapped at chromosome XIII, 2cM 
from=. The gene has been cloned and its activity is localized within 400 bp of a 
DNA fragment. The functions of the products of the and genes will be discussed. 
To investigate the element responsible for the differential behavior of the different g s  
in the specific mutants, we determined the nucleotide sequence of 5 telomeric g s  which are 
highly homologous and yet were affected differently in the specific mutants. We will report 
on the controlling element, which seems to be the site of interaction with the products of 
the and genes, within these g s .  

and a centromeric sequence. We chardcterized 40 minichromosme maintenance 

1496 
Virtually all yeast vectors in common w e  are shuttle plasmids harboring E. coli 
sequences. We have been using plasmids we call YARp's (for Yeast Acentric Ring plasmids) 
from which the foreign sequence has been eliminated. The YARp's thus far constructed are 
all derivatives of the TRPl RI Circle [Zakian and Scott, Mol. Cell. Biol. 2:221-232, 
19821, which we have renamed YARpl. We have made deletion and insertion derivatives in an 
attempt to delimit the sequence required for g l  function in the YARp context. 
smallest plasmid is only 880 bp and is not dramatically different, in term of copy number 
and stability, from the parent 1453 bp plasmid. Although insertions which are not 
immediately adjacent to g l  are tolerated, insertions as small as 10 base pairs lower the 
stability and copy number i f  near the e. 
fragment containing the S J  gene. 
allows selection of transformats. 
from YAK plasmids at about 100 times the level found in wild-type cells. The copy numbers 
of various YARp's range from fifty to several hundred per haploid cell. In addition, 
these plasmids are extremely stable in comparison with other high-copy plasmids. The 
novel properties of these plasmids make them useful as cloning vectors as well as tools 
for studies of reolication and nene exoression. We are continuinn our characterizations 

YEAST ACENTRIC KING PLASEIIDS, Michael Woontner, Randy Strich, Mark Fagan, and 
John Scott, University of Illinois, Urbana, IL 61801 

Our 

One large idsertion is the 1.2 kbp Hind111 
This insert interrupts the El sequence but still 
Both the g 3  and X l  gene products are expressed 

and are attempting to clone othir genes and control sequences SUCK as 
centromeres into the plasmids while retaining some or all of the usefu! YARp properties. 

romoters and 

1497 
S.U.N.Y. at Stony Brook, Stony Brook, NY 11794, and lDepartment of Molecular Biology, 
Princeton University, Princeton, NJ 08540. 

IDENTIFICATION AND CHARACTERIZATION OF THE YEAST NUCLEAR MATRIX, Ling-Chuan C. Wu, 
James R. Broach1, and Paul A. Fisher, Department of Pharmacological Sciences, 

Partially purified yeast (& cerevisiae) nuclei have been subjected to exhaustive nuc- 
lease digestion followed by sequential extraction with 2 4: Triton X-100 and 1 M NaC1. 
10,000 X g pellet remaining after these procedures is largely proteinaceous. SDS-PAGE anal- 
yses indicate that it is a biochemically distinct subcellular fraction, while EM examination 
demonstrates that it is composed of components that are morphologically similar to nuclear 
matrices similarly derived from a variety of higher eukaryotes. The polypeptide composition 
of the yeast nuclear matrix fraction is complex. Polypeptides range from 10-kD up to nearly 
200-kD. Using an antiserum ditected against yeast DNA topoisomerase 11, we have been able to 
show that the topoisomerase polypeptide remains completely associated with the nuclear pellet 
fraction during both nuclease treatment and Triton X-100 extraction, but is largely soluble 
in 1 M NaC1. 
appears to be exquisitely sensitive to in vitro proteolysis during cell fractionation. 
titative degradation from a polypeptide of 160-180-kD to a discrete form approximately 20-kD 
smaller has been observed in a number of preparations, and in the presence of various pro- 
tease inhibitors. This proteolysis is of uncertain significance, both with respect to the 
association of DNA topoisomerase I1 with the yeast nuclear matrix, and to the structural 
integrity of the nuclear matrix, per se. 

The 

These analyses have been complicated by the fact that DNA topoisomerase I1 
Quan- 

- 
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1498 SYNTHESIS, PROCESSING AN4 SECRETION OF FOREIGN PROTEIKS IN YEAST, Geoffrey 
T. Yarranton, Cl ive  R. Wood, Stephen L i t t l e ,  John Kenten, Michael Boss, and 
Spencer Emtage, Ce l l t ech  Limited,  250 Bath Road, Slough SL1 4DY, U . K .  

The yeas t  Saccharomyces c e r e v i s i a e  i s  capable of synthes is ing  and sec re t ing  
h igher  eukaryot ic  p ro te ins .  
o r  heterologous leader  pept ide ,  and sec re t ed  p ro te ins  a r e  usua l ly  enzymatically 
ac t ive .  Higher eukaryot ic  p ro te ins  synthes ised  bu t  accumulated i n t r a c e l l u l a r l y  
i n  yeas t  a r e  genera l ly  in so lub le  and inac t ive .  The syn thes i s ,  p rocess ing ,  
s e c r e t i o n  and g lycosy la t ion  of fo re ign  p ro te ins  w i l l  be descr ibed ,  a s  well  a s  
t he  formation of func t iona l  an t ibod ie s  i n  c e l l s  co-expressing both heavy and 
l i g h t  cha ins .  

Secre t ion  may be d i r ec t ed  e i t h e r  by a homologous 

1499 DOMINANT TRANSFORMATION AN0 PLASM10 AMPLIFICATION IN SACCHAROMYCES CEREVISIAE 

J.O. ZHU, R.  CONTRERAS, W .  FIERS, Laboratory of Molecular Biology, State University 
of Ghent, 8-9000 G h M ,  Belgium 

The cONA of the mouse dhfr was p u t  under the transcriptional control of the cyto- 
chrome C o r  the actin promoters and terminators on 2u-derived plasmids. I t  was 
possible to  transform yeast ce l l s  w i t h  such plasmid by selection of MTX resistance 
and amplify the plasmid by applying higher concentration of MTX.  

Secretion and Membrane Biology 

1500 IIATDEATIOR AAD SKCBETIOB OF TBB H-dsB8a HBCODED YEAST PEKPROTOIIB. 
Sect ion  of Biochemistry,  Brown Unive r s i ty ,  Providence, R I  02912. 

K.A.  Bos t ian ,  

The type I k i l l e r  system i n  & c e r e v i s i a e  i s  cha rac t e r i zed  by s e c r e t i o n  of a po lypept ide  
tox in  which k i l l s  s e n s i t i v e  c e l l s  by d i s rup t ing  cytoplasmic membrane func t ion .  This t ox in  i s  
encoded by the  1.9 k i lobase  p a i r  double-stranded RNA k i l l e r  plasmid, M -dsRNA, which a l s o  
determines s p e c i f i c  inmnrnity t o  tox in .  1 

M -dsRNA is found in  cytoplasmic v i rus - l ike  p a r t i c l e s  (VLP's) c a l l e d  ScV-M . A s i n g l e  
caps id lp ro te in  (88 kd) comprises more than  95% of the  VLP pro te in .  
P1, i s  encoded by L -dsRNA, a 4.5 kb dsRNA present  i n  type 1 k i l l e r s  i n  sepa ra t e  VLP's (S?$I 
L ),  a l s o  encaps id i t ed  by y p - P f .  ScV-M i s  a s a t e l l i t e  "v i rus"  of ScV-LIA, dependent on  i t  1 f i t  caps id  production. No in ec t ious  cyc le  i s  d e m n s t r a b l e  f o r  these  VLP's o r  dsRNA's, which 
a r e  s t a b l y  maintained a t  a copy number which i s  dependent on both  the  nuc lear  gene t i c  
background and on v a r i a t i o n  in  the  LIA-dsRNA. 

This capsid! c a l l e d  VL 

The sec re t ed  tox in  has r e c e n t l y  been shown t o  be composed of two d i s s i m i l a r ,  9 .5  and 9.0 
k i loda l ton  (kd) d i su l f ide - l inked  subun i t s ,  denoted CY and 6 r e spec t ive ly  (Bostian.  e t .  a l .  
1984, C e l l  36: 741).  The p r o t e i n  dimer i s  synthes ized  as  an i n t r a c e l l u l a r  43 kd g lycosyla ted  
p recu r so r .  The prepro toxin  gene comprises fou r  p r o t e i n  domains. 
amino ac id  leader  conta in ing  a t y p i c a l  s e c r e t i o n  s i g n a l  sequence ( r e s idues  6 - 2 7 ) , a ,  an 
approximately 86 amino ac id  tox in  component, y , an approximately 103 amino ac id  component 
be l ieved  t o  determine immunity, and % , t h e  C-terminal 83 amino ac id  tox in  component. CY and 5 
a r e  sec re t ed  a s  t he  d i su l f ide - l inked  two component t ox in .  
matura t ion ,  and recent  da t a  confirms our p red ic t ion  t h a t  g lycosy la t ion  occurs  a t  a l l  t h ree  of 
i t s  p o t e n t i a l  g lycosy la t ion  s i t e s .  Its f a t e ,  and t h a t  of 6 is  unknown. 

I n  sequence they  a r e  6, a 44 

y i s  g lycosyla ted  dur ing  p ro tox in  

Expression of cons t ruc t s  involving M1-cDNA and the  pBo5 promoter demonstrates t h a t  6 
During matura t ion  of t he  normal p lays  no e s s e n t i a l  r o l e  i n  tox in  product ion  or iuanunity. 

dsRNA-encoded p ro tox in ,  6 removal does not occur  p r i o r  t o  the  Golgi phase of s e c r e t i o n .  
Bowever, when t h e  PB05 s i g n a l  pept ide  r ep laces  most of 6 t o  form a hybrid pro toxin  gene wi th  
M -cDNA, expressed under con t ro l  o f  t he  promoter,  t h i s  s i g n a l  pept ide  is  removed. 
phobably a t  t he  ER s t age .  
immunity s t i l l  occurs .  Nuclear gene mutants a f f e c t i n g  processing and s e c r e t i o n  of t he  
precursor  (m, REX and X I ,  have been employed t o  de f ine  the  pathway of t ox in  and immunity 
b iosyn thes i s ,  and p r o t e i n  fus ions  t o  E .Eo l i%-ga lac tos idase  have been used t o  i d e n t i f y  the  
imnunity de te rminant .  

E f f i c i e n t  phosphate- repress ib le  express ion  of bo th  tox in  and 
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1501 GENE FUSIONS TO STUDY INTRACELLULAR ASPECTS OF PROTEIN MLIVERY, Scott D. Emr, 
D i v i s ion  o f  Biology, California I n s t i t u t e  o f  Technology, Pasadena, CA 91125 

The p ro te in  const i tuents  o f  the various subcel lu lar  organelles i n  yeast are i n i t l a l l y  
synthesized i n  the cytoplasm p r i o r  t o  being d i rec ted  t o  t h e l r  proper subcel lu lar  
destinations. Gene fusions are being used t o  map the ta rge t i ng  in format ion present i n  a 
yeast vacuole enzyme, carboxypeptldase Y (CPY),  and a mitochondria1 prote ln ,  the Fi-ATPase 
@-subunit, t ha t  p a r t l c i p a t e  i n  the accurate segregation o f  these prote ins i n t o  t h e i r  
respective organelles. This approach has demonstrated tha t  short amino-terminal sequence 
domains on each o f  these prote lns m n t a i n  s u f f i c i e n t  ln format lon t o  d l r e c t  proper de l i ve ry  
o f  the prote ins.  CPY sequences when fused t o  the normally secreted enzyme invertaae, 
d i r e c t  t h i s  sucrose c leavmg enzyme t o  the vacuole v l a  the secretory pathway. Mutants 
defect lve i n  t h i s  de l i ve ry  process have been iso la ted.  I n  the mutants, the CPY-Invertase 
hyb r id  p ro te in  as we l l  as wild-type CPY p ro te ln  (a lso expressed in  these s t ra ins )  are mis- 
d i rec ted  t o  the c e l l  surface. The mutants should he lp t o  def ine nuclear genes whose 
products p a r t i c i p a t e  m vacuole assembly. In  an analogous approach, when 6-subunit anmino- 
terminal  sequences are fused e i the r  t o  E. & 6-galactosidase or t o  yeast invertase, they 
d i r e c t  the import o f  these enzymes i n 6  yeast mitochondria. Mutants have been i so la ted  
that  a f fect  import o f  the hyb r id  proteins. Some o f  the mutants exh ib i t  a temperature 
cond i t i ona l  growth defect. A t  the nonpermisslve temperature, import o f  normal &subunit 
p ro te in  i s  impaired. Further character izat ion o f  these mutants should help define some o f  
the c e l l u l a r  components tha t  are requi red fo r  the assembly o f  funct ional  mitochondria. 

COORDINATE REGULATION OF PHOSPHOLIPID SYNTHESIS IN YEAST, Susan 
A. Henry, Department of Genetics and Molecular Biology. Albert Einstein College of 1502 

Medicine, Bronx, New York 10461. 
The synthesis of a number of phospholipids of the yeast membrane is subject to coordinat 

regulation(1). The enzymes under coordinate control include the cytoplasmic enzvme, inositol- 
1-phosphate synthase (I-1-?S) which mediates a key step in the biosynthesis o f  inositol, an 
important phospholipid precursor. In addition, the regulation encarnuasses a series of 
membrane associated enzymes which mediate the reaction series starting with the synthesis of 
phosphatidylserine (PS) f r o m  cytidine diphosphate diacyclglycerol (CDP-DG) and free serine 
and culminating in the synthesis of phosphatidylcholine (PC). The coordinately regulated 
membrane associated enzymes include phosphatidylserine synthase (21, phosphatidylserine 
decarboxylase (3) and the phospholipid-N-methyltransferases which convert phosphatidyl- 
ethanolamine (PE) to PC ( 4 ) .  Indeed the complete reaction series; CDP-DG-+PS+PE*PC; aupears 
to be coordinately regulated (1). 

Phosphatidylserine synthase and the phospholipid-N-rnethyltransterases are reriressed by 
the simultaneous addition of inositol and choline 11,4,2,5), whereas I-1-PS IS renressed by 
the addition of inositol alone. However, I-1-PS is thought to be sublect to the same 
coordinate regulation which controls the other enzymes. A series of regulatory mutants 
isolated on the basis of their effects upon I-1-PS have now been shown to have similar 
effects upon expression of the coordinately regulated membrane associated enzymes. These 
miltants include the and ino4 mutants which are unable to derepress the coordinately 
regulated activities and the opll mutant, which expresses all o f  the activities 
constitutively. In addition, a new class of mutants (opi5) has been isolated which uncouples 
the expression of I - I -PS  from the coordinate regulation. The epistatic interactions of all of 
the regulatory genes is presently being established. Two o f  the genes encoding coordinately 
regulated activities (E, structural gene tor I-1-PS and E, structural gene for  
phosphatidylserine synthase) have recently been cloned and the IN04 regulatory gene has also 
been isolated. The availability of these genes as probes for m o G l a r  studies w i l l  nermit 
a detailed analysis of this complex regulation. 

1. Henry, S.A., Klig, L.S .  and Loewy, B . S .  1984. Ann. Rev. Genetics. In Press. 
2. Carson, M.A., Atkinson, K.D. and Waechter, C.J. 1982. Bial. Chem. 257: 8115. 
3. Carson, M.A. et al., 1984. Biol. Chem. 259: 6267. 
4. liaechter, C.J. and Lester, R.L. 1973. Arch. Biochem. aiophys. E: 401. 
5 .  Yamishita, S .  et al., 1982. Eur. 3. Biochern. 128: 589. 
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~ 0 3  ISOLATIOY OF THE PUT.4TIVE CLATHRIN HEAVY CHAIN GENE FROI’I 2. CEREVISIAE,  Gregory S. 
Payne and Randy Schekman, Department o f  Biochemistry,  U n i v e r s i t y  o f  Ca l i f o rn ia ,  
Berkeley,  CA 94720 

t k w l y  syn thes ized ? ro te ins  des t ined f o r  t he  plasma membrane o r  sec re t i on  t rave rse  a 
se r ies  o f  membrane-enclosed organe l les  which comprise the  secre tory  nathray.  A c r u c i a l  as- 
pec t  o f  t ransoor t  throuqh t h i s  oathwav invo lves  v e s i c u l a t i o n  o f  sec re to ry  o rpane l l e  membranes 
t o  generate t ranspor t  ves i c les  capable o f  f us inp  w i t h  subsequent o rqane l les .  Coated membranes 
and ves i c les  have been imq l i ca ted  as in te rmed ia tes  i n  the  orocess o f  v e s i c l e  fo rmat ion .  I n  
mammalian c e l l s  t he  l a t t i c e  s t r u c t u r e  which coats membranes i s  o r i n c i v a l l y  composed o f  an 
180kd c la th r in  heavy cha in  and two l i g h t  chains o f  approximately 35kd. 
o r e c i s e l y  the  r o l e  o f  c l a t h r i n  i n  i n t r a c e l l u l a r  t ranspor t ,  we have cloned the  gene f o r  t h e  
l a r g e  subun i t  wi th t h e  i n t e n t i o n  o f  producing mutat ions i n  the  chromsomal locus .  Usin! a 
m o d i f i c a t i o n  o f  t he  orocedure descr ibed by  I !ue l le r  and Branton (1 )  we have i s o l a t e d  from 
- S. ce rev i s iae  c e l l s  a membrane f r a c t i o n  enr iched f o r  coated ves ic les .  
t h i s  f r a c t i o n  d i sp lays  a nrominent 190kd po lypept ide  and a 36kd po ly?eqt ide .  
e i t h e r  2M urea o r  0.5:1 T r i s  d i ssoc ia tes  the  190kd and 36kd ? ro te ins  f rom the  ves i c les .  
two p ro te ins ,  re leased from ves i c les  i n  equimolar amounts by 2M urea, co f rac t i ona te  when 
chromatoqraDhed throuqh Sepharose 48. 
gous t o  t h a t  o f  c l a t h r i n  heavy and l i g h t  cha in  components o f  mammalian coated ves i c les .  
have 2enerated a ?o l yc lona l  r a b b i t  ant iserum which s p e c i f i c a l l y  recognizes the  190kd p u t a t i v e  
yeas t  c l a t h r i n  heavy chain.  
a l i b r a r y  o f  yeas t  DiW i n s e r t e d  i n t o  bacter iophage x g t l l  (21. 
te r ioqha?e was found t h a t  exyesses  an imnunoreact ive p ro te in .  
i n f e c t e d  w i t h  the  recombinant bacterio7hage. when coupled t o  n i t roce l l u lose ,  can dep le te  the  
ant iserum o f  ap t i bod ies  which recognize t h e  190kd ? ro te in .  
n i t roce l l u lose -bound  e x t r a c t  can be recovered and s ? e c i f i c a l l y  de tec t  t he  130kd po ly?ept ide  
i n  e x t r a c t s  prepared from yeas t  c e l l s .  
no t  absorb an t i bod ies  s p e c i f i c  f o r  t h i s  o ro te in .  
yeas t  ?!!A hybr id i zes  t o  a s l n p l e  5.5kb polyadenylated RNA soecies. 
t o  code f o r  t he  190kd o ro te in .  

In orde r  t o  t e s t  more 

The p r o t e i n  p r o f i l e  of  

rhese 
Treatment w i t h  

Th is  d i s t i n c t i v e  behavior and subun i t  r a t i o  i s  analo- 
kle 

The ant iserum has been employed i n  an imnunolonical  screen o f  
One unique recombinant bac- 

Ex t rac ts  prepared from c e l l s  

Ant ibod ies  absorbed by t h e  

Lysates o f  c e l l s  i n fec ted  w i t h  the  i g t l l  vec to r  do 
Furthermore, probe synthesized from the  

Th is  R?’A i s  l a r o e  enough 

( 1 )  Hue l le r ,  S. C. and D. Branton. 1984. J. C e l l .  B i o l .  98:341. 
( Z )  Youna, R.  A.  and 4. I!. Cavis. 1983. PFoc.‘ratl.acSci. = g : l l q 4 .  

1504 ENDOCYTOSIS IN  YEAST, Howard Riezman, Yolande Chvatchko and I s a b e l l e  Howald, 
Swiss I n s t i t u t e  f o r  Experimental Cancer Research, CH-1066 Epalinges, Switzer land. 

Uptake o f  f l u i d  by  endocytosis can be fo l l owed  i n  Saccharomyces cerevisiae c e l l s  us ing  a 
Uptake o f  t he  dye i s  t ime, temperature and energy 

I n t e r n a l i z e d  l u c i f e r  ye l l ow  i s  accumulated i n  the  vacuole. 
f l uo rescen t  dye, l u c i f e r  ye l l ow  CH. 
dependent and i s  n o t  sa turab le .  
Many o f  t he  yeas t  mutants c o n d i t i o n a l l y  de fec t i ve  i n  sec re t i on  ( 1 )  are  a l s o  de fec t i ve  i n  
endocytosis.  Ana lys is  o f  these mutants leads  t o  the  f o l l o w i n g  conclusions. 
t r a n s p o r t  o f  p ro te ins  f rom the  endoplasmic r e t i c u l u m  t o  the  Go lg i  apparatus and f rom the  
Go lg i  apparatus t o  secre tory  ves i c les  i s  n o t  necessary f o r  endocytosis.  
c y t i c  pathway may be o b l i g a t o r i l y  coupled t o  the  l a t e  stages o f  secre t ion .  
mutants which a re  de fec t ive  i n  endocytosis b u t  n o t  i n  secre t ion .  
w i l l  be descr ibed. 
1 .  

E f f i c i e n t  

Pa r t  o f  t he  endo- 

A t  l e a s t  one such mutant 
We a r e  i s o l a t i n g  

Novick, P., F ie lds ,  C. and Schekman, R.  (1980) C e l l  5, 205-215. 

CliARACTiRIZATIOH OF YEAST !lUTAIITS 114 ASPARAGINE-LINKED 
’@ GLYCOSYLATION, P h i l  1 i p s  I/ .  Robbins, Center f o r  Cancer Research, : lassachusetts 

I n s t i t u t e  o f  Technology, Cambridge, MA 02139 

Ue b e l i e v e  t h a t  t he  cha rac te r i za t i on  o f  mutants w i l l  be use fu l  i n  un rave l i ng  the  
pathway o f  asparag ine- l inked g l y c o s y l a t i o n  and have been working with the  yeas t  Saccharomyces 
ce rev i s iae .  
c o n t r i b u t i o n s  t o  t h e  understanding o f  p r o t e i n  g l ycosy la t i on ,  t he  r e l a t i v e  ease o f  ob ta in ing  
mutants i n  yeas t  has a l lowed us t o  use a gene t i c  and biochemical  approach which has been 
less f e a s i b l e  i n  animal c e l l  s!rstems. L i k e  h ighe r  eukaryo t ic  c e l l s ,  yeas t  make a l i p i d -  
l i n k e d  o l igosacchar ide  Glc3MangGlcNAc2 which i s  t r a n s f e r r e d  en b loc  t o  p r o t e i n  and then 
mod i f i ed  by exc i s ion  o f  t he  glucose residues. While f u r t h e r  processing i n  animal c e l l s  can 
invo lve  the  removal o f  up t o  s i x  mannose residues and a d d i t i o n  o f  sugars such as N- 
acetylglucosamine, galactose, fucose, and s i a l i c  ac id ,  yeas t  c e l l s  add mannose residues and 
produce o l igosacchar ides  ranq ing  i n  s i z e  f rom 13 mannose residues, i n  the  case o f  
carboxypept idase Y t o  over 50, i n  the  case o f  i nve r tase .  

We have used a [3H]-mannose su i c ide  s e l e c t i o n  t o  en r i ch  f o r  mutants i n  l i p i d - l i n k e d  
01 igosacchar ide  b iosyn thes is  (see Huf faker  and Robbins, J .  B i o l .  Chem. 257: 3203-3210, 1982). 
S ix  complementation groups were i so la ted ,  each a c c u m u l a t ~ n g a i f ~ n t ~ p e  o f  1 i p i d - 1  inked 
01 i gosacchar ide  v i v o  a t  36OC: accumulates GlcNAc2; a1 2 accumulates Man2GlcNAc2; 
a1 3 accumulates ! iaT”kNAc ; 81 4 accumulates a m ix tu re  o f  &osaccharides i nc lud ing  
&GlcNAcz, 3an7GlcfjAc2 an% M$lcNAc2; a las  and a la6  bo th  accumulate :langGlcNAcz. The 
cha rac te r i za t i on  o f  these complementation G p s  w i m e  discussed. 

l l h i l e  recen t  s tud ies  w i t h  mammalian c e l l  mutants have made va luab le  
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PROTEOLYTIC PROCESSING OF THE MATING PHEROMONE PRECURSOR, PREPRO-a-FACTOR. Jeremy 1506 Thorned, Robert S. Fuller1, Anthony J .  Brake2 and David J. J u l i u s l ,  IDepartment of 
Microbiology and Immunology, University of Cal i fornia ,  Berkeley, CA 94720 and 
ZChiron Research Laboratories, Chiron Corporation, Emeryville, CA 94608. 

- S .  cerevis iae  secretes  two biological ly-act ive peptides, the mating pheromone a-factor and 
k i l l e r  toxin. We have demonstrated tha t  a-factor is  i n i t i a l l y  synthesized a s  a subs tan t ia l ly  
la rger  glycosylated precursor protein,  prepro-a-factor (1 ,2 ,3) .  These s tudies  and examina- 
t i o n  of the organization of the  a-factor s t r u c t u r a l  genes (?Val and MFa2) by ourselves (2)and 
others  (4,5) provided strong suggestive evidence tha t  the f i r s t  p r o t a y t i c  processing event 
i n  a-factor maturation i s  cleavage a t  pa i r s  of basic  res idues (-Lys-Arg-) tha t  flank the ma- 
ture  pheromone sequences within the  precursor. Ki l le r  toxin i s  a l s o  derived by excision from 
a la rger  precursor that contains o a i r s  of basic  res idues a t  several  presumptive processing 
s i t e s  (6) .  A mutation (&2) was ident i f ied  previously tha t  p le io t ropica l ly  blocked the pro- 
duction of ac t ive  a-factor and the  re lease  of funct ional  k i l l e r  toxin. We have shown tha t  
prepro-a-factor is  not pro teo ly t ica l ly  processed a t  a l l  i n  5 2  mutants and t h a t  the absence 
of a novel endopeptidase spec i f ic  for cleaving on the carboxyl s ide  of pa i r s  of basic residues 
is  responsible for  the observed processing defect  (7). We cloned the E Z  gene from a yeast 
genomic l i b r a r y  (7) and have u t i l i zed  the cloned gene to  over-produce i t s  protein Product t o  
permit detai led character izat ion of i t s  s t ruc ture ,  c a t a l y t i c  propert ies ,  and subcel lular  lo-  
ca l iza t ion .  The E.2 enzyme i s  a neutral ,  membrane-bound, t h i o l  protease, with an apparent 
na t ive  MW of 105,000 a f t e r  so lubi l iza t ion  using the detergent deoxycholate. Remarkably, en- 
zyme a c t i v i t y  and covalent label ing of the oro te in  by an a f f i n i t y  reagent, [125I]Tyr-Ala- 
Lys-Arg-chloromethylketone, require  Cafe ion. After inac t iva t ion  by EDTA treatment, reac t i -  
vat ion of the enzyme can be achieved a t  a f r e e  [Ca"] of micromolar or l e s s .  
spects  and others ,  the yeast s 2  enzyme resembles a c l a s s  of Ca--dependent mammalian pro- 
teases  cal led "calpains". The predicted primary s t ruc ture  of the g 2  protein deduced from 
the DNA sequence of the gene is  informative i n  l i g h t  of the propert ies  of the enzyme. There 
a r e  two s t r ik ingly  hydrophobic regions: a 22-residue s ignal  sequence a t  the N-terminus and a 
21-residue poten t ia l  membrane-spanning domain about 70 residues from the C-terminus. There 
a r e  f i v e  poten t ia l  sites f o r  the addi t ion of N-linked oligosaccharide and a s t r ik ingly  serine- 
and threonine-rich region j u s t  t o  the  amino-terminal s ide  of the membrane-spanning segment 
t h a t  may provide s i t e s  f o r  the  addi t ion of 0-linked oligosaccharide. 

In  these re- 

(1) Ju l ius ,  D.  et a1  Cel l  32: 839-852 (1983): 
1440-1450 (1983); (3) J u l i u s  e t  a1 Cell  36: 309-318 (1984); ( 4 )  Kurjan, J. and Herskowitz, 
I .  C e l l  30: 933-943 (1982): (6) 
Bostian, K .  e t  a 1  Cell 36: 741-751 (1984): ( 7 )  Ju l ius ,  D. et a1  Cell 37: 1075-1089 (1984). 

(2)  Brake, A. e t  a 1  Erolec. Cel lul .  E. 3: 

(5) Singh, A.  et a1  Nucl. Acid. a. 11: 4049-4063 (1983); 

Protein Localization 
STUDIES ON THE MECHANISM OF NUCLEAR PROTEIN LOCALIZATION I N  YEAST, 
Michael N. L l a l l ,  Dept. Biochemistry & Biophysics, UCSF, San Francisco, CA 94143 

In order t o  ident i fy  determinants governing nuclear protein loca l iza t ion ,  we have 
constructed a s e t  of gene fusions coding f o r  hybrid proteins  containing varying amounts 
of the  yeast nuclear protein a2 (a DNA-binding, regulatory protein) a t  the  amino terminus 
and a constant, a c t i v e  port ion of 8-galactosidase (LacZ) a t  the  carboxy terminus. 
(Targeting of 2. c o l i  8-galactosidase t o  t h e  nucleus i n  yeast. C e l l  2, 1057-1065, 1984) 
The propert ies  of these hybrid pro te ins  a r e  summarized i n  the  following tab le .  

NUCLEAR LETHAL TO HOST 
HYBRID a2 AA's LOCALIZATION BINDS DNA WHEN OVERPRODUCED - 

3a2-Lac2 3 - - - 
13a 2-Lac 2 13 + n.d. + 
25a2-LacZ 25 + - + 
67a2-Lac2 67 + - - 

210a2-LacZ 210 + + - 
The above r e s u l t s  argue that nuclear protein loca l iza t ion  i s  not by passive 

d i f fus ion  through nuclear pores with subsequent re ten t ion  by binding t o  a non-diffusible 
intra-nuclear substrate .  Proteins  may be se lec t ive ly  t ranslocated across  t h e  nuclear 
envelope. I am se lec t ing  mutants t o  ident i fy  presumed components of a se lec t ive  
t ranslocat ion apparatus i n  the  nuclear envelope. 
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The sequences required for transport of yeast H28-1 into the nucleus have been determined 
using H Z B  5-galactosidase fusions. Progressive deletions from the carhoxyl terminus have 
revealed that the sequences required for nuclear localization lie between amino acids 28 
and 33. 
similar to the,sequence which Kalderon, et.al. (1) have shown to be required for transport 
of SV40 T antigen. We therefore, constructed a point mutant at H 2 B  LYS31, since an 
equivalent mutation in T antigen (at LYS128) totally obliterates transport. The H 2 B  point 
mutant also obliterates transport. 
as essential for transport lie within a region which Wallis, et.al. (2) have shown to be 
dispensable. We are testing whether this discrepancy can he explained by cotransport of 
H2A-HZB, the signal for transport being supplied by the amino terminus of either H2A o r  H 2 B .  

1. Kalderon, D., Richardson, W . D . ,  Markham, A . F . ,  and A . E .  Smith. k e .  311;33-37. 

2. h'allis, J.W., Rykowski, P I . ,  and Grunstein, M .  E. 35;711-719. 

TRANSPORT OF YEAST H2B INTO THE NUCLEUS. Robert B. Moreland, and Lynna M .  Hereford, 

The amino acid sequence within this region, LYS30 LYS AF.G SE!' LYS34 is very 

Interestingly, the sequences which we have identified 

1509 N J C L E A R  E"TRY OF .I PROCARYOTIC PROTEIhl  111 SACC'1ARO"YCES CEREVISIP.E, J a sne r  Rine and 
qeor iana  Barnes, Oeoartment of Siochemistry,  Univers i tv  of Ca l i fo rn ia ,  Berkeley, 
Ca l i fo rn ia ,  94720 

In euca ryo t i c  c e l l s ,  t he  comnartmentalization of func t ions  imnoses a s t r i n c e n t  reoui re -  
ment < n r  n ro t e ins  t o  he t a rne ted  and loca l i zed  t o  an annronr i a t e  subce l lu l a r  l oca t ion .  The 
bes t  understood examnles of l o c a l i z a t i o n  involve s inna l s  i n  sec re t ed  o ro te ins  t h a t  a r e  
reconnized by a c e l l u l a r  anoara tus  t h a t  d i r e c t s  t h e  n ro te in  toward i t s  d e s t i n a t i o n .  Much l e s s  
i s  knorn about t h e  nath leadinn t o  the  nucleus.  I n  a Few cases ,  howver ,  s n e c i f i c  renions 
in  c e r t a i n  nuc lear  n ro te ins  have been i m l i c a t e d  a s  t he  s iona l  f o r  nuc lear  accumulation of 
t 9ese  n ro te ins  ( e . 0 .  1). The nresence of a s iona l  imnlies the  ex i s t ence  of an annara tus  t h a t  
reconnizes tho  s i ? n a l ,  a l t hou ih  no such annara tus  has been i d e n t i f i e d  f o r  nuc lear  q ro te ins .  

I l e  wished t o  determine r h e t a e r  a n ro te in  t ' l a t  i s  synthes ized  in vivo r eou i r e s  a s i?na l  
f o r  e n t r y  i n t o  t h e  nucleus.  Furthermore, we wanted t o  s e t  un a n e n x i c l e c t i o n  t h a t  could 
allow t h e  i s o l a t i o n  of nu ta t ions  t h a t  block the  en t ry  of n ro te ins  i n t o  the  the  nucleus.  As 
a s t e o  towards both poa l s ,  we have cons t ruc ted  
aroduction of the orocaryot ic  o ro te in  EcoRI endonuclease in  y e a s t  c e l l s .  !le have shown t h a t  
t he  endonuclease does e n t e r  t h e  nucleus with relativel!/  ran id  k i n e t i c s .  A s  a r e s u l t ,  t he  
c e l l s  d i e .  rad52 mutants,  which a r e  
a r e  more s e n s i t i v e  t o  t he  e f f e c t s  of t h e  endonuclease than a r e  RAD52 c e l l s .  I n  
t he  endonuclease i s  canable of a comnlete d ines t ion  of t he  yeas t  ienome a t  a l l  EcoRI s i t e s  
and onl!, a t  EcoFI s i t e s .  From these  s t u d i e s ,  we conclude t h a t  a nuc lear  l o c a l i z a t i o n  s i?na l  
i s  not renui red  f o r  t + e  nuc lear  en t ry  o+ a n ro te in .  Furthermore, t he  l e t h a l i t ? (  of EcoRI 
e idonuclease  ma:' nrove useful i n  i s o l a t i n n  mutations t h a t  block the  en t ry  of a t  l e a s t  some 
q ro te ins  i n t o  t h e  nucleus.  

Fxneriments w i t h  n the r  ornanisms sunnes ts  t h a t  n ro t e ins  under a c e r t a i n  s i z e  may 
e n t e r  t h e  nucleus by a nonsoec i f ic  means. i!e have exnlored the  nossibi1it .v of increas ing  
t h e  e f f e c t i v e  s i z e  of t he  endonuclease so t h a t  i t s  entr:! i n t o  the nucleus wi l l  becone 
de-endent on a nuc lear  s inna l  .S"eci+icall!/, ',le have demonstrated t h a t  i t  i s  noss ib l e  t o  
add amino ac ids  t o  t h e  amino terminus of t h e  endonuclease in  such a way as t o  r e t a i n  
e v \ m e  a c t i v i t l , .  The cons t ruc t ion  and cha rac t e r i za t ion  of fus ion  n ro te ins  between the  
endonuclease and bona Tide ?eas t  nuc lear  i r o t e i n s  i s  underway. 

1 .  n. Yalrleron, I.'.?. ? ichardson ,  A , ? .  ':ark'lam, and A . E .  Smith (1084) ' ' a t t i re ,  311: 33-38 

nene fus ions  t h a t  a l low f o r  t h e  reoula ted  

d e f i c i e n t  i n  t he  r ena i r  of double s t r and  breaks in  DF1.4, 
mutants,  
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I h a v e  b e g u n  t o  u s e  a g e n e t i c  a p p r o a c h  t o  u n d e r s t a n d  t h e  p r o b l e m  o f  
n u c l e a r  p r o t e i n  l o c a l i z a t i o n .  I h a v e  d e f i n e d  amino a c i d  s e q u e n c e s  i n  a 
y e a s t  n u c l e a r  p r o t e i n  t h a t  a r e  s u f f i c i e n t  f o r  i t s  a c c u m u l a t i o n  i n  t h e  
n u c l e u s .  S p e c i f i c a l l y ,  I h a v e  made g e n e  f u s i o n s  between t h e  y e a s t  G A  
g e n e  a n d  t h e  E . co l i  l a c 2  g e n e .  The  r e s u l t i n g  g e n e  f u s i o n s ,  when p l a c e d  i n  
y e a s t ,  y i e l d  c h i m e r i c o t e i n s  w i t h  6 - g a l a c t o s i d a s e  a c t i v i t y .  T h e  G Z  
g e n e  p r o d u c t ,  a p o s i t i v e  a c t i v a t o r  p r o t e i n  o f  t h e  y e a s t  g e n e s  n e c e s s a r y  
f o r  g a l a c t o s e  m e t a b o l i s m ,  is t h o u g h t  t o  i n t e r a c t  d i r e c t l y  w i t h  DNA. On 
t h e  o t h e r  h a n d ,  0 - g a l a c t o s i d a s e  is n o t  l o c a l i z e d  t o  a n y  i n t r a c e l l u l a r  
c o m p a r t m e n t  when p r o d u c e d  i n  y e a s t .  When p o r t i o n s  o f  t h e  N - t e r m i n u s  
a r e  f u s e d  t o  p - g a l a c t o s i d a s e ,  t h e  5 - g a l a c t o s i d a s e  is d e t e c t e d  
p r e d o m i n a n t l y  i n  t h e  c e l l  n u c l e u s  b y  i n d i r e c t  i m m u n o f l u o r e s c e n c e .  By t h i s  
a n a l y s i s ,  I d e t e r m i n e d  t h a t  o n l y  74 o f  t h e  t o t a l  8 8 1  GAL4 amino a c i d s  a r e  
s u f f i c i e n t  f o r  n u c l e a r  l o c a l i z a t i o n .  An u n e x p e c t e d  f i G q  is t h a t  
c h i m e r i c  p r o t e i n s  l a c k i n g  t h e  n u c l e a r  d e t e r m i n a n t ,  w h i c h  a r e  e x c l u d e d  
f r o m  t h e  n u c l e u s ,  a r e  p r o d u c e d  a t  h i g h e r  l e v e l s  a s  d e t e r m i n e d  by 
R - g a l a c t o s i d a s e  a c t i v i t y .  The  f a c t  t h a t  t h e  n u c l e a r - a s s o c i a t e d  c h i m e r i c  
p r o t e i n s  a r e  p r e s e n t  a t  lower l e v e l s  t h a n  o t h e r w i s e  n o n - n u c l e a r  c h i m e r a s  
may r e f l e c t  some f u n d a m e n t a l  a s p e c t  of t h e  l o c a l i z a t i o n  p r o c e s s .  I h a v e  
t a k e n  a d v a n t a g e  o f  t h i s  o b s e r v a t i o n  t o  screen f o r  y e a s t  t h a t  p r o d u c e  
h i g h e r  l e v e l s  o f  a n o r m a l l y  n u c l e a r - a s s o c i a t e d  GAL4-lac2 c h i m e r i c  
p r o t e i n .  I h a v e  i s o l a t e d  b o t h  c e l l u l a r  a n d  GAL4- l inked  m u t a n t s  t h a t  
d i s p l a y  a l t e r e d  l o c a l i z a t i o n  o f  t h e  n o r m a l l y c l e a r - a s s o c i a t e d  f u s i o n  
p r o t e i n .  

MUTATIONS AFFECTING LOCALIZATION OF NUCLEAR PROTEINS, Pamela  
S i l v e r ,  D e p a r t m e n t  o f  B i o c h e m i s t r y  & M o l e c u l a r  B i o l o g y ,  H a r v a r d  

1511 PROTEIN SORTING AND VACUOLE ASSEMBLY I N  YEAST, Tom H. Stevens,  El izabeth G. 
Blachly,  Craig P. Hunter, Carli C. I a m ,  Joe l  H. Rothman and h i s  A. Val ls ,  
I n s t i t u t e  of Molecular Biology, l h i v e r s i t y  of Oregon, Eugene, OR 97403 

The process of s ec re t ion  and o rgane l l e  assembly i n  yeast  is s t r i k i n g l y  similar t o  that 
found i n  more complex eukaryotes.  Secretory p ro te ins  as w e l l  a s  p ro te ins  dest ined f o r  t he  
lvsosome-like vacuole are svnthesized on ER-bound ribosomes. Both c l a s s e s  of u ro te ins  a r e  
then t ransported to  the Golgi complex where s o r t i n g  appears t o  occur ( I ) .  To inves t iga t e  
mechanisms of s o r t i n g  and vacuole assembly i n  yeast  we a r e  i s o l a t i n g  and biochemically 
analyzing mutants that f a i l  t o  co r rec t ly  l o c a l i z e  vacuolar glycoproteins .  

The vacuolar glycoprotein carboxypeptidase Y (CPY) is  one of a number of vacuolar 
p ro te ins  tha t  t r a n s i t  the sec re to ry  pathway as i n a c t i v e  zymogens (2).  The CPY precursor  
(proCPY) contains  an l l laa N-terminal extension of the mature CPY, as revealed by DNA 
sequencing of i t s  s t r u c t u r a l  gene pRc1. The f i r s t  20 amino a c i d s  of t he  N-terminal 
propeptide c o n s t i t u t e  a hydrophobic s igna l  sequence. HDwever, we have not yet  determined 

the 

whether t h i s  s igna l  sequence is a c t u a l l y  cleaved upon t r ans loca t ion .  'Ihe remainder of the 
propeptide may funct ion to  address  proCPY t o  the  vacuole. To t e s t  t h i s  hypothesis we have 
constructed point and d e l e t i o n  mutations i n  pRcl t h a t  m y  r e s u l t  i n  mis loca l i za t ion  of 
proCPY. 

have developed a s e l e c t i o n  scheme which f a c i l i t a t e s  the i s o l a t i o n  of s o r t i n g  mutants which 
mislocal ize  CPY to  the periplasm. These pu ta t ive  s o r t i n g  mutants have been c l a s s i f i e d  i n t o  
mul t ip l e  complementation groups,  many of which contain temperature-sensi t ive ( t s )  a l l e l e s .  
These mutants (vpl, vacuole p r o t e i n  l o c a l i z a t i o n )  mis loca l i ze  a number of vacuolar p ro te ins  
besides  CPY t o  the c e l l  surface.  The pleiotropy of s eve ra l  of these mutations presumably 
r e f l e c t s  the exis tence of a common e s s e n t i a l  s o r t i n g  pathway used by the  c e l l  t o  l o c a l i z e  
vacuolar proteins .  

pathway, random ts mutants were screened fo r  a block i n  t r anspor t  s p e c i f i c  t o  vacuolar 
p ro te ins .  We found s i x  mutants (E) t ha t  accumulate proCPY and proproteinase A 
i n t r a c e l l u l a r l y  a t  37OC even though sec re t ion  of normal sec re to ry  p ro te ins  is  not a f f ec t ed .  
These 5 mutants appear t o  be blocked i n  t r anspor t  of vacuolar p ro te ins  a f t e r  the " so r t ing  
point"  but before the p r o t e o l y t i c  processing compartment (presumably the  vacuole).  

To i n v e s t i g a t e  the c e l l u l a r  apparatus  that recognizes proCPY as a vacuolar p ro te in  we 

To def ine the vacuole assembly pathway a f t e r  the branch point  from the sec re to ry  

. . 
(1) Stevens,  T.H., B. Esmon and R. Schekman (1982) C e l l  30, 439-448. 
(2 )  Jones,  E.W. (1984) Ann. Rev. Genet. 18, 233-270. 
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mitochondrial polypeptides from their site of synthesis in the 
extramitochondrial cytoplasm to their functional location in the organelle. 
Many of these imported proteins are made as precursors of larger molecular 
weight, and their import involves: 1 )  binding of precursor polypeptides to 
the mitochondrial outer membrane, 2 )  translocation across one or both 
mitochondrial membranes, 3 )  proteolytic processing of larger molecular 
weight precursors to their mature size, and 4 )  assembly of subunits into 
functional enzyme complexes. The role of the amino-terminal presequences, 
found on many mitochondrial precursors, has been examined by constructing 
fusions between portions of cloned genes for several mitochondrial proteins 
and the gene for a cytoplasmic enzyme, dihydrofolate reductase (DHFR). 
Polypeptides encoded by these gene fusions were synthesized in an in vitro 
transcription-translation system and incubated with isolated mitochondria. 
A polypeptide containing only a portion of the pre-sequence of a 
mitochondrial protein fused to DHFR was imported into the mitochondrial 
matrix. Studies with this and other constructions indicate that the 
presequence is sufficient for correct targeting and import of a polypeptide 
in vitro, and that these sequences also contain information for 
intramitochondrial targeting. The import of these fusion proteins is also 
being examined in the intact cell. A second focus of our research has been 
a characterization of the molecular components of the import apparatus by 
analyzing temperature-sensitive yeast strains blocked in mitochondrial 
protein import (mas mutants). Import of proteins into mitochondria isolated 
from one of these strains (mas 1 )  is substantially slower than with 
wild-type mitochondria, while the rate and efficiency of oxidative 
phosphorylation are essentially identical in the mutant and wild-type 
mitochondria. The defective components of the import apparatus in mas 1 and 
other mutant strains are being characterized further by cloning thGenes 
f o r  these components. 
identifying the intracellular location and function of molecules mediating 
the import process. 

MOLECULAR AND GENETIC ANALYSIS OF t!ITOCHONDRIAL PROTEIN IMPORT. Michael P. Yaffe 
A major facet of mitochondrial assembly is the import of most 

Availability of these genes should help in 

Protein localization and Secretion 

1513 
Yeast mutants  w i t h  d e f e c t s  i n  b i o s y n t h e s i s  of t h e  n i t r o g e n o u s  phosphol ip ids  e x h i b i t  m i t o t i c  
i n s t a b i l i t y  of t h e  m i t o c h o n d r i a l  genome and of  cent romere- less  c i r c u l a r  p lasmids .  Comparison 
of s e v e r a l  mutants  s p e c i f i c a l l y  i m p l i c a t e s  phosphatidylethanolamine d e f i c i e n c y  as t h e  c a u s e  
of extrachromosomal genome i n s t a b i l i t y .  
Yeast e l  mutants  r e q u i r e  e i t h e r  c h o l i n e  o r  e thanolamine  because  they  cannot  make phospha- 
t i d y l s e r i n e  (PS) , t h e  p r e c u r s o r  of phosphatidylethanolamine (PE) and phosphat idylchol ine .  
Recess ive  s u p p r e s s o r s ,  a l t e r e d  a t  s l ,  ~ 2 ,  or  ~ 3 ,  make endogenous e thanolamine ,  f e e d i n g  
- chol  mutants  from w i t h i n .  The &l s t r a i n s ,  l a c k i n g  PS b u t  s u s t a i n i n g  normal PE l e v e l s ,  
m a i n t a i n  extrachromosomal e lements  normally.  The un-suppressed %l mutants ,  l a c k i n g  PS and 
d e f i c i e n t  i n  PE when fed  c h o l i n e ,  show maintenance i n s t a b i l i t i e s :  a )  they  l o s e  t h e i r  
m i t o c h o n d r i a l  genomes, w i t h  a 50 t o  90% i n c i d e n c e  of  0 r e s p i r a t i o n - d e f e c t i v e  s e g r e g a t i o n ,  
b) t h e y  do n o t  e x h i b i t  chromosomal i n s t a b i l i t y ,  y i e l d i n g  a low i n c i d e n c e  of c o p p e r - r e s i s t a n t  
chromosome V I I I  a n e u p l o i d s ,  
plasmid YCpl9, b u t  d) t h e y  are t ransformed o n l y  1% as e f f i c i e n t l y  by t h e  r e l a t e d  centromere- 
less YRp7 and YRp12 plasmids.  T h i s  i n d i c a t e s  that e s t a b l i s h m e n t  of t ransforming  plasmid DNA 
i s  a f f e c t e d ,  b u t  up take  is  n o t .  Normal CHO+ EAM” s t r a i n s  a l s o  t ransform more e f f i c i e n t l y  
i n  a Li+ promoted system when t h e i r  membrane PE composi t ion  is  augmented by ethanolamine 
supplementa t ion .  

Pi.OSPHATIDVLSTHANOLAi.IINE INFLUENCE ON MAINTENANCE OF CENTROMERE-LESS YEAST REPLICON 
K a t h a r i n e  D. Atk inson ,  U n i v e r s i t y  of C a l i f o r n i a ,  R i v e r s i d e  CA 92521 

c )  they  a r e  t ransformed w i t h  normal e f f i c i e n c y  by t h e  CEN+ 
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1514 ASSEMBLY OF THE CYTOCHROME 6-c1 COMPLEX IN THE YEAST MITOCHONDRIAL MEMBRANE, 
Diana S. B e a t t i e  and Keya Sen, Department o f  Biochemistry,  Mount S ina i  School 
o f  Medicine, New York, N.Y. 10029 

The cytochrome b-c complex o f  t he  mi tochondr ia l  r e s p i r a t o r y  cha in  ca ta lyzes  e l e c t r o n  
t ranspor t  c o u p l d o  ATP syn thes is  f rom reduced coenzyme Q t o  cytochrane c. An enzyna- 
t i c a l l y  a c t i v e  b-c complex i s o l a t e d  from bakers '  yeas t  con ta ins  7-8 subuir i ts rang ing  
i n  mo lecu la r  weTgd from 49-11 kDa. - v i v o  i n  the  cy toso l  as a l a r g e r  p recursor  po l ypep t ide  o f  28 kDa. The precursor  is%- 
sequent ly  cleaved, i n  a process r e q u i r i n g  an energized m i tochondr ia l  i nne r  membrane, i n -  
t o  an in te rmed ia te  form 1.5 kDa l a r g e r  than the  mature subun i t  (24  kDa). The conversion 
o f  t he  in te rmed ia te  t o  the  mature form occurs i n  the  i nne r  mi tochondr ia l  membrane wh i l e  
i t  i s  associated w i t h  the  o ther  p r o t e i n s  o f  t he  complex. I n  mutants l a c k i n g  cytochrome 
b, t he  m i tochondr ia l  membranes con ta in  50% o r  l ess  o f  t h e  I S P  determined by  immuno-blot- 
f i n g  o r  i n u n o p r e c i p i t a t i o n  w i t h  s p e c i f i c  an t isera ,  a l though cytochrome c 
i n  the  sme amount as the  w i l d  type. K i n e t i c  s tud ies  on t h e  l a b e l i n g  o f t S P  ind i ca ted  
t h a t  t h e  precursor  form o f  t h i s  p r o t e i n  i s  synthesized i n  t h e  cytochrome b l a c k i n g  c e l l s  
b u t  t h a t  t he  subsequent processing and/or assembly i n t o  the  membrane i s  a f fec ted .  These 
r e s u l t s  a re  cons is ten t  w i th  our p rev ious  suggest ion (JBC 258, 19649, 1983) t h a t  cy to -  
chromes b and 9 which are r a p i d l y  synthesized i n  v i v o  m a y c t  as a templa te  f o r  t h e  
subsesuext i n s e r t i o n  o f  t he  o the r  subun i ts  o f  t hecomp lex  i n t o  the  membrane. 

The i r o n - s u l f u r  p r o t e i n  ( I S P )  i s  synthesized i n  

i s  present 

ANALYSI OF THE YEAST SEC 53 GENE AN0 GENE PRO UC M i t c h e l l  Be rns te in l  , Gustav 1515 Ammerer 3 , Werner H o f f m x a n d  Randy SchekmanP, 7i)epartment o f  Biochemistry,  Uni- 
v e r s i t y  o f  C a l i f o r n i a ,  Berkeley,  CA 94720; EZymoGenetics, 2121 N. 35th St. ,  Sea t t l e ,  UA 98103. 

We are  s tudy ing  SEC53, a gene invo lved  i n  movement o f  p ro te ins  through the  e a r l y  p a r t  
of t he  sec rc tc ry  p a t h s n  S. i e r e v i s i a e .  Mutat tor ls i n  t h i s  gene cause inac t i ve ,  unaivcos- 
y l a t e d  i nve r tase  t o  accumulaTe, bound t o  the  membrane, i n  the  lumen o f  t he  endoplasmic re -  
t i cu lum.  Plasmids t h a t  complement sec53 have been i s o l a t e d  from genomic and cDNA l i b r a r i e s .  
We have shown t h a t  these plasmids con ta in  t h e  SEC53 gene by i n t e g r a t i o n  o f  sequences i n t o  
the  genome, fo l lowed by gene t i c  ana lys i s .  We h a v e a l s o  shown SEC53 t o  be essen t ia l  f o r  c e l l  
growth by gene d i s r u p t i o n  experiments. 

The SEC53 gene i s  t ransc r ibed  i n t o  an mRNA o f  approx imate ly  1000 nuc leo t ides ,  account- 
i n g  f o r  O n . 5 %  o f  t h e  yeas t  p o l y  A+ RNA. We have a l s o  sequenced SEC53 and found an open 
read ing  frame capable o f  encoding a 28 kD po lypept ide .  When SEC53 i s s e n t  i n  c e l l s  on a 
mu l t i copy  plasmid, a p r o t e i n  o f  t h i s  mo lecu la r  we igh t  i s  o v e r m c e d .  
been i d e n t i f i e d  unequ ivoca l l y  as the  SEC53 gene produc t  (Sec53p) through a combinat ion o f  
t ransposon mediated mutagenesis o f  p l X  DNA, and h y b r i d  s e l e c t i o n  o f  yeas t  RNA fo l l owed  
by i n  v i t r o  t r a n s l a t i o n .  

t e i n ,  p u r i f i e d  f rom E. c o l i ,  t o  r a i s e p o l y z n a l  an t iserum aga ins t  Sec53p. We are 

Th is  p r o t e i n  has 

We have made a gene f u s i o n  o f  SEC53 t o  LACZ, and have used the  r e s u l t a n t  h y b r i d  pro- 

c u r r e n t l y  f r a c t i o n a t i n g c e l l s  t o  aetermine t h e  c e l l u l a r  l o c a t i o n  of  Sec53p, and conduct ing 
i n  v i t r o  experiinents t o  f u r t h e r  e l u c i d a t e  t h e  na tu re  o f  t h e  sec53 de fec t .  -- 

1516 Extragenic Suppressors o f  Signal Sequence Mutat ions i n  Yeast. E l i zabe th  
G. B lach ly  and Tom H. Stevens, U n i v e r s i t y  o f  Oregon, Eugene, OR 97403. 

Trans loca t ion  o f  p ro te ins  across the  endoplasmic re t i cu lum (ER) membrane has been 
s tud ied  i n t e n s i v e l y  i n  animal c e l l s .  This work has l e d  t o  the  d iscovery  o f  t he  s igna l  
recogn i t i on  p a r t i c l e  (SRP) and the  SRP receptor.  We are  us ing  a genet ic  approach t o  
analyze the  molecu la r  d e t a i l s  o f  t h i s  h i g h l y  conserved t r a n s l o c a t i o n  process i n  the  . .  
yeast  S. cerev is iae .  

i n d i c a t e s  t h a t  t h i s  v a c u o r g l y c o p r o t e i n  i s  i n i t i a l l y  synthesized w i th  an N-terminal  
TFe DNA sequence o f  PRC1, t h e  s t r u c t u r a l  gene f o r  carboxypept idase Y (CPY), 

s igna l  sequence t h a t  con ta ins  a 16 amino a c i d  hydrophobic core. 
se r ies  o f  d e l e t i o n  muta t ions  (Assl-4) t h a t  reduce the  l eng th  o f  t he  hydrophobic core. 
The mutant po lypept ides  are no t  t rans loca ted  across the  ER membrane and remain i n  t he  
cytoplasm as i nac t i ve ,  ung lycosy la ted  precursors.  

To ob ta in  muta t ions  i n  genes coding f o r  components o f  t he  t r a n s l o c a t i o n  machinery 
t h a t  recognize and b ind  s igna l  sequences, we have se lec ted  un l i nked  suppressors o f  t he  
prcl s igna l  sequence mutat ions.  
a --ASS1 s t r a i n ,  using a s e l e c t i o n  scheme developed i n  our labora tory .  We have 
ob ta ined ex t ragen ic  suppressors which a l l ow  t r a n s l o c a t i o n  o f  s igna l  sequence d e f e c t i v e  
CPY across the  ER membrane. A number o f  these muta t ions  produce a t s  l e t h a l  phenotype. 
Biochemical and complementation analyses o f  these mutants w i l l  be presented. 

We have produced a 

Mutants were obtained by s e l e c t i n g  f o r  CPY a c t i v i t y  i n  

149 



Yeast Cell Biology 

1517 MOLECULAR ANALYSIS OF A MITOCHONDRIALLY-IMPORTED ENZYME INVOLVED IN 
PROLINE UTILIZATION IN YEAST, Marjorie C. Brandriss and Karen A. Krzywicki, 
Department of Microbiology, UMDNJ-New Jersey Medical School, Newark, N J  07103. 

The enzyme ~1-pyrroline-5-carboxylate (PSC) dehydrogenase participates in the conversion of proline 
to  glutamate inside the mitochondria of Saccharomyces cerevisiae. The protein is synthesized in the 
cytoplasm as  a precusor of 64 kd molecular weight. During import into the mitochondria, i t  is processed 
t o  i ts  mature form by the  removal of 15-20 amino acids. W e  a re  interested in learning more about the 
import process and have begun to introduce changes in the protein by altering the  cloned gene. First, 
we have made gene fusions betwecn @ (Rgalactosidase) and (P5C dehydrogenase). A protein 
fusion carrying the amino-terminal 14 residues of P5C dehydrogenase attached t o  5-galactosidase was 
- not targeted to  the mitochondria and was found exclusively in the cytoplasm. A hybrid 6-galactosidase 
protein carrying the  first 366 residues of P5C dehydrogenase was localized inside the  mitochondria and, 
when made in large amounts, had deleterious effects on cell growth. Additional put2-lacZ fusions a re  
under construction to delimit the sequences important for targeting B -galactosidase to the  
mitochondria. Second, we constructed an internal in-frame deletion of the PUT2 gene that  removed 
DNA between codons 14 and 124. This resulted in the  formation of a P5C dehydrogenase protein that  
was not imported into the mitochondria in an in vitro import assay. The aim of these studies is t o  
determine which sequences or conformations of P5C dehydrogenase a re  important in directing the 
protein t o  the mitochondria1 membrane and in finding i ts  ult imate position within that  organelle. 

REGULATION OF HO GENE EXPRESSION, Linda Breeden and Kim Nasmyth. 
MRC Laboratory of Molecular Biology, Cambridge, U.K. 1518 

The diploidization of Saccharomyces cerevisiae is achieved by a very specific pattern 
of mating type switching, which involves a double strand break at the MAT locus by the HO 
endonuclease. The pattern of switching may be explained by the pattern of HO 
transcription, which occurs only during late G in a or a mother cells, and is absent 
throughout the cell cycle of a or a daughter cells and a f a  diploids. 

In order to determine how this cell type- and cell cycle-specific expression of HO is 
accomplished we have carried out an extensive deletion analysis to identify cis acting 
regulatory elements at HO. Sequences more than a kilobase upstream from HO are required 
for HO transcription. In between this region (URSI) and the TATA region, there are about 
ten copies of a short sequence (CACGAAAA) that appear to he involved in limiting HO 
expression to late G in the cell cycle. 1 

4 Studies are underway to identify the genes whose products act in a on CACGA 
sequences. 

INVOLVEMENT OF THE WALL-MEMBRANE COMPLEX IN DNA TRANSFORMATION. Carlo V. BruSChi 
and Gregg A. Howe, Department of Microbiology - School of Medicine and Department 1519 J 

of  aiology, East Carolina University, Greenville, NC 27834-4354. 
The role of the wall-membrane complex (WMC) in DNA transformation has been investigated, 
and a new, more efficient method of DNA transformation of  whole yeast cells with CaCl has 
been developed. Transformation efficiency is more than 1,000 transformants /pg DNA an8 
varies with the type and size of the plasmids. The methodological approach has been to s t d y  
the effect of several parameters related to the biology of the WMC on the transformation 
efficiency. Such parameters are: growth phase, extracell~ular concentration of Ca++ ions, 
heath shock, presence of the transforming DNA at variolis steps of the transformation 
process, sensitivity to permeabilizing agents, osmotic stability and physiological recovery 
from permeabilization. Irreversible adsorbtion of the plasmid DNA molec'ules to the WMC is 
indllced by both, heath shock and polyethyleneglycol. Cotransformation with two and three 
vectors at the time has been analyzed in order to establish whether or not the WMC expresses 
any selectivity towards a particular DNA molec.ile. The presence of the transforming plasmids 
within the cell has been demonstrated at the molecilar level by gel electrophoresis and 
Solithern hybridization. High percentage of mitotic loss demonstrates a non-mendelian way 
of  inheritance of the plasmids, eXClLlding the possibility of integration or of mitotic 
gene conversion (2). 
( 2 )  Carlo V. Br'ischi and Gregg A. Howe ( 1 9 8 4 ) .  XIIth International Conference on Yeast 

Genetics and Moleclllar Biology, Abstract P-19, p. 286. 
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1520 A MUlATION I N  1HE C-TEfiMINAL - /> 0 k  f4 MIIDLHUNL~hIALLY tNLUL)tD bROIEIN 
AFFECIS H O l H  FROCESSING O F  THE LtADEk F E F r I D t  AND PI-CilLIW F U N C r l O N ,  

Vicki  L. Ldmeron, Joan t. Mctwen, and hobci t 0. koyton,  U r i i v e r s i t y  of 
Colorado, Boulder ,  CO 8 l ) ~ l J c )  

Subuni t  I 1  o f  cytochrome c_ o:.idaae i n  yeast  is t h e  o n l y  p r o t e i n  
encoded on m i t o c h o n d r i a l  DNA t h a t  is  i n i t i a l l y  synthes ized as a p recu rso r  
w i t h  a leader  p e p t i d e  a t  i t s  N- termin i i i .  I n  an e f f o r t  t o  understand the 
f u n c t i o n  o f  t h i s  l eader  pep t ide ,  we have qenerated, by use of a new method, 
j, l a r g e  number o t  mu ta t i ons  i n  t h e  subun i t  I 1  gene. 1 went y-f our  
s t r a i n s  c a r r y i n g  new muta t ions  i n  t h e  subuni t  11 aene have been 
cha rac te r i zed .  by c r o s s i n g  t o  a rho -  p e t i t e  which c o n t a i n s  o n l f  a p o r t i o n  
of t h e  yene, we have mapped f i v e  of these mutants t o  t h e  amino-terminal  1/; 

p a r t i c u l a r  i n t e r e s t  f o r  a n a l y s i s  of l eader  p e p t i d e  p rocess ing  and f u n c t i o n  
~s d mutant,  V C 2 1 ,  t h a t  appears t o  accumulate t h e  p recu rso r  t o  subun i t  11. 
The mu ta t i on  is  a 1 t o  A change a t  nuc leo t i r i e  :70. [he r i u c l e o t i d e  change 
r e s u l t s  i n  s u b s t i t u t i o n  o f  dn a r q i n i n e  t o r  a t r yp tophan  a t  amino a c l d  124 
i n  t h e  p r o t e i n  sequence. A model f o r  how such a change, almost l/Z way 
throuqh t h e  p r o t e i n ,  c o u l d  a t t e c t  leader  process ing and p r o t e i n  f u n c t i o n  
is presented. 

of the gene; t h e  r e s t  map t o  carbo:.y l - terminal  Z/T ot t h e  gene. Ot 

1521 
Research, Miles Labora to r i e s ,  Inc . ,  E lkha r t ,  I N  46515 

a-FACTOR DIRECTED EXPRESSION AND SECRETION OF E. 
SACCAROMYCES CEREVISIAE. Rathin C .  Das and Jan ice  L. Shu l t z ,  Biosynthes is  

6-GALACTOSIDASE I N  YEAST, 

Yeast pheromone a - f ac to r  i s  a 13 re s idues  long pep t ide  sec re t ed  i n t o  t h e  growth 
medium by the  a-mating type c e l l s  of y e a s t ,  
shown r e c e n t l y  t h a t  a - fac tor  i s  synthes ized  i n i t i a l l y  as a l a r g e r  precursor  polypep- 
t i d e ,  prepro-a-factor.  The precursor  con ta ins  fou r  copies  of t he  mature pheromone 
wi th in  i t  and Lndergoes a number of p o s t t r a n s l a t i o n a l  mod i f i ca t ions  be fo re  the  mature 
and b i o l o g i c a l l y  a c t i v e  a - fac tor  i s  sec re t ed  ou t  of t he  c e l l .  In orde r  t o  understand 
the  d e t a i l e d  molecular mechanism of p r o t e i n  express ion ,  process ing  and s e c r e t i o n  i n  
yeas t ,  we have used the  prepro  l e a d e r  sequence of the  a - f ac to r  gene t o  express  g. coli 
8-ga lac tos idase  in yeas t .  

fused gene under t h e  c o n t r o l  of t h e  a - f ac to r  promoter i n d i c a t e  a very  h igh  l e v e l  of 
6-ga lac tos idase  a c t i v i t y  i n  a - c e l l s  a s  compared t o  a c e l l s .  This  gene fus ion  approach 
therefoTe,  should permit a d e t a i l e d  s tudy  of t he  i n t r a c e l l u l a r  t r a n s p o r t  and s e c r e t i o n  
of E. coli p g a l a c t o s i d a s e  i n  yeas t .  
r egu la t ion  of t he  expressed  p r o t e i n  and a n a l y s i s  of p r o t e i n  l o c a l i z a t i o n  w i l l  be 
d iscussed .  

Saccharomyces c e r e v i s i a e .  It has  been 

Experiments wi th  yeas t  a and a c e l l s  harbor ing  the  prepro-a-factor-6-galactosidase 

D e t a i l s  of t he  cons t ruc t ion  of t he  fused gene, 

1599 ALPHA SUBUNIT OF THE ATP SYNTHETASE IS MITOCHONDRIALLY MADE AND ENCODED I N  THE 
YEAST-LIKE PROTOTHECA ZOPFII, M. Winnann Ewing and Donald  Deters, U n i v e r s i t y  o f  
Texas, Austin,  Texas 78712-1095. 

- P. z o p f i i  i s  a u n i c e l l u l a r ,  a c h l o r i c ,  h e t e r o t r o p h i c  y e a s t - l i k e  o rgan i sm which i s  
c l a s s i f i e d  a s  an a l g a  based  on i t s  method of s p o r e  p r o d u c t i o n .  M i t o c h o n d r i a 1  DNA from 
t h i s  organism was i s o l a t e d ,  ana lyzed  by d iges t ion  with va r ious  r e s t r i c t i o n  enzymes and 
found t o  have  a s i z e  of approximate ly  50 kb. Southern hybr id i za t ion ,  us ing  the  n u c l e a r l y  
encoded gene f o r  the  a lpha  subuni t  of the  ATP syn the ta se  from Saccharomyces c e r e v i s i a e  a s  
a p robe ,  i n d i c a t e s  t h a t  t h e  P. z o p f i i  gene  f o r  t h e  a l p h a  s u b u n i t  o f  ATP s y n t h e t a s e  i s  
p resent  i n  mtDNA. In v i v o  l a b e l e d  mitochondria1 t r a n s l a t i o n  products i nc lude  a 60,000 
d a l t o n  p r o t e i n  which c o p u r i f i e s  with mitochondria on P e r c o l l  g rad ien ts .  I s o l a t i o n  of t he  
ATP s y n t h e t a s e  from t h i s  o rgan i sm,  a s  e x p e c t e d ,  y i e l d s  a complex  made up of s e v e r a l  
p o l y p e p t i d e s ,  t h e  l a r g e s t  ( a l p h a )  of which c o m i g r a t e s  w i t h  t h e  l a b e l e d  band on SDS 
polyacry lamide  ge l s .  Limited p r o t e o l y s i s ,  us ing  StaphV8 p ro tease  or  papain,  r e s u l t s  i n  
e s s e n t i a l l y  i d e n t i c a l  d i g e s t i o n  p a t t e r n s  f o r  the  l a b e l e d  pept ide  and the  au then t i c  a lpha  
s u b u n i t .  These  r e s u l t s  i n d i c a t e  t h a t  in P. z o p f i i  t h e  gene f o r  t h e  a l p h a  s u b u n i t  i s  
p r e s e n t  on m t D N A ,  and t h a t  t h e  p r o t e i n  i s ,  in f a c t ,  m i t o c h o n d r i a l l y  made. Suppor t ed  i n  
p a r t  by g ran t  F929 from The Robert A. Welch Foundation. 

-- 
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1523 I d e n t i f i c a t i o n  of a Nuclear Transpor t  S igna l  of Yeast Ribosomal P ro te in  L3.  
Howard M. F r i e d ,  Robert  B. Moreland, and Lynna Hereford,  Univers i ty  of North 

Caro l ina ,  Chapel H i l l ,  NC 27514 and Dana-Farber Cancer I n s t i t u t e ,  Boston, MA 02115. 

where they  assemble wi th  rRNA i n t o  pre-ribosomal subun i t s .  A s  a f i r s t  s t e p  t o  de t e r -  
mining how t h i s  t r a n s p o r t  i s  accomplished, w e  have used the  technique  of gene fus ion  t o  
i d e n t i f y  a reg ion  of a ribosomal p r o t e i n  which t a r g e t s  it t o  t h e  nucleus.  Hybrid genes 
cons i s t ing  of amino te rmina l  segments of rpL3 jo ined  t o  a carboxy te rmina l  segment of 
E. coli p-ga lac tos idase  were in t roduced  i n t o  y e a s t .  
were determined by i n  s i t u  immunofluorescence wi th  an t i -p -ga lac tos idase  antibody. 
ment of t h e  f i r s t  21 amino a c i d s  of rpL3 was s u f f i c i e n t  t o  d i r e c t  f3-galactosidase t o  
the  nucleus.  I n t e r e s t i n g l y ,  a fu s ion  p r o t e i n  conta in ing  a l l  bu t  14 amino ac ids  from the  
carboxy terminus of rpL3 was no t  t r anspor t ed ;  w e  d i scovered ,  however, t h a t  add i t ion  of 
8 amino a c i d s  encoded by 3 tandem o l igonuc leo t ide  l i n k e r s  i n s e r t e d  between the  rpL3 and 
6-gal j u n c t i o n  produced a p r o t e i n  which was t r anspor t ed .  
somal p r o t e i n s  a r e  no t  c o - t r a n s l a t i o n a l l y  t r anspor t ed  t o  t h e  nucleus and a r e  c o n s i s t e n t  
wi th  prev ious  f a i l u r e  t o  f ind  ribosomal p r o t e i n s  synthes ized  a t  any s p e c i f i c  s i t e  i n  
eukaryot ic  c e l l s .  A l l  of t h e  fus ion  p r o t e i n s  which a r e  t r anspor t ed  have de t r imen ta l  
e f f e c t s  on growth, a l though none a r e  l e t h a l .  
sha res  s t r u c t u r a l  homology wi th  analogous domains of o the r  nuc lear  t r anspor t ed  p r o t e i n s  
from y e a s t  a s  w e l l  a s  animal cells .  

I n  euka ryo t i c  c e l l s ,  newly synthes ized  ribosomal p r o t e i n s  r ap id ly  e n t e r  t he  nucleus 

The loca t ions  of  t h e  hybrid p r o t e i n s  
A seg- 

Our r e s u l t s  sugges t  t h a t  r ibo-  

The 21 amino a c i d  t r a n s p o r t  domain of  rpL3 

1524 52 AMINO ACIDS FROM THE AMINO TERMLNUS OF THE POLYOMA VIRUS CAPSID PROTEIN V P ~  ARE 
SUFFICIENT TO LOCALIZE P-GALACTOSIDASE TO THE NUCLEUS IN YEAST, R.L. Garcea, 

L. Hereford,  and R. Moreland, Dana-Farber Cancer I n s t i t u t e ,  Boston, MA 02115 

P ro te in  fus ions  t o  b a c t e r i a l  P -ga lac tos idase  have become a powerful t o o l  i n  s tudying  
t h e  t r a n s p o r t  of p ro te ins  t o  t h e  c e l l  nucleus.  
of t h e  yeas t  nuc lea r  t r a n s p o r t  system, we have chosen a s  a model t h e  polyoma caps id  p ro te in  
V P l ,  which is  t r anspor t ed  t o  t h e  nuc leus  of mouse c e l l s  dur ing  l y t i c  v i r a l  i n f e c t i o n .  
have fused 52 amino ac ids  of t h e  VP1 amino terminus t o  /3-ga lac tos idase ,  and expressed t h i s  
fu s ion  p ro te in  i n  yeas t  us ing  a 2~ vec to r  and t h e  yeas t  GAL 10 promoter. 
induct ion  t h e  fus ion  p ro te in  i s  expressed a t  l e v e l s  enabl ing  de tec t ion  by a n t i -  
P -ga lac tos idase  an t ibod ie s .  
t h e  fus ion  p ro te in  p r imar i ly  t o  t h e  c e l l  nuc leus .  
is one sequence (Pro Lys Arg Lys Ser )  t h a t  resembles o t h e r  known nuc lea r  “ s igna l“  sequences. 
We a r e  p re sen t ly  us ing  Bal-31 nuc lease  t o  d e l e t i o n  map t h e  minimal l o c a l i z i n g  pept ide  
sequence. 
t h a t  t he  p ro te in  s i g n a l s  and c e l l u l a r  pathways f o r  nuc lea r  t r anspor t  may be in common f o r  
many eukaryotes.  

I n  an a t tempt  t o  determine t h e  g e n e r a l i t y  

We 

Upon ga lac tose  

I n d i r e c t  immunofluorescence us ing  these  an t ibod ie s  l o c a l i z e s  
Within the  52 amino a c i d s  of VP1 t h e r e  

Loca l i za t ion  of t h i s  v i r a l  fus ion  p ro te in  wi th in  t h e  yeas t  nuc leus  i n d i c a t e s  

1525 GENETIC STUDIES OF YEAST MITOCHONDRIAL PROTEIN IMPORT, J inn ie  M. Gar re t t ’ ,  Mark 
McCammon2, Michael G. Douglasz and Scot t  0. Emr‘, ‘Division of Biology, Cal tech ,  
Pasadena, CA 91125 and 2University of Texas, San Antonio, T X  78284 

We a r e  s tudying  the  mechanism of mitochondrial  p ro t e in  import using gene fusons between 
t h e  E Z  gene (nuc lear  gene coding for the  6-subunit of yeas t  mitochondrial  F1-ATPase) and 
t h e  E. c o l i  l ac2  gene. Hybrid p ro te ins  conta in ing  more than  200 amino ac ids  o f  @-subunit 
a r e  F f f x n w  t a rge ted  t o  t he  mitochondrion ( see  McCammon et a l . ,  op. c i t . )  and prevent 
normal func t ion ing  of t he  organel le .  Ce l l s  express ing  these  hybr ids  a r e  no longer ab le  t o  
grow on a non-fermentable carbon source,  e.g., g lycero l .  The Gly- phenotype has been 
exp lo i t ed  t o  select r e v e r t a n t s  of t h i s  de fec t .  Mutants obtained in  t h i s  s e l e c t i o n  were 
screened fo r  normal 6-ga lac tos idase  levels. Most of the  Lac+ mutants were found t o  be 
chromosome-linked, and many a re  tempera ture-sens i t ive  on a l l  media t e s t e d .  Several  o f  t he  
mutants show a de fec t  in import o f  both the  hybrid p ro te in  and normal 8-subunit. 
Precursor  @-subunit accumulates in  such mutant cells. 

Two recess ive  tempera ture-sens i t ive  mutants obtained i n  t h i s  s e l e c t i o n  have been 
f u r t h e r  cha rac t e r i zed .  Transformation of  these  mutants with a yeas t  genomic DNA l i b r a r y  
has given c lones  t h a t  r e s t o r e  the  s t r a i n s  t o  temperature r e s i s t ance .  Fur ther  charac- 
t e r i z a t i o n  o f  t hese  c lones  is now in  progress  t o  t r y  and de f ine  c e l l u l a r  components which 
a re  involved in  mitochondrial  de l ive ry  and import. 
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HEHEiEMB PEOTMl - THE IIMWXLOTUII OF LlFLOEllzIL VIRUS. M.-J.Gething and J.Sambrook. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, U.Y.11724, U.S.A.  

In r ecen t  years ,  w e  have used the  haemagglutinin (HA) of inf luenza v i r u s  a s  a model t o  
study eukaryotic i n t e g r a l  membrane proteins .  Our major i n t e r e s t s  a r e  two-fold; f i r i t l y  t o  
c o r r e l a t e  s t r u c t u r e  with func t ion  by iden t i fy ing  and analysing t h e  p ro te in  domains or epi topes 
involved i n  receptor  recogni t ion,  enzyme a c t i v i t y  and an t igen rc i ty ,  and secondly t o  understand 
the  mechanisms t h a t  determine the  rou te  of t r anspor t  and f i n a l  d e s t i n a t i o n  of nascent 
glycoproteins  i n  eukaryot ic  c e l l s .  HA i s  the  best  character ized of a l l  i n t e g r a l  membrane 
proteins:  i t s  three-dimensional s t r u c t u r e  i s  known and t h e  loca t ion  of i t s  major an t igen ic  
s i t e s ,  t he  points  a t  which it is  glycosylated,  i ts  organizat ion i n t o  t r imer i c  s t r u c t u r e s  and 
i t s  o r i e n t a t i o n  with respect  t o  t h e  membrane have been defined. 
expressed with very high e f f i c i ency  i n  mammalian c e l l s ,  and t h e  p ro te in  produced from the  
wild-type gene i s  displayed on the  c e l l  surface i n  a glycosylated form t h a t  i s  both 
b io log ica l ly  and an t igen ica l ly  ac t ive .  
a l t e r e d  i n  t h e i r  t r anspor t  through the  c e l l .  Experiments a r e  underway t o  express  the  
wild-type and mutant HA genes i n  wild-type and 

MALYSXS OF THE STWCX0.B. FODIICTIW AMD UTRACELLOLAB T R M S m T  OF Al m R A L  

The cloned gene for HA can be 

Hutant HAS have been constructed and analysed t h a t  a r e  

s t r a i n s  of yeast .  

1527 THE LOCALIZATION OF CHITIN SYNTHETASE I N  SECRETORY MUTANTS OF YEAST, Barbara A. 
Hanson, U n i v e r s i t y  o f  Kentucky, Lexington, KY 

E a r l y  s tud ies  (P.N.A.S. 72:3952; 80:3318) o f  c h i t i n  synthetase (CS) i n  yeas t  suggest i t  
i s  l o c a l i z e d  on t h e  plasma membrane. We have found us ing  a new procedure f o r  i s o l a t i n g  
yeas t  plasma membranes, t h a t  most CS a c t i v i t y  was l o c a l i z e d  i n  i n t r a c e l l u l a r  membranes i n  
an i n a c t i v e  form (85-95%) w i t h  on l y  a smal l  amount o f  a c t i v i t y  (10-15%) on t h e  plasma 
membrane i n  an a c t i v e  form. The i n t r a c e l l u l a r  membranes were separated f u r t h e r  on sucrose 
dens i t y  g rad ien ts  i n t o  microsomal and l i g h t  membrane (LM) f r a c t i o n s .  The LM f r a c t i o n  
conta ined about 65% o f  c e l l  C S  a c t i v i t y .  
a c i d  phosphatase and o l i gomyc in - insens i t i ve  ATPase a c t i v i t i e s  which a re  found i n  secre tory  
ves i c les  were p r e c i p i t a t e d  by l ower ing  t h e  pH o f  t h e  f r a c t i o n  t o  5.0 and cen t r i f uga t ion .  
The microsomal f r a c t i o n ,  con ta in ing  t h e  endoplasmic r e t i c u l u m  (ER) and o the r  membranes, 
had about 24% o f  t he  t o t a l  C S  a c t i v i t y .  When CS a c t i v i t y  was measured i n  a temperature- 
s e n s i t i v e  secre tory  mutant which accumulated secre tory  ves i c les  a t  t he  nonpermissive 
temperature (sec-1), t h e r e  was a 4 - f o l d  drop i n  t h e  plasma membrane f r a c t i o n  and a 2 - fo ld  
inc rease i n  t h e M  f r a c t i o n .  I n  t h e  sec-18 mutant, b locked i n  p r o t e i n  t r a n s l o c a t i o n  f rom 
t h e  ER, t h e  enzyme a c t i v i t y  increased%fold i n  those membranes. 
t h a t  CS i s  syn thes ized i n  t h e  ER and t rans loca ted  i n  membrane s t r u c t u r e s  which a re  d i s t i n c t  
f rom secre tory  ves i c les  i n  t h e  LM f r a c t i o n  t o  t h e  plasma membrane where t h e  enzyme i s  
ac t i va ted .  

40506-0225. 

Th is  a c t i v i t y  remained i n  t h e  supernatant a f t e r  

These r e s u l t s  suggest 

1528 PKXXSSIffi OF A VIRAL GLYaXROTEIN WPRESSED JX YEAST, -CES 
C!ZnEVISIAE, M. Abdul Jahbar, N. Sivasubr-ian and oebi P. Nayak, Jonsson 
carprehensive Cancer Center, nept. of Microbiology and Imnunology, UlLA school 
of Medicine, los Angeles, CA 90024. 

The yeast, Saccharanyces cerevisiae possess a defined sec re to ry  pathway capable 
of processing both sec re to ry  as sell as integral  &am proteins. Recent stu- 
dies have shown that heterologous secretory proteins containing signal sequences are 
processed i n  S. cerevisiae. 
i n f l m z a  v i r Z  (LSN/A/~~) a g g l u t i n i n  (HA) gene oxling for an in tegra l  nt=m- 
brare g l y a p r o t e i n  w s  placed under the control of AM1 pramter of the yeast. 
The chimeric p l a d d  is shown to direct the synthesis of a g g l u t i n i n  antigens. 
Moreover, the eqressed is glycosylated and mmhrane-bud, suggest ing that 
HA traversed the yeast secretory pathway. 
sented to discuss the p o t e n t i a l  use of this system i n  the aeve1-t of a subu- 
nit vaccine and also to e l u c i d a t e  the steps involved i n  the transport of a 
heterologous &am glycoprotein i n  p s t .  

In  the present investigation, cUU o ~ p y  of an 

These and other results will be pre- 
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1529 
Sirkka Keranen and Kai Korpela. Recombinant DNA Laboratory, University of 
Helsinki, SF-00380 Helsinki, Finland. 

cDNA copies encoding the structural proteins of an animal virus, Semliki 
Forest virus (SFV), were inserted in a yeast expression vector and introduced 
into S ,  c e r e v i s i a e  cells. In animal cells the structural proteins of SFV 
are translated as a polyprotein which is post-translationally cleaved to 
the final size polypeptides. The N-terminal nucleocapsid protein remains 
in the cytoplasm while the envelope proteins are inserted into the cndo- 
plasmic reticulum membrane and transported to the plasma membrane via Golgi 
complex. Synthesis and processing of the polyprotein and the fate of the 
viral polypeptides in the yeast cells will be discussed. 

EXPRESSION OF ANIMAL VIRUS PROTEINS IN SACCHAROMYCES C E R E V T S I A E  

1530 NUCLEAR MITOCHONDRIAL INTERACTIONS: IDENTIFICATION OF THREE NUCLEAR GENES 
REQUIRED FOR THE POST-TRANSCRIPTIONAL PROCESSING OF A MITOCHONDRIAL GENE, 0x1-2. 

Barbara Kloeckener-Gruissem, Joan McEwen and Robert 0 .  Poyton, University of Colorado, 
Boulder, CO 80309. 

identical subunits in the inner-mitochondria1 membrane. Since these subunits are contri- 
buted by two distinct genetic systems, the nuclear-cytoplasmic fraction (subunits IV - VIII) 
and the mitochondrion (subunits I -111). it seems very likely that communication exists 
between the nucleus and the organelle. Here, we present evidence for nuclear control of 
expression of one mitochondrial gene. Synthesis of subunit 111. the smallest of the three 
mitochondrially encoded subunits, requires the action of at least three different nuclear 
genes. This conclusion is based on genetic and biochemical analysis of 9 independently- 
derived nuclear cytochrome oxidase deficient mutants, which are assigned to three comple- 
mentation groups (pet 5 ,  pet 20 and pet 21) .  

all major polypeptides are synthesized with the exception of subunit 111. Analysis of the 
mutant mitochondrial transcripts by northern blot hybridization reveals no detectable dif- 
ference between the mutant and the wild type cox-2 messenger RNA. 

of mitochondria1 post-transcriptional processing will be discussed. 

The functional enzyme complex cytochrome c oxidase requires correct assembly of 9 non- 

In vivo labeling of the mitochondria1:translation products in these mutants shows that 

The role and possible models of this nuclear-mitochondria1 interaction at the level 

1531 REGULATION OF LIPID-LINKED OLIGOSACCHARIDE ASSEMBLY IN SACCHAROMYCES CEREVISIAE. 
M. A. Kukuruzinska. J. R .  Couto. and P. U. Robbins: M.I.T.: Cambridne. MA 02139. - .  

The asparagine- linked chains of glycoproteins are derived from a common lipid-linked pre- 
cursor oligosaccharide, Dol-PP-GlcNAc2Man9C1c3, (LLO) , which i s  synthesized by a stepwise 
transfer of sugars to the lipid carrier i n  the membrane of the ER. To date little is  known 
about the regulation of the assembly of the LLO precursor and the overall glycoprotein 
synthesis. The yeast 5. cerevisiae is  an excellent model organism since it allows for isola- 
tion of mutants which are defective i n  various steps of LLO assembly. We are investigating 
the regulation of the LLO pathway by studying the enzymatic activity of the UDP-G1cNAc:Dol-P 
transferase, the first enzyme i n  the LLO assembly, and by measuring the levels of mRNA for 
this enzyme i n  various mutant backgrounds. Two Ts mutants defectfvTm -the aaparagine-linked 
glycosylation, and s, (blocked at Dol-PP-GlcNAc and Dol-PP-GlcNAc tian at 37O, 
respectively) ,were screened for the activity of the G1ciAc-P transferase. %he l&$ivity of 
this transferase i n  membrane preparations from and %mutants is  18% and 55% of the 
wild type, respectively, at the non-permissive temperature.37 as compared to 60% and 90% for 
the mutant phenotypes at the permissive temperat~re,26~. The levels of mRNA for the GlcNAc-P 
transferase were estimated in these and other glycosylation mutants by the Northern Blot 
Method. using the transferaae gene as a probe,(ALG7 in pJR11, RineJ. 2 s.( 1983) PNAS - 80,6750).Two restriction fragments from pTR4l,conTa?;;fog ALG7 sequences, were used as s p z  
fie probes for the &g mRNA levels. Our results indicate that in the levels of the - ALG7 mRNA are significantly decreased. These and the enzymatic studies suggest that there is 
transcriptional and possibly metabolic regulation of the LLO pathway. 
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MITOCHONDRIAL CYTOCHROME OXIDASE SUBUNIT I1 GENE I N  THE YEAST HANSENULA SATURNUS. 
J a n e t  Lawson and Donald  W. D e t e r s ,  Depar tment  of M i c r o b i o l o g y ,  U n i v e r s i t y  o f  
Texas, Austin,  Texas. 78712-1095. 

M i t o c h o n d r i a 1  b i o g e n e s i s  depends  on t h e  c o o r d i n a t e d  i n t e r a c t i o n  of  two p h y s i c a l l y  
s e p a r a t e d  g e n e t i c  sys tems.  A s i n g l e  1.7 kb r e s t r i c t i o n  f r agmen t  of m i t o c h o n d r i a l  DNA 
c o n t a i n i n g  t h e  cy tochrome o x i d a s e  s u b u n i t  I1 gene  of t h e  y e a s t  Hansenu la  s a t u r n u s  was 
i d e n t i f i e d  by Southern hybr id i za t ion  us ing  the  subuni t  I1 gene of  Saccharomyces c e r e v i s i a e  
as  a probe. The fragment was i s o l a t e d ,  c loned ,  and mapped. Smal l e r  r e s t r i c t i o n  fragments 
were subcloned i n t o  M13 d e r i v a t i v e s  and sequenced. The gene codes fo r  a p r o t e i n  247 amino 
a c i d s  long having  a molecu la r  weight of 28,000. H. sa tu rnus  mitochondria do not use the  
s t a n d a r d  g e n e t i c  code. A s  i n  f u n g a l  and mammalian m i t o c h o n d r i a ,  TGA i s  a codon f o r  
tryptophan. H. sa tu rnus  mitochondria,  in con t ra s t  t o  5 c e r e v i s i a e  mitochondria,  use CTT 
t o  code f o r  l e u c i n e ,  n o t  t h r e o n i n e .  22 codons  a r e  n o t  u sed  i n  t h e  gene. D e s p i t e  t h i s  
ex t r eme  codon b i a s ,  9 codons  used  t o  decode  t h e  sequence  a r e  n o t  used t o  decode  t h e  
e q u i v a l e n t  gene i n  & c e r e v i s i a e .  Although the  t r a n s l a t e d  sequence is  80% homologous t o  
t h a t  of & c e r e v i s i a e ,  t h e r e  a re  no tab le  d i f f e r e n c e s  a t  the  nuc leo t ide  l e v e l  i n  tile gene 
i t s e l f  and i n  t h e  f l a n k i n g  r e g i o n s .  The N- terminus  o f  t h e  t r a n s l a t e d  gene ,  w h i l e  
s i g n i f i c a n t l y  d i f f e r e n t  from the  & c e r e v i s i a e  sequence, i s  remarkably homologous t o  tha  
corresponding sequence from the  f i lamentous  fungus Neurospora c rasssa .  An ex t r ao rd ina ry  
number of i n v e r t e d  and d i r e c t  r e p e a t s  a r e  found w i t h i n  t h e  cod ing  r e g i o n  of t h e  gene. 
S e v e r a l  of t h e s e  e l e m e n t s  a r e  c o n s e r v e d  i n  s u b u n i t  11 genes  of r e l a t e d  m i t o c h o n d r i a .  
Supported i n  p a r t  by g ran t  F925 from The Robert A. Welch Foundation. 

1532 

1533 MECHANISMS AND MACHINERY FOR PROTEIN IMPORT DURING MITOCHONDRIAL 
BIOGENESIS. Linda Marshall-Carlson, Jerry L. Allen and Michael G. Dcuglas, 
Department of Biochemistry, University of Texas Health Science Center, Sari 
Antonio, Texas 78284. 

Using a combination of genetics and biochemistry, we are 
investigating import and assembly of nuclear-encoded mitochondrial 
proteins. Using the yeast FL-ATPase 6 subunit as o u r  model, a family of 
plasmids was constructed bearing various 5 '  portions of this gene fused to 
the E. coli lac2 gene. -i -galactosidase activity was monitored to determine 
subcellular targeting of the hybrid protein in host cells. Subcellular 
fractionation, immunofluorescence and irnmunoelectron microscopy reveal 
that chimeric protein targeting and import appear to be a function of 
specific polypeptide regions of F - B  Only those fusions containing over 
112 amino terminal residues were iellvered to the mitochondrion and those 
containing over 2 7 3  amino acids disrupted normal function. Specific 
deletions have been made with the ATPZ portion of these hybrids and 
analysis is underway to further define residues crucial for import. 

1534 U take of Proteins into Titochondria:2Anal sis 05 ATP2-lacZ Fusion 
APFoducts. M.T. McCammon , G. Garrett , S . ; .  Emr and M.G. Douglas'. 

Deuartment of Biochemistrv. Universitv of Texas Health Science Center, San 
Antbnio, Texas; 'Division -of Biology,- California Institute of Technology, 
Pasadena, California. 

A gene fusion study has been initiated to determine the protein 
signals and cellular machinery which participate in delivery of proteins to 
their functional locations within the mitochondrion. For this analysis, the 
Structural gene coding for the yeast mitochondrial F -ATPase subunit 
(E) was fused to the E. coli lacZ gene. The ATPt-lacZ gene fusions 
encode a family of hybrid proteins containing 9 to 350 amino terminal 
residues of the F - polypeptide (479 amino acids), fused to an 
enzymatically activ2 portion of -galactosidase. Three classes of -Z 
hybrids were expressed in yeast: class I Z hybrids (less than 112 amino 
acids from F - ) were localized to the cytop1asm;class I1 hybrids (between 
139 and 210 'amino acids of F - ) were localized to mitochondria: class 
I11 hybrids (between 237 and h0 amino acids of F - 1 were also localized 
to mitochondria, but in such a way as t& interfere with normal 
mitochondrial function. Second site conditional nuclear mutations have been 
isolated which restored mitochondrial function (see Garrett, McCammon, 
Douqlas and Emr, abstract'submitted). 
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1535 
SECFJXORY SYSTEM, Atsushi Miyajima, Keiko Otsu, Cra ig  Smith, Martha Bond, Donna Rennick, 
Naoko Arai, and Ken-ichi Arai. DNAX Research I n s t i t u t e ,  1450 Page Mill Road, Palo Alto, 
C a l i f o r n i a  94304. 
By using the a-factor p-ter and leader sequence, we have developed a general  expression 
vec to r  that permits  s e c r e t i o n  of mature p r o t e i n s  i n  S. ce rev i s i ae .  
t h e  m u s e  T cell lynphokines, IL-2 and IL-3 (Yokota et a1 [19841 PNAS 81: 1070-1074 and 
pNAs i n  p r e s s ) ,  were fused sepa ra t e ly  to t h e  f i r s t  processing site of t h e  a-factor  
precursor, which can be recognized by t h e  s 2  product.  
genes expressed and secreted processed mse IL-2 and IL-3 i n t o  t h e  e x t r a  c e l l u l a r  space 
and c u l t u r e  media. 
Yeast-IL-2 supported the p r o l i f e r a t i o n  of cloned muse T cells. 
mul t i l i neage  colony s t imu la t ing  f a c t o r  a c t i v i t y  and pranoted t h e  g r m t h  and d i f f e r e n t i a t i o n  
o f  hena topo ie t i c  cell types including n u l t i p o t e n t i a l  stem cells and various a m n i t t e d  
p rogen i to r  cells. 

SECRETION OF MATURE W S E  INTERLEUKIN-2 AND INlXRLLWKIN-3 USING THE A-FKTOR 

The coding sequences of 

=a cells carrying t h e  hybrid 

The yeast-prcduced lynphokines had the b io log ica l  a c t i v i t i e s  expected. 
Yeast-IL-3 showed m r i n e  

1536 Fndocytosis i n  Saccharomyces c e r e v i s i a e ,  k r j a  Pesonen, Recombinant DNA- 
Laboratory, Universi ty  of Hels inki ,  Hels inki ,  Finland. 

Upon incubat ion a t  37OC with S. c e r e v i s i a e ,  two enveloped v i r u s e s ,  Vesicular stomatitis 
v i r u s  and Semliki Forest  v i r u s ,  became ce l l - a s soc ia t ed .  
f o r  a t  least two hours.  
d iges t ions  and mild de t e rgen t  t reatments .  
degrade t h e  envelope glycoproteins  and t h e  de t e rgen t  r e l e a s e s  t h e  nucleocapsids.  
appears ,  t h a t  t h e  v i ruses  were in t e rna l i zed .  
temperature-dependent.  
t h e  uptake d i sp lay ing  similar c h a r a c t e r i s t i c s  as t h a t  of t h e  v i ruses .  
and o rgane l l e  f r a c t i o n a t i o n  techniques were 3 p l i e d  t o  5. ce rev i s i ae .  
procedure r e s u l t e d  i n  near ly  complete d i s i n t e g r a t i o n  of t h e  c e l l s .  
most 10% of  two vacuolar  enzyme markers were found i n  a free form, i n d i c a t i n g  good 
o rese rva t ion  of a t  least t h e  vacuoles during homogenization. 
procedure r e s u l t e d  i n  good sepa ra t ion  with 80-90% recove r i e s  of t h e  vacudap  enzymes, 
plasna membrane markers,  c e l l  wall fragments and v i r ions .  Using t h e s e  techniques t h e  
v i r a l  components were mainly found, after i n t e r n a l i z a t i o n ,  i n  a compartment which i n  
o rgane l l e  f r a c t i o n a t i o n  coincided p a r t l y  with t h e  plasma membrane markers and p a r t l y  with 
none of t h e  compartments mentioned above. 
markers. 
t h e  plasma membrane of t h e  y e a s t  c e l l .  

The a s soc ia t ion  curve was l i n e a r  
The ce l l - a s soc ia t ed  v i ruses  were protected aga ins t  protease 

when app l i ed  t o  v i r i o n s ,  t h e  protease d iges t ions  
Thus, it 

The uptake w a s  concentrat ion-  and 
A s o l u b l e  enzyme marker was taken up by 5. c e r e v i s i a e  l ikewise,  

Novel homoqenization 
' he  homogenization 

A t  t h e  same time, a t  

The o rgane l l e  f r ac t iona t ion  

A minor f r a c t i o n  coincided with t h e  vacuole 
This  system w i l l  be  used t o  t r a c e  t h e  pathways of membrane t r a f f i c  s t a r t i n g  at 

1537 HETEROLOGOUS EXPRESSION OF A NATURALLY S E C R E T E D  
PROTEIN M A Y  R E Q U I R E  PROCESSING T H R O U G H  T H E  YEAST 

SECRETORY PATHWAY FOR T H E  SYNTHESIS OF At? ACTIVE 
PRODUCT. D .  Rogers ,  R .  K r i z ,  K .  Normington. K .  Tu rne r ,  
GenetLcs InsUtu te ,  Inc .  225 Longwood Avenue, Boston, Massachuse t t s  
02115 

The y e a s t  glyceraldehyde-3-phosphate dehydrogenase  promoter has  
been  used  t o  e x p r e s s  high levels  of heterologous pro te in .  
Cytoplasmic expres s ion  us ing  t h i s  promoter y ie lds  I-10% of to ta l  
ce l lu la r  pro te in  a s  t h e  expres sed  product .  However, nnturally 
sec re t ed  pro te ins  are generally found to be inac t ive  as cytoplasmic 
p roduc t s .  Disulphide bonds  probably  form dur ing  t h e  secre t ion  
process  and  it is u n U e l y  t h a t  t hey  can  form spontaneous ly  in t h e  
cytoplasm. Cor rec t  folding and  d isu lphide  b r idges  a r e  usually 
r e q u k e d  f o r  t h e  biological ac t iv i ty  of a na tura l ly  sec re t ed  pro te in .  
The  genes  f o r  na tura l ly  sec re t ed  pro te ins  were expres sed  t o  produce  
both cytoplasmic a n d  sec re t ed  p roduc t s .  Tota l  expres sed  pro te in  a n d  
biologicdly ac t lve  pro te in  w e r e  determined in both t h e  cytoplasmic a n d  
periplasmic f rac t ions .  Heterologous pro te ins  which were found t o  be  
inac t ive  a s  cytoplasmic express ion  p roduc t s  produced  biolopically 
ac t ive  sec re t ed  p roduc t s .  
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1538 MUTANTS DEFECTIVE IN VACUOLE PROTEIN SORTING, Joel H. Rothman and Tom 
8. Stevens, University of Oregon, Eugene, OR 97403. 

Luring their transit through the W and Golgi, newly synthesized secretory and 
vacuolar proteins use the early stages of the yeast secretory pathway. Since 
mutants defective in the late stages of the pathway block secretory but not vacuolar 
protein delivery, an early-acting sorting system must exist to segregate these proteins. 
To identify the genes whose products act to sort vacuolar proteins from other polypep- 
tides we have devised a selection scheme allowing isolation of sorting mutants. 

groups which when mutant result in mlslocalization of the vacuolar zymogen CPY to the 
periplasm. A large number of these vacuole protein localization, or VJ&, mutants are 
temperature-sensitive for growth snd exhibit more pronounced CPY secretion at the non- 
permissive temperature. Many of these mutants act pleiotropically; in addition to CPY, 
other vacuolar proteins are also improperly sorted. 
hypothesis that a single intracellular sorting system operates on these proteins. 

and to isolate extragenic suppressor mutations. 
are determining whether VPL genes are essential for cell viability, and are constructing 
fusion proteins to examinethe cellular location and function of their gene products. 
Results of gene disruptions and analysis of fusion proteins w i l l  be presented. 

Using this selection we have identified a minimum of nine distinct complementation 

This observation supports the 

A negative selection scheme has been devised to allow rapid cloning of VPL genes 
king VpL clones we have isolated; we 

1539 YEAST MUTANTS THAT HAVE IMPROVED SECRETION EFFICIENCY FOR CALF PROCHYMOSIN, 
Robert A .  Smith,and Tina Gill, Collaborative Research, Inc., Lexington, MA. 

When the gene for calf prochymosin is fused to the signal sequence from the yeast invertase 
gene and expressed in Saccharomyces cerevisiae only I-2% is secreted into the medium. In 
an attempt to rectify this situation we have used a semi-quantitative screening assay to 
isolate EMS induced host mutations that secrete increased amounts of active chymosin. 
To date, approximately forty mutant strains have been isolated that secrete from two to 
five times as much active chymosin as the strain from which they were derived. 
cases the absolute expression level of prochymosin remains unchanged, only the distribution 
of prochymosin between the vacuole and the medium is affected. 
indicates that mutations in at least four genes can give rise to this supersecreting pheno- 
type. 
a pleotropic sporulation defect, providing evidence f o r  linkage between the sporulation and 
secretion pathways. We have been able to combine various mutations from different com- 
plementation groups into individual yeast strains and have found that in many cases the 
effects of the mutations are additive. Multiply mutant strains are now available that 
secrete up to 30% of the prochymosin they express. 

In all 

Complementation analysis 

Interestingly the mutations in two of these complementation groups appear to cause 

1540 
TOXIN. MLchael J R Stark, Alan J Mileham, Michael A Romanos and Alan Boyd. 
The Leicester Bucentre, Leicester LEl 7RH, England. 

In killer strains of the yeast Klu erom ces lactis, export of a protein toxin is associated 
with the presence of t w  linear z p l a s L d s , m . 9 k b )  and k2 (13.4kb). The secreted toxin 
consists of three subunits (mol wts 95,000, 27.000 and 25,000 daltons) and genetic evidence 
suggests that the smaller plasmid encodes both the toxin and an immunity factor which prctecos 
the host cell. We have determined the nucleotide sequence of kl. Over 95% of the sequence is 
contained within 4 open reading frames (ORFs)  of 995(0RF1),1146(0RF2),428(0RP3) and 249(0RF4) 
amino acids. Transcripts corresponding to ORPs2.3 and 4 in size, polarity and map position 
have been identified in K.lactis by Northern hybridisation, while primer extension experberts 
have shcvn that the 5'-n-ated regions are particularly short (10-20 bases). A 13-base 
sequence conserved upstream from ORFsl,2 and 3 may play a role in their expression. Both ORFs 
2 ard 4 encode proteins with good potential N-terminal signal peptides.implying that they may 
be secreted. We have tentatively identified ORFL as a toxin structural gene, since a deletion 
which lies entirely within this O W  abolishes toxin production. The C-terminal one-third of 
the putative toxin gene product contains three potential membrane-spanning hydrophobic seg- 
ments and all 7 possible sites for N-linked glycosylation. This organisation of the OW2 ply 
peptide suggests that the secreted toxin might be cleaved from a larger,glycosylated precumur, 
a model consistent with the fact that the coding capacity of OW2 is well in excess of the 
size of even the largest toxin subunit. Fkpriments which will demonstrate the functions of 
the 4 gene products and their relationship to the 3 toxin subunits are in progress. 

A LINEAR DNA PLASMID FROM KLWEROMYCES WHICH ENCODES A SECRETED PROTEIN 

I sr 
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1542 STRUCTURAL DETERMINANTS THAT DIRECT PROTEINS TO THE VACUOLE, Luis Valls, Jr. and 
Tom H. Stevens, University of Oregon, Eugene, OR 97403. 

Many hydrolases which are found in the yeast vacuole have been shown to be 
synthesized as inactive precursors having N-terminal extensions of 8-10 Kd, termed pro 
regions. PRCl is the gene coding for one such protein, carboxypeptidase Y (CPY), a x w e  
have recenmsequenced it. 
a vacuolar or lysosomal protein, and reveals that CPY is synthesized as a 531 amino acid 
precursor, 111 amino acids larger than mature CPY. In addition, the first amino acids 
define a hydrophobic leader sequence. hino-terminal sequencing studies are now 
under way, to determine whether this leader is cleaved upon translocation. 

This is the first complete amino acid sequence deduced for 

We are testing the hypothesis that the pro region of CPY serves at least 
two functions: 
it with a sorting determinant, or "address", that is recognized by the cellular sorting 
machinery. Our apprach is to mutagenize the PRCl gene in vitro using hydroxylamine and 
in-frame deletion mutagenesis in the region w m  c o d e s f o m  to produce mutant forms 
of CPY which become mislocalized. Mapping and sequencing such mutations should 
precisely define the region of proCPY responsible for localization to the vacuole. 
Results of these studies will be presented. 

to keep the protein inactive prior to vacuolar delivery and to provide 

1543 DELETIONS IN THE PRESEQUENCE OF THE YEAST F1-ATPASE 8-SUBUNIT AND 
MITOCHONDRIAL IMPORT. Alessio Vassarotti and Michael G. Douglas, Dept. of 
Biochemistry, Univ. of Texas Health Science Center, San Antonio, TX 78284 .  

A characteristic feature of most proteins delivered to mitochondria is 
the presence of a transient presequence at the amino terminal end. Using 
the mitochondria1 F -ATPaSe O-subunit as a model, we have constructed a 
host-vehicle system 40 examine the role of its signal sequence in delivery 
and localization into mitochondria. We have utilized a PvuII restriction 
site located in the third codon of the ATPZ gene to construct a set of 
Ba131 generated deletions downstream from this site. High level expression 
of the in frame deletions was measured by expression of lacz fused in frame 
at a downstream site. Analysis of expression of theTP2-lac2 hybrid 
proteins with deletions ranging from 15 to 4 5  base pairs (i.e., the entire 
signal sequence) revealed that sufficient gene fusion product is delivered 
to mitochondria t o  inhibit the development of functional organelles. This 
observation would suggest that the F - 3  presequence is not essential for 
its in vivo mitochondrial delivery. Id order to further examine the role of 
the signal sequence, we have reconstructed an otherwise wild-type ATPZ gene 
containing the presequence deletions. Analysis of expression of these 
constructions in an ATP2 deletion host strain is currently in progress. 
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1544 STRUCTURE AND SURFACE LOCALIZATION OF A YEAST AGGLUTININ. Keith G. Weinstock 
and Clinton E. Ballou, University of California, Berkeley, CA 94720. 

Saccharomyces kluyveri is a heterothallic yeast that exhibits a strong, constituitive, 
sexual agglutination when cells of opposite mating type (termed 16- and 17-cells in this 
species) are mixed. 
from the cell wall using beta-1,3-glucanases. 
glycoprotein that contains a single recognition site which is released by treatment with 
disulfide reducing agents. The activity of the 17-agglutinin is heat-labile but is 
unaffected by disulfide reducing agents. Solubilization of the cell wall from 17-cells 
with Zymolyase (a crude beta-1,3-glucanase), followed by affinity purification, yielded 
a glycoprotein of 60 kilodaltons (K). A second species of 134K was subsequently purified. 
Treatment of this larger protein with Zymolyase rapidly produced the 60K protein. 
Antibody prepared against the 134K and 60K proteins specifically precipitated a hetero- 
geneous, high molecular weight protein (>200K) from material solubilized by digestion of 
isolated cell walls with a purified beta-1,3-glucanase. 
17-cells shows general surface staining with, sometimes, pronounced staining in the 
regions of the bud scars and at the sites of nascent bud formation. 

Two glycoproteins mediate the cell adhesion and can be solubilized 
The 16-agglutinin is a large heat-stable 

Immunofluorescence of whole 

t iENETIC ANALYSIS OF SIGNAL RECOGNIT ION PARTICLE FUNCTION, Jo Ann Wise, U n i v e r s i t y  
o f  I l l i n o i s ,  Urbana, I L  61801 1545 

5 1 . ~ 1  I KNAs ($300 nuc leo t i des ) ,  complexed w i t h  p ro te in ,  have r e c e n t l y  been discovered t o  
p a r t i c i p a t e  i n  an unexpectedly d i ve rse  a r ray  o f  c e l l u l a r  processes, i n c l u d i n g  t r a n s c r i p -  
t i o n a l  c o n t r o l ,  t r a n s l a t i o n a l  c o n t r o l ,  messenger RNA s p l i c i n g ,  tRNA 5 '  t r imming, and pro-  
t e i n  secre t ion .  w l abo ra to ry  i s  c u r r e n t l y  focus ing  i t s  a t t e n t i o n  on 7SL RNA, i d e n t i f i e d  
by Walter and Blobel  as a component o f  Signal  Recogn i t ion  P a r t i c l e  (SRP). They showed by 
_- i n  v i t r o  r e c o n s t i t u t i o n  exper iments w i t h  a mammalian system t h a t  SRP, which conta ins  s i x  
non - iden t i ca l  po lypept ides  i n  a d d i t i o n  t o  the  RNA, p lays  a r o l e  i n  t a r g e t i n g  pre-secre tory  
p r o t e i n s  t o  the  endoplasmic r e t i c u l u m  (ER) membrane. 
which SRP recognizes ribosomes t r a n s l a t i n g  messages encoding p r o t e i n s  w i t h  s igna l  sequences, 
we w i l l  employ genet ic  s t r a t e g i e s  un ique ly  a v a i l a b l e  i n  yeast.  
components w i l l  be assessed i n  c e l l s  t ransformed w i t h  genes a l t e r e d  i n  v i t r o .  
t i a l  step, we have i d e n t i f i e d  th ree  recombinant c lones which encode yeas t  RNAs s i m i - l a r  i n  
s i z e  t o  7SL from h igher  eukaryotes;  f u r t h e r  evidence f o r  equivalence i s  be ing  sought 
through s t r u c t u r a l  ana lys i s  and t r a n s c r i p t i o n  studies.  
been made, mutagenesis w i l l  proceed. The consequences o f  a n u l l  a l l e l e  w i l l  i n d i c a t e  
whether 7SL RNA i s  essen t ia l  i n  yeast,  and ana lys i s  o f  p o i n t  muta t ions  should revea l  
f ea tu res  o f  t he  RNA which a re  ind ispensab le  f o r  f unc t i on .  By s e l e c t i n g  f o r  second-s i te  
suppressors o f  secre tory  de fec ts  r e s u l t i n g  from muta t ions  i n  7.51, we should  be ab le  t o  
i d e n t i f y  SRP p ro te ins  as we l l  as o ther  components o f  t he  expor t  machinery. 

To examine i n  v i v o  t h e  mechanism by 

As an i n i -  
The e f f e c t s  o f  muta t ing  SRP 

Once a p o s i t i v e  c o r r e l a t i o n  has 

1546 PRE-PRO-a-FACTOR DIRECTED SECRETION OF HUMAN PROTEINS FROM SACCHAROMYCES 
C E R E V I S I A E .  
1900 Oak Terrace Lane, Thousand Oaks, CA 91320 

Fusions between the  MFa s t r u c t u r a l  gene and chemica l l y  synthesized genes encoding 

K. M. Zsebo, Edward M. Lau, Sidney V. Suggs and Grant A. B i t t e r ,  Amgen, 

human p ro te ins  have been cons t ruc ted .  
i nc lude  the  pre-pro-a- fac to r  leader  reg ion  fused t o  the  human p ro te in .  
which inc ludes  p r o t e o l y t i c  r e c o g n i t i o n  sequences invo lved i n  matura t ion  o f  t h e  a - fac to r  
pept ides  f rom the  n a t i v e  precursor  immediately precedes t h e  f o r e i g n  pep t ide  i n  t h e  hyb r id  
precursor.  
amino ac ids )  and l a r g e  (consensus a - in te r fe ron .  166 amino ac ids )  p r o t e i n s  i n t o  the  c u l t u r e  
medium. 
i s  secreted i n t o  t h e  c u l t u r e  medium. I n  con t ras t ,  90% o f  t h e  synthesized consensus a- 
i n t e r f e r o n  (IFN-aConl) remains assoc ia ted  w i t h  t h e  c e l l  wa l l .  

These secreted p r o t e i n s  con ta in  NH2 te rm ina l  Glu-Ala d ipep t ides  due t o  incomplete 
processing by d i p e p t i d y l  amino pept idase A. S i te -d i rec ted  mutagenesis was u t i l i z e d  t o  
generate a c l o n i n g  vec tor  which a l lows assembly of gene fus ions  con ta in ing  any des i red  
spacer pept ide.  
l i k e  c leavage sequence bu t  de le ted  t h e  Glu-Ala codons. Th is  gene fus ion  programmed 
sec re t i on  of IFN-aConl w i t h  accu ra te l y  processed NH2 t e r m i n i i .  
i n  t h e  KEX2 gene on e f f i c i e n c y  o f  sec re t i on  as w e l l  as p rev ious l y  observed i n t e r n a l  
c l e a v a g r ( B i t t e r ,  ets., PNAS 81, 53350-5334) i s  documented. 

The gene fus ions  encode hyb r id  p ro te ins  which 
A spacer pept ide  

These fus ions  d i r e c t  sec re t i on  o f  bo th  smal l  (6-endorphin,  c a l c i t o n i n ;  31 

I n  s t a t i o n a r y  phase cu l tu res ,  99% of t he  synthesized 6-endorphin and c a l c i t o n i n  

An MFa/IFN-aConl gene fus ion  was cons t ruc ted  which i nc luded  t h e  t r y p s i n -  

The e f f e c t s  of  muta t ions  
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1547 .!Iitochondrial Topogenic Sequences.  J i m  Kaput, Sherry Gol tz ,  Marjorie Brandriss*,  
Carl Pe te r  Blobel ,  and Gunter Blobel .  The Rockefe l le r  Univers i ty ,  New York, NY. 
and *UNJMDS, Newark, N J .  

Eukaryotic c e l l s  have evolved complex i n t r a c e l l u l a r  o rgane l l e s  t h a t  e f f e c t i v e l y  

A s t r i k i n g  example of t h i s  
s epa ra t e  biochemical pathways. However, most of the  p ro te ins  involved i n  the  r e a c t i o n s  must 
be imported i n t o  t h e  o rgane l l e s  ac ross  one o r  more membranes. 
t r anspor t  p rocess  occurs  wi th  mitochondria,  which not only imports over 90% of i t s  p ro te ins  
from the  cytoplasm, bu t  a l s o  seg rega te s  t h e  p r o t e i n s  t o  the  ou te r  membrane, the  intermembrane 
space ,  the  inner  membrane, or the  mat r ix .  The informat ion  requi red  f o r  t r ans loca t ion  and 
segrega t ion  is  presumably encoded i n  d i s c r e t e  segments ( topogenic  sequences) of the  
polypept ide  cha in  (Blobel  [1980] PNAS E. 1496-1500). The presence ,  l o c a t i o n ,  and func t ion  
of the pu ta t ive  topogenic sequences i n  A'-pyrroline-5-carboxylate (P5C)-dehydrogenase ( a  
mat r ix- loca l ized  p ro te in )  and cytochrome c peroxidase (CCP; an intermembrane space p ro te in )  
a r e  being analyzed by r eve r se  gene t i c  techniques.  
terminus of mi tochondr ia l  p recursor  p r o t e i n s  and nonmitochondrial  p ro t e ins  have been 
cons t ruc ted  and analyzed i n  an i n  v i t r o  transcriptionJtranslationItranslocation system t h a t  
g r e a t l y  speeds the  cons t ruc t ion  and ana lyses  of mutated gene products .  
a r e  de f in ing  t h e  p r o t e i n  segment t h a t  may conta in  t h e  pu ta t ive  mitochondrial  topogenic 
sequence. The exac t  p ro t e in  segment t h a t  c o n s t i t u t e s  t he  topogenic sequence is being 
def ined  through computer ana lyses  of mi tochondr ia l  p recursors  and through ana lyses  of site- 
s p e c i f i c  muta t ions .  

Fusion p ro te ins  cons i s t ing  of t he  NHz- 

These fus ion  p ro te ins  

1548 Nuclear and mitochondrial tRNA methyltransferases appear t o  be cgded by the 
same lnuclear gene in Sac harom ces cerevisiae. ZNancy C. Martin, Steven R. 
Ellis, Michael J. M o r a w t a  K. Hopper . Univers i ty  o f  Texas Health 
Science Center, Dallas, Tx., Hershey Medical Center, Hershey, PA. 

N u c l e y  mutations a t  the t r m l  and trm2 loci in S. cerevisiae abolish the synthesis o f  
m:G and m U respectively in nuclear a n a t o c h o n d r 6 l  t m A s .  The enzymes which ca r ry  
out  these modifications cannot be detected in in v i t r o  assays using whole cell o r  
mitochondrial extracts o f  thf mutants but are r e a n y  measured in comparable wi ld  t ype  
preparations. Since both m G and m U are present on yeast nuclear precursor tRNAs, y e  
in fer  that  the methyltransfe?ases are located in the nucleus. A nuclear location o f  the m U 
methyltransferase has been demonstrated by injection experiments using Xenopus oocytes. 

A 2500 base pai r  wi ld t ype  yeast genomic fragment that  corresponds to  the TRMl locus 
has been obtained. Nor thern analysis shows that  a 1700 base poly AtRNA is  d e x d  from 
t q s  fragment. Mutant cells transformed wi th  plasmids cqrry ing th is  cloned fragment have 
m C in both nuclear and mitochondrial tRNA. The m2G dimethyltransferase act iv i ty  is 
p#esent in such transformants and is  elevated w i t 9  respect to  wild type, when a multicopy 
vector i s  used suggesting that  TRMl codes for  m G dimethyltransferase. To determine if 
d i f ferent  forms o f  a methyltransferase are encoded by the same gene o r  whether identical 
proteins might be found in both the nucleus and mitochondria we are sequencing the DNA 
and analyzing the protein products o f  the TRMl gene. (Supported by NIH CM27597). 

1549 IMPORT OF PROTEINS INTO MITOCHONDRIA Richard Zimnermann 

I n s t i t u t  f u r  Physiologische Chemie, D 8000 Munchen 2, Federal Republic o f  Germany 

Data w i l l  be presented regarding the fo l lowing centra l  aspects i n  the import o f  proteins 

i n t o  mitochondria: 

1,Receptors on the Mitochondria1 Surface 

I1,Membrane Transfer i n  Import o f  Mitochondrial Proteins 

II1,Membrane Potent ia l  

IV,Processing Peptidase(s) 
Reference:R.Zimmermann,Import o f  Proteins i n t o  Mitochondria i n  "Protein Compartmentaliza- 

t i on "  (Boime,I. e t  a l . ,  eds) Springer Verlag, New York. 

Binding studies using p u r i f i e d  precursor prote ins o f  cytochrome c and porin. 

Novel intermediates o f  the ADP/ATP c a r r i e r  and the 13 subunit o f  F,ATPase. 
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