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Mechanisms of DNA Replication and Recombination 

Enzymology of DNA Synthesis 

AtiALYSIS OF IIETLYL-DIRECTED II ISPIATCI;  R E P A I R  IN VITRU. Robert  S. Lahue, Shin-san Su, 
Kather ine  Welsh, A-Lien Lu, and Paul I lodr ich ,  Department o f  B iochemis t ry ,  Duke 

I1 
U n i v e r s i t y  Medical  Center,  Durhan, l iC  27710. 

Repair  o f  s i n g l e  base p a i r  misnatches wi th e f f i c i e n c i e s  up t o  8U% i s  observed us ing  w i l d - t y p e  
t .  c o l i  e x t r a c t s  b u t  n o t  w i t h  e x t r a c t s  f rom s t r a i n s  d e f i c i e n t  i n  *ti, W L ,  S S ,  o r  ED. 
The mutant e x t r a c t s  can be complenented which has p rov ided  an assay f o r  t he  p u r i f i c a t i o n  o f  
m i l l i g r a m  q u a n t i t i e s  o f  each o f  these p r o t e i n s  i n  b i o l o g i c a l l y  a c t i v e  forms. F o o t p r i n t i n g  
exper iments showed t h a t  WS p r o t e i n  s p e c i f i c a l l y  b inds  t o  DNA reg ions  c o n t a i n i n g  a s i n g l e  base 
p a i r  mismatch w i t h  a s p e c i f i c i t y  o f  GT GA C A  CT. Each o f  these GIiSFIdtCheS can be r e p a i r e d  
e f f i c i e n t l y  i n  v i t r o .  Prepara t ions  o f  nu tH p r o t e i n  e x h i b i t  an endonuclease a c t i v i t y  which 
c leaves the  unrnethylated s t rand  a t  t he  sequence 
y l a t e d  duplexes a re  c leaved no re  s l o w l y  and f u l l y  n e t h y l a t e d  no lecu les  n o t  a t  a l l .  
a c t i v i t y  of  W L  p r o t e i n  has n o t  y e t  been e luc ida ted .  
- uvrD p r o t e i n  as DNA he l i case  11. 

o t h e r  components. 
f ac to r  f o r  r e p a i r  ( 2 ) .  
recBC and recF p ro te ins .  A number o f  o t h e r  enzymes i n v o l v e d  i n  DNA metabol ism a re  under 
i nves t i ga ti on. 

E a r l i e r  exper iments showed 
t h a t  n o t  o n l y  does t h e m o f  me thy la t i on  a t  these sequences d i r e c t  r e p a i r  bo th  i n  v i v a  ( 5 )  
and i n  v i t r o  ( 1 , Z )  b u t  a l s o  t h a t  DNA synthes is  assoc ia ted  u i t h  the  r e p a i r  process 
r e q u i r e  an endonuc leo l y t i c  event  a t  o r  near  d(GATC) s i t e s  ( 2 ) .  A subs t ra te  l a c k i n g  d(GATC) 
sequences i s  n o t  repa i red  i n  our  sys ten  whereas very  s i n i l a r  DNA molecules c o n t a i n i n g  one, 
two, o r  f o u r  d(GATC) s i t e s  a re  repa i red  w i t h  i n c r e a s i n g  e f f i c i e n c i e s .  
those observed f o r  t he  a c t i v i t y  o f  =ti p r o t e i n  suggest a d i r e c t  r o l e  f o r  these sequences 
i n  the  r e p a i r  process. 

We have developed an i n  v i t r o  assay t o  s tudy  DIM n i s n a t c h  r e p a i r  i n  c e l l - f r e e  systems ( 1 , 2 ) .  

GATC i n  hen i -ne thy la ted  subs t ra tes .  Unmeth- 

Prev ious  s tud ies  (3 ,4 )  have i d e n t i f i e d  
The 

R e c o n s t i t u t i o n  exper inents  w i t h  pure p r o t e i n s  have n o t  succeeded, prompt ing a search f o r  

Other  p r o t e i n s  which a re  n o t  requ i red  i n c l u d e  DNA polynerase I and 
S ing le -s t randed b i n d i n g  p r o t e i n  (ssb)  has been i d e n t i f i e d  as a necessary 

:l ismatch c o r r e c t i o n  i n  v i t r o  a l s o  requ i res  d(GATC) sequences. 

t o  

These r e s u l t s  and 

1. L u ,  A-L, C la rk ,  S,  and f lodr ich ,  P. Proc. Idat l .  Acad. Sc i .  80:4639 (1983) 
2, Lu, A-L, k’elsh, K, C la rk ,  S ,  Su ,  S ,  and l l od r i ch  P. Cold Spr ing  Harbor Symp. Quant.  B i o l .  

49: 589 ( 1984) 
3. s d a ,  K, l i o r i uch i .  T, and Sekiguchi ,  fl. 
4. Naples, V, and Kushner, S. Proc. N a t l .  Acad. Sc i .  
5. Pukk i l a ,  P ,  Peterson, J, Herman, 6,  Flodr 

Llature 298:98 (1982) 

DNA REPLICATION IN EMBRYOS OF DROSOPHILA MELANOGASTER, Susan Cotterill, Robert 
DiFrancesco and I. R. Lehman, Department of Biochemistry, Stanford University 

12 
School of Medicine, Stanford, CA 94305 
We have undertaken the analysis of DNA replication in embryos of Drosophila melanogaster. 
Our approach has been to purify enzymes analogous to those known to be essential for DNA 
replication in prokaryotes, and with the purified enzymes. to reconstitute a replication 
complex that can function at a replication fork in vitro. Thus far, we have purified a 
polymerase-primase and a RNase H, both to near homogeneity. The polymerase-primase con- 
sists of four subunits with molecular weights of 182,000, 7 3 , 0 0 0 ,  60,000 and 50,000. 
Polymerase activity is associated with the 183 kdalton subunit; primase is associated with 
the 60 and/or the 50 kdalton subunit. The subunits can be effectively separated by treat- 
ment with 3 . 4  M urea, followed by a combination of Biorex 70 and DNA-cellulose chroma- 
tography. Attempts to reconstitute fully active enzyme from the separated subunits are i n  
progress with the aim of determining the factors that regulate coupling of primase and 
polymerase action. A clone containing all or a large part of the gene coding for the 73 
kdalton subunit has been isolated; isolation of clones for the genes coding the other 
three subunits is under way. 

and two 39,000 dalton polypeptides. It can remove RNA primers that are synthesized and 
subsequently elongated by the Drosophila polymerase-primase. Preincubation of the 
Drosophila RNase H with the polymerase-primase results in an increased rate of DNA synthe- 
sis. The DNA chains synthesized under these conditions are shorter than those synthesized 
in the absence of the RNase H and the rate of primer synthesis is increased. These find- 
ings suggest that the RNase H forms a complex with the polymerase-primase, increasing its 
recycling capacity and thereby increasing the frequency of chain initiation. 

The Drosophila RNase H has a molecular weight of 180,000 and consists of two 49,000 
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Mechanisms of DNA Replication and Recombination 

MKCHANISM OF THE DNA POLYMERASE I11 HOLOBNZYMK CATALYZED 
PKACTION, Charles S. McRenry, Kyung 0. Johanson and Robert 

Oberfelder, Department of Biochemistry, Biophysics and Genetics, 
University of Colorado School of Medicine, Denver, Colorado 80262 

13 

The DNA polymerase I 1 1  holoenzyme .of Escherichia coli is the 
complex form of DNA polymerase I11 that is responsible for the synthesis 
of the bacterial genome. We have shown it to be a dimeric enzyme that 
contains at least seven different subunits (a. c ,  8, T ,  y. 6, and .8)1. 
The enzyme forms a tight initiation complex with primed single-stranded 
DNA that is encoated by the E. coli single-stranded DNA binding protein 
in the presence of ATP, dATP or ATPyS2. Replication proceeding from 
this initiation complex is exceedingly rapid, approximating the rate of 
movement of the replicative complex at replication forks i~ vivo. 
However, the recycling of holoenzyme from one D N A  template to the next 
presents a strong kinetic barrier on single-stranded DNA templates3. 
Using the ATP analog, ATPyS, we have demonstrated a functional asymmetry 
between the two halves of the dimeric holoenzymez. This observation has 
been extended to build a model for a replicative complex that has 
distinguishable leading and lagging strand polymerases with properties 
that permit overcoming the afore-mentioned kinetic barrier on natural 
replication forks.. 

References: 
1. McHenry, C. (1982) "Purification and Characterization of Escberichia coli DNA 
Polymerase 111'. Identification of 7 M a Subunit of the DNA Polymerase I11 
Holoenzyme". J. Riol. Ch-. 257, 2657-2663. 
2. Johanson, K., and Mcknry, C. (1984) "Adenosine 5'-0-(3-thiotriphosphate) Can 
Support the Formation of an Initiation Colplex between the DNA Polmrase I11 
Holoenzme and Primed DNA". J. Biol. Cbber. 259, 45-4595. 
3. Johanson, K., and McHenry, C. (1982) "The B Subunit of the DNA Polymerase I11 
Holoenzyme Becores Inaccessible to Antibody after Formation of an Initiation Ccuplex 
with Primed DNA". J. Riol. Cher. 257, 12310-12315. 
4. McHenry, C. (1985) "DNA Polymerase I11 Holoenzyme of Escherichia coli: Components 
and Fhction of a True Replicative Cmplex" Eblec. Cell. Biocher. 66, 71-85. 

14 BACTERIOPHAGE T4 DSA REPLICATION SYSTEM, Sancy G. Xossal, Deborah M. Hinton, and 
Ross W. Richardson, h'ational Institutes of Health, Bethesda, MD 20892 

Seven bacteriophage T4 proteins are required for DNA synthesis at a replication fork in 
vitro. T4 DKA polymerase carries out strand displacement synthesis on the leading strand 
only with the assistance of the gene 44/62 and 45 polymerase accessory proteins and the gene 
32 helix destabilizing protein. The gene 41 and 61 proteins together function as a primase 
which makes ribonucleotide primers initiating discontinuous DNA synthesis on the lagging 
strand. In addition, the primase complex acts as a 5 '  to 3' helicase that unwinds the DNA 
duplex ahead of the growing leading strand. 

In order to determine the functions of the 41 and 61 proteins in the primase complex, 
we have produced large quantities of each protein from plasmids in which the primase genes 
are controlled by the P or XP promoters. Although previous studies showed no primer 
synthesis without both 4ia'and 61 broteins, we now find that very high concentrations of 61 
protein alone can catalyze some oligonucleotide synthesis on single-stranded DNA templates. 
41 protein alone has no primer synthesis activity. Oligonucleotides made by 61 without 41 
serve as primers f o r  Dh'A synthesis by either T4 DNA polymerase (with the three polymerase 
accessory proteins) or  by E. coli DNA polymerase I. The dinucleotides pppAC and pppGC are 
the major products made by 61 protein, in contrast to the pentanucleotides made by the 41 
and 61 proteins together. However, it is not yet clear whether it i s  these dinucleotides or 
the trace quantities of larger oligonucleotides that act as primers in the absence of 41 
protein. Even at the highest levels of 61 protein, both oligonucleotide and DNA synthesis 
are markedly stimulated by 41 protein. Similarly, the 41 protein helicase activity is 
increased more than 30-fold by 61 protein, which has no independent unwinding activity. 
Thus we conclude that within the primase complex, 61 protein is  primarily responsible for 
primer synthesis, and 41 protein for DNA unwinding, but that the 41/61 complex catalyzes 
each reaction much more efficiently than the individual proteins. 

The T4 uvsX gene product has been shown by other investigators to be required f o r  
repair, recombination, and sustained late DKA replication in vivo. Our plasmid with the T4 
DNA upstream of gene 41 produces 5 biologically active uvsX protein which increases the 
survival of a L'V-irradiated T 4  UvSx mutant in vivo. UvsX protein purified from cells with 
this plasmid catalyzes ATP-dependent annealing of ssDNA, D-loop formation, and, in the 
presence of T4 32 protein, strand exchange between homologous circular ssDNA and linear 
dsDNA, in agreement with the recent characrerization of the uvsX protein from T4 infected 
cells by Yonesaki et al. and by Formosa and Alberts. In addition, we find that at higher 
ratios of dsDNA to ssDNA, uvsX protein catalyzes some strand exchange in the absence of 32 
protein . 

- 

-__ 

_ _ _  

_ _ _  

124 



Mechanisms of DNA Replication and Recombination 

Detailed Studies of DNA Replication 

DNA POLmERASE Ill HOLOENZYME: SUBUNITS AND FUNCTION, Hisaji Maki, Satoko Maki, 
Roger Lasken and Arthur Kornberg, Department of Biochemistry, Stanford Uni- 

15 
versity School of Medicine, Stanford, CA 94305 
DNA polymerase 111 holoenzyme, the principal replicative enzyme in E .  &, catalyzes DNA 
synthesis with high processivity and fidelity. These distinctive properties of the holo- 
enzyme are thought to he based on its multi-subunit structure (Table 1). However, precise 
composition and structure of the holoenzyme are largely unknown. To define the holoenzyme 
structure and to elucidate individul functions of the subunits, a project to isolate each 
subunit from strains overproducing individual polypeptides and to reconstitute the active 
holoenzyme from highly purified subunits has been started. 

The LY subunit was purified to homogeneity from a strain overproducing the $& gene 
product and was identified as the polymerase subunit devoid o f  nuclease activities. The & 

subunit was identified as the 3 '+5 '  exonuclease subunit by Echols and coworkers. An a-& 
complex formed from purified LY and & subunits revealed their functional cooperation (Table 
2 ) .  This cooperation is mainly due to the increased affinity of the & subunit for the DNA 
3'-OH terminus by the DNA binding of the LY subunit. It seems likely that the (Y subunit 
destabilizes 3'-OH terminus of the paired substrate. The LY-& complex showed high fidelity 
of DNA synthesis indistinguishable from the Pol I11 core subassembly. 

The LY subunit and Pol 111 core showed very low processivity of DNA synthesis, and 
excess @ subunit increased the processivity of the (Y subunit. This stimulation of proces- 
sivity requires neither ATP nor dATP and suggests that the fJ subunit interacts directly 
with the LY subunit and acts as the processivity subunit. Other subunits required for 
reconstitution of the holoenzyme activity were found to he amplified in a strain overpro- 
ducing the dnaX-Z gene product, and were purified from this overproducer strain. Proper- 
ties of these subunits and the reconstituted holoenzyme will be discussed. 

Table 1 Table 2 
Subunit Size Gene Function Efficiency (ntdlseclmolecule) 

(Y 140(kd) dnaE polymerase Pol mispaired paired 
3 ' 5 '  Exo 

27 dnaQ 3'+5' exo Pol 111 core 20 2.3 0.24 
? ? (Y subunit 7.7 - 

? E subunit 0.063 0.0014 
6 32 dnaX ? a-& complex 13 0.70 0.058 

78 dnaX-Z ? 
B 37 dnaN processivity 

16 NMR STUDIES OF TEE CONFORMATIONS AND INTERACTIONS OF SUBSTRATES AND 
RIBONLICLEOTIDE TEMPLATES BOUND TO TEE LARGE FRAGMENT OF DNA POLYMERASE I, 

Lance J. F e r r i n  and A l b e r t  S. M i l d v a n ,  Department  o f  B i o l o g i c a l  Chemis t ry ,  Johns  
Eopkins Medical School, Baltimore,  M 21205 
The l a r g e  f r a g m e n t  o f  P o l  I e f f e c t i v e l y  u s e s  o l i g o r i b o u r i d y l a t e s  a n d  
o l igo r iboadeny la t e s  a s  templates .  w i th  k i n e t i c  p r o p e r t i e s  s i m i l a r  t o  those of p o l y  U 
and p o l y  A, r e s p e c t i v e l y ,  and h a s  l i t t l e  or no a c t i v i t y  i n  d e g r a d i n g  them. The 
conformations and binding s i t e  environments  of s u b s t r a t e s  and r ibonuc leo t ide  t empla t e s  
bound t o  t h i s  enzyme h a v e  been s t u d i e d  by p r o t o n  NUB. The e f e c t  of t h e  l a r g e  
f r agmen t  o f  P o l  I on t h e  N Y R  l i n e  w i d t h s  of t h e  p r o t o n s  of Mgf2'TTP d e t e c t e d  one 
b i n d i n g  s i t e  f o r  t h i s  s u b s t r a t e  and  e s t a b l i s h e d  s i m p l e  c o m p e t i t i v e  b i n d i n g  of t h e  
o the r  deorynucleoside t r iphoaphate  s u b s t r a t e s  a t  t h i s  s i t e .  The n u c l e a r  Overhauser 
e f f e c t  (NOE) which measu res  i n t e r p r o t o n  d i s t a n c e s ,  wag used  t o  d e t e r m i n e  t h e  
g l y c o s i d i c  t o r a i o n a l  a n g l e  ( X )  and t h e  s u g a r  p u c k e r  of t h e  bound s u b s t r a t e s .  The 
conformations of t he  enzyme bound s u b s t r a t e s  dATP and lTP.  and of the subs t r a t e  analog 
AMPCPP, a re  s i m i l a r  t o  n n c l e o t i d e s  of B-DNA and d i f f e r  g r e a t l y  from those of A- and Z- 
DNA. Templates and pr imers  e x e r t  l i t t l e  or no f u r t h e r  e f f e c t s  on these conformations. 
I n  c o n t r a s t ,  bound dGTP e x i s t s  i n  a t  l e a s t  two c o n f o r m a t i o n s  i n  t h e  absence  o f  
template ,  one of which i s  syn-, wh i l e  i n  t h e  presence of ol igo(rU)43+ only a s i n g l e  
B - l i k e  c o n f o r m a t i o n  i s  d e t e c t e d  p o s s i b l y  due t o  t h e  f o r m a t i o n  of a a U  wobble b a s e  
pair .  Despi te  t h i s ,  guanine deoxynucleot ides  a r e  not misincorporated by Pol  I when 
o l  igo(rU) i s  u s e d  a s  t h e  t e m p l a t e .  T e m p l a t e s  and p r i m e r  do n o t  a l t e r  t h e  r e l a t i v e  
a f f i n i t i e s  of the enzyme f o r  complementary and non-complementary subs t r a t e s .  Hence, a 
v e r i f i c a t i o n  s t ep ,  subsequent t o  s u b a t r a t e  binding and p r i o r  t o  DNA cha in  e longa t ion ,  
i s  necessary t o  e x p l a i n  t h e  bigh f i d e l i t y  of template  r e p l i c a t i o n  by Pol  I. Like the 
s u b s t r a t e s ,  the enzyme-bound o l igo r ibonuc leo t ide  t empla t e s  oligo(rU) and ol igo(rA) a r e  
p a r t i a l l y  immobi l i zed ,  and a r e  h e l d  i n  a c o n f o r m a t i o n  such t h a t  t h e i r  a v e r a g e  
n u c l e o t i d e s  a r e  more * l ike  than  A- or Z-like. I n t e n a o l e c u l a r  NOE s t u d i e s  i n d i c a t e  
t h a t  t h e  enzyme b i n d s  s u b s t r a t e s  u s i n g  a t  l e a s t  two hydrophobic r e s idues  inc lud ing  
i l e .  and an aromatic  res idue,  probably tyr .  The enzyme binds templates  using c a t i o n i c  
arg andlor  lys residues.  and p o s s i b l y  a hydrophobic residue.  
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Mechanisms of DNA Replication and Recombination 

SOYE FUNCTICPIAL ILIPLICATIONS OF THE STRUCTURE OF THE KLENCW FRAGMENT, T.A. Steitz, 
P.S. Freemont and C.M. Joyce, Department of Molecular Biophysics and Biochemistry, 

17 
Yale University, New Haven, CT 06511 
The structure of the Klenow fragment of E. coli DNA polymerase I and its complex with dTMP 
has been determined at high resolution and led to the hypothesis that the smaller 200 amino 
acid domain contains the 3'-5' exonuclease active site whereas the larger domain forms the 
active site for polymerase.1 
synthesis can be fitted into the crevice in the large domain. Co-crystallization experiments 
with deoxyoligonucleotides are in progress. Extensive amino acid sequence homologies exist 
between the large domain of the Klenow fragment of T7 DNA polymerase, particularly in those 
polypeptides that form the putative DNA binding cleft.* Crosslinking of 8-azido-dATP to the 
large domain presumably marks the polymerase active site.3 
in the vicinity of the crosslinked Tyr are identical in both polymerases, consistent with an 
important role for this region. About 50 amino acid residues that must lie above the cleft 
are disordered in the crystal. it is possible that when DNA binds, the protein completely 
surrounds the DNA which may be important in both the processivity and fidelity of the enzyme. 
The small domain is seen to bind a metal-nucleoside monophosphate to a site having residues 
consistent with it being a nuclease site. To test the hvpothesis that each domain catalyses 
a separate activity, DNA coding for the 1.arge and small domains have been cloned in high 
expression vecters and the large domain has been purified. The 45 kdal large domain has 
polymerase but no 3 ' - 5 '  exonuclease activity. 
progress. 

1 .  Ollis, D., Brick, P., Hamlin, R.. Xuong, X.G.,  Steitz, T.A. (1985) -, 313, 762-766 
2. Ollis, D., Kline, C .  and Steitz, T.A. (1985) Nature, 818-819 
3 .  .Joyce, C.M. et. al. (1985) in Protein Structure, Folding and Design (ed. D. Oxender) 

About 10 to 12 base pairs of a duplex DNA product of DNA 

?lost side-chains facing the cleft 

Purification of the small domain is in 

UCLA Symposia on Yolecular and Cellular Biology, Alan R. Liss, Inc.. Xew York, in press 

DYNAMIC AND STRUCTURAL INTERACTIONS I N  THE BACTERIOPHAGE T4-CODED DNA 
REPLICATION COMPLEX. Peter  H. von H ippe l ,  Joel W .  Hockensmith, Freder ic  R .  

18 

F a i r f i e l d ,  Mary K. Do le j s i ,  John W. Newport, Thale A. Cross, and Leland S .  Paul. 
I n s t i t u t e  o f  Mo lecu la r  B io logy  and Department o f  Chemistry, U n i v e r s i t y  o f  Oregon, Eugene, 
Oregon 97403 U.S.A. 
I n  t h i s  l e c t u r e  we w i l l  descr ibe  recent s tud ies  on molecu la r  aspects of t he  
p r o t e i n - p r o t e i n  and protein-DNA i n t e r a c t i o n s  i nvo l ved  i n  p rocess ive  DNA synthes is ,  c a r r i e d  
ou t  by th; bacter iophage T4-coded DNA r e p l i c a t i o n  system a t  model [ o l i go (dT) -po ly (dA) ]  and 
the  " r e a l  (na tu ra l  DNA) pr imer - templa te  j unc t i ons .  Experiments on molecu la r  mechanisms 
i n v o l v i n g  bo th  syn thes is  and " e d i t i n g "  ( 3 '  t o  5'  exonuclease a c t i v i t y )  w i l l  be discussed. 
We w i l l  cons ider  how the  T4 DNA polymerase b inds  a t  t he  pr imer - templa te  j unc t i on ,  and how 
the  polymerase accessory p r o t e i n s  complex and the  s ing le -s t randed DNA b ind ing  p ro te ins  
c o l l a b o r a t e  t o  form t h e  f i v e  p r o t e i n  complex. Resu l ts  of laser - induced protein-DNA 
c r o s s l i n k i n g  exper iments on the  r e p l i c a t i o n  complex w i l l  be presented, and a t e n t a t i v e  
molecu la r  model o f  t he  process ive  syn thes is  " cyc le "  w i l l  be proposed. (Supported by USPHS 
Research Grant GM-29158 and USPHS Nat iona l  Research Serv ice  Award GM-07759.) 
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General Recombination Mechanisms 

RECA PROT~XN-PROXOTED BRANCH PfIGRATION, Michae l  M .  Cox, Sandra  K .  iveuendorf, B .  
F r a n k l i n  Pugh, B r i a n  C. S c h u t t e ,  J a n e t  E. L i n d s l e y .  and S c o t t  w. ~ o r ~ i ~ ~ l ,  Depar t -  
merit of R l o c h e m l s t r y ,  School  o f  A g r i c u l t u r e  and L i f e  S c i e n c e s ,  U n i v e r s l t y  o f  

19 

Wisconsin-Madison, Madison, W I  53706.  
Sl’ontaneous o r a n c h  m l q r a t i o n  _ _ _  In v i t r o  is random; t h e r e  i s  no f o r c e  o r  f a c t o r  which f a v o r s  
o n e  d i r e c t i o n  o f  b r a n c h  movement o v e r  t h e  o t h e r .  A s  t h e  f i n a l  phase  o f  DNA s t r a n d  exchange 
r e a c t i o n s ,  f i l a m e n t o u s  complexes o f  rfcA p r o t e i n  and DNA promote a branch  migration which 
e x h i b l t s  a un ique  ? o l a r l t y .  C o n s i d e r a t l o n s  of m i c r o s c o p i c  r c v e r s i b i l i t y  a r e  s u f f i c i e n t  t o  
i n d i c a t e  t h a t  t h l s  p o l a r l t y  c a n n o t  bc a c h i c v c d  w i t h o u t  e x p e n d i t u r e  of chemica l  energy .  Cor- 
r e s i j o n d i n y l y ,  t h i s  is  t h e  o n l y  iihase o f  %A !>ro te in-promoted  DNA s t r a n d  exchange which 
e x h i b i t s  a r e q u i r e m e n t  f o r  ATP h y d r o l y s i s .  Mechanisms by which ATP h y d r o l y s i s  can  be coupled  
t o  u n l d i r c c t l o n a l  b r a n c h  n i q r a t l o n  by a =A comr,lex can  b e  d l v i d e d  l o o s e l y  l n t o  t w o  c l a s s e s :  
t h o s c  whlci i  l n v o l v e  a s s o c i a t i o n  and/or  d i s s o c l a t l o n  o f  =A p r o t e i n  a t  t h e  liead o r  t a i l  of a 
f i l a m e n t ,  and t h o s e  I n  which t h e  f i l a m e n t o u s  rfcA p r o t e l n  complex remalns  i n t a c t  t h r o u g h o u t  
t h c  r e a c t i o n .  

S e v e r a l  r e s u l t s ,  o b t a i n e d  under  c o n d i t i o n s  which a r e  o p t i m a l  f o r  %A nrote ln-promoted  
DNA s t r a n d  exchange ,  f a v o r  t h c  l a t t e r  c l a s s  o f  model.  
recA monorners a t  t h e  e n d s  of f l l a m c n t o u s  complexes,  b u t  i n s t e a d  a p p e a r s  t o  o c c u r  t h r o u g h o u t  
t h e  complex. More t h a n  1300 ATP’s a r e  hydro lyzed  f o r  e v e r y  o b s e r v a b l e  movement o f  a S i n g l e  
moriolner betwecn a complcx and a pool o f  f r e e  %A p r o t e i n ,  so t h a t  no t i g h t  c o u p l l n g  e x i s t s  
between ATP h y d r o l y s i s  and  associatlon/d~ssoc~ation o f  f c A  I ’ r o t e i n  w l t h / f r o m  t h e  complex. 
llnder o p t i m a l  c o n d l t i o n s ,  i n c r e a s e s  i n  t h e  c o n c e n t r a t l e n  of =A p r o t e l n  or i n  t h e  c o n c e n t r a -  
t.ion of coml’lcte r f c A / D N A  complexes have  n o  e f f e c t  on t h e  r a t e  o f  s t r a n d  exchange o r  ATP 
h y d r o l y s i s .  
t i o n  l n v o l v l n q  a l l  components ( e x c e p t  b u f f e r  and ATP). 

ATP h y d r o l y s l s  1s n o t  r e s t r l c t e d  to  

- 

S i m i l a r l y ,  o - ~ q o i n g  s t r a n d  exchange  r e a c t l o n s  a r e  i n s e n s i t i v e  to  a sudden d i l u -  
These and  o t h e r  r C S U l t S  l n d l c a t e  t h a t  

r o t c i n - p r o m o t e d  b r a n c h  m i q r a t i o n  d o e s  n o t  r e q u i r e  a s s o c i a t i o n  a n d / o r  d i s s o c i a t l o n  O f  
r o t e i n  a t  t h e  e n d s  of a complcx. 
n d e n t  u n i t  which r e m a i n s  l a r q e l y  i n t a c t  t h r o u q h o u t  DNA s t r a n d  exchange .  

I n s t e a d ,  e a c h  =A/DNA complex apyJears t o  a c t  a s  an  

110 GENElZC FC$MBINXIION M D  G U M ,  E r i c  B .  Kmiecl and Wil l iam K. 
Holloman , Departm n t  of B i o l o g y ,  U n i v e r s i t y  of R o c h e s t e r ,  

R o c h e s t e r ,  hK, 14627,  and ‘Department of M i c r o b i o l o g y ,  C o r n e l l  U n i v e r s i t y  
? l e d i c a l  C o l l e g e ,  New York, SY 10021 

The r e c  1 p r o t e i n  from t h e  lower  e u k a r y o t e  C s t i l a g o  maydis is a 
recombinase  t h a t ,  l i k e  C. c o l i  r e c  A p r o t e i n ,  can  promote homologous p a i r i n g  
o f  DNA m o l e c u l e s  i n  v i t r o .  l ie have  b e r n  i n t e r e s t e d  i n  t h e  r o l e  o f  le f t -handed  
Z-DNA i n  t h e  p a i r i n g  r e a c t i o n  promoted by r e c  1 p r o t e i n .  Z-DNA i s  o e n e r a t e d  
d u r i n g  f o r m a t i o n  of t h e  paranemic  j o i n t .  ljhen s t a b l e  h e t e r o d i ~ p l e x  r e g i o n s  a r e  
t o p o l o f i i c a l l y  b a r r e d  from fomin::, e i t h e r  by use  of a c i r c u l a r  combina t ion  of 
homologous D::A m o l e c u l e s ,  o r  by u s e  o f  a s i n g l e  s t r a n d e d  c i r c l e  and a l i n e a r  
d u p l e x  molecule  w i t h  l o n g  nonliomolo,yous b l o c k s  on e i t h e r  e n d ,  a paranemic j o i n t  
w i t h  p a i r e d  b u t  n o n i n t e r t v i n e d  comnlementary s t r a n d s  i s  formed. The p r e s e n c e  
of :-DNA i n  t h e  paranemic  j o i n t  s u p n o r t s  t h e  i d e a  t h a t  t h e  j o i n t  may he 
s t a b i l i z e d  by f o r n a t i o n  o f  a l t e r n a t i n g  s t r e t c h e s  o f  r igh t -handed  and l e f t - h a n d e d  
r e g i o n s .  The  paranemic  j o i n t  a p p e a r s  t o  be  a t r u e  i n t e r m e d i a t e  i n  t h e  homologous 
p a i r i n g  r e a c t i o n  s i n c e  i t  is formed r a p i d l y  and  a t  h igh  f requency  i n  p a i r i n p ,  
r e a c t i o n s .  Thus i t  i s  n o t  s u r p r i s i n g  t h a t  r e c  1 p r o t e i n  b i n d s  s t r o n g l y  t o  
l e f t - h a n d e d  Z-DNA. The b i n d i n g  r e a c t i o n  p a r a l l e l s  t h e  r e a c t i o n  l e a d i n g  t o  
paranemic  j o i n t  f o r m a t i o n ,  s u g g e s t i n y :  t h a t  %-DNA mav b e  a k i n e t i c  aha log  o f  
t h e  paranemic  j o i n t  s t r u c t u r e .  
molecules  can  be  promoted by r e c  1 n r o t e i n  i f  each DKA molecule  c o n t a i n s  
a s t r e t c h  oE 2-DNA. 
p r o t e i n  can p a i r  two D:JA m o l e c u l e s  a t  2-DNA s i t e s .  One f i n a l  a r e a  of s t u d y  
i n v o l v e s  g e n e r a t i o n  of Z-DNA d u r i n g  D N A  s t r a n d  exchange .  A f t e r  s y n a p s i s  o f  
a s i n g l e  s t r a n d e d  c i r c l e  and  a homologous l i n e a r  d u n l e x  molecule ,  rec  1 n r o t e i n  
promotes s t r a n d  exchanoe o f  t h e  c i r c l e  w i t h  i t s  homolog s t r a n d  i n  t h e  dunlex .  
The r e a c t i o n  i s  d i r e c t i o n a l .  
a nonhomologous s t r e t c h  i n  t h e  d u p l e x ,  some Z-DNA is  g e n e r a t e d  presumably  a t  
the j u n c t i o n  be tween t h e  homolooous and nonhomolosous r e g i o n s .  

P a i r i n g  between two c o m p l e t e l y  d u p l e x  DNA 

Even when f l a n k i n g  s e q u e n c e s  a r e  nonhomologous,  r e c  1 

I f  comple te  exchange i s  p r e v e n t e d  by n r e s e n c e  of  

T h i s  work rias s u p n o r t e d  b:i N I H  g r a n t  fill 27103 and G:i 36327. 
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IhTERMEDIATES I N  HOMOLOGOES PAIRING AND STRAND EXCHASGE PROMOTED BY REC A PROTEIN 
C h a r l e s  M. R a d d i n g ,  Depa r tmen t  o f  Human G e n e t i c s ,  Y a l e  U n i v e r s i t y  S c h o o l  of  X e d i c i n e ,  

N e w  Haven, CT 06510 
R e c A  p r o t e i n ,  composed o f  a s i n g l e  p o l y p e p t i d e  c h a i n  o f  MC: 38,000, p r o m o t e s  homologous p a i r i n g  
and  s t r a n d  e x c h a n g e ,  by b u i l d i n g  h i g h e r  o r d e r  s t r u c t u r e s .  The f i r s t  d e t e c t a b l e  PRESYNAPTIC 
INTERMEDIATE, w h i c h  i s  fo rmed  i n  t h e  p r e s e n c e  o f  ATP, i s  a h e l i c a l  n u c l e o p r o t e i n  f i l a m e n t  
93 A i n o d i a m e t e r  t h a t  c o n t a i n s  a b o u t  2 2  n u c l e o t i d e  r e s i d u e s  and 6 m o l e c u l e s  o f  recA p r o t e i n  
p e r  90 A r e p e a t .  The p h o s p h o d i e s t e r  backbone  o f  t h e  s i n g l e - s t r a n d e d  DNA i n  t h e  n u c l e o p r o t e i n  
f i l a m e n t  i s  i n  c o n t a c t  w i t h  t h e  p r o t e i n  w h e r e a s  t h e  b a s e s  a r e  e x p o s e d .  From t h e  measu red  
p a r a m e t e r s  we i n f e r  t h a t  t h e  a x i a l  s e p a r a t i o n  o f  b a s e s  i n  t h e  f i l a m e n t  i s  g r e a t e r  t h a n  t h a t  
i n  B fo rm D K A ,  a n d  t h a t  t h e  s i n g l e - s t r a n d e d  DNA is n o t  wrapped a r o u n d  t h e  o u t s i d e  o f  t h e  f i l a -  
men t ,  b u t  p r o b a b l y  f o l l o w s  a h e l i c a l  p a t h  whose d i a m e t e r  c a n  n o t  e x c e e d  40 I( i n  d i a m e t e r .  
The f i r s t  d e t e c t a b l e  SYNAPTIC ISTERMEDIATE is o n e  i n  wh ich  naked  d u p l e x  DSA makes m u l t i p l e  
non-homologous c o n t a c t s  w i t h  p r e s y n a p t i c  f i l a m e n t s  t o  Corm c o n d e n s e d  n u c l e o p r o t e i n  n e t w o r k s  
t h a t  s e d i m e n t  a t  more t h a n  1 0 , 0 0 0  S.  S e t w o r k s  fo rm f a s t e r  t h a n  homologous ly  p a i r e d  j o i n t  
m o l e c u l e s  a n d  g i v e  r i s e  t o  j o i n t  m o l e c u l e s  more r a p i d l y  t h a n  t h e y  e x c h a n g e  DNA w i t h  t h e  s u r -  
r o u n d i n g  medium o r  w i t h  a d d e d  e x o g e n o u s  n e t w o r k s .  The recA n u c l e o p r o t e i n  n e t w o r k s  p l a y  a n  
i n s t r u m e n t a l  r o l e  i n  homologous p a i r i n g  by f a c i l i t a t i n g  d i f f u s i o n  w i t h i n  c o n c e n t r a t e d  domains .  
The n e x t  d e t e c t a b l e  s y n a p t i c  i n t e r m e d i a t e  is  one  i n  wh ich  t h e  homologous a l i g n m e n t  o f  s i n g l e -  
s t r a n d e d  DNA and  d u p l e x  DNA r e s u l t s  i n  t h e  i n s t a n t a n e o u s  r emova l  o f  10 t o  20 t u r n s  f r o m  t h e  
d u p l e x  DNA, r e f l e c t i n g  p r e s u m a b l y  t h e  m a t c h i n g  o f  t h e  a x i a l  s e p a r a t i o n  o f  b a s e s  i n  d u p l e x  DNA 
t o  t h a t  o f  s i n g l e - s t r a n d e d  DNA i n  t h e  p r e s y n a p t i c  f i l a m e n t .  The n a t u r e  o f  t h e  POSTSYNAPTIC 
INTERMEDIATES t h a t  a c c o m p l i s h  s t r a n d  e x c h a n g e  i s  adl imbrated by s t u d i e s  on t h e  r e s i s t a n c e  t o  
D N A s e s  o f  i n t e r m e d i a t e s  u n d e r g o i n g  e x c h a n g e .  A c i r c u l a r  p l u s  s t r a n d  i n  t h e  p r e s y n a p t i c  f i l a -  
ment is  r e s i s t a n t  to  c l e a v a g e  by DNAse I and  r e m a i n s  so  d u r i n g  s u b s e q u e n t  s t r a n d  e x c h a n g e ;  
t h e  p l u s  s t r a n d  t h a t  i t  d i s p l a c e s  f r o m  t h e  p a r e n t a l  d u p l e x  becomes p r o g r e s s i v e l y  r e s i s t a n t  t o  
DNAse  I a s  t h e  p o i n t  of s t r a n d  e x c h a n g e  p r o c e e d s  5 '  t o  3 ' .  S u r p r i s i n g l y ,  t h e  minus  s t r a n d  of 
t h e  p a r e n t a l  d u p l e x ,  wh ich  c h a n g e s  p a i r i n g  p a r t n e r s ,  r e m a i n s  s e n s i t i v e  t o  DNAse I t h r o u g h o u t  
t h e  e x c h a n g e ,  s u g g e s t i n g  t h a t  i t  i s  u n h i n d e r e d  by a n y  l o n g - l i v e d  c o n t a c t  w i t h  p r o t e i n .  S i n c e  
recA p r o t e i n  c a n  p u s h  s t r a n d  e x c h a n g e  p a s t  h e t e r o l o g o u s  i n s e r t i o n s  t h a t  a r e  h u n d r e d s  o f  b a s e  
p a i r s  i n  l e n g t h ,  i t  must  e x e r t  a h e l i c a s e  a c t i o n  a t  t h e  p o i n t  of s t r a n d  e x c h a n g e .  A more con-  
d e n s e d  c o n f o r m a t i o n  o f  t h e  s i n g l e - s t r a n d e d  n u c l e o p r o t e i n  f i l a m e n t  t h a t  h a s  b e e n  o b s e r v e d  o n  
r emova l  of ATP f rom a f i l a m e n t  fo rmed  i n  t h e  p r e s e n c e  o f  ATP p r o v i d e s  e v i d e n c e  o f  a m a j o r  
c o n f o r m a t i o n a l  c h a n g e  t h a t  may b e  r e l a t e d  t o  t h e  e q u a l l y  s t r i k i n g  c o n f o r m a t i o n a l  c h a n g e  i n  
d u p l e x  DNA t h a t  a c c o m p a n i e s  i t s  p a i r i n g  and  s u b s e q u e n t  r e a c t i o n  w i t h  t h e  s i n g l e - s t r a n d e d  
n u c l e o p r o t e i n  f i l a m e n t .  

I1 1 
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MECHANISM AND CONTROL OF HOMOLOGOUS RECOMBINATION, G.R. Smith, S.K. Amundsen, 
K.C. Cheng, N.H. McKittrick, A.S. Ponticelli, D.W. Schultz, A.F. Taylor and S. 

112 
Thibodeaux, Fred Hutchinson Cancer Research Center, Seattle, WA 98104. 

Our previous studies on RecBC enzyme and Chi sites of Escberichia coli, plus studies by 
others, led us to propose the model of recombination shown below (1 ) .  

F G H 

RecBC enzyme binds specifically to duplex DNA ends (step A) and produces ss DNA loops and 
tails as it moves along the DNA (steps B-C). During unwinding from right to left, RecBC 
enzyme cleaves the DNA strand containing the Chi hotspot sequence 5‘G-C-T-G-G-T-G-G3‘ (steps 
D-E). RecA and SSB proteins pair homologous s s  DNA and ds DNA (steps F-G). The formation 
and resolution of the postulated Holliday junction (steps H - I )  have not yet been 
demonstrated for  this pathway of recombination. This proposed mechanism is supported by 
enzymological, genetic, and physiological evidence (2 .3) .  

products in this pathway of recombination; possible roles for these functions will be 
discussed. We have found that exonuclease V, previously designated RecBC enzyme, contains a 
third polypeptide of about 58 kDa coded by a newly designated gene recD located between KecB 
and argA; the recD polypeptide is required for nuclease activity a n m i  activation. T h r  
mechanism of recombination appears to operate in diverse enteric bacteria: 
species contain Chi-dependent cleavage activity; where tested, DNA clones of recBCD-like 
genes from other species confer Chi stimulatable recombination-proficiency on E. coli 
deleted for B. 
recombinational signal will be discussed. 

( 1 )  Smith, Schultz, Taylor 6 Triman (1981)  Stadler Genet. Symp. 13, 25. ( 2 )  Smith, 
Amundsen, Chaudhury, Cheng, Ponticelli, Roberts, Schultz 6 Taylor (1984)  Cold Spring Harbor 
Symp. Quant. Biol. 2, 485. 

Recently, we have found a requirement for the E. coli ssb, polA, lig, and & gene ~- - - 

most tested 

The possibility that other organisms utilize other sequences as their 

(3) Smith 6 Stahl (1985)  BioEssays 1, 244. 

Recombination Systems 

113 PARTIAL PURIFICATION AND CHARACTERIZATION OF A HBCOMBINASE 
FROM HUMAN CBLLS, R. Daniel Camerini-Otero, Peggy Hsieh and 

M. Stephen Meyn, Genetics and Biochemistry Branch, NIADDK, 
National Institutes of Health, Bethesda, MD 20892 

We describe the partial purification and characterization of 
a human recombinase activity from RPMI 1788 B lynphoblasts. 
Stoichiometric amounts of recombinase carry out a strand transfer 
reaction between linear duplex DNA and homologous circular 
single-strand DNA. This is the first demonstration of a strand 
transfer activity from a high eukaryote. This activity also 
promotes the reannealing of complementary single-strand DNA. 

The product of strand transfer by the recombinase is a joint 
molecule composed of a single-strand circle joined to one end of 
the linear duplex molecule by a region of DNA heteroduplex at 
least 150 bp in length. To exclude the formation of joint 
molecules by sequential activities of an exonuclease followed by 
a reannealing protein, we demonstrate the existence of a 
displaced strand by several independent means. Examination of 
various parameters affecting the formation of joint molecules and 
characterization of the physical structure of the product reveal 
that strand transfer involves a stoichiometric interaction 
between single-strand DNA and recombinase. Strand invasion 
initiates at the ends of the linear duplex and is blocked by as 
few as 61 bp of nonhomologous DNA at the ends of an otherwise 
homologous linear duplex molecule. Strand displacement by human 
recombinase is polar and proceeds in a 3’ to 5 ’  direction whereas 
RecA protein carries out strand displacement in a 5’ to 3 ’  
direction. In this regard, the human recombinase is similar to 
recl, the only other eukaryotic recombinase characterized to 
date. The presence of a strand transfer activity from human B 
lymphoblasts provides hiochemical support for models which invoke 
strand exchange in recombination in mammalian cells. 
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'THE LO)(-CRL SITE-SPECIFIC RLCOYBIXATIOK SYSTE?I OF BACTERlOPHAGE P I ,  Rona ld  H .  Hoess ,  
Kenne th  A b r e m s k i ,  B e t h  Frommer, Anna W i e r z b i c k i ,  and  Marvin K e n d a l l ,  C e n t r a l  Re- 

S e a r c h  & I )evelopment  D e p a r t m e n t ,  L. 1. Du P o n t  d e  Semours  a n d  Company, I n c . ,  E x p e r i m e n t a l  
S t a t i o n ,  W i l m i n g t o n ,  DE 19898 
'The &+re s i t e - s p e c i f i c  r e c o m b i n a t i o n  s y s t e m  a f f o r d s  a s i m p l e  s y s t e m  by wh ich  t h e  d e t a i l e d  
mechanism o f  s i t e - s p e c i f i c  r e c o m b i n a t i o n  c a n  b e  s t u d i e d .  The s y s t e m  i s  c o m p r i s e d  o f  two com- 
p o n e n t s ,  a s i t e  o n  t h e  D N A  where  c r o s s i n g  o v e r  t a k e s  p l a c e  c a l l e d  &EP,  a n d  a p r o t e i n  wh ich  
m e d i a t e s  t h e  r e a c t i o n ,  Cre.  

The loxP s i t e  i s  d e f i n e d  by two 13 b[J i n v e r t e d  r e p e a t s  s e p a r a t e d  by a n  8 bp s p a c e r  r e g i o n .  i t  
i s  within t h e  s p a c e r  rc@ion t h a t  t h e  D N A  i s  c l e a v e d  and  s t r a n d s  exchanged  d u r i n g  Cre m e d i a t e d  
r e c o m b i n a t i o n .  We have s y s t e m a t i c a l l y  a l t e r e d  t h e  s e q u e n c e  of b a s e s  w i t h i n  t h e  s p a c e r  r e g i o n  
a n d  a s k e d  how t h e s e  m u t a n t  s i t e s  are  a f i e c t e d  d u r i n g  r e c o m b i n a t i o n .  

U e  have a l s o  begun  t o  i s o l a t e  and  a n a l y z e  m u t a n t s  w i t h i n  t h e  Cre gene .  X u t a n t  p r o t e i n s  have 
been  p u r i f i e d  and  a s s a y e d  f o r  a number ( I r  i u n c t i o n s  p e r t a i n i n g  t o  tliose found  i n  t h e  w i l d -  
t ? p e  Cre p r o t e i n ,  i . e .  DNA b i n d i n g .  T h e s e  w i l l  b e  d i s c u s s e d  w i t h  r e g a r d  t o  a s t r u c t u r e - l u n -  
c t i o n  r e l a t i o n s h i p  be tween  t h e  a c t i v i t i e s  o f  Cre a n d  i t s  p r i m a r y  s e q u e n c e .  
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GENElIC RCCRINATIOIl MI MISMRTM OREUIOEI CATLYE2 BY A SACMARDEMCES CEREVISIPE CELL-FREE 
SYSlEM. R. Koiodner, D. Bishop, D. Evans, C. Deluca, P. T. Ebrriwxl ard C. hster-Nassal. 

115 
Laboratory o f  blecular Genetics, Dana-Farkr Cancer Institute and Departmnt of Biolqical 
Chemistry, Harvard Mica1 School, Bostm, MR 02115. 

We have developed a cell-free system that uses extracts of mitotic Sacchararyces cerevisiae cells to catalyze 
humlogous recarhination of plamid substrates and r w i r  of substrates containing mismtched nucleotides. 
Recanbination between plamid substrates containing different nutant tet alleles or mutant 9 aljeles was 
derped using a transformation assay. The frequency of reconSinants-d%ained ranged frm 1 x 10 to 2 x 
10 depending on the substrate us&. Six different 3N4 species that were formed during the reaction and were 
enriched in recarhinant DNA molecules wre pcrified using agarose gel electrcphnsis. These DNA species were 
identified by electrm microscopy and wre found to be circular dims, figured mlecules, signa-forms, 
alpha-fms, catenated d i m s  and circular m o m r s  containing a single-strand break. Kinetic studies suggested 
that the figure-8 nolecules m e  king prmessed during the recaibinaticm rextion in vitro. Using d e i  
substrates containing Holliday junctions w have detected a d  pv-ified an e d m u c l e m  cleaves Holliday 
junctions and appears to be respsnsible for the p-messing of figure-8 nolecules in vitro. Structural studies 
indicated that hetercduplex recarhinant mlecules were formed in vitro and in sm-here further processed 
by mimtch repair. iJsing M13 DNA substrates containing defined mimtches we have dmstrated that the i n  
vitro recanbination system will catalyze mimtch correction. Transition mimtches and 4bp insertionldelzion 
mimtches were repaired most efficiently and transversion mismatches were repaired pmly or were not repaired. 
Mimtch correction ws found to involve specific repair synthesis resulting in the incorporation of less than 50 
nucleotides at the site o f  the mismtch. Selected expriments on recarhination in 
discussed. 

- 
will also be 
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116 kEOlANISbB OF DIRECI'IONALITY IN SITE-SPECIFIC ECXN3INATION 
Arthw Landy, John Thompson, Lin? Vargas and Sarah 
Medicine, B r m  University, Providence, RI 02912 

Skinner, Division of Biolcqy and 

The simple relationship between the substrates and prducts of sitespecific 
recombination raises interesting questions ahxt the control of directicnality often 
observed in this class of DNA transactions. 
bacteriophage lamb% it is shown that integrative and excisive recombination proceed 
along discrete pathways and it is possible to amstruct sites with the intrinsic 
property of recombining in cmly one direction. 
their dependence on the presence or absence of Xis but also in their response to 
changes in the concentration of Int and IHF. 
role in directimlity by differentially affectingTneative and excisive 
recombination. 
transition from exponential to statimary phase and provides a mechanism for grarth 
phasedependent regulation of recombination. 

For the Int-d-ent pathway of 

The two pathways differ not only in 

"he E. coli protein IHF plays a key 

A 4-8 fold increase in intracellular IHF levels coincides with the 

The two recombination reactions also differ significantly in the set of protein 
binding sites required for recombination: at@ requires the full extent of P arm 
binding sites for integrative recombinationwhile an attR lacking the cute-t 
binding sites for Int and IHF is undiminished in excize recombinaticm efficiency. 
The regulation (and mechanism) of recombination involve striking moperative and 
anti-moperative interactions that we are beginning to decipher. 
interactions between adjacently b3und proteins and "long range" interactions between 
proteins boural at sites that are m t  adjacent on the linear att site EWA. 

These include 

A s  a consequence of the fact that the "forward" and "reverse" recabination 
reacticms proceed along discrete pathways, this sitespecific recombinaticm reaction 
functions well as a long term rmde of genetic regulation that can be altered cnly 
after significant physiolcqical changes have taken place. 

Multienzyme Replication Systems 

117 I N  V I T R O  REPLICATION OF DNA CONTAINING T Y E  SV40 ORIGIN. C. 4. Wobbe, Y. Murakami, 
F.S. Dean, L. Weissbach and J. Hurwitz. Sloan-Kettering Inst i tute,  New York, N Y  10021 

Extracts prepared f rom ex?onentially growing HeLa cel ls catalyze extensive, T antigen (TAgI- 
dependent repl icat ion of D NA containing the  SV40 or ig in sequence. Replication i s  dependent on closed 
circular ori'D N A ,  dNTPs, A T P  and an A T P  regenerat ing system and is  inhibi ted b y  aphidicolin and camp- 
tothecin (inhibitors o f  D .I A polymerase CI and topoisomerases, respectively), R Nase A and pretreatment 
o f  ex t rac ts  wi th micrococcal nuclease. The prudrlcts include RFI, R FII, topoisomers and discrete high 
molecular weight bands when analyzed by  agarose qel electrophoresis. 

Extracts depleted o f  D Y A  poly-nerase a-primase complex b y  i m  munoaff in i ty chromatography are 
inactive. Repl icat ion ac t i v i t y  is restored by  t h e  addition o f  pur i f ied  human and monkey, b u t  n o t  mouse or  
ca l f  thymus, DNA polymerase a-priinase. Both the  polymerase and primase act iv i t ies are required f o r  
restorat ion and the  products fo rmed are ident ical  t o  those made by  non-depleted extracts. We have also 
isolated f o u r  protein f ract ions which, i n  addition t o  D N A polymerase a-primase and TAg, are required f o r  
replication. Replication carr ied ou t  by  these combined f rac t ions  exhibi ts t he  same requirements and 
yields the  same products as the crude ex t rac t  and i s  sensitive t o  aphidicolin and R Nase A. 

A t  25' there  is  an extended lag  preceeding U N A synthesis which can be el iminated b y  preincubation 
o f  crude extract ,  TAg and or i% NA i n  t he  absence o f  dNT?s, suggesting t h a t  a pre-elongation complex i s  
formed. A complex has been isolated by  gel  f i l t r a t i on  chromatography and is dependent on ATP, TAg, 
or i fD Y A and crude ex t rac ts  o r  certain o f  t he  protein f ract ions mentioned above. Complex formation, bu t  
no t  elongation, i s  sensitive t o  R Nase A. This observation, taken together with the  data above, suggests 
tha t  R N A i s  involved i n  the  ear ly stages o f  SV40 D N A rep l i ca t ion  in  vitro. 

131 



Mechanisms of DNA Replication and Recombination 

118 ENZ~MOLCIGY OF INITIATION OF BACTERIOPHAGE A DNA REPLICATION, Roger McHacken. Kojo 
Hensa-Wilmot. Jonathan LeBowitz. Bruce Comes, C h r i s t i n e  L.  Alfano, John D .  Roberts 

and Marc S. Wold, Dept. of Biochemistry.  The Johns Hopkins Universi ty ,  Baltimore,  HD 21205 
We have e s t ab l i shed  a crude so lub le  enzyme system t h a t  s p e c i f i c a l l y  r e p l i c a t e s  

supe rco i l ed  plasmid DNA molecules (la plasmids) t h a t  con ta in  a bacteriophage A r e p l i c a t i o n  
o r i g i n  (&A) t o  produce supercoi led daughter  molecules.  A& DNA r e p l i c a t i o n  
appears  t o  be i d e n t i c a l  in every respect to t h e  e a r l y .  circular phase of A DNA r e p l i c a t i o n  
- i n  m. I n i t i a t i o n  of A DNA r e p l i c a t i o n  i n  t h e  s o l u b l e  enzyme system r e q u i r e s  tran- 
c r i p t i o n  of t h e  o r i g i n  region by RNA polymerase (i.e., t r a n s c r i p t i o n a l  a c t i v a t i o n )  and is. 
t he re fo re ,  blocked by the  presence of e i t h e r  t h e  A CI rep res so r  or r i famplcin.  

The A 0 and P ini t ia tors .  in conjunct ion wi th  several hos t  p ro t e ins .  s t imu la t e s  t h e  
r e p l i c a t i o n  of s ingle-s t randed (ss) DNA molecules.  We have r e c e n t l y  r e c o n s t i t u t e d  t h i s  A 
ss r e p l i c a t i o n  reaction with a set of e i g h t  pu r i f i ed  L and 1. pro te ins .  The rate- 
l i m i t i n g  s t e p  of t h i s  r e a c t i o n  invo lves  t h e  ATP-dependent transfer of t h e  b a c t e r i a l  dnaB 
p r o t e i n  on to  ss DNA t h a t  is coated with t h e  ss DNA binding p r o t e i n  (SSB). This  c r i t i c a l  
prepriming s t e p  r e q u i r e s  t h e  funct ion of t h e  A 0 and P initiators and t h e  E. & dnaJ and 
dnaK hea t  shock p ro te ins .  Once assembled on t h e  template DNA s t r and ,  t h e  b a c t e r i a l  dnaB 
p r o t e i n  migrates  a long t h e  SSB-coated s t r a n d ,  s e rv ing  as a mobile promoter for the  
s y n t h e s i s  of mul t ip l e  pr imers  by primase.  I n  r e l a t e d  s t u d i e s  we have found t h a t  t he  dnaB 
p ro te in  is a DNA h e l i c a s e  t h a t  m v e s  5 '  to 3 '  on t h e  template DNA s t r and .  From t h i s  and 
o t h e r  da t a .  we conclude t h a t  t h e  mobile,  processive apparatus  t h a t  primes s y n t h e s i s  of 
lagging s t r a n d s  during r e p l i c a t i o n  of both t h e  E. and A chromosomes is simple,  
c o n s i s t i n g  s o l e l y  of a h e l l c a s e  (dnaB p ro te in )  and a primase (dnaG p r o t e i n ) .  

We have r e c e n t l y  r e c o n s t i t u t e d .  with 9 pur i f i ed  p ro te ins ,  a system t h a t  s p e c i f i c a l l y  
r e p l i c a t e s  supe rco i l ed  W plasmid DNA. A combination of e l e c t r o n  microscopic and biocbem- 
ical  s t u d i e s  have helped i d e n t i f y  some of t h e  e a r l y  s t e p s  i n  t h e  in i t ia t ion  of DNA 
r e p l i c a t i o n  a t  &A. The A 0 i n i t i a t o r  wraps &A i n t o  a s p e c i f i c  configurat ion.  This  
nucleosome-like complex is converted i n t o  an even l a r g e r  s t r u c t u r e  by t h e  a d d i t i o n  o f  t h e  A 
P p r o t e i n  and t h e  E. col_i dnaB p ro te in .  The a d d i t i o n  o f  SSB and t h e  b a c t e r i a l  dnaJ and dnaK 
p r o t e i n s  t o  t h i s  s t r u c t u r e  appa ren t ly  s t i m u l a t e s  t h e  dnaB p r o t e i n  h e l i c a s e  to unwind t h e  
two DNA s t r a n d s  i n  t h e  region of t h e  A r e p l i c a t i o n  o r i g i n .  A s t a b l e  r e p l i c a t i o n  fo rk  i n  
t h e  A chromosome is es t ab l i shed  by t h e  subsequent a c t i o n  of primase. DNA polymerase 111 
holoenzyme and DNA gyrase.  A s t r i k i n g  d i f f e r e n c e  i n  t h e  behavior of t h e  r econs t i t u t ed  
enzyme system was uncovered by t h e  discovery t h a t  t r a n s c r i p t i o n a l  a c t i v a t i o n  of W A  is not  
r equ i r ed  for i n i t i a t i o n  of A DNA r e p l i c a t i o n .  O u r  f i nd ing  t h a t  t h e  his tone-l ike E. & HU 
p r o t e i n  i n h i b i t s  A DNA r e p l i c a t i o n  i n  a t r ansc r ip t ion - sens i t i ve  fashion sugges t s  t h a t  
chromatin s t r u c t u r e  i n  t h e  r eg ion  of t h e  A r e p l i c a t i o n  o r i g i n  is a c r i t i c a l  factor i n  vivo. 
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119 BACTERIOPHAGE T7 DNA REPLICATION, Charles C. Richardson, Benjamin B. Beauchamp, Hans 

Tabor, and John White, Dept. of Biological Chemistry, Harvard Medical School, Boston,?fA 02115 

duplex DNA molecule. DNA replication is initiated 15% from the left end of the 39,936 bp 
chromosome. This site, the primary origin, consists of a ZOO-bp intergenic segment from 
14.5 to 15.0% within which are located two T7 RNA polymerase promoters ( b l . l A  and bl.lB) 
followed by a 61-bp AT-rich region. 
T7 RNA polymerase, T7 DNA polymerase, and T7 origin-containing plasmid 1XAs. The initial 
products of DNA synthesis have 10 to 60 ribonucleotides covalently linked to their 5 ' -  
termini. These RNA primers arise by transcription from each of the two promoters, &l.lA and 
b I . l B ,  located within the primary origin. In the presence of T7 gene 4 protein, extensive 
unidirectional DNA synthesis occurs, resulting in Y-Corm molecules. Initiation of DKA syn- 
thesis in the opposite direction requires the addition of a single-stranded IINA-binding 
protein. 

for the basic reactions at the replicatibn -fork. The T7 gene 5 protein is a DNA polymerase, 
albeit extremely non-processive (less than 15 nucleotides polymerized). Thioredoxin forms a 
tight complex with T7 gene 5 protein in 1 to 1 stoichiometry. In this role thioredoxin 
serves as an accessory protein to increase the processivity 01. DNA synLhesis by the gene 5 
protein (greater than 10,000 nucleotides polymerized). We have analyzed a number of muta- 
tionally altered thioredoxins for their ability to interact with T7 gene 5 protein. Both 
cysteines at the active site can be replaced without afiecting the maximum polymerase 
activity; only the affinity of thioredoxin for gene 5 protein is altered. 

lication fork. DNA synthesis requires the presence of gene 4 protein to function as a heli- 
case. In this reaction the three proteins catalyze processive DNA synthesis along a duplex 
DNA molecule; the microscopic rate of fork movement is 300 nucleotides per sec at 30°C. In 
addition to its helicase activity the gene 4 protein also catalyzes the synthesis of primers, 
predominantly pppACCC and pppACCA in response to the template recognition sequences 3'-CT(;GC- 
5 '  and 3'-CTGGT-5'. Both helicase and primase activities are dependent on the ability of the 
gene 4 protein to bind to single-stranded DKA and to translocate 5' to 3' along the DNA, a 
reaction coupled to the hydrolysis of NTPs. A second protein interaction consists of dn 
association of gene 4 protein with the gene 5 proteinithioredoxin complex. Such an inter- 
action leads t o  the formation of a complex consisting of all three proteins with single- 
stranded M13 DNA. Additions of rATP and rCTP to the multiprotein complex allows for primer 
synthesis and the subsequent isolation of a preprimed ?113 DNA molecule. 

Huber, Richard A. Ikeda, Jill A. Myers, Hiroshi Nakai, Samuel D. Rabkin, Stanley 

Studies with phage T7 have revealed the minimal requirements for the replication of ii 

Initiation of DNA synthesis can be reconstituted using 

Three proteins, T7 gene 5 protein, E. coli thioredoxin, and T7 gene 4 protein account 

The gene 5 proteinlthioredoxin complex cannot polymerize nucleotides at a preformed rep- 
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STUDIES ON THE T4 BACTERIOPHAGE DNA REPLICATION SYSTEM, Harold E. Selick, Jack 
Barry, Tai-An Cha, Maureen Munn, Mikiye Nakanishi and Bruce M. Alberts. Department 

I2O 
of Biochemistry and Biophysics, University of California, San Francisco, CA 94143 
In vitro studies of DNA replication using the purified T4 replication proteins are contribut- 
ing to a more refined understanding of the mechanistic aspects of DNA replication. Previous 
studies have led to a model in which leading and lagging strand DNA syntheses are mediated by 
a single complex of proteins consisting of the gene 41-encoded helicase as well as 2 copies 
of the gene 43 DNA polymerase with its associated accessory proteins. Dilution experiments 
have revealed that the lagging strand DNA polymerase molecule is recycled to synthesize 
successive Okazaki fragments at a replication fork. One recycling model proposes that all of 
the Okazaki fragments made on an individual lagging strand should be similar in size to one 
another, as determined by the length of the first Okazaki fragment to be made on that strand. 
As a test. we have limited the availability of rNTPs for primer synthesis, so that abnormally 
long Okazaki fragments (6-7 kb) are initially synthesized. Subsequent addition of the 
missing rNTPs results in an immediate shift to the synthesis of normal length, 1.5 kb Okazaki 
fragments. These observations suggest that, rather than a templating mechanism for determin- 
ing the size of successive Okazaki fragments, the lagging strand DNA polymerase rapidly 
synthesizes each Okazaki fragment and then "waits" for the next primer from which it initi- 
ates another cycle of rapid polymerization and "waiting". Our related studies show that the 
trinucleotide sequence GTT is necessary and sufficient to specify RNA primer synthesis by the 
gene 61 primase on T4 DNA. On average, however, only one in every thirty of these sites is 
utilized, and no very short Okazaki fragments are made. The minimum length for Okazaki frag- 
ments is most likely set by a "timing" mechanism during DNA synthesis that is based upon the 
completion of synthesis of the previous Okazaki fragment. 

In order to better understand the molecular topography of the replication complex, DNA 
footprinting analyses have been performed using the replication proteins with a defined DNA 
molecule containing a primer-template junction. In the presence of ATP and the gene 32 
helix-destabilizing protein, the polymerase and its accessory proteins form a specific 
complex, as detected by protection of the DNA from DNase I digestion. 

While these studies are providing insight into the events involved in the propagation of 
replication forks, we have not yet reconstituted the origin-specific initiation of replica- 
tion on an intact, double-stranded template. Our DNA sequence analysis of the region of the 
T4 chromosome encompassing the helicase and primase genes reveals several open reading frames 
(orfs) suspected to encode the T4 equivalent of the h 0 and P proteins or the E. coli dnaA 
protein. In order to test whether these and other orfs are required for normal DNA synthe- 
sis, we have developed an insertionfsubstitution vector system that has allowed us to alter 
each orf sequence and determine the effect of these mutations on replication in vivo. 

initiation of DNA Replication 

YEAST DNA REPLICATION, J u d i t h  L. C a m p b e l l ,  M a r t i n  Budd, Mary 
G i l b e r t ,  Ambrose J o n g  and Kevin  Sxreder, Z ' i v i s i o n s  of C h m i s t r y  and  

121 
B i o l o g y ,  C a l i f o r n i a  I n s t i t u t e  o f  Technology,  Pasadena ,  CA 9 1 1 2 5  

One of t h e  most i m p o r t a n t  b u t  l e a s t  w e l l  u n d e r s t o o d  a s p e c t s  o f  
e u k a r y o t i c  r e p l i c a t i o n  is t h e  q u e s t i o n  of what  c o n s t i t u t e s  a c h r o m o s o m a l  
o r i g i n  of  r e p l i c a t i o n .  I n  y e a s t ,  BBs s e q u e n c e s  seem t o  f u n c t i o n  a s  o r i g i n s  
of r e p l i c a t i o n  on  p l a s m i d s ,  b u t  h a v e  n o t  been shown t o  c o r r e s p o n d  t o  s i t e s  
o f  i n i t i a t i o n  w i t h i n  chromosomes .  We h a v e  s t u d i e d  t h e  q u e s t i o n  o f  &?S 
f u n c t i o n  i n  two ways. By m u t a t i o n a l  a n a l y s i s ,  we h a v e  d e f i n e d  t h r e e  domains 
of f u n c t i o n  w i t h i n  EESl. R e c e n t l y ,  w e  h a v e  p u r i f i e d  a p r o t e i n  t h a t  b i n d s  
s p e c i f i c a l l y  t o  =L-conta in ing  DNA. C h a r a c t e r i z a t i o n  of  t h i s  p r o t e i n  a n d  
t h e  g e n e  e n c o d i n g  i t  s h o u l d  l e a d  t o  a c l e a r e r  u n d e r s t a n d i n g  of t h e  r o l e  of  
A& e l e m e n t s  i n  y e a s t .  

The e v e n t u a l  g o a l  o f  o u r  s t u d i e s  i s  t o  r e c o n s t i t u t e  a c h r o m o s o m a l  
i n i t i a t i o n  e v e n t  f rom p u r i f i e d  components. In o r d e r  t o  a c c o m p l i s h  t h i s ,  a 
b e t t e r  u n d e r s t a n d i n g  o f  t h e  p r o t e i n s ,  i n  a d d i t i o n  t o  t h e  A R S - s p e c i f i c  
b i n d i n g  p r o t e i n ,  t h a t  a r e  i n v o l v e d  i n  i n i t i a t i o n  is n e c e s s a r y .  O u r  a p p r o a c h  
i s  a c o m b i n e d  g e n e t i c  a n d  o i o c h e m i c a l  o n e .  F o r  e x a m p l e ,  y e a s t  D N A  
p o l y m e r a s e  I h a s  b e e n  p u r i f i e d  and  a n t i b o d y  h a s  been  u s e d  t o  c l o n e  t h e  g e n e  
e n c o d i n g  D N A  p o l y m e r a s e  I. The g e n e  is  l o c a t e d  on  chromosome XIV. Gene 
d i s r u p t i o n s  show t h a t  t h e  p o l y m e r a s e  i s  e s s e n t i a l  and t e m p e r a t u r e  s e n s i t i v e  
m u t a n t s  h a v e  been c o n s t r u c t e d  t o  s t u d y  r e s i d u a l  p o l y m e r a s e s  a n d  t h e  r o l e  o f  
DNA p o l y m e r a s e  I i n  r e p l i c a t i o n ,  r e c o m b i n a t i o n  a n d  r e p a i r .  A s e c o n d  
a c t i v i t y  t h o u g h t  t o  be  i n v o l v e d  i n  r e p l i c a t i o n  is  t h a t  of a s i n g l e - s t r a n d e d  
DNA b i n d i n g  p r o t e i n  (SSB).  W e  h a v e  p u r i f i e d  t h r e e  SSBs f r o m  y e a s t .  SSB-1. 
p r e v i o u s l y  t h o u g h t  t o  be : e q u i r e d  f o r  r e p l i c a t i o n ,  h a s  been shown t o  be 
-1 hy i s o l a t i o n  of t h e  gene  and  gene  d i s r u p t i o n .  The g e n e  f o r  SSBl 
maps on chromosome V o r  VIII. 
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REPLICATION OF SV40 DNA, Joachim Lil, Keith Pedenz. Marc S .  Woldl, David H .  
Weinbergl. Pamela Simancekl, and Thomas Kelly', 
lJohns Hopkins University School of Hedicine, Baltimore, Hd. 21205 
2Howard Hughs Hedical Institute Laboratory of Genetics, Baltimore. Hd. 21205 
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We have developed a cell-free system that is capable of replicating plasmid DNA 
Replication requires extracts from cells containing the SV40 origin of replication. 

permissive for SV40 DNA replication in vivo (e.g. human, simian), and is strictly dependent 
on the addition of SV40 T antigen. DNA synthesis, which ocurs most efficiently on circular 
templates. is initiated within the viral origin and proceeds bidirectionally via theta 
structures to produce fully separated daughter molecules. 

We have examined the sequence requirements for replication by quantitating the level of 
replication in vitro of templates containing a variety of mutations within the origin 
region. 
same templates in vivo. The minimal origin of DNA replication defined in both assays is 
comprised of the 15-bp imperfect inverted repeat, the 27-bp perfect inverted repeat, and the 
AT-rich region. T antigen binding site I is not required for replication, but its presence 
increases replication efficiency several fold both k -0 and in vitro. and increasing T 
antigen concentration in vitro will not compensate for its absence. The presence of late 
side transcriptional elements (either the SP1 binding sites or the 72-bp enhancers) increase 
replication efficiency in vivo at least 10-fold, but has no detectable effect in vitro. 
Although the mechanism by which the transcriptional elements stimulate replication in vivo 
is not yet clear, one possibility is that they facilitate the access of initiation factors 
to the origin of SV40 minichromosomes. 

inactive fractions obtained by standard chromatographic procedures. This provides an 
approach to characterize cellular proteins involved in DNA replication. 

For purposes of comparison, we measured the relative replication efficiency of the 

The replication activity of crude extracts from HeLa cells can be reconstituted from 

ENZYMATIC STUDIES OF REPLICATION OF oriC PLASMIDS, Arthur Kornberg, Tania A. 
Baker, LeRoy L. Bertsch, David Bramhill, Barbara E. Funnell, Roger Lasken, Hisaji 
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Maki, Satoko Maki, Kazuhisa Sekimizu and Elmar Wahle, Department of Biochemistry, Stanford 
University School of Medicine, Stanford, California 94305 
More than ten proteins are known to participate in replication of plasmids bearing the 
unique origin of the E. coli chromosome (g). Initiation of replication of oriC plasmids 
has been resolved into fiveseparable stages (Scheme, below). An initial complexformation 
(Stage I) requires an oriC plasmid, dnaA protein and HU protein. In the presence of ATP at 
a temperature >28OC, a dnaB-C protein complex interacts to form a prepriming complex (Stage 
11). 
addition of gyrase and SSB (Stage 111). 
action) and of ATP by gyrase (a swivelling action) drives the extreme unwinding of the 
template. This unwound template-protein complex is the substrate for priming by primase 
(Stage IV) and elongation by DNA 
polymerase 111 holoenzyme 
(Stage V ) .  Priming of all DNA 
chains is done by primase; RNA 

This is followed by extensive unwinding of the template that depends on the further 
Hydrolysis of an rNTP by dnaB protein (a helicase 

polymerase functions in template 
activation rather than priming. 
DNA polymerase I11 holoenzyme, 
composed of at least seven sub- 
units, synthesizes the DNA 
chains. The (I subunit is the 
polymerase, the E subunit is the 
3'+5' exonuclease; a + E is the 
proofreading activity. Follow- 
ing the synthesis of new DNA 
chains, DNA polymerase I and 
ribonuclease H remove the RNA 
primers, polymerase I fills the 
gaps, and ligase seals the daugh- 
ter strands (Stage VI). Repli- 
cation produces plasmids identi- 
cal in structure and sequence to 
the initial template. 19Y'"" ATP, INTP's ' ' 

Stages o f  plasmid replication 
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INITIATION O F  PHAGE 029 DNA REPLICATION PRIMED BY THE TERllINAL PIXYEIN, 
Marga r i t a  S a l a s ,  Ignac io  P r i e t o ,  J u l i o  G u t i g r r e z ,  L u i s  Blanco, Jose M. 

LEtzaro, G i l  Mar t fn ,  Angel Zaba l los ,  Antonio Bernad, C r i s t i n a  Garmendia,Rafael 
P. Ne l l ado ,  C r i s t i n a  Escarmis and  Jose M. Hermoso, Cent ro  de  B io log fa  Molecu- 
l a r  (CSIC-UAM), Un ive r s idad  Au thoma ,  Canto Blanco, 28049 Madrid, Spa in  

Bac te r iophage  829 h a s  a l i n e a r ,  doub le - s t r anded  DNA of 18 kbp w i t h  a p r o t e i n ,  
p3, c o v a l e n t l y  l i n k e d  t o  t h e  5 '  ends  by a phosphod ies t e r  bond between s e r i n e  
and 5'dAMP (1). The l i n k a g e  o f  t h e  t e r m i n a l  p r o t e i n  t o  t h e  DNA o c c u r s  th rough  
t h e  s e r i n e  r e s i d u e  a t  p o s i t i o n  232 o f  a t o t a l  of 266 amino a c i d s .  D e l e t i o n s  
a t  t h e  ca rboxy l  end o f  t h e  t e r m i n a l  p r o t e i n  w e r e  shown t o  a f f e c t  i t s  a c t i v i t y  
i n  t h e  i n i t i a t i o n  r e a c t i o n .  I n i t i a t i o n  o f  829 DNA r e p l i c a t i o n  s ta r t s  a t  e i ther  
end o f  t h e  DNA by a p ro te in -p r iming  mechanism. I n  t h e  p re sence  of 029 DNA- 
p r o t e i n  p3  complex as t e m p l a t e ,  f r e e  p r o t e i n  p3 ,  t h e  829 DNA polymerase p2 
and dATP, a p r o t e i n  p3-dAMP i n i t i a t i o n  complex is  formed ( 2 , 3 ) .  Th i s  i n  v i t r o  
i n i t i a t i o n  r e a c t i o n  i s  s t i m u l a t e d  by NW4' i o n s ,  which are needed f o r  the- 
mat ion  o f  a complex between t h e  t e r m i n a l  p r o t e i n  and t h e  829 DNA polymerase.  
I n  t h e s e  c o n d i t i o n s  t h e  p3-dAIP i n i t i a t i o n  complex i s  e l o n g a t e d  by t h e  DNA 
polymerase a c t i v i t y  of p r o t e i n  p2 t o  produce  f u l l - l e n g t h  829 DNA, a l t hough  a t  
a low rate ,  s u g g e s t i n g  t h e  need  of a c c e s s o r y  p r o t e i n s .  

To s tudy  t h e  r o l e  of o t h e r  v i r a l  p r o t e i n s  invo lved  i n  829 DNA r e p l i c a t i o n  
w e  have c loned  genes  5 and  6 and  t h e  overproduced  p r o t e i n s  have been h i g h l y  
p u r i f i e d .  P r o t e i n  p6 s t i m u l a t e s  t h e  fo rma t ion  of t h e  i n i t i a t i o n  complex as 
w e l l  a s  a l i m i t e d  e l o n g a t i o n  r e a c t i o n  i n  t h e  p re sence  o f  ddCTP. I n  a d d i t i o n ,  
i t  b i n d s  s p e c i f i c a l l y  t o  t e r m i n a l ,  b u t  n o t  i n t e r n a l ,  829 DNA f ragments .  

The r e p l i c a t i o n  o r i g i n s  of 829 DNA have been c loned .  Fragments o f  t h e  re- 
combinant p l a smids  c o n t a i n i n g  t h e  829 t e r m i n a l  sequences  a t  the DNA end have 
W20% t h e  t e m p l a t e  a c t i v i t y  of 829 DNA-protein D3 i n  t h e  i n i t i a t i o n  r e a c t i o n .  
The p r e c i s e  l o c a t i o n  o f  t h e  029 t e r m i n a l  sequences  a t  t h e  DNA end i s  r e q u i r e d  
f o r  t empla t e  a c t i v i t y .  The i n  v i v o  r o l e  o f  t h e  p a r e n t a l  t e r m i n a l  p r o t e i n  i n  
829 DNA r e p l i c a t i o n  i s  a l soxe - s tud ied .  

1. Hermoso, J . M .  and  S a l a s ,  M. ( 1980) .  PrOC. N a t l .  Acad. S c i .  USA 3,6425-6428. 
2 .  Blanco, L .  and S a l a s ,  M. (1984) .  Proc .  N a t l .  Acad. S c i .  USA s, 5325-5329. 
3 .  Watabe, K . ,  Leusch, 1%. and I t o ,  J. (1984) .  P roc .  N a t l .  Acad. S c i .  USA g, 
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5374-5378. 

Site-Specific Recombination 

INTEGRATION AND EXCISION OF PHAGE LAMBDA: MECHANISTIC STUDIES, Howard A. Nash, 
Laboratory of Molecular Biology, N I M H ,  Bethesda, MD 20892 

The site-specific recombinations that join and disjoin the chromosomes of E. co l i  and bac- 
teriophage lambda are now well-characterized biochemical reactions. Integration occurs when 
two proteins, I n t  and IHF, cooperate to  cause t h e  breakage and rejoining of two special s i t e s ,  
a t tP  and attB. Excision of the integrated v i ra l  DNA, bounded by the rearranged s i t e s  attL and 
attR, requires I n t  and IHF p l u s  a third protein, X i s .  Supercoiling of a t tP  strongly activates 
integrative recombination but excisive recombination is l i t t l e  affected by the s t a t e  of t h e  
prophage DNA. 

Several possibili- 
t i e s  - rotation of DNA strands during exchange, melting of DNA sequences a t  the region of 
crossing-over, binding of recombination proteins to  DNA, assembly of protein-DNA complexes into 
a higher order structure - have been explored. Previous studies on the topological outcome of 
integrative recombination indicated that higher order structures are essential for recmbina- 
t ion and tha t  formation of these structures would be favored by supercoiling (1). To examine 
t h i s  and other poss ib i l i t i es  more directly we have developed a method that permits chemical 
protection experiments on supercoiled DNA. We have used t h i s  method t o  assess differences 
i n  the way recombination proteins bind t o  supercoiled versus non-supercoiled DNA; a s m a r y  
of recent progress w i l l  be presented. 

To explore the relationship between integration and excision, we have compared the way each 
recombination depends upon homology within the crossover region. Earlier work had shown tha t ,  
i n  vivo, e f f ic ien t  integrative and excisive recombination requires that two a t t  s i t e s  have the 
same 7 bp crossover sequence (2) .  In vi t ro  experiments show that integrative recombination 
works w e l l  even i f  only one of t h e  two strands of attB matches a t tP  ( 3 ) ;  t h i s  indicates that 
during integration homology recognition is redundant. To test whether a similar redundancy 
operates during excision, we constructed variants of attL that match the i r  partner attR s i t e  i n  
0, 1 or 2 strands. The requirement for homology proved to  be identical t o  that seen for 
integrative recombination. This suggests that the basic mechanism for synapsis during excision 
may be identical t o  that used during integration. 

( 1 )  Griffi th,  J. D. & Nash, H. A . ,  Proc. Natl. Acad. Sci. USA, 82:3124-3128, 1985 
( 2 )  Weisberg, et a l . ,  J .  M o l .  Biol. 170:319-342, 1983 
(3)  Bauer, e t  a l . ,  J .  Mol. Biol. 181:187-197, 1985 

We have studied how supercoiling influences the recombination process. 
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"HE FLP RECOMBINASE OF THE 2-MICRON PLASMID OF YEAST, Paul D. Sadowski, Brenda J. '26 
Andrews. Donna Babineau-Clary. Linda Beat ty ,  Richard M. Gronostaj  s k i ,  Gerald 

Proteau and Deborah Sidenberg,  Department of Medical Genet ics ,  Universi ty  of Toronto. 
Toronto M5S 1A8, Canada. 

Most s t r a i n s  of Saccharomvces c e r e v i s i a e  harbor  seve ra l  cop ie s  of a 6318 bp plasmid. 
the '2-micron c i r c l e  DNA'. Th i s  DNA undergoes s i t e - spec i f  i c  recombination ac ross  two 
l imi t ed  sequences (FLP s i t e s )  t h a t  r e s i d e  w i t h i n  two i d e n t i c a l  599 bp inve r t ed  r epea t s .  
Th i s  recombination event  is promoted i n  vivo by a plasmid-encoded func t ion  named 'FLP' and 
r e s u l t s  i n  t h e  presence w i t h i n  t h e  yeas t  c e l l  of approximately equal amounts of two isomeric 
forms ( ' A '  and 'B') of t h e  2-micron plasmid. 

We have cloned the  FLP gene under the  con t ro l  of a s t rong  E. coli promoter and have 
p u r i f i e d  t h e  FLP a c t i v i t y  from b a c t e r i a l  c e l l s  expres s ing  t h e  gene. The p r o t e i n  p r w t e s  
highly e f f i c i e n t  recombination i n  v i t r o  and we a r e  using t h i s  p r o t e i n  t o  s tudy t h e  mechanism 
of i t s  a c t i o n  and t h e  sequence requirements  of the FLP t a r g e t  s i t e .  

The FLP p r o t e i n  promotes e f f i c i e n t  intramolecular  recombination between FLP s i t e s  
whether they be present  i n  d i r e c t  or inverse  o r i e n t a t i o n .  Furthermore the  enzyme does not  
d i sp l ay  a requirement f o r  supe rco i l  ing of t he  subs t r a t e .  However when supercoi led c i r c u l a r  
s u b s t r a t e s  a r e  used, the products  a r e  complex knots  or catenanes t h a t  r e s u l t  from random 
entrapment of interdomainal s u p e r c o i l s  during t h e  r eac t ion .  The enzyme can promote 
i t e r a t i v e  rounds of recombination with the  accumulation of products  with f u r t h o r  complexity. 
F i n a l l y .  t he  epzyme e x h i b i t s  a s i t e - s p e c i f i c  topoisomerase a c t i v i t y .  

Although the plasmid con ta ins  two 599' bp inve r t ed  r e p e t i t i o n s .  t he  ac tua l  s i t e s  
r equ i r ed  f o r  recombination a r e  much smaller .  I n  v ivo  s t u d i e s  suggested the  FLP s i t e  was <60 
bp and was cen te red  near  an  -1 s i t e .  Des t ruc t ion  of t h i s  s i t e  abo l i shes  recombination & 
viva and i n  v i t r o .  The FLP p r o t e i n  p r o t e c t s  from DNase d i g e s t i o n  about  50 bp surrounding 
t h i s  -1 s i t e  and encornpasting an  8 bp core r eg ion  surrounded by two 13 bp inve r t ed  
symmetry elements.  A t h i r d  13 bp symmetry element i s  a l s o  p ro tec t ed  by the FLP p ro te in .  

We have used d e l e t i o n a l  a n a l y s i s  and s y n t h e t i c  o l igonuc leo t ides  t o  de f ine  the  minimal 
sequence necessary fo r  e f f i c i e n t  recombination wi th  a wild-type s i t e .  These ana lyses  show 
t h a t  the minimal s i t e  i s  q u i t e  small .  about 22 bp. While such s i t e s  can recombine well  w i th  
a complete s i t e ,  they do so poorly with themselves,  suggest ing t h a t  sequences ou t s ide  the  
minimal duplex s i t e  may enhance the  e f f i c i e n c y  of recombination. 

We have s tud ied  two point  mutants i n  t h e  FLP s i t e  t h a t  were i s o l a t e d  by McLeod and 
Broach. One mutat ion d r a s t i c a l l y  reduces binding of FLP t o  i t s  t a r g e t .  A second mutat ion 
i n  t h e  8 bp core region seve re ly  impairs recombination wi th  a wild-type s i t e  but 
recombination between two mutant s i t e s  i s  e f f i c i e n t .  Supported by M.R.C., Canada. 

DETEFWCNATIOX OF THE PIECHANISMS OF GENETIC RECOI~IBINATION BY NEW 
TOPOLOGICAL NETHODS. Steven A .  Wasserman, James B. Bliska, Howard 
W. Benjamin, Jan M. Dungan, Robert L. Weinberg, and Nicholas R. 
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Cozzarelli, Department of Molecular Biology, University of California, 
Berkeley CA 94720 .  
The two stages in site-specific recombination are the bringing together of 
the target DNA sites on the recombinase surface and the breakage and 
crossed reunion of DNA at each site. Using topological methods, we 
determined important features of the mechanisms of these processes of 
synapsis and strand exchange for site-specific recombination events mediated 
by either the Tn3 resolvase or the phage j: Int system. Irrespective of 
substrate supertwist density, the resolvase synaptic mechanism ensures that 
there are three ( - )  supercoils between the resolvase sites. Two are 
metamorphosed into the links of the single linked catenane product whereas 
the third is cancelled by the single (+ )  supercoil introduced by strand 
exchange. In contrast, synapsis in the X system is essentially by random 
collision, giving a variety of product knots and catenanes both in vivo 
and in vitro. The topological methods are rapid and simple and can be used 
to study a wide range of other problems including the cellular level 
and structure of supercoils, the mechanism of strand passage by topo- 
isomerases, the properties of paranemic recombination joints, and the 
untangling of daughter chromosomes at the terminatlon of DNA replication. 
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DNA Transposition 

T y  ELEMENT TRANSPOSITION I N  YEAST: FUNCTIONAL AND NON-FUNCTIONAL ELEMENTS. 
Jef D. Boeke, Dieqo H. C a s t r i l l o n ,  David J. Gar f inke l ,  and Gerald R.  Fink. 

"* 
The Whitehead I n s t i t u t e  f o r  Biomedical Research, Cambridse, MA 02142 

~y elements a r e  t ransposons of t h e  y e a s t ,  Saccharomyces ce rev i s i ae .  We have shown t h a t  
t hese  elements t ranspose v i a  an RNA intermediate1 and t h a t  overuroduction of a c e r t a i n  Ty 
element ,  'ryH3, r e s u l t s  i n  t h e  accumulation of i n t r a c e l l u l a r  v i r u s - l i k e  p a r t i c l e s .  These 
p a r t i c l e s  con ta in  Ty RNA, a t  l e a s t  one Ty-scecif ied Drotein an t iqen ,  and a reverse  t r a n s c r i u t -  
a se  a c t i v i t y  no t  normallv found i n  veas t  c e l l s ?  
of t r a n s p o s i t i o n ,  both of TyH3 i t s e l f  and of o t h e r ,  chromosomal Tv elements.  In  c o n t r a s t ,  
another  Ty element ,  Ty173, which was overoroduced i n  t h e  same wav, does s t imu la t e  hiqh 
frequency Ty element t r a n s p o s i t i o n ,  suqqest ino t h a t  Tv173 is non-functional.  Tv173 is very 
s i m i l a r  i n  s t r u c t u r e  t o  TyH3. BY makino hybrid cons t ruc t s  con ta in ins  p a r t  of WH3 and p a r t  
of Ty173, we a r e  mapping t h e  Ty 173 d e f e c t ,  which l i e s  i n  open readinq frame 2 ( thought  t o  
encode r eve r se  t r a n s c r i p t a s e 2 , 3 .  
sequencing t h e  d e f e c t i v e  s e q e n t  of Ty173 i n  o rde r  t o  determine the  molecular na tu re  of t h e  
d e f e c t .  During t r a n s p o s i t i o n  of TyH3, occasional  oroqenv t ransposons a r i s e  which a r e  
apparent ly  rearranged o r  otherwise a l t e r e d .  These obsevat ions suqqest  t h a t  t h e  populat ion 
o f  Ty elements i n  a y e a s t  genome ( t y p i c a l l y  composed o f  about 30-35 members) con ta ins  both 
t r a n s p o s i t i o n a l l y  a c t i v e  and i n a c t i v e  members. 

References.  

F i n a l l y ,  such c e l l s  underno verv hiqh r a t e s  

We have determined t h e  DNA senuence of TvH3, and we a r e  

Boeke, JD, Gar f inke l ,  D J ,  S t v l e s ,  CA, and Fink, GR. (1985) Ce l l  41, 491-500 

Gar f inke l ,  D J ,  Boeke, JD, and Fink, GR. (1985) C e l l  42,  507-517. 

C la re ,  J ,  and Farabaugh, P. (1985) R o c .  Nat l .  Acad. S c i .  USA 82, 2829-2833. 

hlXLANIS3 OF TnlO/ISlO TRAEISRXITICRJ IN VIVO ?+ID It7 \?TpD, Nancy Klecher, ~ u d y  
Bender and Donald &risato, L k p r t m n  t of B i c c h m ~ m ~ d .  I b l e c u l a r  Biology, 

129 
University, Canbridqe, PA 02138. 

Three lines of evidence have suggested previously that transpsition of Tn10, and its 
camponent ISlO sequences, cccurs by a "cut-and-paste" m x h a ~  'sm that does not involve repli- 
cation of the t r q s i n g  seqent. metic analysis of transpsition by a mlo el-t 
carrying a. single basepair heteroduplex mimtch reveals that both strands of informtion are 
recovered in the transposition product, as e w  from a non-replicative rrechanim. 
rrechanisrs involving replication prior to insertion are excluded. 
exclude or render highly d i k e l y  lrechanisrs inmlving fomt ion  and r e d d o n  of cointeqrates. 
(mder and Kleckner, in prepration). (2) 
does not incluck the occurrence of adjacent deletions promted by a single ISlO el-t (as 
op~osed t o  adjacent deletions prorroted b y  the &bed action of tsm IS10 el-ts) . (%@inert 
e t  al., 1984, CSI'SlB 44: 251; Sen, Raleiqh and Y.&er, in preparation). (3)  In vim, 
m i n i a l 0  el-ts on mdti-copy plasmids, *en provided with hiqh levels of transposase 
W o n ,  under9 transpase-dependent double stran2 excision f r m  the p l a i d  mlecule 
follmm3 by circularization to an open circular form by closure of one single strand (Ebrisato 
arad KlUeckner, 1984, Cell 2: 181). 
p o n  muld te required for an el-t that d r g o e s  non-replicative transposition. 

In vim. 
single strand joints bebeen trampson and target mlecules a t  each en6 of the el-t, and 
must inmlve a t  least a d l  m m t  of DNA repair synthesis to restore the inteqrity of the 
second strand a t  each &. Analysis of genetically rrarked transpsons carrying three single 
base heteduplexes, one of which is lccated close to one end of the elerrent, sugzsts  that in  
mst transposition events, EX repair d e s  not extend as far as 70 basepairs into either end 
of the element. 
In vitro. We ( D J L )  have been able to observe both m i n i - ! m l O  excision/circle fomt ion  and 
mter-mlecular ThlO transposition in cell-free extracts. Circle-fomtion is quite efficient 
and does not require ATP. 
t e ins  i n  its ability to p r m t e  break/join events i n  the absence of any hi* energy cc-factor. 
Transposition is presently n u 3 1  less efficient than circle-folmation. 

( 1 )  

All 
M d i t i o ~ l  data either 

The array of DNA r e a r r a n w t s  p r m t e d  by 'm10 

Efficient double-strand breaks a t  the t e r m i n i  of the trzns- 

Recent expr-ts provide mi infomtion w h i c h  supports and extends the previous picture. 
manspsition by cut-and-paste mcharu 'sns is presmd to inmlve the fomt ion  of -- 

7- 

Thus, I S l O  transpxase r e d l e s  site-qecific reoxbination prcr 
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MECHANZSM 0F.TRANSPOSITION OF BACTERIOPHAGE MU, Kiyoshi Mizuuchi, Robert Craigie, 
Anthony Maxwell, Laboratory of Molecular Biology, NIADDK, National Institutes of 
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Health, Bethesda, Maryland 20892 

Phage Mu uses transposition throughout its life cycle.(l). 
tion is used during lytic growth to replicate the phage DNA. 
which results in insertion of the infecting phage genome into the host chromosome at the 
beginning of infection has been shown to be non-replicative (2), leading to an integrative 
transposition event called simple insertion which is essential for the stable lysogenization 
of the infecting phage. 

The mechanism of the transposition reaction of phage Mu has been studied by making use of a 
cell-free reaction system and has been shown to involve a branched DNA structure as a reaction 
intermediate ( 3 ) .  The intermediate is formed by a pair of DNA strand transfer events involv- 
ing the 3 '  ends of the Mu sequence and the 5' ends of the target site generated by a staggered 
cut. The branches in the intermediate can become replication forks by recruiting the host 
replication proteins to replicate the Mu sequence, OK they can be resolved without DNA repli- 
cation to form a simple insert. 

The DNA strand transfer reaction that forms the transposition intermediate requires Mu A 
protein, Mu B protein and host protein HU ahthe protein factors for an efficient reaction ( 4 ) .  
Efficient reaction also requires ATY and Mg 
responsible for the ATP requirement. I n  the absence of ATP o r  Mu B protein or both, a low 
level of DNA strand transfer can still be observed. This residual reaction mostly involves 
intramolecular transposition to target sites within the mini Mu transposon donor. Under these 
reaction conditions,a nicked circular form of the mini Mu donor molecule also accumulates. 
The cuts in these molecules are localized at the ends of the Mu sequence. The role of Mu B 
protein in the transposition reaction will be discussed. 

(1) Toussaint, A. & Resibois, A .  (1983) in Mobile Genetic Elements (Shapiro, J. A., ed.), 

A replicarive transposition reac- 
On the other hand, the reaction 

(3). The ATPase activity of the Mu B protein is 

Academic Press, New York, pp. 105-168. 

(2) Harshey, R. M. (1984). Nature 311, 580-581. 
( 3 )  Craigie, R. & Mizuuchi, K. (1985). Cell 5, 867-876. 
(4) Craigie, R., hrndt-Jovin, D. J. & Mizuuchi, K. (1985). Proc. Natl. Acad. Sci. USA, in press. 

Replication of Extrachromosomal Elements 

131 INITIATION AT THE TWO DISTINCT ORIGINS OF MITOCHONDRIAL DNA REPLICATION, 
David A. Clayton, David D. Chang and Tai Wai Wong, Department of Pathology, Stanford 

University School of Medicine, Stanford, CA 94305 
Mammalian mtDNAs have two separate and distinct origins of replication. Initiation of heavy (Hb 

strand DNA synthesis represents the first  event in mtDNA replication. The primer RNA for H-strand 
replication is generated from a transcriptional promoter involved 'in the expression of the light (Lhstrand 
encoded genes (the L-strand promoter, LSP) (1,Z). The transition from RNA to DNA synthesis occurs 
within short, conserved sequence blocks (CSB-I, 11, 111) and is mediated by specific endonucleolytic 
cleavage of the primary transcript from the LSP. An enzymatic component involved in the generation of 
a primer RNA in mouse mitochondria has been identified. I t  is a sequence-specific ribonuclease that  
cleaves single-strand RNA substrate precisely at  one of the H-strand replication origins near CSB-11. 

The initiation of L-strand synthesis occurs only a f t e r  H-strand synthesis is at  least  twwthirds 
complete. A characterist ic stem and loop structure is found at  the L-strand origin. Specific L-strand 
replication of a s inglestrand template can be accomplished in vitro using DNA primase, DNA 
polymerase, and other accessory proteins isolated from human mitochondria (3,4). Replication begins 
with the synthesis of primer RNA along a T-rich sequence in the loop of the dyadic structure and 
absolutely requires ATP. The transition from RNA to DNA synthesis occurs near t he  base of the stem. 
Deletion and site-directed mutagenesis of the template indicate that  the nucleotide sequence near the 
transition sites, as well as the stem and loop structure,  a r e  important in replication. 

1. Chang, DD, Clayton DA (1985) Proc. Natl. Acad. Sci. USA 82:351 
2. Chang, DD, Hauswirth WW, Clayton DA (1985) EMBO J. 4:1559 
3. Wong, TW, Clayton DA (1985) J. Biol. Chem. 260:11530 
4. Wong, TW, Clayton DA (1985) Cell 42:in press 
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Jonathan S .  Minden, Camilo Parada, Minsen Mok, and Kenneth J. Marians, 
Graduate Program in Molecular Biology, Memorial Sloan-Kettering Cancer 
Center, New York, N e w  York 10021 

Reconstitution of pBR322 D N A  Synthesis with Purified Proteins, 

pBR322 D N A  replication has been reconstituted in vitro using 
purified proteins from Esherichia a (11. Initiation of the 
leading-strand requires R N A  polymerase holoenzyme, D N A  polymerase I ,  
RNase H and D N A  gyrase. Initiation o f  the lagging-strand requires the 
primosomal proteins and S S B .  Low levels of topoisomerase I are 
required to confer pBR322 template specificity and to generate the 
synthetic strand specificity inherent in the different mechanisms o f  
initiation of the nascent D N A  strands. 

I n  the presence of D N A  ligase, the aforementioned proteins 
initiate D N A  replication correctly but yield replicative intermediate 
as the major product-little form I D N A  is produced. It was determined 
that 30 to 50-fold higher levels of topoisomerase I will catalyze the 
segregation of this replicative intermediate and allow completion of 
the molecules, yielding primarily form I D N A  product (21. Evidence is 
offered in support of a mechanism to account for segregation of the 
daughter D N A  molecules that involves unwinding o f  the final 
nonreplicated region o f  parental [ I N A  by the primosome coupled to 
topoisomerase I catalyzed strand passage at a gap just 5 '  o f  the 
origin of D N A  replication. A possible mechanism to account for the 
ability of topoisomerase I to act as a discriminatory factor wil! also 
be discussed. 

1. Minden, J.S., and Marians, K.J., J. Biol. Chem., 260, 9316-9325 
(19851. 

2. Minden, J . S . ,  and Marians, K.J., submitted f o r  publication. 

CHARACTWIZATION OF A PLASHID REPLICON DERIVED FROM EPSTEIN-BARR VIRUS, B i l l  '33 
Unive r s i ty  of Wisconsin, Madison, W I  53706 and *Department of Human Genetics, R o s w e l l  
Park Memorial I n s t i t u t e ,  Buffalo,  NY 14263 
W e  have i d e n t i f i e d  t w o  g e n e t i c  e lements  of Epstein-Barr v i r u s  (EBV) t h a t  t oge the r  can act 
as a plasmid repl icon.  One element acts i n  cis and is termed oriP (Yates g g., PNAS 
- 81: 3806-3810, 1984). The o t h e r  element a c t s  i n  and encodes t h e  5 N A - 1  gene product 
(Yates g &-, Nature 313: 812-815, 1985). OriP is cumposed of two components, a family 
of repeated sequences and a region of dyad symmetry, both of which are requ i r ed  f o r  plas- 
mid r e p l i c a t i o n  (Reisman g s. Elol. C e l l .  Biol .  2: 1822-1832, 1985). W e  have i n s e r t e d  
t h e  family of repeated sequences der ived f r a n  oriP i n t o  cons t ruc t ions  containing e i t h e r  
t h e  SV40 e a r l y  promoter or the  Herpes Simplex virus-1 thymidine kinase (ASV-1 TK) promoter 
and t h e  chloramphenicol a c e t y l  t r a n s f e r a s e  (CAT) gene. when these  cons t ruc t ions  a r e  i n t r o -  
duced i n t o  EBV-transformed lymphoblasts or lymphoblasts t h a t  expres s  on ly  t h e  EBNA-1 gene 
of BBV, t h e  family of repeated sequences enhances t r a n s c r i p t i o n  of t h e  CAT gene. The 
t r a n s c r i p t i o n a l  enhancement by t h e  family o f  repeated sequences r equ i r e s  t h e  EBNA-1 gene 
product.  No enhanced expression of t h e  SV40 e a r l y  pranoter  by the family of repeated 
sequences is de tec t ed  i n  t h e  adherent  cell l i n e s ,  143 and D 9 8 ,  i n  t h e  presence of EBNA-1, 
al though EBV-derived plasmids do r e p l i c a t e  i n  these  cells. However, t h e  family of repeated 
sequences does enhance expression i n  both t r a n s i e n t  and long-term experiments from t h e  
HSV-1 TK prano te r  i n  t h e  lymphoid and adherent  cells t h a t  express  EBNA-1 t h a t  have been 
tested. 
of SV40 does no t  permit r e p l i c a t i o n  of t h i s  c h i n e r i c  plasmid i n  EBV-transformed lympho- 
b l a s t s .  W e  are ncu t r y i n g  to determine i f  DNA s y n t h e s i s  i n i t i a t e s  w i th in  t h e  region o f  
dyad symmetry of H. 

plasmids with one or two copies o f  oriP t h a t  c a r r y  d i f f e r e n t  s e l e c t i v e  markers, introducing 
them i n t o  the  same cell, and measuring their r a t e  of loss f r a n  t h e  de r ived  cell m u l a t i o n .  
Both plasmids a r e  maintained a t  s i m i l a r  average copy numbers under se l ec t ion :  and both 
are lost independently and a t  s imilar  r a t e s  under non-selective condi t ions.  These f ind ings  
i n d i c a t e  t h a t  m u l t i p l e  cop ie s  of orlP do no t  confe r  a s e l e c t i v e  advantage l i k e  t h a t  observ- 
ed  with t h e  d e f e c t i v e  molecules of SV40 and HSV-1 which c a r r y  mul t ip l e  o r i g i n s  of r e p l i c e  
t i on .  

Sugden, David Reisman, John Yates*, and Noreen Warren, McArdle Laboratory,  

S u b s t i t u t i o n  of t h e  family o f  repeated sequences i n  Orip with t h e  72 bp enhancer 

W e  have t e s t e d  i f  m l t i p l e  ccpies of oriP y i e l d  a s e l e c t i v e  advantage by cons t ruc t ing  
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MECHANISM OF COLE1 PLASMID DNA REPLICATION, Hisao Masukata and Jun-ichi Tomizava, 
NIADDKD, NIH, Bethesda, MD 20892 

Transcription by E.coli RNA polymerase provides the precursor to primer for ColEl DNA 
replication. 
More than half of the nascent RNA I1 molecules that extend beyond the origin form a 
persistent hybrid uith the template DNA near the origin. 
by RNase H at the origin and then serves as a primer for DNA synthesis by DNA polymerase I. 

The transcript (RNA 11) starts 5 5 5  bp upstream of the replication origin. 

The hybridized RNA I1 is cleaved 

Primer formation is negatively regulated by RNA I. Binding of RNA I to the 
complementary region of RNA I1 prevents cleavage of RNase H at the origin. 
thought that the binding of RNA I prevents folding of RNA I1 into a structure that is 
necessary for hybridization of RNA I1 to the template DNA. 

It has been 

Using limmited digestion of RNA 11 by RNase T1 or RNase A, we have demonstrated that 
binding of RNA I to KNA I1 causes structural changes in various regions of RNA 11, even in 
the region far downstream of the site of binding of RNA I. 
base-change in RNA I1 by a mutation in the segment complementary to RNA I prevents 
hybridization of RNA I1 to the template DNA. 
changes of RNA I1 quite similar to those caused by binding of RNA I. 
restores both structure and function of RNA XI. These results indicate that folding 
of a certain Structure by RNA I1 is required for RNA 11 to hybridize to the template DNA 
at the origin. 

We have found that a single 

The mutation itself causes conformational 
A suppressor mutation 

However, a region of about 200 nucleotides proximal to the 5’-end of RNA I1 that 
lncludes the segment complementary to RNA I can be deleted with little effect on primer 
formation. This result shows that the region is not directly involved i n  primer formation. 
By forming an alternative structure, this dispensable region affects folding of a 
downstream region and thus participates in regulation of primer formation. 
region of functional RNA I1 forms characteristic tertiary structure. 

The downstream 

Chromosome Structure and Topology 

DNA GYRASE AND THE KECUI.ATION OF BACTERIAL DNA SUPERCOILING, Martin Cellert’, Anthony 135 
Maxwell’, Donald C. Rau’, and Rolf Menzel’, ‘Laboratory of Molecular Biology and 

‘Laboratory of Chemical Biology, NIADDK. National Institutes of Health, Bethesda, MD 20892 

h‘e have been studying both the mechanism and the regulation of the synthesis of DNA gyrase. 
Complexes between gvrase and specific DNA fragments have been examined by the method of 
transient electric dichroism. Both the DNA dichroism (extrapolated to infinite field) and the 
rotational diffusion coefficient of these complexes suggest that the DNA is wrapped around the 
enzyme in a single turn with the entry and exit points of the DNA located near each other. 
About 105 base pairs of DNA are wrapped on the enzyme; the rest of the DNA is extended as 
tails which make an mgle of ahout 120’. If the non-hydrolyzable ATP analog (B,y-imido)-ATP 
is added to complexes hetween gyrase and DNA fragments of 172 or 207 bp, the tails are no 
longer apparent. This suggests that ATP hinding causes the association of a considerahlv 
greater length of DNA with the enzyme. 

Svnthesis of DNA g y r a s e  is largely controlled hy DNA supercoiling; expression of the ~ y r A  and 
gyrB ~- genes is greatest when the template DNA is relaxed. A deletion analysis of both promoter 
regions sh<,ws that this rflnxation-activation is n v e r y  l o c a l  property of the promoter 
sequence. Only 20 base pnirs of sequence, extending from just upstream of the -10 region to 
just bevond the transcription start, are sufficient to retain full activation. The -35 
rnnsensus region modulates the iwerall strength of the promoters but is apparently not 
involved i n  this control mechanism. These results severely limit possible explanations for 
ttic effects <of supercoiling 00 gene expression. 

CHROMATIN ASSEMBLY AND DNA REPLICATION IN XENOPUS EGG EXTRACTS, R.A. Laskey, 
J.J. Blow, A.D. Mills, and J.A. Kleinschmidt, CRC Molecular Embryology Unit, 

136 
Department of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3EJ, England. 
Xenopus OOCytes replicate their chromosomes faster than E.coli replicates its smaller 
chromosome. Xenopus eggs contain a stockpile of materials for many rounds of chromosome 
replication. We have used egg extracts to study chromatin assembly and DNA replication. We 
have found that nucleosomes are assembled by a family of acidic proteins which bind histones 
and transfer them to DNA. Their properties and functions will be discussed. Extracts from 
activated eggs are able to initiate DNA replication in vitro and to synthesize complete DNA 
strands semi-conservatively. Specific DNA sequences are not required for replication in 
this system or i n  injected Xenopus eggs, posing questions about possible functions for 
specific replication origins. 

~- 
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'37 
and L i u  Yanq, D e p a r t m e n t  of R i o l o c i c a l  C h e r i s t r y ,  Johns F o p k i n s  T 'n ivers i tyr ,  
S c h o o l  of V e d i c i n e ,  R a l t i v o r e ,  E"T, 21205 
Both  t h e  t o p o i s o v e r a s e  I i n h i b i t o r  ( c a c p t o t h e c i n ) ] .  a n ?  t h e  t o r e i s o p e r a s e  IT 
i n h i h i t o r  
57'40 DNA and h o s t  chror-osopal  DNP.. P i r e c t  a n a l y s e s  of t h e  SVdO P N f  i n  t h e  
i n f e c t e d  BSC-1. c e l l s  by F o u t h e r n  h l o t t i n u  a l s o  i n c l i c a t e  t h a t  PNP r e p l i c a t i e n  
steppe$ upon t r e a t p e n t  w i t h  i n h i b i t o r s .  I i n a l y s e s  o f  t h e  F l u o r o c r 3 n h i c  resu1t . s  
a f t e r  p u l s e  l a b e l i n g  show t h a t  t h e  r a i o r  P f f e c t  of t h e  t c v e i s o p e r a s e  i p h j . b ? t -  
ors i s  t h e  r e d u c t i o n  of DNP s y n t h e s i s  ["sbna t h e  i n  v i t r o  PVLO DNi" r e p l i c a -  
t i o n  s y s t e r r  d e v e l o p e d  by L i  an$ K e l l y 3 ,  we h a v e  a l s o  o b s e r v P 6  t h a t  h o t h  t o n o -  
i s o r e r a s e  i n h i b i t o r s  r e d u c e  t h e  e x t e n t  of PN? s y n t h e s i s  cf e x n a e n o u s l v  ar'ded 
p l a s r r i d  D N A .  The t o p o i s o v e r a s e  I i n h i b i t o r  i s  Inore e f f e c t i v e  t h m  t h e  t o y r -  
i s o v e r a s e  I1 i n h i h i t o r  i n  i n h i b i t i n a  DN? s y n t h e s i s  5-n v i t r o .  I n h i b i t i o n  bv 
a n t i - t o p o i s o r r e r a s e  I an$. a n t i - t o n o i s e r e r a s e  11 1q-s T n X G  i n  v i t r o  s v s t e r  
was a l s o  o b s e r v e d .  The p a t t e r n s  of i n h i b i t i o n  bv i n h i b i t o r s  an6  a n t i h o 3 i e s  
were i c i e n t i c a l .  Our r e s u l t s  s u v q e s t  t h a t  b o t h  PNP t o p o i s o F e r ? s e s  a r e  i n v o l v e d  
i n  S V 4 0  DN? r e p l i c a t i o n .  

I F s i a n a ,  Y . - H . ,  F e r z h e r q ,  R . .  F e c h t ,  9 .  end J i u ,  L . F . ,  J .  Ri r l . .  C h e r . ,  i n  

ZChen, G . L . ,  Yang, L . ,  R o w e ,  T . C . ,  H a l l i o a n ,  P.D., Tevey,  K . M .  an?  L i u ,  L.F.  

3 L i ,  J . J .  and K e l l y ,  T.J. ( 1 9 8 5 )  P r o c .  N a t l .  Pcs$. S c i .  ITSF A ? ,  6 q 7 3 - 6 9 7 7 .  

THE ROLES OF DNA TOPOIFOVERASFS I N  SV40 DNP REPLICPTION, Leroy  F. L i u  

[ e p i p e d o n h y l l o t o x i n  VI.-26)2 i n h i b i t  3F- thymidine  i n c o r v e r a t i r n  i n t o  

p r e s s .  

(1984) J. Riol. Cher .  2, 13560-13566.  
- 

ROLES OF YEAST DNA TOPOISOMERASES I AND I1 IN 3NA REPLICATION AND TRANSCRIPTION, 
Rolf Sternglanz, Steven J. Brill, Catherine Thrash, Stephen DiEjardo and Karen 

13' 
Voelkel-Meiman, SUNY, Stony Brook, NY 11794 

We have identified yeast strains with mutations in the genes for DNA topoisomerases I 
and 11. The topoisomerase I1 mutant is a conditional-lethal temperature-sensitive mutant. 
It is defective in the termination of DNA replication and the segregation of daughter 
chromosomes, but otherwise appears t o  replicate and transcribe its DNA normally (PNAS 8J. 
2616 (1984)). Topoisomerase I mutants have been identified and mapped to the gene 
previously called (JBC 259, 1375 (1984)). The topoisomerase I structural gene (TOP1) 
has been cloned from two yeast genomic plasmid banks. Integration of plasmids carrying 
the gene and subsequent genetic mapping shows that Topl is identical to w. A 3787 bp 
DNA fragment including the gene has been sequenced. The protein has 769 amino acids and a 
molecular weight of 90,020. Seven top1 (makl) mutants including gene disruptions are 
viable and exhibit no obvious growth defects, demonstrating that DNA topoisomerase I is 
not essential for viability in yeast (PNAS g ,  4374 (1985)). 

In contrast to the single mutants, 9 1  top2 double mutants grow poorly at the 
permissive temperature and shut down DNA and bulk RNA synthesis at the restrictive 
temperature. Ribosomal RNA synthesis is severely affected whereas tRNA and mRNA synthesis 
are relatively unaffected. This suggests that DNA replication and at least ribosomal RNA 
synthesis require topoisomerase action but that either topoisomerase can perform the 
required function (except f o r  termination of  DNA replication where topoisomerase IT is 
essential). 
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Regulation of DNA Replication 

MUTATIONS WHICH ENHANCE CHROMOSOME STABILITY IN YEAST, Stephen Kearsey, 
Department of Zoology, South Parks Road, Oxford, OX1 3PS. England. 

13' 

In an attempt to identify proteins involved in the initiation of DNA replication, 
mutations which enhance the stability of minichromosomes Containing defective origins 
of replication have been isolated (Rar- mutations). The genetic screen uses CEN 
plasmids containing "weak" ARS elements, such as certain mutant alleles of the= ARS'. - 
These minichromosomes are mitotically unstable (segregation frequency = 0.2-0.5) 
presumably because DNA replication initiates with low efficiency on these molecules, 
and their stability can be greatly increased by introduction of a "strong" ARS in E. 
The minichromosomes also contain a sup4 gene which changes the colour of ade2-1 yeast 
cells and allows for rapid detection of changes in plasmid stability (see References 2 & 
3 for description of analogous systems). 

Twelve independent Rar- mutants have been isolated from a screen of about 5 x 10 
mutagenized colonies. These mutations are second-site, and typically show a 2 to 5 fold 
reduction in segregation frequency. Preliminary genetic data indicates that these 
mutations are recessive or co-dominant, and define at least 5 complementation groups. 
The phenotypic effect of the mutations on plasmid stability does nct appear to be 
specific to the weak AXS used in the original screen. At least one Rar- mutation 
affects an essential gene since the mutation also confers temperature- 
sensitivity. The ~ FAR1 gene has been cloned and its function is being investigated. 

4 

REFERENCES 

1.  Kearsey, S. (1984) Cell 37, 299-307. 

2 .  Hieter, P., Mann, C., Snyder, M and Davis, R.W. (1985) Cell 40, 381-392. 

3 .  Koshland, D., Kent, J.C. and Hartwell, L.H. (1985) Cell 40, 393-403. 

140 
REGULATION OF DNA REPLICATION INITIATION IN YEAST. Bik-Kwoon 'Iye, Clarence 
Chan, Gregory Maine, Pratima Sinha. Steve Passmore, Susan Gibson and Shlomo 
Eisenberg. Cornell University, Ithaca, NY 14853. 

We have previously reported the isolation of yeast mutants that are 
defective in the maintenance of circular minichromosomes. The minichromo- 
somes are mitotically stable plasmids, each carrying an @ and a centro- 
meric sequence. We characterized 40 minichromosome maintenance 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 E s .  The specific class 
of mutants is defective only in the maintenance of minichromosomes that 
carry a particular group of g s .  

~ Mcm61 have been analyzed further. 
- ARS specificity. 
not all minichromosomes, depending on the @present. At high tempera- 
tures, it affects all minichromosomes tested. The homozygous diploid of 
this mutant alsc loses its natural chromosomes at an-abnormally high 
frequency. The mcm9 mutation, besides giving an Mcm phenotype, results in 
sterility in a cells. These two phenotypes are caused by a single mutation 
mapped at chromosome XIII, 2cM from Lys7. The =gene has been cloned and 
its activity is localized within 400 bp of a DNA fragment. 
mutant, unlike the other specific mutants, affect all &s tested, but scme 
more than others. The functions of the products of these genes will be 
discussed. To investigate the element responsible for the differential 
behavior of the different &s in the specific mutants, we determined the 
nucleotide sequence of 5 telomeric @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 MCM9 and MCM46 genes, within these g s .  
be discussed in relation to the in vitro studies of the @-binding protein 
reported by Eisenberg and Tye in this same volume. 

Three specific mutants, x, Mcm46 and 
Mcm46 shows temperature sensitivity for 

A t  low temperatures, it affects the stability of some but 

The Mcm61 

These results will 
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DNA Replication I: Eukaryotes 

ISOLATION AND CHARACTERIZATION OF cDNA CLONES CONTAINING E l  OPEN READING FRAME 
141 
SEQUENCE OF BPV-I, N. Arai.  P. Hoy, K. Yokota, Y. Takebe. DNAX Research I n s t i t u t e .  901 
C a l i f o r n i a  Avenue, Palo Alto, CA 94303-1104. 

Bovine papil loma v i r u s  type-1 (BPV-1) can t ransform c e r t a i n  mouse c e l l s  i n  v i t r o  
and the DNA i s  maintained as an extrachomosomal mul t icopy plasmid i n  the  t r a n s f o r m g -  
c e l l s .  
BPV genome (BPV69T). 

plasmid r e p l i c a t i o n  and/or maintenance. 
t he  d i f f i c u l t y  i n  i s o l a t i o n  o f  near ly  complete El cDNA clone. 
cDNA clones which conta in  E l  ORF from BPV transformed mouse c e l l  l i n e  (ID13) cDNA 
l i b r a r i e s .  
cDNA i n s e r t s  i n  mammalian ce l l s .  

from second ATG i n  the E l  ORF and was terminated outs ide o f  t he  transforming region. 
Another c lass o f  cDNA clone (pcD-El-Z), ca r r i ed  about 3.4 kb i nse r t ,  contained the e n t i r e  
E l  ORF and was terminated w i t h i n  the 69% transforming region. 
ana lys i s  o f  these E l  cDNA clones and t h e i r  f unc t i on  i s  under invest igat ion.  

E ight  open reading frames (ORFs) have been located i n  69% t ransforming reg ion o f  

Mutational analyses have ind icated t h a t  the longest ORF, E l ,  i s  essent ia l  f o r  

We have i s o l a t e d  several 
The analys is  of E l  mRNA has been hampered by 

The l i b r a r i e s  were constructed i n  a pcD vector  which permits the  expression o f  

One c lass o f  cDNA c lone (pCDqE1-1). about 2kb i n  length, s ta r ted  250 bp upstream 

The de ta i l ed  s t r u c t u r a l  

142 I N  VITRO REPLICATION OF SV40 DNA BY YEAST EXTRACTS , Josef Arendes, Michael Oed , 
Kai Ludemann and Anne Rohrbacher, I n s t i t u t  f u r  Physiologische Chemie, Johannes- 
Gutenberg-Universitat,  D-6500 Mainz, Fed. Rep. Germany 

Soluble ex t rac ts  prepared from exponent ia l ly  growing yeast Saccharom ces cerev is iae c e l l s  
cata lyze e f f i c i e n t  r e p l i c a t i o n  o f  exogenously added 2-pm a n d m o u s l y  rep1 i c a t i n g  
sequences) conta in ing plasmid DNAs. I n i t i a t i o n  o f  DNA r e p l i c a t i o n  s t a r t s  a t  the i n  v i vo  
g r i g i n  and proceeds b i d i r e c t i o n a l l y  as i t  does i n  v ivo.  I n  t h i s  study, we e x a m i n a t h e  
template a c t i v i t y  o f  SV40 DNA and SV40 conta in ing plasmids i n  the yeast i n  v i t r o  r e p l i c a t i o n  
system. The SV40 DNA i s  e f f i c i e n t l y  rep l i ca ted  by yeast ext racts .  The p r z u s f  the 
reac t i on  cons is t  o f  f u l l  l eng th  DNA molecules as shown by r e s t r i c t i o n  analysis. The i n  v i t r o  
r e p l i c a t i o n  o f  9 4 0  DNA i s  sens i t i ve  t o  aph id i co l i n  but  r e l a t i v e l y  res i s tan t  t o  d i d e z y r  
thymidine tr iphosphate. L inear  molecules a lso supported a low l e v e l o f  DNA synthesis, sugges- 
t i n g  t h a t  superhel ica l  densi ty  i s  no t  absolute ly  requi red f o r  r e p l i c a t i o n  i n  v i t r o .  The 
r e s u l t s  suggest t h a t  the yeast repl isome recognizes 
DNA r e p l i c a t i o n  i n  v i t r o ,  although there are no sequence s i m i l a r i t i e s  between the o r i g i n s  
o f  r e p l i c a t i o n  0 f 2 a N A  and SV40 DNA. Wether i n  the yeast system the SV40 r e p l i c a t i o n  
o r i g i n  o r  o ther  domains on the plasmid are used as i n i t i a t i o n  s i t e  w i l l  be determined 
and the prec ise l oca t i on  of the i n i t i a t i o n  s i t e  on SV40 DNA i n  the yeast system w i l l  be 
described. 

SV40 DNA sequences a n h i m t e s  

143 REPLICATION CONTROL MUTANTS OF INCQ PLASMIDS, 
Peter T Barth. I C I  Corporate Bioscience Group, Runcorn. Cheshire, England 

T h e  prototype IncQ plasmid R300B is relatively small (8.7kh). has a copy number of about 30 
per cell in f:.c.~~~. is readily mohilizahle into a broad range of Gram-negative bacterial 
species and is stably maintained in most of these. We have therefore used it to derive 
cloning and expression vectors f o r  use in various Gram-negative species. To isolate 
replication control mutants. the b l a  gene from pHR322 was first insertpd into R3005 between 
its existing 5ul and :phC antibiotic resistance genes The resulting plasmid. pTB200. 
retains its previous properties but the h . 1 ~  gene permits the selection of mutant plasmids 
that confer resistance to high leveis of ampicilllo in the presence of clavulanic acid. 
The majority nf such mutants were found to have a raised plasmid copy number. However only 
three out of 430 mutants tested were temperature-sensitive f o r  plasmids copy control 
(coptS) and the increase i n  copy number at high temperature was relatirwly small (ahout 3 
fold) for a l l  t.hree mutants. Further rounds of mutagenesis and selection on these has 
given secondary mutants with a more significant copts response. A l s o ,  one isolate, pT5225. 
has a very high constitut.ivr r o p y  number (about 30 fold hieher than its parent) giving 
about 1000 copies per cell and a significant depression of growth rate of its host. The 
multiple rf.striction site cloning sequenre from 1113 mpl8 has been inserted upstream of b l a  
i n  several of  these mutant plasmids to facilitate the cloning of foreign zenes into these 
verforh ['sing restriction fragment exchange experiments. the (:up mutations are being 
1oi:alized and will then he sequenced in an attempt to understand the nature of the 
replication control 
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144 INFLUENCE OF DXA SEQUENCE AND POLYMERASE ACTIVE SITE ENVIRONMENT ON THE NATURE OF 
MISPAIRING D U R I N G  DNA SYNTHESIS, Kenneth L. B e a t t i e  and Ming-Derg L a i ,  Baylor  C o l l e g e  

o f  Medic ine ,  Houston, Texas  77030 

The s p e c i f i c i t y  o f  n u c l e o t i d e  i n c o r p o r a t i o n  d u r i n g  DNA s y n t h e s i s ,  which i s  e s s e n t i a l  f o r  
a c c u r a t e  d u p l i c a t i o n  o f  t h e  g e n e t i c  m a t e r i a l ,  r e s u l t s  from s e l e c t i v e  f o r c e s  t h a t  o c c u r  a t  t h e  
a c t i v e  s i t e  o f  t h e  enzyme, i n c l u d i n g  f o r m a t i o n  o f  hydrogen-bonded Watson-Crick b a s e  p a i r s  
between t e m p l a t e  r e s i d u e  and incoming n u c l e o t i d e ,  and i n t e r a c t i o n s  i n v o l v i n g  a c t i v e  s i t e  
r e s i d u e s  i n  t h e  polymerase .  I n c o r r e c t  i n c o r p o r a t i o n ,  though r a r e ,  may be  s p e c i f i e d  t o  some 
d e g r e e  by a d d i t i o n a l  i n t e r a c t i o n s ,  i n v o l v i n g  t h e  n e a r e s t  n e i g h b o r  s e q u e n c e s  i n  t h e  pr imer-  
t e m p l a t e .  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  we have d i r e c t l y  de te rmined  t h e  i d e n t i t y  o f  dNMPs 
m i s i n c o r p o r a t e d  i n  p l a c e  o f  e a c h  o f  t h e  4 dNTPs a t  many p o s i t i o n s  a l o n g  a b a c t e r i o p h a g e  
t e m p l a t e ,  d u r i n g  DNA s y n t h e s i s  c a t a l y z e d  by t h e  " l a r g e  f ragment"  form o f  E. c o l i  DNA polymer- 
a s e  I. The r e s u l t s  i n d i c a t e  t h a t  t h e  n a t u r e  o f  m i s i n c o r p o r a t i o n  d u r i n g  DNA s y n t h e s i s  i s  
indeed  i n f l u e n c e d  by t h e  DNA sequence .  Fur thermore ,  t h e  r e s u l t s  o r  e x p e r i m e n t s  c a r r i e d  o u t  
w i t h  d i f f e r e n t  DNA polymerases  s t r o n g l y  s u g g e s t  t h a t  t h e  t y p e  o f  m i s p a i r i n g  t h a t  o c c u r s  
d u r i n g  DNA s y n t h e s i s  is a l so  i n f l u e n c e d  by t h e  a c t i v e  s i t e  envi ronment  o f  t h e  polymerase .  
T h u s ,  t h e  n a t u r e  of m i s p a i r i n g  d u r i n g  DNA s y n t h e s i s  is a t  l e a s t  p a r t i a l l y  s p e c i f i e d  by 
i n t e r a c t i o n s  b o t h  w i t h i n  t h e  DNA and w i t h  a c t i v e  s i te  r e s i d u e s  i n  t h e  DNA polymerase .  

NUCLEAR MATRIX-BOUND DNA POLYMERASE ALPHA: AN I N  VITRO mDEL FOR EUCARYOTIC REPLICATION AND 
DNA LOOP TOPOLOGY, Ronald Berezney and Ross Allen Tubo, Department of Biological Sciences, 
S t a t e  University of New York, Buffalo, NY 14260 

A s  a s t e p  toward t h e  molecular  e l u c i d a t i o n  of t h e  pu ta t ive  rep l ica t iona l  machinery associated w i t h  
nuclear matrix,  we have developed a procedure for so lubi l iza t ion  of matrix-bound complexes con ta in ing  
DNA polymerase alpha and poten t ia l ly  o ther  rep l ica t iona l  re la ted  components. Nuclear matrices isolated 
from r e g e n e r a t i n g  r a t  l i v e r  during maxim1 in  vivo rep l ica t ion  (22 h post-hepatectuny) were exposed t o  
g e n t l e  s o n i c a t i o n .  Up t o  80% of t o t a l  matrix-bound DNA polymerase alpha a c t i v i t y  was released and 
resolved on 5-20% sucrose gradients.  Three major peaks of polymerase a c t i v i t y  were d e t e c t e d  at  lOS, 
lOOS, and 150s.  A survey  of o t h e r  r e p l i c a t i o n a l  r e l a t e d  components associated with nuclear matrix 
revealed s igni f icant  levels (20-502 of t o t a l  nuclear a c t i v i t y )  of  DNA pr imase ,  DNA methylase ,  3'-5' 
exonuclease ,  RNase 8, and diadenosine tetraphosphate binding. A t  least a portion of these cmponents 
were found to be associated with the  complexes separated on sucrose  g r a d i e n t s .  DNA polymerase a lpha  
complexes e x t r a c t e d  from isolated nuc le i  during matrix preparation consisted of 10s complexes and were 
t o t a l l y  devoid  of  100s  and 1505 complexes. S i m i l a r l y ,  complexes from n u c l e a r  m a t r i x  p r e p a r e d  
immediately preceding  t h e  onse t  of i n  vivo replicaton (14 h post hepatectuny) sediaented en t i r e ly  a t  
10s .  These r e l a t i o n s h i p s  lead  us to propose a dynamic assembly of the eucaryotic replisome which i s  
i n i t i a t e d  p r e - r e p l i c a t i v e l y  as  a 10s complex and func t iona l ly  expressed during i n  vivo rep l ica t ion  as  
l a r g e  100s to 150s complexes. A possible re la t ionship  of the  la rge  100s and 150s complexes to  replicon 
c l u s t e r s  i s  a l s o  sugges ted  by exper iments  which denonstrate the in v i t r o  conversion of those larger 
forms to the 10s species.  

'45 

(Supported by NIH gran t  GM 23922). 

146 REPLICATION OF K D N A  IN KINETOPLASTS ISOLATED FROM C R I T H I O I A  FASCICULATA: 
IDENTIFICATION OF MINICIRCLE DNA REPLICATION INTE- 
Larry Birkenmeyer and Dan 5 .  Ray, U C L A ,  Los Angeles, CA 90024 

The kinetoplast  DNA (kONA) o r  trypanosomes i s  comprised of thousands of DNA minicircles  and 
20-50 maxicircles  catenated i n t o  a s ing le  network. We show t h a t  kinetoplasts  i so la ted  from 
the trypanosomatid species  Cri thidia  fasc icu la ta  incorporate labeled nucleotides and 
support minicircle  DNA rep l ica t ion  in  a manner which mimics two c h a r a c t e r i s t i c s  of mini- 
c i r c l e  rep l ica t ion  in  vivo: 1) The minicircles  a r e  repl icated as f ree  molecules and 
subsequently reattached t o  the kDNA network, and 2 )  a rep l ica t ion  intermediate having a 
s t ruc ture  cons is ten t  with a highly gapped minicircle  species  i s  generated. I n  addi t ion ,  a 
c lass  of minicircle  DNA rep l ica t ion  intermediates i s  observed containing d iscont inui t ies  a t  
spec i f ic  s i t e s  w i t h i n  each of the newly synthesized DNA s t rands.  By using a s t r a i n  o f  
Cri th id ia  fasc icu la ta  possessing nearly homogenous minic i rc les ,  we were able to map the 
d iscont inui t ies  t o  two small regions s i tua ted  180 a p a r t  on the minicircle .  Each region 
has two s i t e s  a t  Yhich a discont inui ty  can occur, one on each s t rand and separated by 
approximately 100 base p a i r s .  These s i t e s  may represent  or ig ins  o f  minicircle  DNA 
rep l ica t ion .  
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CLONING OF THE GENE ENCODING THE p SUBUNIT OF YEAST DNA 
POLYMERASE I, Alan Blowers and David C. Hinkle, Deptartment of Biology, 
University of Rochester, Rochester, NY 14627 

147 

We have purified yeast DNA polymerase I to near homogeneity using procedures designed to 
minimize proteolysis. A DNA primase activity is associated with the DNA polymerase throughout 
purification. SDS-PAGE analysis shows four major polypeptides (175 kDa, 70 kDa, 52 kDa and 48 kDa) 
associated with the DNA polymerase-primase complex. An immunological response in rabbits was 
elicited against the 70 kdal protein purified by SDS-PAGE. The antiserum does not neutralize either 
polymerase or primase activity but it will immunoprecipitate both activities. This result supports the idea 
that the 70 kdal protein is a component of the polymerase-primase complex, although it seems likely that 
neither polymerase nor primase activity is contained within this subunit. Based on Western blots, this 
antiserum, and also monoclonal antibodies, react with both the 70 kDa and an additional 85 kDa 
polypeptide. This suggests that the 70 kDa (B) subunit  may be derived from an 85 kDa precursor by 
proteolysis. 

We have screened a lambda gt l1  yeast DNA library with the antiserum against the 70 kDa protein and 
have isolated a clone which produces antigen which reacts with this serum. The complete gene has been 
isolated from another yeast library and produces an 85 kDa protein in E. coli "maxi-cells". Northern 
analysis of yeast RNA shows a single 2300 nucleotide transcript complementary to the cloned DNA 
fragment. This length is consistent with a protein of 85 kDa. A gene disruption was performed by 
replacing a portion of the B subunit gene with URA3 and integrating the disrupted gene into a ura3-52 
diploid strain. Upon sporulation only ura3 haploid cells were obtained, indicating that the URA3 DNA 
has disrupted an essential gene. 

CFAXACTEKIZATION CF A PROTEIN CC?rALE:hTLY BOUND TO THE 

1-Northeastern Universi ty ,  Boston, MA 02115, 2-Massachusetts I n s t i t u t e  of 
Technology, Cambridge, MA, 3-Dana-Farber Cancer I n s t i t u t e ,  Boston, MA, &-Yale 
Universi ty ,  New Haven, CT. 

NA OF MINUTE VIRUS OF MICE, '48 
John 'd .  Bodna+, Marie Chow2, Maryellen Polvino-Eodnar 9 , and David C. Wardk. 

Je have i d e n t i f i e d  a p r o t e i n  which i s  cova len t ly  bound t o  a f r a c t i o n  of t h e  DNA synthesized 
i n  minute v i r u s  of mice (MVM) in fec t ed  c e l l s .  
5 '  t e rn inus  o f  t he  extended t e rmina l  conformers of t h e  MVM r e p l i c a t i v e  form DNA spec ie s  
and a v a r i a b l e  f r a c t i o n  of t h e  singly-stranded v i r a l  DNA. 
on sll SRA forms has a molecular weight of 60 iid; it i s  also seen f r e e  i n  e x t r a c t s  from 
ln fec t ed  c e l l s .  
t h a t  ths TP ie not  r e l a t e d  t o  t h e  oe+d p r o t e i n s  o r  t o  NS-1 and may be a Llost encoded 
p r o t e i n  induced by v i r a l  i n p c t i o n .  

This  p r o t e i n  is  s p e c i f i c a l l y  l i nked  t o  t h e  

The t e rmina l  p ro te in  (TP) bound 

Imuno log ica l  cor;..parison of t h e  TP with o t h e r  kno;m v i r d  p ro te ins  sueyest  

I N H I B I r I O N  OF D N A  R E P L I C A T I O N  B Y  U V  AND BPDE I N  XP V A R I A N T  AND NORMAL HUMAN 
FIBROBLASTS, J. Boyer, W. Kaufmann, M. Cordeiro-Stone and B. Smith, Pathology Dept 
and Curriculum i n  Toxicology, Un ive r s i ty  of North Carol ina,  Chapel H i l l ,  NC 27514 

Xeroderma pigmentosum v a r i a n t  (XPV) f i b r o b l a s t s  a r e  cha rac t e r i zed  by an abnormal p a t t e r n  
of r e p l i c a t i o n  of DNA damaged by 254 nm r a d i a t i o n  (UV). These c e l l s  d i s p l a y  enhanced 
s e n s i t i v i t y  t o  i n h i b i t i o n  of DNA chain e longa t ion  by UV. We have compared the  e f f e c t s  of 
UV and benzo[a]pyrene-diol-epoxide-I (BPDE) on DNA r e p l i c a t i o n  i n  XP v a r i a n t  and normal 
skin f i b r o b l a s t s .  The XPV pheno type  w a s  con f i rmed  by t h e  mutant  c e l l s -  d e c r e a s e d  
capac i ty  t o  r e p l i c a t e  UV-damaged DNA. Doses of UV (1-3 J/m2) t h a t  on ly  a f f ec t ed  r ep l i con  
i n i t i a t i o n  i n  normal human f i b r o b l a s t s  (NHF) i n h i b i t e d  DNA chain e longa t ion  in XPV c e l l s .  
I d e n t i c a l  a n a l y s e s  u s i n g  BPDE (0.1-0.3 uM), however ,  i n d i c a t e d  t h a t  t h e  two c e l l  t y p e s  
were e q u a l l y  s e n s i t i v e  t o  i n h i b i t i o n  of both i n i t i a t i o n  and elongat ion.  The r a t e  of DNA 
s t r and  growth w a s  analyzed i n  c e l l s  synchronized a t  the  beginning of t he  S phase. After  
exposure t o  low U V  f l uences ,  XPV c e l l s  d i sp l ayed  a lower r a t e  of DNA s t r and  growth than 
d i d  NHF c e l l s .  However, b o t h  c e l l  t y p e s  responded s i m i l a r l y  t o  low and h i g h  
concen t r a t ions  of BPDE. After  low d o s e s  t h a t  p r i m a r i l y  i n h i b i t e d  r e p l i c o n  i n i t i a t i o n ,  
n a s c e n t  s t r a n d s  seemed t o  grow a t  a r a t e  g r e a t e r  t h a n  t h a t  s e e n  i n  u n t r e a t e d  c e l l s .  
Higher doses  produced a dose-dependent i n h i b i t i o n  of s t r and  growth. These r e s u l t s  suggest 
t h a t  XPV c e l l s  a r e  n o t  c a p a b l e  of r a p i d l y  r e p l i c a t i n g  p a s t  c e r t a i n  U V  l e s i o n s ,  as a r e  
normal c e l l s ,  but ,  both c e l l  types appear t o  be unable  t o  r a p i d l y  by-pass BPDE adducts. 
Supported by NId g r a n t s  CA35657 and ES07126. 
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150 A GENETIC ANALYSIS OF THE STRUCTURE AND FUNCTION OF THE DNA 
REPLICATION GENE, e, IN E.COL1 K-12, Robert E. Braun, Kathy O'Day 

and Andrew Wright, Tufts University, 136 Harrison Ave., Boston, MA. 02111 

The dnaA gene product is required f o r  the initiation of DNA replication in 
E. coli K-12. We have previously reported that the + gene is 
autogenously regulated (I), and that one of the two dnaA promoters is also 
regulated by Dam methylation ( 2 ) .  We are currently investigating the dual 
role of the + protein in its o w n  regulation and in the initiation of 
DNA replication. To this end we have genetically defined two domains i n  
the dnaA protein; one involved in autogenous regulation (DNA binding), and 
the other involved in the initiation of DNA replication. We have also 
cloned and sequenced the dnaAcos gene ( a  cold-sensitive suppressor of the 
dnaAli6(Ts) mutation) and shown that it contains three point mutations in 
addition to the original e 4 6  mutation. Preliminary results suggest 
that the dnaAcos protein has a greater affinity for its DNA binding site 
(the dnaAbox), than does the wild-type + protein. 
1. B r a u n  et al., Cell (1985) 40; 159-169. 
2. Braun and Wright, Mol. Gen. Genet. (1985) in press. 

- _ _  

P-(BUTYI.ANILINO) PURINE DEOXYRIBONUCLEOSIDE 5*-TRIPHOSPHATES: EXPLOITATION AS 
DNA POLYUERASE ALPHA-SPECIFIC AFFINITY TOOLS. Neal C. Brown, Lech W. Dudycz, 
George E. Wright. Uarjorie H. Barnes and Naseema N. Khan, Department of 
Pharmacology, University of Massachusetts Uedical School, Worcester, Iu 01605 

15' 

BuPdGTP and RuAdATP. the respective NP-p-n-butylphenyl (i .e. c -~ ) forms of 
inhibitors of mammalian DNA pol a (Khan et al.. Nucl. Acids Res. 12. 3695. 1984; m. 
in press). 
purify pol a and to dissect its nucleotide binding sites(s). 
search has been to incorporate in the inhibitor molecule an appropriate bridge by which it 
can be linked to various "reporter" molecules and macromolecular media. Among the several 
sites we have examined thusfar, the 5' a, 6,  and y phosphoryl substituents show 
excellent potential as minimally intrusive bridgeheads. The 5'-y aminohexyl 
phosphoroamidates, BuPdGTP-C6-NH2 and BuAdATP-C6-NH2 (i.e. 
NDP-PO~-NH-(CH~)~-NHZ). display inhibitory potency. base analogy, and pol a 
specificity nearly indistinguishable from the corresponding property of their respective 
unsubstituted analogs. Further, the reaction of BuPdNTP-C6-NH2 derivatives with 
CNBr-activated agarose yielded substituted matrices which reversibly bind pol a from 
crude extracts with high affinity. 
soluble derivatives of variously y-substituted BuPdNTPs will be presented. 
by NIH grants GH28775 to NCB and GU21747 to G E W .  

dGTP and 2-amino dATP. are very potent and selective c%'Q 

We seek to exploit these inhibitors as affinity reagents with which to both 
Our first step in this 

The properties of these affinity matrices and related 
(Supported 

152 C X A l ? A C I E R I ~ o N  OF OFCLmr, A ORIGIN OF REpL;TCA!lToN FXN CHINESE 
H?GETER CELLS, W i l l i a m  C. Eurhans, Jane E. Selegue, Richard H. Iussier, and 

Nicholas H. Heintz, University of V e r n r m t  College of Medicine, EUrlington, V-nt 05405. 

Fulse labeling studies in whole or perma?Jilized CHOC 400 cells has shown that 
replication of the CHaC 400 amplified LHFR damain is initiated w i t h i n  a 4.3 kb XbaI 
fragment that is located 14 kb 3' to the CHFR gene. W e  have begun biolcqical and 
physical characterization of the origin fmgment. D i r e c t e d  Ed31 deletions of this  
fragment have been subclaned in M13 vectors, and partial m sequence analysis shm this 
region to be very AT rich, with prCrminent tracts of As (6-15 residues), frequent stretch- 
es of alternating AT residues (12-20 residues), and several s iq le  direct repeat m t i f s ,  
i.e. (AGIIAAA) , (ATI') . Although the 4.3 kb f r a w t  does not contain either type I or 
type 11 ~ u ~ ~ f a m i l y ~ e l e m e n t s ,  it  doe^ contain as yet uncharacterized r e p t i t i v e  DNA 
sequexes. When deproteinized, ds g d c  MOC 400 CPIA is incubated with either Kl- 
enzyme or T4 polymerase, synthesis of 7 hmlcgous to the 4.3 kb fracpmt OCCUZ'S 
150-200 fold mre frequently than does synthfsis of other rardaan or  repetitive q-. 
me preferential labeling of the origin-related squexes is not the result of a persis- 
tant nick in the g-. studies w i t h  purified T4 replication proteins, and electron 
microscopy of amplified restriction frarp3nt.s isolated fnm! synchronized (Noc 400 ells, 
suggests that preferential labeling of origin-related sqxnces may result f m  the 
presence of unumal structures that prom>te site-specific d ramsmd m replication. 
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MOLECULAR CHANGES OF DNA POLYMERASE-a's ISOLATED FROM TRYPSIN AND TUNICAMYCIN- 
TREATED NEUROBLASTOMA CELLS IN CULTURE, Stephen R. Campion and Subhash Basu, Biochem. 

46556 

153 
Biophys. & Mol. Biol. Prog., Dept. of Chem., Univ. of Notre Dame, Notre Dame, IN 

A qualitative change in the replicative enzyme DNA polymerase-3 activity occurs upon induc- 
tion of DNA synthesis by trypsinization of neuroblastoma "-18 and IMF-32) cells in culture. 
These observed changes included a decrease in the sedimentation coefficient of pol-a 
ing any associated subunits) from a high molecular weight 10s complex to a lower molecular 
weight complex of 7.5s .  
electric pH values of the  pol-^ activities. 
three acidic pl values (4.2, 4.8 and 5.5) were observed, whereas during synchronous DNA repli- 
cation less acidic pI=5.5 and pI=6.5 pol-a forms were detected. 
sis showed the molecular weights of acidic (p1=4.25) and less acidic (pI=S.5) DNA pol-a 
activities as >160 Kdal and 145 Kdal, respectively. The change of pol-a isoelectric points 
could also be induced by addition of tunicamycin (the glycosylation inhibitor) to cultures 
of density-dependent growth-inhibited cells. The tunicamycin-induced change in the pol-3 
structure is similar to that found upon induction of replicatiori by trypsinizatlon. This 
indicates that the appropriate cell surface qlycoproteins are necessary for maintenance of 
cell-cell contact inhibited growth. 
tion in nuclear DNA and lowers ~ 0 1 - 3 ~  activity in IMR-32 cells (Bhattacharya, P. and Basu, 
S. (1982) Proc.Natl.Acad.Sci., 79, 1488-1491). However, the direct involvement of a glyco- 
protein subunit in the DNA chain elongation process has yet to be determined. 

(includ- 

This change in sedimentation is accompanied by a change in the 150- 

In nonsynchronous cultures pol-a activities with 

SDS-PAGE activity gel analy- 

Tunicamycin (1-3 Ug/ml) also inhlbits 3H-TdR incorpora- 

(NS-18005/S.B.) 
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A type I topoisomerase has been purified to apparent homogeneity from calf thymus mitochon- 
dria. This AIP-independent enzyme relaxes both positively and negatively supercoiled DNA 
with a 3L~=1. Gel permeation chromatography and glycerol gradient centrifugation studies 
indicate that the native molecular weight is 130,000 daltons, while electrophoresis in the 
presence of sodium dodecyl sulfate suggests a denatured molecular weight of 60,000 daltons. 
Thus the mitochondrial topoisomerase appears to be a dimer of identical monomer subunits. 
The enzyme is inhibited by the trypanocidal drug Berenil as well as by elevated concentra- 
tions of the bacterial DNA gyrase inhibitors, novohiocin and coumermycin but not nalidixic 
or oxolinic acids. Sensitivity to N-ethylmaleimide indicates the importance of cysteine f o r  
the catalytic activity of the enzyme. It is estimated that there are approximately six 
copies of topoisomerase I per mammalian mitochondrion or  approximately 1-2 per mitochondria1 
genome. 

based upon results with nuclear anti-topoisomerase I antibodies. In a manner similar tothat 
observed with leukemia (nuclear and rnitochondrial). calf thymus (nuclear) and HeLa (nuclear) 
cell type I topoisomerases, the calf thymus mitochondrial enzyme is inhibited by physio- 
logical concentrations of ATP. These results further support the generality of the hypothe- 
sis that ATP regulates type I topoisomerase activity in the cell. 

~ ~ I A ~  ?lITOCHONDRIAL DNA TOPOISOEIEFASE I. Frank J. Castorn, J. Philip Henrich, 
William G. Kelly, and Gary M. Lazarus, L'niv. of ?tD Balto. Co., Catonsville, ?ID 21228 

The mitochondrial enzyme is immunologically distinct from the nuclear topoisomerase I 

This work was supported by a grant from the March of Dimes Foundation (95-402). 

PROPERTIES OF A SEQUENCE FROK THE H W  HPRT LOCUS THAT FUQCTIONS AS AN ARs 
ELEMENT IN YEAST, A . C .  Chinault, P.E. Framson. R.C. Sykes. D. Lin and H . C .  Smith. 

155 
Baylor College of Nedicine. Houston, TX 77030 

The temporal and spatial control of replication timing in mammalian chromosomes has been 
suggested to play an important role in gene regulation. One of the most dramatic changes 
in replication timing is associated with the developmental phenomenon of X-chromosome in- 
activation. where the X chromosome that is transcriptionally inactivated also shows a 
relatively late pattern of replication. We have tested cloned sequences from the human 
X-linked hypoxanthine phosphoribosyltransferase (HPRT) locus for ability to function as 
autonomously replicating sequences (ars) in yeast, when incorporated into the YIp5 inte 
gration vector. From the 60 kilobase region tested, a specific one kb fragment from the 
first intron of the gene was found to function efficiently in this assay. Ye are presently 
characterizing this sequence in more detail, and are also comparing intrinsic properties of 
the sequence, including chromatin configuration and nuclear matrix association, on active 
and inactive chromosomes to try to establish potential factors involved in the control of 
replication timing. (Supported by the American Cancer Society and the Howard Hughes Kedi- 
cal Institute.) 
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Thymine g l y c o l  l e s i o n s  i n  DNA a r r e s t  syn thes i s  by DNA polymerase I i n  v i t r o  
J a w s  1.1. C l a r k  & G o  Pete r  Beardsley,  Yale Un ive rs i t y ,  New Haven, C T 7 6 T  
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The a b i l i t y  o f  DNA polymerases t o  r e p l i c a t e  DNA c o n t a i n i n g  s t r u c t u r a l  abnorma l i t i es  p lays  an 
impor tan t  r o l e  i n  de te rm in ing  the  b i o l o g i c a l  consequences o f  exposure t o  r a d i a t i o n  o r  chem- 
i c a l  carcinogens. We s t u d i e d  t h e  a b i l i t y  o f  E. c o l i  polymerase I (Klenow fragment)  t o  r e p l i -  
c a t e  DNA c o n t a i n i n g  =-thymine g l y c o l  (&-?,6mydroxy-5.6-di  hydrothymine),  an o x i d a t i v e  
damage produced i n  DNA by i o n i z i n g  r a d i a t i o n .  S ing le -s t randed DNA from bacter iophage M13 was 
t r e a t e d  w i t h  osmium t e t r o x i d e  t o  s e l e c t i v e l y  o x i d i z e  a f r a c t i o n  o f  t h e  thymine bases t o  the  
- c i s - g l y c o l  d e r i v a t i v e .  Ana lys i s  of  t he  r e a c t i o n  produc ts  syn thes ized i n  p r imer  ex tens ion  
exper iments showed t h a t  t he  polymerase stopped s p e c i f i c a l l y  a t  s i t e s  cor respond ing  t o  thymine 
bases i n  the  osmium t e t r o x i d e - t r e a t e d  template;  syn thes i s  on undamaged templa tes  generated 
much longer  fragments, Thus syn thes i s  by p o l  I ( K f )  was a r r e s t e d  a t  s i t e s  corresponding t o  
p u t a t i v e  thymine g l y c o l  l es ions .  Pr imer  ex tens ion  exper iments c a r r i e d  o u t  i n  the  presence o r  
absence o f  dATP i n d i c a t e d  t h a t  dAElP was inco rpo ra ted  oppos i te  t h e  l es ion .  These data suggest 
t h a t  t hyn ine  g l y c o l  i n  DNA can fo rm a proper  base p a i r  w i t h  adenine and can serve a s  an 
approp r ia te  templa te  res idue  f o r  t he  i n c o r p o r a t i o n  o f  t he  c o r r e c t  n u c l e o t i d e  a t  t he  s i t e  o f  
t he  l es ion .  The i n c o r p o r a t i o n  o f  a d d i t i o n a l  nuc leo t i des  appears t o  be i n h i b i t e d ,  however, 
suggest ing  t h a t  t he  d i s t o r t i o n s  of  o v e r a l l  geometry and l o s s  o f  base s tack ing  i n t e r a c t i o n s  
w i t h  t h e  f l a n k i n g  bases generates a templa te /p r imer  subs t ra te  t h a t  i s  n o t  u t i l i z e d  e f f i -  
c i e n t l y  by t h e  polymerase. A lso  models show t h a t  t he  g l y c o l  hydroxy ls  p r o j e c t  i n t o  the  major  
groove of  dup lex  DNA, suggest ing  t h a t  t hey  may h inde r  the  r e l a t i v e  p rogress ion  o f  t h e  enzyme, 

157 PREFEREETIAL REPLICATION OF EBV (HR-1) HETEROGENEOUS DNA- J. COUNTRYMAN, L .  HESTOX 

AEJD G .  MILLER 

Var i an t s  of t h e  Epstein-Barr v i r u s  s t r a i n  HR-1 were used t o  s u p e r i n f e c t  e i t h e r  R a j i  o r  
The f a t e  of inpu t  and endogenous v i r a l  DNA sequences w e r e  analyzed by X50-7 cel ls .  

Southern b l o t t i n g .  
can t  v i r a l  r e p l i c a t i o n .  
between t h e  endogenous v i r a l  and s t anda rd  i n f e c t i n g  genomes, i t  w a s  determined t h a t  t h e r e  
was p r e f e r e n t i a l  r e p l i c a t i o n  of  t h e  i n f e c t i n g  h e t  DNA. There d i d  n o t  appear  t o  be r e p l i -  
c a t i o n  of t h e  incoming s t anda rd  DNA, however r e p l i c a t i o n  of t h e  endogenous v i r u s  w a s  
observed .  

t h e  s t anda rd  genome. 
EBV f ragments  t h a t  are no t  cont iguous  on t h e  s t anda rd  genome (Mi l l e r  e t  a l ,  J. Viro l .  1984) 
Three of t hese  unique H1 fragments have been c loned ,  and one has  been shown t o  be 
s p e c i f i c a l l y  r e spons ib l e  f o r  t h e  i n t e r r u p t i o n  of a normally l a t e n t  EBV genome (Countryman 
and Miller, PNAS, 1985).  I t  i s  l i k e l y  t h a t  t h i s  same 2.7 Kbp fragment from t h e  h e t  DNA 
o r  t h e  gene product t h a t  i t  encodes is  a l s o  r e spons ib l e  f o r  t h e  s t i m u l a t i o n  of r e p l i c a t i o n  
of bo th  t h e  endogenous v i r a l  genome and t h e  h e t  DXA. 
suppor t  t h i s  hypo thes i s  

One v a r i a n t ,  which conta ined  he terogeneous  ( h e t )  DNA, induced s i g n i f i -  
By e x p l o i t i n g  t h e  r e s t r i c t i o n  s i t e  polymorphisms t h a t  e x i s t e d  

P resen t  i n  t h e  h e t  DNA are r e s t r i c t i o n  f ragments  of unique mob i l i t y ,  as compared wi th  
These fragments have been shown t o  posses s  homologies wi th  s t anda rd  

Data w i l l  be p re sen ted  here  t o  
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James J. Crute*,  Alan F .  Wahl', and Robert  A. BambaraC U n i v e r s i t y  o f  Rochester School o f  
Med ic ine  and D e n t i s t r y ,  NY 14642. Present address: DNAX Research I n s t i t u t e  o f  Mo lecu la r  
and C e l l u l a r  B io logy ,  Pa lo  A l t o ,  Ca 94304-1104, 'Department o f  Pathology, S tan fo rd  
U n i v e r s i t y  School o f  Medicine, S tan ford ,  C A  94305, 

P U R I F I C A T I O N  AN0 CHARACTERIZATION OF TWO NEW FORMS OF DNA POLYMEHASE DELTA, 

Two h igh  mo le& la r  we igh t  DNA polymerases, which have been des ignated  d e l t a  I 
and d e l t a  11, have been p u r i f i e d  f r o m  c a l f  thymus t i ssue .  DNA polymerase d e l t a  I and DNA 
polymerase d e l t a  I 1  were p u r i f i e d  1400 and 4100 f o l d ,  r e s p e c t i v e l y .  The molecu la r  weight 
o f  UNA polymerase d e l t a  I i s  230,000 and t h a t  o f  DNA polymerase d e l t a  11 i s  280,000. Both 
enzymes d i s p l a y  severa l  s i m i l a r i t i e s  t o  p r e v i o u s l y  repo r ted  d e l t a  polymerases. One o f  
these c h a r a c t e r i s t i c s  i s  t he  a b i l i t y  t o  degrade s ing le -s t randed  DNA i n  a 3 '  t o  5 '  
d i r e c t i o n .  These two forms o f  DNA polymerase d e l t a  a l s o  share severa l  common fea tu res  
w i t h  a lpha t ype  DNA polymerases. Both c a l f  DNA polymerase d e l t a  I and DNA polymerase 
d e l t a  I 1  are  s i m i l a r  t o  c a l f  DNA polymerase alpha. Mo lecu la r  we igh t ,  i n h i b i t i o n  by the  
a lpha polymerase i n h i b i t o r s  a p h i d i c o l i n  and N-ethylmaleimide, t he  presence o f  an a c t i v e  
DNA dependent RNA polymerase o r  pr imase a c t i v i t y ,  a s i m i l a r  ex ten t  o f  p rocess ive  DNA 
syn thes is ,  and the  a b i l i t y  t o  be s t i m u l a t e d  by m i l l i m o l a r  concen t ra t i ons  o f  ATP, a re  
c h a r a c t e r i s t i c s  o f  bo th  enzymes. Th is  work was supported by NIH Grants tiM2441,5-P30-CA 
11198-14, P u b l i c  Hea l th  Serv ice  Grant 732-GM07101-08, and ACS g ran t  FRA220. 
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KLPLTCATION A N D  CHKOMATITV S T R U C T C R L .  A . Y .  D e  K c c o n d o ,  C .  Bonne-Andr6a .  
159 
F .  l l a r p e r  a n d  E .  P u v i o n .  G r o u p e  d e  B i . o l o g i ?  et G & n 6 t i q u e  Y o L G c u l a i r e s .  
I n s t i t i i t  d e  R e c h e r c h e s  S c i e n t i f i q u e s  s u r  l e  Cnncc i '  - B . P .  L o p  - 9 4 3 0 2  
\ i l l e , j i r ~ f  C6dex-  FRANCt. 

i n  o u r  l a b o r a t o r v  a s  a s i n g l e - s t r a n d e d  D\A b i n d i n g  p r u t e i n ,  a b l e  Lo 
i n t c r a c t  h i t h  the  foirr  c o r e  h i s t o n c s ,  t o  r a p i d l v  m c d i a t e  i n  v i t r o  a c o r r e c t  

c rnbly  of n u c l e o s o m e s  under  p h y s i o l o g i c a l  c o n d ~ t i o n s  ( C .  Bonn<. et, a1 . . 
4. I h e  t Y H O  . J .  3:  1lQ;-I l o ( ] ) .  [ h e i t ?  p r o p e r t i e s  s u g g e s t e d  t h a t  li'lG1 m i g h t  
i n v o l l  t t d  i n  t h e  i n  v i v o  a s s e m b l y  a n d  s e g r e g a t i o n  o f  n u c l e o 5 o m c  d u r i n g  

g e n e t . i r .  r c d d o u t  ( r e p 1  i c n t , i o n  a n t i  or t r a n s c r i p t  L o n ) .  I n  o r d c r  t o  v e r i f y  t , h i ,  
t i ?  p o t h r s i s .  I-(* s t u d i e d  the. s u b c e l  1 u l a r  l o c a t i o n  o f  t lY(:I  u s i n g  s p e c i f i c  
a n t i b o d i e s  J n  e x p o r r e n t i d l l ?  g r o h i n g  o r  c o n f l u e n t  C V I  c t : l l s :  i n f e c t e d  o r  not 
b: 5 \ 4 0 .  lnimunof l u o r e s c e n c e  ~ i i d  imr in inoc l tx t r ( , n  m i c r o s c o p v  s t1Jdie . i  
d ( * r n o n s t r n t  c c l e a r l y  t h a t  HYG1 m i g r n t c s  f rom thc  c y t o p l a s m  into t.tie n u c  Leu>  
i n  r t i l a t i o n  to DZA and  'or  KSA . ; yn t ,hes i s .  \ l o r e o v e r ,  t h e  c o m b L n a t i o n  of the 

i n i n g  f o r  I1'K;I w i t h  111 t r a s t . r u c t u r a  1 autoradiograph> r e v e a l e d  t h a t  
o f  the n u c l e o p l a s m  h h i c h  a c c u m u l a t c  H Y G 1  a r e  t h c  s i t e s  o f  a c t i v e  

Thc: p r o t e i n  H3G1 p u r i f i e d  bv , i f f  i n i t y  c h r o m a t o g r a t i y  was characterized 

_ _ _  

J\ 4 0  D Z h  s v n t h e s i s .  
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P. Wassarman' , J. Hasselll, E. Hendrickson, 

C. Fritze, U. Heine, and W. Folk5: Harvard Medical School, Boston, MA; 'Roche 
Institute, Nutley, NJ; PHcCill Univ., Montreal, Canada; 3Univ. Texas, Austin, TX. 

INITIATION OF POLYOMA DNA REPLICATION, M. DePamphilis D. Wirak, L. Chalifour, 
R. Perona, S. Fields-Berr 

What constitutes the polyoma (PyV) origin of replication -1, how does it 
differ from that of SV40, and how does initiation of DNA replication in differentiated 
mammalian cells compare with embryonic mammalian cells? We have provided some insight 
to these questions by measuring DNA replication and gene expression following 
microinjection of various plasmids into the nuclei of preimplantation mouse embryos, 
and by mapping the sites of DNA synthesis in wlld-type and mutant PyV(R1) DNA. 
principle conclusions at this time are: (i) DNA replication in mouse embryos requires 
specific cis-acting sequences such as the PyV d, in contrast to sequence-independent 
replication of DNA injected into &n~~!u  eggs. (ii) Mouse embryos are permissive for 
PyV DNA replication, in contrast to mouse embryonal carcinoma cells. 
nrf requires an enhancer element, in contrast to the SV40 &, and some of these 
elements can activate d-core in differentiated cells but not in embryos. 
role of enhancer elements in activating &-core can be distinguished from their role 
in activating gene expression. (v) The arrangement of DNA synthesis initiation sites 
that define the origin of bidirectional replication (OBR) is distinctly different in 
PyV compared with SV40, although both OBRs lie within the &-core sequence. 

The 

(iii) The PyV 

(iv) The 

COF4PARATIVE ENZYMOLOGY OF DNA REPAIR SYNTHESIS AND DNA REPLICATION IN 
PERMEABLE HUMAN FIBROBLASTS, Steven L .  Dresler, Washington University 
School of Medicine, S t .  Louis, MO 63110 
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In nongrowing mamnalian c e l l s ,  DNA repa i r  patch synthesis  following high doses of UV 
damage i s  mediated by DNA polymerase a. 
synthesis  has been compared w i t h  DNA rep l ica t ion ,  w h i c h  i s  a l s o  mediated by polymerase 
O .  The two processes have s imi la r  apparent Ki ' s  f o r  aphidicolin and butylphenyl-dGTP, 
however, t h e i r  Ki's f o r  butylphenyl-dGTP a r e  several hundred-fold higher than t h a t  of 
i so la ted  polymerase a .  The apparent Km's of repa i r  synthesis  f o r  dCTP and dGTP a r e  
both 0.15 WM, much lower than those of rep l ica t ion ,  f o r  which the K m  f o r  dCTP is  2.0 ,LM 
and the K m  f o r  dGTP is 1.4 vM. The Km of repa i r  synthesis  f o r  dTTP i s  1.2 ,LM, much 
grea te r  than t h e  Km'S f o r  dCTP and dGTP. 
as  i t  par t ic ipa tes  i n  c e l l u l a r  nucleic acid metabolism a r e  s ign i f icant ly  d i f fe ren t  from 
those of the i so la ted  enzyme and the c h a r a c t e r i s t i c s  of the polymerase as  i t  par t ic ipa tes  
i n  DNA repa i r  synthesis  a r e  d i f f e r e n t  from t h e  c h a r a c t e r i s t i c s  of i t s  involvement i n  DNA 
repl icat ion.  
u t i l i z a t i o n  of d i f fe ren t  polymerase a subfract ions,  d i f f e r e n t  primer-template s t ruc tures ,  
o r  d i f fe ren t  polymerase accessory proteins .  T h e  remarkably high Km of repa i r  synthesis  
f o r  dTTP suggests t h e  poss ib i l i ty  t h a t  the repa i r  synthesis  complex incorporates some of 
the d is ta l  steps of dTTP biosynthesis and u t i l i z e s  a precursor of dTTP a s  i t s  preferred 
substrate .  

Using permeable human f ibroblas t s ,  such repa i r  

Clear ly ,  the charac te r i s t ics  of polymerase a 

The differences between DNA repa i r  and repl icat ion might a r i s e  from 
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162 DNA TOPOISOMERASES AND THE BACTERIAL CHROMOSOME, Karl Drlica, Public Health Research 
Institute, 455 first Avenue, New York, NY 10016 

Two enzymatic activities, DNA gyrase and DNA topoisomerase I ,  appear to control DNA super- 
coiling in bacterial cells. Mutations in the gene encoding topoisomerase I lead to 
abnormally high levels of supercoiling, and mutations in the genes encoding gyrase lead to 
abnormally low levels. inactivation of gyrase through conditional lethal mutations or 
treatment of cells with specific antibiotics reduces titratable supercoiling, inhibits DNA 
replication, and alters expression from some genes. We currently feel that the topoisomer- 
ases maintain superhelical tension i n  the chromosome at a fixed level; determination of the 
precise level of superhel ical tension requires additional information about bacterial 
chromatin structure and its contribution to the constraint of DNA supercoils. Division of 
the chromosome i n t o  topologically independent domains allows most of the chrmsome to remain 
supercoiled even though replication and repair may introduce localized strand scissions. 
Another function of gyrase appears to involve resolution of catenated daughter chromosomes. 
A temperature-sensitive 4y'B mutation has been found which causes nucleoids isolated from 
cells incubated at nonpermissive temperature t o  have a doublet morphology, and the doublet 
nucleoids from these cells can be resolved into singlets by purified gyrase. 

163 
Anne-Marie Lotti, Philippe Tarroux*, Universite Pierre et Warie Curie, 96, Bd. Raspail, 
75006 Paris, FRANCE. * Ecole Nonale Superieure, 46, rue d'Ulm, 75005 Paris,FRANCE. 
Regenerating liver i s  a model for studying replication and cell proliferation. In this 
system, shortly after partial hepatector:,,,, the hepatic cells are triggered to divide, until 
the m a s ?  of liver is restored. The most interresting feature is that the dividing cellq are 
in a "physiological" environment which controls the cell division and stopr it at the end 
of the regeneration process. The first cell type undergoing DNA syntnesis is the 
iiepaiocyte. I t  enters synchronously the first cell cycle; DNA synthesis begins at 16h and 
peaks at 22-24h post-hepatectomy. 
In order to isolate genes which are induced during liver regeneration, we have constructed 
a cDNA library from !6h-regenerating liver poly(A)+ RNA. By differential plaque 
hybridization with cDNA from normal or 16hbregenerating liver, and analysis o f  the 
autoradiograms with a ccmputer, we have isolated several recombinant clones representing 
induced sequences. The size and the kinetics of expression of the corresponding RNAs have 
been determined for three o f  the clones, showing that their induction is correlated with 
the burst of DNA synthesis in the hepatocytes. One recombinant clone (X' f )  which appears 
to be regeneration-specific, exhibits a sequence identical to that of rat fibrinogen EL 
chain. It i s  speculated that this molecule may be involved in the growth process or in its 
regulation. 

ISOLATION OF GENES INDUCED DURING LIVER REGENERATION, Michel Duguet, Joelle Scbczak, 

164 ULTRAVIOLET LIGHT BLOCKS REPLICATION FORKS IN MAMMAUAN CELLS. 
Howard J. Edenberg and Cheryl A. Berger, Dept. of Biochemistry, 
Indiana University School of Medicine, Indianapolis IN 46223. 

Ultraviolet light introduces lesions which inhibit DNA replication in mammalian 
cells. To elucidate the mechanism of this inhibition we have isolated and studied 
Simian virus 40 replication intermediates. In unirradiated cells, SV40 replication 
is bidirectional at approximately equal rates from a fixed origin. The two 
replication forks are usually at equal distances from the origin. We are interested 
in the question of whether UV lesions block replication fork movement, or whether 
the forks continue to unwind despite overall inhibition of synthesis. If UV lesions 
block replication fork movement the forks should be at different distances from the 
origin (i.e. asymmetrical), since in any one molecule lesions are introduced at 
random sites. 
leave gaps) the fork positions will be symmetrical. Electron-microscopic 
examination of Simian virus 40 replication intermediates revealed asymmetrical 
molecules, demonstrating that UV lesions block replication fork movement. 

I f  replication forks progress beyond UV lesions (whether or not they 
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165 ? lOl . !~C~ ' lAR A N J  GENETIC CHARACTERIZATION OF A YEAST ?lUTATOR ALLELE, E r i c  r i s e n s t a d t  , 
C i u l i a  ! l i c h e l i n i ,  He len  K i m  and R.C .  von B o r s t e l * ,  R a r v a r d  V n i v e r s i t y ,  Bos ton ,  ?I4 
0 2 1 1 5  and U n i v e r s i t y  of A l b e r t a * ,  Edmonton, Canada 

The milt7 a l l e l e  of Saccha romyces  c e r e v i s i a c  c o n f e r s  i n c r e a s e d  s p o n t a n e o u s  m u t a t i o n  f r e q u e n -  
c i e s  and t e m p e r a t u r e  s e n s i t i v e  g rowth .  
show a & - l i k e  t e r m i n a l  p h e n o t y p e ,  a r r e s t i n g  as s i n g l y  budded c e l l s .  We have  m a t e d  3::A 
f rom a YEpl3 l i b r a r y  wh ich  complemen t s  t h e  t e m p e r a t u r e  s e n s i t i v e  pheno type  of mut7. 
a n a l y s i s  r e v e a l s  t h a t  t h e  complemen t ing  s e q u e n c e  maps t o  t h e  r i g h t  arm of chromosome 10 and 
i s  c e n t r o m e r e  l i n k e d .  The g e n e t i c  and p h y s i c a l  c h a r a c t e r i z a t i o n s  pe r fo rmed  t o  d a t e  s u g g e s t  
t h a t  t h i s  i s  a p r e v i o u s l y  u n d e s c r i b e d  e s s e n t i a l  y e a s t  g e n e  wh ich  may p l a y  a r o l e  i n  D:IA 
r e p l i c a t i o n .  

A t  n o n - p e r m i s s i v e  t e m p e r a t u r e s  (37 C) ,  mut7 c e l l s  

G e n e t i c  

166 ISOLATION OF DNA SYNTHESIS MUTANTS OF YEAST. Michael J. Engler. Anne DeChavigny. 
and P. Janine Abbot[. University of Texas Medical School. Houston. TX 77225 

A number of temperature sensitive DNA synthesis mutants d yeast have been isolated using an 
enrichment procedure based on the incorporation of the thymidine analog 5-bromodeoxyuridine 
(BUdR) into DNA. Yeast lack thymidine kinase and are unable to incorporate thymidine and its 
analogs. However. introduction of the herpes simpler virus thymidine kinase gene into yeast via 
a replicating plasmid gave expression d the thymidine kinase genel. In this genetic background, 
a mutant aurotrophic for thymidine was isolated. Mutagenized cells are shifted to 37' and BUdR 
substituted for TdR. Mutants with temperature sensitive DNA synthesis phenotypes incorporate 
less BUdR than wild type cells and are resistant to 300 nm light. Temperature sensitive mutants 
isolated by this enrichment procedure were screened for defects in the rates of in Yiyp DNA 
synthesis and protein synthesis at the restrictive temperature. Those with primary defects in 
DNA synthesis are under further study. The focus of current work is the cloning of genes by 
complementation of these DNA synthesis mutants. Isolation of clones of genes essential for DNA 
synthesis should aid in the isolation, identification and characterization of proteins involved in the 
replication of the yeast genome. 

1. McNeil, J.B., and Friesen, J.P. (1981) Mol. Gen. Genet. r84,386-393. 

167 A REPLICATION ORIGIN IN TRYPANOSOMA EQUIPERDUM KINETOPLAST MINICIRCLES, Paul 
Englund, James Ntambi and Kathleen Ryan, Johns Hopkins Medical School, Baltimore, 
MD 21205 

In Try anosoma equi erdum, some newly replicated kinetoplast DNA minicircles contain a 
smakro&nucleotides, in the newly synthesized strand. This gap overlaps 
the LGGLTTGGTGTAA sequence found in all minicircles, from several species, which have been 
sequenced (J. Biol. Chem. 260, 5574, (1985)). We have found that ribonucleotides are 
associated with this gap. m e v i d e n c e  for ribonucleotides includes: (1) alkali lability 
of minicircles in which the gap had been repaired by T4 DNA polymerase and T4 DNA ligase; 
(2) susceptibility o f  alkali-treated minicircles to phosphorylation with polynucleotide 
kinase and Y[~*P]ATP; ( 3 )  detection of [izP]ribonucleotides on DNA which had been 
dephosphorylated with phosphatase, rephosphorylated with polynucleotide kinase and 
x[~'P~ATP, and then hydrolyzed with NaOtI. Using sequencing methodology, we mapped the 
ribonucleotides to the 5' end of the newly synthesized strand. There are one or two 
ribonucleotides present, and the RNA:DNA junction is at one of two neighboring positions i n  
the DNA sequence. It is likely that these ribonucleotides are remnants of a replication 
primer. It i s  possible that most of the primer had already been excised, to create the 
gap, and that only a remnant remained. Subsequent processing would release these remaining 
ribonucleotides. The presence of ribonucleotides at the 5' end of the newly synthesized 
strand provides strong evidence that the GGGGTTGGTGTAA sequence is conserved in minicircles 
o f  all species because i t  is a replication origin. 
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168 CLONING OF PUTATIVE DNA REPLICATION ORIGINS FROM HUMAN CELLS. A.Falaschi, 
G.Biamonti, C.Tribioli, G.Della Valle, S.Riva. Istituto di Genetlca Biochlmica ed 
Evoluzionistica, C.N.R., Pavia, Italy. 

In order to selectively label DNA sequences replicating at the onset of S phase in human 
cells,(HL-60) we have applied a synchronization procedure which involves two subsequent 
blocks with aphidicolin. The cell population, thus accumulated at the Gl/S boundary,was 
stepped down to a low drug concentration in order to allow a slow rate of fork advancement. 
DNA was pulse-labelled with 3H-Thd for perlods of 10 to 60 min. and shown not to be 
covalently linked to the parental one and to increase in size with time. The synchronized 
cells were pulse-labelled with H-BudR for 60 mln (corresponding to 3 min of normal DNA 
synthesis). Genomic DNA was extracted and fractlonated on CsCl density gradient. Newly 
synthesized DNA was found to band at a hybrid denslty (HL) with an (HH) shoulder.The HL and 
HH fractions were separately pooled and rebanded on CsCl gradient. (HH) and (HL) DNA was 
digested with Mung Bean nuclease and cloned by blunt end ligation into pAT153. We obtained 
over 200 plasmids containing human DNA inserts with an average length of 300 bp; several 
inserts from 1000 to 1600 bp were also obtained. The longest insert belongs to a moderately 
repetitive family (approximately 10.000 copies per genome) and does not contain - Alu, 
mitochondrial, or rDNA sequences. This and other long inserts are being characterized for 

3 

their ability to perform origin function in vivo or In vitro. 

169 ARS ELEMENTS AND CHROMOSOME REPLICATION IN YEAST, Walton L. Fangman, Robert M. 
McCarroll, Bonita J. Brewer and Stephan G. Zveifel, Department of Genetics, 
University of Washington, Seattle, WA 98195. 

Several approaches are being used to understand autonomous replication sequence (AR?) 
elements and their role in DNA replication in Saccharomyces cerevisiae. Different chromo- 
somal elements replicate at different times during the S phase. If @ elements are 
replication origins then these results are consistent with the idea that origins are 
activated at different times. Each of four contiguous elements along a 190 kb section of 
chromosome 111 replicates in early S (collaboration with Carol S. Newlon) suggesting that 
large chromosomal domains may represent a temporal unit. 
3 ,  4 ,  6 and 11) indicates that their adjacent origins are activated in early S phase. There- 
fore, unreplicated centromere DNA does not account for the adherence of chromatids at 
metaphase. 

elements, a finding that is consistent with the observation that natural deletion variants 
can retain many different segments of the mit genome. We have found that spontaneous 
deletion genomes consisting of as little a s 3 5  bp of sequence information are maintained 
stably in the mitochondrion as large head-to-tail tandem repeats. Fever than four copies of 
a 64 bp repeat do not confer g activity on a plasmid, whereas greater than eight tandem 
copies does. These results are consistent with the hypothesis that a single repeat is a weak 
replication initiator but that multiple copies in a single recombinant plasmid raise the 
efficiency of initiation sufficiently to allow plasmid maintenance. 

Analysis of fou r  centromeres ( g s  

The 75 kb yeast mitochondria1 (G) DNA has been shown to contain a high density of & 

170 RESTRICTION FRAGMENTS DERIVED FROM A MAMMALIAN INITIATION LOCUS PROMOTE 
HIGH FREQUENCY TRANSFORMATION I N  TRANSFECTED CELLS, Pamela K. Foreman 
and Joyce L.  Hamlin, Dept. o f  B iochemis t ry ,  U n i v e r s i t y  of  V i r g i n i a ,  
C h a r l o t t e s v i l l e ,  Va. 22908 

Our l a b o r a t o r y  has shown t h a t  DNA r e p l i c a t i o n  i n i t i a t e s  p r e f e r e n t i a l l y  w i t h i n  
a 10 Kb sequence i n  t h e  a m p l i f i e d  d i h y d r o f o l a t e  reduc tase domain i n  methot rexd te-  
r e s i s t a n t  Chinese hamster o v a r y  c e l l s .  T h i s  r e g i o n  has been c l o n e d  i n  t h e  cosmid 
cS21. I n  o r d e r  t o  de termine whether DNA s y n t h e s i s  i n i t i a t e s  a t  a f i x e d  o r i g i n  
o f  r e p l i c a t i o n ,  we are t e s t i n g  s e v e r a l  r e s t r i c t i o n  f ragments f rom t h i s  r e g i o n  f o r  
t h e i r  a b i l i t y  t o  r e p l i c a t e  autonomously i n  mammalian c e l l  l i n e s .  Several  o v e r l a p p i n g  
fragments have been c l o n e d  i n t o  a v e c t o r  t h a t  c o n t a i n s  t h e  neomycin r e s i s t a n c e  
gene. These c lones  were t h e n  i n t r o d u c e d  i n t o  e i t h e r  CHO o r  mur ine  c e l l  l i n e s  b y  
s p h e r o p l a s t  f u s i o n ,  and s t a b l e  t r a n s f o r m a n t s  were s e l e c t e d  b y  t h e  drug, G418. Fragments 
t h a t  o v e r l a p  t h e  l e f t  end of  cosmid cS21 c o n s i s t a n t l y  g i v e  a 10-30 f o l d  i n c r e a s e  i n  t h e  
number o f  G418- res is tan t  c o l o n i e s .  We a r e  p r e s e n t l y  a t t e m p t i n g t o  d e l i n e a t e  t h e  minimum 
boundar ies  o f  t h e  sequence t h a t  p o t e n t i a t e s  t r a n s f o r m a t i o n  t o  r e s i s t a n c e ,  and t o  de termine 
whether t h i s  e f f e c t  i s t h e  r e s u l t  of  r e p l i c d t i o n  o f  these fragments t o  h i g h  copy number i n  
t h e  e a r l y  stages a f t e r  t r a n s f e c t i o n .  R e s u l t s  o f  t h e  a n a l y s i s  o f  H i r t  supernatan ts  prepared 
w i t h i n  t h e  f i r s t  two days a f t e r  t r a n s f e c t i o n  w i l l  be presented. 
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171 MONOCLONAL ANTIBODIES PRODUCED AGAINST CRUCIFORM DNA STRUCTURES THAT CONTAIN THE 
27-BP PALINDROIC? OF THE SV40 REPLICATION ORIGIN. Lori Frappier", Gerald B. Price", 
Robert G. Martin' and Maria Zannis-Hadjopoulos*. 
*McGi11 Cancer Center, McGill University, Montreal, Quebec, Canada and +Laboratory 
of molecular Biology, NIADDK, National Institutes of Health, Bethesda, MD. 

Inverted repeat (palindromic) DNA sequences have the potential to form cruciform (hairpin 
o r  stem-loop) structures. 
replication in prokaryotes, eukaryotes and viruses. Although the existence of stem-loop 
structures in vivo has not been demonstrated directly, it has long been postulated that they 
may play a role in the function of origins of replication. We have raised two monoclonal 
antibodies, an IgGl and an IgM, against a cruciform structure in a heteroduplex DNA molecule. 
The cruciform was created by reannealing a single strand of the wild-type SV40 Hind I11 to 
Sph I fragment, which comprises the 27-bp palindrome, with a single strand of a synthetic 
molecule, consisting of an EcoRI linker flanked on either side by a SalI linker, that 
contains a 26-bp palindrome of an unrelated sequence to that of SV40 (Nobile and Martin, J. 
Int. Virol., in oress). These two antibodies may recognize conformational determinants 
specific to stem-loop structures as they bound, in addition to the cruciform , a modified 
DNA cruciform with one shortened arm, a hairpin DNA molecule and yeast tRNA, whereas they 
did not b i n d  the respective linear double-stranded DNA homoduplex molecules. Antibody bind- 
ing to DNA fragments was determined by a radioimmunoassay in which DNA-antibody complexes 
were separated from unbound DNA by polyacrylamide gel electrophoresis. These monoclonal 
antibodies will be used to detect stem-loop structures in vivo. 

Inverted r'epeats are a common feature of initiation sites of DNA 

17* INTERACTIONS OF ESCHERLCHLA COLL AND BACTERLOPHAGE 
Ang, C. Johnson, G.N. Chandrasekhar, M .  Zylicz and C. Georgopoulos, Department of 
C e l l u l a r ,  Viral  and Molecular Biology, Universi ty  of Utah Medical Center ,  S a l t  Lake 
C i ty ,  Utah 84132 
The & gene product of E. c o l i  has been previously shown by S a i t o  and Uchida 1.J. Mol. 
Biol. 113, 1-25  (1977)) to be e s s e n t i a l  for bacteriophage A DNA r e p l i c a t i o n  i n  vivo. 
We have extensively cha rac t e r i zed  the p r o p e r t i e s  of the b a c t e r i a l  gEpE280 mutation and 
have found the following: 
r e p l i c a t e  h DNA v i t r o ;  (b )  the mutation r e s u l t s  in hos t  temperature s e n s i t i v i t y  a t  
temperatures above m C .  
grpE280 mutation is responsible  f o r  both t e phage and hos t  phenotypes; ( c )  the dnaK+ 
p r o t e i n  of E. & i n t e r a c t s  with the ,Ef but  n o t  with the grpE280 pro te in  in GO; 
(d)  t he  r p ro te in  has been p u r i f i e d  on the  b a s i s  of i t s  a s s o c i a t i o n  with the= 
protein;% the & pro te in  has been shown t o  be i d e n t i c a l  t o  the B25.3 hea t  shock 
pro te in  of E. c o l i .  

PROTEINS I N  REPLICATION, D. 

( a )  a F rac t ion  I1 e x t r a c t  from mutant bac te r i a  does not 

By means of P 1  t ransduct ion a n a l y s i s  we have shown t h a t  the 

173 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724 

In order to assess the contributions of various sequence elements t o  SV40 DNA replication, we 
have constructed a series of deletion mutations in the origin region and analyzed their effect  on 
replication in vfvo. Deletions into the ori from both sides showed a sharp decrease a t  a specific 
boundary in the ability to replicate DNA. On the early side, l i t t le effect  was noted when 
T antigen binding site 1 m s  deleted. Rather, the boundary correlates with the transition point 
of continuous to  discontinuous strand synthesis. Deletion of sequences past this point resulted in 
a total  loss of the ability to  replicate. On the la te  side, the 2lbp and 72bp repeats comprising 
the promoter/enhancer elements had l i t t le effect  on DNA replication. However. deletion of only 
a few bases into the the AT region adjacent to the 27bp palindrome resulted in a DNA template 
which w a s  defective for replication. 

The la te  side mutations defective for  replication were reconstructed into the viral genome 
containing an intact  early promoter/enhancer region. Even though the mutants synthesized wild 
type levels of T antigen, they were still defective for replication. However, transfection of the 
defective viral DNAs into monkey cells yielded phenotypic revertants which were replication 
competent. The DNA structure of these revertants were analyzed and found to contain 
insertions or point mutations which a t  least partially regenerate the AT stretch.  These results 
indicate the importance of the AT region, which perhaps serves as a binding site for a specific 
protein involved in papovavirus DNA replication. 

TEMPLATE REQUIREMENTS FOR SV40 DNA REPLICATION Robert D. Gerard and 
Yakov Gluzman 
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Mu La n t Ce 1 1 L 1 ne  s w i t h a "Hype ramp 1 i f i a b 1 e # % P h e n o t y p e  . E 1 e n  a G i u 1 o t t 0, 
C a t h e r i n e  K n i g h t s  a n d  G e o r g e  R .  S t a r k .  T h e  I m p e r i a l  C a n c e r  R e s e a r c h  
Fund ,  L i n c o l n ' s  I n n  F i e l d s  L o n d o n  W C Z A  3PX. 

174 

A m p l i f i c a t i o n  o f  s e v e r a l  d i f f e r e n t  l o c i  h a s  b e e n  o b t a i n e d  i n  d r u g - r e s i s t a n t  
c e l l s  a t  f r e q u e n c i e s  t h a t  a r e  t y p i c a l l y  b e t w e e n  l O - Q a n d  1 0 - 6 .  T h e s e  f requenc ies  
m i g h t  b e  o b s e r v e d  b e c a u s e  a n y  c e l l  i n  t h e  p o p u l a t i o n  h a s  a p r o b a b i l i t y  o f  
l o m 4  t o  t o  a m p l i f y  t h e  s e l e c t e d  g e n e .  A l t e r n a t i v e l y ,  t h e r e  m i g h t  be  a 
s u b p o p u l a t i o n  o f  c e l l s  w i t h  a v e r y  h i g h  p r o b a b i l i t y  o f  u n d e r g o i n g  a m p l i f i c a t i o n  

I n  an e f f o r t  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  t w o  p o s s i b i l i t i e s ,  we t r e a t e d  BHK 
c e l  1s s i m u l t a n e o u s l y  w i t h  N - p h o s p h o n a c e t y l - L - a s p a r t a t e  (PALA)  a n d  m e t h o t r e x a t e  
(EITX).  Res is tancz  t o  these drugs i s  u s u a l l y  due t o  gene a m p l i f i c a t i o n .  I f  the  p r o b a b i l i t y  
o f  be ing  r e s i s t a n t  t o  PALA were independent o f  t he  p r o b a b i l i t y  o f  be ing  r e s i s t a n t  t o  MTX, 
t he  f requency o f  c e l l s  r e s i s t a n t  t o  bo th  drugs shou ld  be equal t o  the  independent f requency 
o f  c e l l s  r e s i s t a n t  t o  PALA m u l t i p l i e d  by the  independent f requency o f c e l l s  r e s i s t a n t  t o  MTX.  
However, our  r e s u l t s  
neously i s  250 t o  500 t imes h ighe r  than the  frequency a c t u a l l y  determined f o r  independent 
events i n  the  saine exper iment.  

We have i s o l a t e d  severa l  co lon ies  r e s i s t a n t  t o  s imultaneous t rea tment  w i t h  PALA and MTX. 
P re l im ina ry  r e s u l t s  suggest t h a t  some of these c e l l  l i n e s  have a s t a b l e  " hyperamp l i f i ab le "  
phenotype. When cha l lenged w i t h  an a d d i t i o n a l  s e l e c t i v e  drug, co formyc in ,  they  show a 100 
t imes h ighe r  f requency o f  r e s i s t a n t  co lon ies  than the  pa ren ta l  c e l l  l i n e .  

show t h a t  t he  frequency o f  co lon ies  r e s i s t a n t  t o  bo th  drugs s imu l ta -  

175 
11, 0-8700 Wurzburg, FRG. 
We have i s o l a t e d  p u t a t i v e  o r i g i n s  of r e p l i c a t i o n  f rom chromosomal mouse DNA. 
exper iments we have c loned random genomic mouse DNA f ragments i n t o  a vec to r  p t k  c o n s i s t i n g  o f  
pBR327 and t h e  Eco R 1  f ragment o f  HSV-1 c o n t a i n i n g  the  v i r a l  t k  gene. 
c o n t a i n i n g  the  shot-gun fragments were t e s t e d  f o r  autonomous r e p l i c a t i o n  i n  L - t k - - c e l l s .  No 
s t a b l e  t rans formants  t o  tk t k f  phenotype o f  L c e l l s  were ob ta ined w i t h  t h e  vec to rs  p t k  a lone 
So f a r  10 chromosomal mouse DNA f ragments were i d e n t i f i e d  t h a t  l e a d  t o  s t a b l e  t rans fo rma t ion  
and f o u r  o f  them were s t r u c t u r a l l y  and f u n c t i o n a l l y  cha rac te r i zed .  
these f o u r  genomic DNA fragments r e p l i c a t e  and a m p l i f y  i n  the  s t a b l y  t rans formed mouse L 
c e l l s  as c i r c u l a r  extrachromosomal DNA w i t h  40 t o  800 cop ies  pe r  c e l l .  
o r i g i n a l  t r a n s f e c t i n g  DNA the  c i r c u l a r  DNA molecules e x t r a c t e d  from t rans formed mouse c e l l s  
by tk H i r t  procedure were unmethylated a t  A as demonstrated by Sau 3a/Mbo r e s t r i c t i o n  
ana lys i s .  
murine a r s  elements t h p t  d i f f e r  f rom those descr ibed from yeas t  a r s  elements.  

MURINE GENOMIC DNA REPLICATING AUTONOMOUSLY I N  MOUSE L CELLS, F r i e d r i c h  Grummt, 
Andreas Ho ls t ,  Friedemann M u l l e r  and E r i k a  D i n k l ,  I n s t i t u t  f u r  Biochemie, Rontgenr ing  

I n  shot-gun 

The ch imer i c  vec to rs  

The vec to rs  c o n t a i n i n g  

I n  c o n t r a s t  t o  the  

Sequence da ta  and d e l e t i o n  m u t a p w s i s  demonstrated boxes of  homology i n  these 

176 O r i g i n  s p e c i f i c  DNA b i n d i n g  p r o t e i n s  f rom m a m a l i a n  c e l l s ,  

I n i t i a t i o n  o f  DNA r e p l i c a t i o n  i n  mama l ian  c e l l s  p robab ly  requ i res  p r o t e i n s  t h a t  s p e c i f i c a l l y  
recogn ize  chromsomal o r i g i n s  o f  r e p l i c a t i o n .  We at tempted t o  i s o l a t e  o r i g i n  s p e c i f i c  DNA 
b i n d i n g  p r o t e i n s  f rom c a l f  thymus and m u s e  l i v e r  us ing  yeas t  2 p c i r c l e  o r i g i n s  and chromo- 
somal yeas t  a r s  1 elements as models f o r  euka ryo t i c  o r i g i n s .  F i l t e r  b i n d i n g  assays demon- 
s t r a t e d  a p r o t e i n  f r a c t i o n  f rom c a l f  thymus t h a t  e l u t e d  f rom dsONA c e l l u l o s e  a t  150-175 mM 
NaCl and b inds  p r e f e r e n t i a l l y  t o  bo th  t h e  2 p c i r c l e  o r i g i n  and a r s  1 under s t r i n g e n t  con- 
d i t i o n s .  R e s t r i c t i o n  mapping o f  t h e  p r e f e r e n t i Q a l l y  bound DNA fragment revea led  t h a t  t h e  
o r i g i n  c o n t a i n i n g  sequences a re  r e q u i r e d  f o r  t h e  s p e c i f i t y  o f  b ind ing .  I n  t h e  case o f  t he  
2 p c i r c l e  o r i g i n  exonuclease 111 f o o t p r i n t  a n a l y s i s  demonstrated two d i f f e r e n t  24 bp long 
sequences t o  be p ro tec ted  one w i t h i n  t h e  AT r i c h  r e g i o n  o f  t h e  o r i g i n  t h e  o t h e r  one immedi- 
a t e l y  f l a n k i n g  t h i s  AT r i c h  sequence. The p r o t e i n  f r a c t i o n  b i n d i n g  s p e c i f i c a l l y  yeas t  t ype  
o r i g i n s  o f  r e p l i c a t i o n  a l s o  b inds  one o f  f o u r  a r s  elements i s o l a t e d  f rom m u s e  genomic DNA. 
Western b l o t t i n g  revea led  one po lypep t ide  o f  M r  32 000 i n t e r a c t i n g  s t r o n g l y  w i t h  yeas t  a rs  
elements. A second p r o t e i n  o f  M r  27 000 gave o n l y  a ve ry  weak s igna l .  

F r i e d r i c h  Grumnt, J i i rgen Reinhold.  B r i g i t t a  Faber, Ange l ika  Lux. and Andreas Ho ls t ,  
I n s t i t u t  f u r  Biochemie, Rontgenr ing 11, D-8700 Wurzburg. F.R.G. 
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177 HYDROXYUREA DOES NOT INDUCE REREPLICATION OF DNA IN A SINGLE CELL CYCLE: IMPLICATIONS - 
FOR GENE AMPLIFICATION, Peter Hahn, Leon N. Kapp, William F. Morgan, and Robert B. 
Painter, Laboratory of Radiobiology and Environmental Health, University of California, 
San Francisco, CA 94143 

It has been reported that a 6-h incubation of early S phase Chinese hamster cells 
with hydroxyurea promotes rereplication of DNA within a single cell cycle. When we 
incubated methotrexate-resistant Chinese hamster cells that were approximately 2 h into 
the S phase with hydroxyurea for 6 h, DNA that had been rereplicated before the incuba- 
tion with hydroxyurea (early S DNA) was replicated again within 11 h after the hydroxy- 
urea treatment. However, incubation with colchicine or Colcemid after hydroxyurea 
treatment virtually abolished this rereplication, as well as that of the amplified 
dihydrofolate reductase genes in these cells, indicating that the rereplication was in 
a second cell cycle. Cells collected in the first mitosis after incubation with hy- 
droxyurea and Colcemid contained no rereplicated early S DNA, but did contain abundant 
chromosome aberrations. Early S DNA did rereplicate in the presence of Colcemid during 
the next few hours after mitosis. Asymmetric segregation of chromosome fragments 
resulting from these hydroxyurea-induced aberrations may be the actual basis for 
amplification in drug-treated mammalian cells. 

178 DNA POLYMERASE FROM HERPES SIMPLEX VIRUS TYPE 1 (HSV-I) : STRUCTURAL AND 
FUNCTIONAL DOMAINS, J.D. Hall and D.W. Mount. University of Arizona, Tucson, 

Arizona, 85721; D.M. Coen and J.S. Gibbs, Harvard Medical School, Boston, Massachusetts, 
02115. 

We have used a combined approach of computer and genetic analysis to investigate the 
structure and function of the HSV-1 DNA polymerase. 
sequence from the HSV-1 polymerase with that of other polymerase genes. 
of striking homology with sequences from Epstein Barr and adeno viruses. We will discuss 
probable structural similarities between these proteins and the use of these homologies 
to define structural and functional domains within the polymerase. Second, we have 
attempted to identify amino acid residues at the active site of the polymerase by 
isolating mutants with altered recognition of nucleoside triphosphates. 
are fully functional and, therefore, are likely to be altered in recognition specificity. 
We will describe a new class of mutants resistant to 2'-nor-2'deoxyguanosine, a nucieotide 
analogue missing the Z'residue. 
this 2' group. 

First we have compared the DNA 
We find regions 

These mutants 

These mutants appear to have altered interactions with 

CHARACTERIZATION OF A MAMMALIAN CHROMOSOMAL ORIGIN OF REPLICATION, Joyce L .  Hamlin, 
Mark S. Gray, Lorne F. Erdile, and Pamela S. Foreman, University of Virginia School 
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Medicine, Charlottesville. VA 22908. 

Our laboratory is interested in the control of DNA replication in mammalian cells. In 
-~ In vivo labeliinq studies, we have shown that DNA synthesis initiates preferentially within 
or close to a 6 kb EcoRI fragment in the amplified dihydrofolate reductase domain in metho- 
trexate-resistant CHO cells. We have therefore suggested that the origin of replication in 
this domain is a fixed genetic element analogous to origins in microorganisms. We have 
cloned the majority of the amplified sequence from this cell line, including the initiation 
locus itself. In recent studies, we have been attempting to identify the precise locus of 
initiation in vivo, and several different experimental approaches will be presented in which 
preferential initiation at a defined Locus will be demonstrated. In addition, we will 
present the results of experiments that suggest that the cloned 6 kb EcoRI fragment is able 
to replicate autonomously when introduced into CHO or mouse cells by spheroplast fusion. 
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180 R O L E  O F  NUCLFAR FACTOR I I N  ADENOVIRUS DNA R E P L I C A T I O N .  R o n a l d  T. Hay, 
D e p a r t m e n t  o f  B i o c h e m i s t r y  E M i c r o b i o l o g y ,  S t .  A n d r e w 8  U n i v e r s i t y ,  
S c o t  l a n d .  

An i n  v i v o  a s s a y  i s  d e s c r i b e d  w h i c h  d e t e c t s  a s i n g i e  r o u n d  o f  i n i t i a t i o n  a n d  
DNA s y n t h e s i s  d i r e c t e d  b y  a l i n e a r  m o l e c u l e  c o n t a i n i n g  a n  e x p o s e d  s i n g l e  c o p y  
o f  a n  a d e n o v i r u s  ( A d )  o r i g i n  o f  r e p l i c a t i o n .  T h i s  a n d  a n  a s s a y ,  w h i c h  
m e a s u r e s  m u l t i p l e  r o u n d s  o f  DNA r e p l i c a t i o n  w e r e  u s e d  t o  i d e n t i f y  DNA 
s e q u e n c e s  w i t h i n  t h e  Ad2  a n d  Ad4  o r i g i n s  o f  r e p l i c a t i o n  t h a t  a r e  i m p o r t a n t  f o r  
- o r i  f u n c t i o n .  L i n e a r  DNA m o l e c u l e s  c o n t a i n i n g  s e q u e n c e s  f r o m  t h e  Ad2  o r  Ad4 
g e n o m e  t e r m i n i  w e r e  c o t r a n s f e c t e d  w i t h  h o m o l o g o u s  a n d  h e t e r o i o g o u s  h e i p e r  
v i r u s  a n d  n e t  a m o u n t s  o f  DNA s y n t h e s i s  w e r e  d e t e r m i n e d .  L i n e a r  m o l e c u l e s  
c o n t a i n i n g  t h e  Ad4  i n v e r t e d  t e r m i n a l  r e p e a t s  ( I T R s )  w e r e  r e p l i c a t e d  e f f i c i e n t -  
l y  i n  t h e  p r e s e n c e  o f  Ad4, b u t  n o t  Ad2  h e l p e r ,  w h e r e a s  b o t h  A d 2  a n d  Ad4  I T R s  
w e r e  u t i l i s e d  e f f i c i e n t l y  b y  A d 4 .  DNA s e q u e n c e  a n a l y s i s  o f  t h e  Ad2  ori a n d  
t h e  c o r r e s p o n d i n g  r e g i o n  i n  Ad4  i n d i c a t e d  t h a t ,  a l t h o u g h  t h e r e  a r e  o n l y  1 0  
v a r i a n t  b a s e  p a i r s ,  8 a r e  l o c a t e d  w i t h i n  t h e  Ad2 DNA s e q u e n c e  r e c o g n i s e d  b y  
t h e  c e l l u l a r  p r o t e i n  n u c l e a r  f a c t o r  I ( N F I ) .  A c o n s e q u e n c e  o f  t h e s e  c h a n g e s  
i s  t h a t  t h e  AD4 I T R  d o e s  n o t  c o n t a i n  a f u n c t i o n a !  N F I  b i n d i n g  s i t e ,  a n d  
d e l e t i o n  a n a l y s i s  d e m o n s t r a t e d  t h a t  t h i s  r e g i o n  o f  t h e  Ad4 g e n o m e  w a s  n o t  
r e q u i r e d  f o r  ori f u n c t i o n .  In c o n t r a s t  t o  Ad2  t h e  DNA s e q u e n c e s  r e q u i r e d  f o r  
t h e  i n i t i a t i o n  o f  Ad4  DNA r e p l i c a t i o n  w e r e  s h o w n  t o  r e s i d e  e n t i r e l y  w i t h i n  t h e  
t e r m i n a l  1 8  b a s e  p a i r s  o f  t h e  A d 4  I T R .  T h e  b i o c h e m i c a !  b a s i s  f o r  t h i s  d i f f e r -  
e n c e  i s  b e i n g  i n v e s t i g a t e d .  

181 1IlF"IFICATIoN OF 15IE ORIGIN OF REpI;IcATIoN WITM 'ME AXPLLFIED CXUESE 
HAMSTER DIHYEOFOU!E FEDJCIRSE IXHAIN, Nicholas H. Heintz, William C. Furhans 

and ~ a n e  Selegue, University of verrmnt College of Msdicine, Burlingtcol, VT 05405. 

Replication of the amplified 180 kb dihylmfolate recfuctase (L?FR) dmdh of CHOC 400 
cells is initiated within a region 10-30 kb 3' to the last exon of the CHFR gene. In 
order to localize the origin of replication associated with this d&, the replication 

ent methcds. First, replication in'tenndm tes formed d y p  the onset of S phase were 
isolated by BND cellulose chrmatcgra@y, labeled with P in v i m ,  hybridized to 
S c m t h e r n  blots of ai€C 400 W. Secordly, cells were mse labeled with H-thymidim at 
various times during S phase, and synthesis of amplified sequenci?~ was quantitate3 by 
hybridization of the replication products to dot blots of clolaed restriction fragments. 
Finally, CHCc 400 cells were  permeabilized with -40 and incubated under mnditions that 
support limited chrcwosomal t#i replication. synthesis of amplified in permea- 
bilized el ls  was detected by hybridization of the in v i m  replication products to 
Southern blots of reambinant d d  clones that span 70 kb of the anplified unit. At the 
Gl/S boundary, the labeled pra3uct.s derived f m  the replication of amplified sequences, 
either in whole or permeabilized cells, are sylrnaetrically distributed about a 4.3 kb XbaI 
fracpent that maps 14 kb distal to the D F R  gene. As cells pngress thmugh S phase, 
bidirectional replication away f m  this site is &served. 'Ihus, the 4.3 kb XbaI fracpmt 
contains a functionally-defined m i a n  chxmxmd origin of replication. 

timing of amplified sequences was studied .in synchnxll 'Zed (Hoc 400 cells by three differ- 
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C h r i s t o p h e r  J .  O t t o ,  and Guy G .  Hoffman, U n i v e r s i t y  o f  W iscons in ,  Madison, W I  53706 

S .  achromogenes shows a p r o g r e s s i v e  g r o w t h  l a g  on i n c r e a s i n g  l e v e l s  o f  s p e c t i n o m y c i n  and 
y i e l d s  i n i t i a l l y  b a l d  c o l o n i e s  o n  1000/1g/ml s p e c t i n o m y c i n  w h i c h  c a r r y  a n  8 kb h i g h l y  a m p l i -  
f i e d  DNA sequence as  100 t o  200 c o p i e s  p e r  genome. T h i s  DNA sequence i s  p r e s e n t  as a s i n g l e  
copy  i n  w i l d  t y p e  c e l l s ,  mos t  l i k e l y  l o c a t e d  o n  t h e  chromosome. The a m p l i f i e d  DNA has been 
shown t o  c a r r y  a s p e c t i n o m y c i n  r e s i s t a n c e  gene. Upon p r o l o n g e d  i n c u b a t i o n ,  t h e  b a l d  c o l o n i e s  
g i v e  r i s e  t o  secondary  c e l l s  w h i c h  a r e  a b l e  t o  p r o l i f e r a t e  r a p i d l y ,  f o r m  w h i t e  a e r i a l  myce- 
l i u m ,  s p o r u l a t e ,  and  a l s o  c a r r y  t h e  r e i t e r a t e d  DNA sequences. S e p a r a t e  s u b c u l t u r i n g  o f  c e l l s  
d e r i v e d  f r o m  t h e  b a l d  and  t h e  w h i t e  c e l l s  f o r  f i v e  s p o r u l a t i o n  s t a g e s  i n  s p e c t i n o m y c i n - f r e e  
mediuni y i e l d s  b a l d  c e l l  d e r i v e d  c e l l s  d e v o i d  o f  a m p l i f i e d  DNA. These c e l l s  grow on 1000/Hg/ml 
s p e c t i n o m y c i n  w i t h  a 4 d a y  g r o w t h  l a g .  W h i t e  c e l l  d e r i v e d  c e l l s ,  i n  c o n t r a s t ,  show t h e  r e i t -  
e r a t e d  DNA a t  n e a r l y  t h e  same a m p l i t u d e  as  c o n t r o l  c e l l s  r a i s e d  on  1 0 0 0 p g / m l  s p e c t i n o m y c i n .  
These c e l l s  grow o n  1000f ig/ml s p e c t i n o m y c i n  w i t h o u t  a n y  l a g .  P r o t o p l a s t  r e g e n e r a n t s  p r e -  
p a r e d  from b a l d  c e l l s  r a i s e d  on lOOGpg/m l  s p e c t i n o m y c i n  y i e l d  p r o g e n y  a t  a f requency  o f  5'i 
w h i c h  a r e  u n a b l e  t o  g row on  s p e c t i n o m y c i n  and  w h i c h  b y  Sou the rn  b l o t  a n a l y s i s  can  be shown t o  
l a c k  a n y  sequences homologous t o  t h e  8 k b  a m p l i f i e d  DNA. in c o n t r a s t ,  p r o t o p l a s t  r e g e n e r a n t s  
o b t a i n e d  from w h i t e  c e l l s  y i e l d  p r o g e n y  a t  a f r e q u e n c y  o f  7 7 %  w h i c h  a r e  u n a b l e  t o  grow on 
s p e c t i n o m y c i n .  The reasons  f o r  t h e  emergence o f  t h e  w h i t e  c e l l s  w h i c h  c a r r y  t h e  a m p l i f i e d  
DNA s t a b l y ,  y e t  l o s e  i t  r e a d i l y  upon p r o t o p l a s t i n g ,  a r e  p r e s e n t l y  obscu re .  

OIFFEREI4TIAL STABILITY OF AN AMPLIFIED DNA SEQUENCE CARRYING A SPECTINOMYCIN RESIS- 
TANCE DETERMINANT I N  STREPTOMYCES ACHROMGGENES SUBSP. RUBRADIRIS, U l f e r t  Hornemann, 
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183 SPECIFIC PRIMING BY DNA POLYMERASE CL HOLOENZYME ON THE NATURALLY 
OCCURRING MHMPlALIAN SINGLE-STRANDED PORCINE CIRCO-VIRUS DNA, Ulrich 
Hubscher, Michael Hassig and Hansjorg Buhk*. Department of Phannacology 
and Biochemistry, University of Zurich, CH-8057 Zurich, Switzerland and 
*Robert Koch-Institute, D-1000 Berlin, Germany. 

The sitigle-stranded DNA genome of the porcine c i rcovi rus  ( P C Y )  i s  a covalently 
closed c i r c l e  (Tischer e t  a l . ,  Nature 295, 64-66, 1982). We have used t h i s  DNA 
template t o  study i n  v i tm i n i t i a t i o n  T D N A  repl icat ion.  A DNA polymerase a 
holoenzyme fonn, t G t x b e e n  i so la ted  by the c r i t e r i o n  of e f f i c i e n t  priming 
on single-stranded M13 DNA, contains  polypeptides of Mr 198,000, 97,000, 
63,000, 57,000, 52,000 and 47,000, respectively. T h i s  holoenzyme fotni is  able  
t o  spec i f ica l ly  prime the single-stranded PCV DNA a t  one preferred s i t e  i n  the  
genome. The region of i n  v i t m  i n i t i a t i o n  contains potent ia l  t o  form secondary 
s t ructr i res  and s e q u e n c z m e d  t o  t h e  bindiny s i t e  o f  nuclear fac tor  I. The 
DNA polymerase a holoenzyme on the other  hand contains  a polypeptide of 47,000 
dal ton corresponding t o  the same Mr as nuclear fac tor  1. T h i s  i n  v i t m  3NA 
repl ica t ion- in i t ia t ion  system can be used i n  analogy t o  small Gc-phages 
D N A ’ s  i n  Escherichia co l i  t o  ident i fy  and t o  purify proteins  ana enzymes 
involved i n  manunal ianm repl icat ion.  

184 REPLICATION BLOCKS INDUCED BY AFLAT XIN B1: DNA SEQUENCE AND 
CONFORMATION SPECIFICITY AND EFFECT OF &, J. Steven Jacobsen, Lawrence 

M. Refolo, Kumar Sambamurti and M. Zafri Humayun, Department of Microbiology, New Jersey 
Medical School, 100 Bergen Street, Newark, New Jersey 07103. 
The activated form of the human carcinogen aflatoxinB, (AFBI) reacts with DNA predominantly a t  
guanine residues to form (7-guanyl&AFB1. W e  have previously suggested that AFB .preferred double- 
stranded (ds) DNA over single-stranded (ss) DNA and that within ds DNA, i t  reacted with G residues in a 
highly sequence-specific manner. In this report, w e  show that in an i n  vitro DNA replication system 
utilizing Escherichia 3 DNA polymerase I and M 13mp8 ss DNA template, significant AFBl-induced 
replication blocks occur predominantly a t  basepaired G residues, as  revealed by several types of 
experiments. Thus, AFBl blocks are predominantly in  the stem regions of putative secondary 
structures. The existence of t h e  secondary structures is independently confirmed by using chemical 
probes (2-chloroacetaldehyde and chloroperbenzoic acid) which preferentially attack non-basepaired 
residues to create replication blocks. Furthermore, acid-depurinated DNA and DNA modified by dimethyl 
sulfate give rise to distinctly different patterns of replication blocks. In  a more direct strategy, creation 
of partial duplexes by annealing synthetic complementary oligonucleotides results in specifically 
enhanced, sequence specific A B Remarkably, unlike other bulky 
adducts, the substitution of Mn” for Mg + has not significant effect on the AFBl blocks under a variety 
of experimental conditions used, suggesting that AFB adduct sites do not permit significant 
incorporation and are not bypassable. In addition to the im&ations of these findings to  the mechanisms 
of AFBI. genotoxicity, these data show that a complete set of chemical probes for experimental 
verification of t h e  formation of intrastrand secondary structures a t  the sequence level is available. 

bloc9 within t h e  duplex regions. 

INTERACTIONS OF T H E  REPLICATION C O N T R O L  ELEMENTS OF 
p15A AN0 pUC8. Syd J o h n s o n  and R o b e r t  E .  B i r d ,  Genex 
C o r p o r a t i o n ,  G a i t h e r s b u r g ,  M D .  20877 
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R e p l i c a t i o n  o f  C o l E l - t y p e  p l a s m i d s  i s  n e g a t i v e l y  r e g u l a t e d  by an 
i n t e r a c t i o n  o f  RNAI w i t h  a complementary  r e g i o n  o f  t h e  n a s c e n t  p r e -  
primer t r a n s c r i p t .  T h i s  i n t e r a c t i o n  i s  i n c o m p a t i b i l i t y  s p e c i f i c .  
The copy number o f  p U C 8  i s  r e d u c e d  f o u r  f o l d  when t h e  rom gene  from 
t h e  c o m p a t i b l e  p l a s m i d  p15A i s  p r e s e n t ,  i n  e i t h e r  a c i s o r  t r a n s  
c o n f i g u r a t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  a c t i v i t y  of  t h e  p15A Rom 
p r o t e i n  i s  n o t  i n c o m p a t i b i l i t y  s p e c i f i c .  

When a ram- d e r i v a t i v e  o f  p15A i s  p r e s e n t  w i t h  p U C 8 ,  i t s  copy n u m -  
b e r  i s  i n c r e a s e d  by a f a c t o r  o f  two.  T h i s  s u g g e s t s  t h a t  n o n - p r o d u c t i v e  
i n t e r a c t i o n s  be tween h e t e r o l o g o u s  RNAI-preprimer p a i r s  compete  w i t h  
b i n d i n g  of  t h e  RNAI m o l e c u l e s  t o  homologous p r e p r i m e r  t r a n s c r i p t s .  
T h i s  a f f e c t  is a l l e v i a t e d  when t h e  p15A 3 gene  i s  p r e s e n t  on e i t h e r  
p l a s m i d .  These  r e s u l t s  and t h e i r  i m p l i c a t i o n s  on models  f o r  t h e  mode 
o f  Rom a c t i o n  w i l l  be p r e s e n t e d .  
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186 APHIDICOLIN RESISTANT EXTENSION OF RNA PRI- BY ck 20-30 dNMPS OccURs 
DURING SV40 DNA REPLICATION IN ISOUTED NUCLEI G a i l  Dinter Gott l ieb,  Tamar 

Natanel & Gabriel Kaufmnn. Dept. of Biochemistry, T e l  Aviv University, Israel 69978. 
CNA p l y m r a s e  alpha, considered solely respnsible for repl icat ive SV40 and nuclear DNA 
synthesis, is corrpetitively inhibited by aphidicolin Y e t ,  i n  vivo, the drug irreversibly 
impairs r e p l i c a t i n g  S V 4 0  chromosomes (RSC). To exp la in  t r i s y p a r e n t  discrepancy, we 
propose that occurrence of aphidicolh resistant repl icat ive reactions, uncoupled from the 
s e n s i t i v e ,  unde r l i e s  t h e  permanent i n a c t i v a t i o n o f  RSC. W e  have detected aphidicol in  
r e s i s t a n t  incorporations of @A and DNA precursors i n t o  RSC i n  i s o l a t e d  nuclei .  The 
label was  distributed between long nascent DNA chains a d  containing Okazaki piece 
precursors of less than 40 nucleotides. Strikingly, Okazaki pieces in  the 40 t o  200-300 
nucleot ide range w e r e  absent. W e  i n t e r p r e t  t h e  da t a  as follows. There e x i s t s  an 
aphidicolin resistant DNA p l y m r a s e  !hose role is t o  extend the iRsJA by ca. 20-30 dNMPs 
(LRNA extension). This a c t i v i t y  corresponds perhaps t o  the  aphidicol in  r e s i s t a n t  DNA 
polymerase found associated with DNA pr imse.  Accordingly, t he  r o l e  of DNA polymerase 
alpha is  to elongate  the  extended LRNA, both on leading and lagging templates,  while 
aphidicolin inhibits the transit ion from LRNA extension t o  further elongation. 
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A number of characteristics observed in the human genetic disorder ataxia-telangiectasia 
(A-T) include radioresistant DNA synthesis, chromosomal instability and abnormalities in 
gene expression. It has been proposed that these may arise due to alterations in chromatin 
structure or to changes in proteins that recognize chromatin structure. It has not been 
possible to detect changes in the major histone and non-histone proteins or alteration to 
gross chromatin structure in A-T cells. DNA topoisomerases are enzymes defined by their 
i r i  v i t r o  reactions that cause the interconversion of various topological forms of DNA. 
A defect in ability to alter the superhelicity of DNA or modulate chromatin structure 
with defective topoisomerase I could explain some of the abnormalities observed in A-T 
cells. 
Indeed abnormal distribution of DNA topoisomerase I has been described in placental cells 
in Fanconi's anaemia, a genetic disease also characterized by chromosomal instability 
(Wunder e t  a l . ,  1981). In this study we have examined Topoisomerase I activity in control 
and A-T lymphoblastoid cells by measuring relaxation of supercoiled DNA. Six A-T cell 
lines were demonstrated to have a 5-10 fold reduction in topoisomerase I activity compared 
to control cells. This data with increasing protein concentration was also supported by 
time course experiments. The defect in topoisomerase I represents the first description 
of a defective protein in A-T cells. 
Wunder, E., Borghardt, V., Lang, B. and Hamilton, L. (1981) Human Genet. 58,  149-155. 

REDUCED DNA TOPOISOMERASE I IN ATAXIA-TELANGIECTASIA CELLS, Martin F. Lavin, Rahmah 
Mohamed and Sharad Kumar, University of Queensland, Brisbane 4067, Australia 
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Patrick P Lestienne and David A Clayton Stanford University School of 
Medicine Stanford CA 94305 

CHARACTERIZATION OF THE HUMAN MITOCHONDRIAL DNA POLYMERASE 

The DNA polymerase from KB ce l l  mitochondria was pur i f ied 360 times 
w i t h  a yield of 47 W The native enzyme i s  formed by the homologous 
association of four identical subunits of 54,000 d Addition of micromolar 
range concentrations of  the Rifampicin derivate AF 013 mhibits the 
formation of the in i t iat ion complex between the DNA polymerase, the TTP 
and the poly (rA) dT,,-,, The addition of dATP, dGTP and dCTP 

competitively inhibit the dTMP incorporation using the poly(rA) dT,,-,, 
and are required fo r  the dTMP incorporation w i t h  the primed M13 MP8 
single stranded DNA Antibodies prepared against the 54,000 d peptide 
inhibit the dTMP incorporation using either the poly (rA) dT,,-,, , or a 
rePlication assay directed by a plasmid DNA containing the origin of 
replication of the heavy strand o f  the human mitochondria1 DNA 
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Our laboratory has characterized two DNA processing activities in yeast involving telomeric 
sequences. The first reaction, termed telomere elongation, occurs at the termini of linear 
molecules which contain certain CA-rich repeated sequences and results in the addition of 
(C1-3A) repeats. In the second reaction, inverted repeats composed of CA-rich repeated 
sequences residing on a circular plasmid are resolved to yield linear plasmids with two 
functional telomeres. We have developed an assay for mutants of yeast which incorporates 
both the elongation and resolution reactions. This is a plasmid assay which measures the 
frequency with which a circular plasmid containing the URA3 gene between inverted repeats 
of telomeric DNA is resolved into a linear molecule with termini which have been elongated 
and transformed into telomeres. Using this assay, we have isolated 25 mutants of yeast. 
Two of these mutants are altered for telomere length: one mutant is decreased by 200 bp 
and one is increased by 650 bp, relative to wild type. One of these two mutants displays 
other phenotypes consistent with a defect in telomere replication. 

MUTANTS OF YEAST WITH ALTERED TELOMERE LENGTH, Victoria Lundblad and Jack W. Szostak 
Department of Molecular Biology, Massachusetts General Hospital, Boston, MA 02114 

CHARACTERISTICS OF A DNA SEQUENCE RECOGNITION PROTEIN ASSOCIATED WITH HeLa DNA 
POLYMERASE ALPHA, L.H. Malkas, J.K. Vlshwanatha and E.F. Baril, Woroester 

This 
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Foundation for Experimantal Biology, Sherwsbury, MA 01603 
A niultiprotein form of DNA polymerase c( is readily isolated from HeLa cells. 
particular form of polymerase is designated DNA polymerased2 by this laboratory. 
Experiments performed to map DNA replication initiation sites by DNA polymeraseoC2 on 
the Simian virus 40 (SV40) replication origin demonstrated two strongly preferred sites. 
However, if a form of DNA polymerased (from either HeLa or monkey cells) containinq only 
a primase activity was used numerous initiation sites were observed throughout the DNA 
template. 
replication oriqin occurred in regions rich in adenosine (A) and thymidine (T) residues. 
These results suggest a factor(8) or protein (5) is present in the multiproteln form of 
the HeLa DNA polymeraseo( which helps position the replication complex at specific sites 
on the SV40 origin. 

To isolate the protein from the multi-protein form of HeLa DNA polymerased, 
advantage of the apparent affinity of the protein for DNA sequences rich in A and T 
residues was taken. Preliminary evidence obtained using poly (dA)-cellulose, as measured 
by the ability to bind 3H-poly (dA) and 3H-poly(dT) in a nitrocellulose filter 
binding assay, at 0.35M - D.4M KCL. Further properties of this protein and its sequence 
specific binding to DNA will be discussed. 

The two preferred initiation sites of the DNA polymerasecx2 on the SV40 

Supported by NIH Grant CA15187. 

191 AN UNUSUAL SEQUENCE ELEMENT FOUND AT A TERMINATION SITE FOR DNA REPLICATION, 
Haim Manor, Nava Baran, and Aviva Lapidot, Technion, Baifa, Israel. 

In the LPT line of polyoma (Py)  transformed rat cells several Py genomes are tandemly inte- 
grated into a single chromosomal site. Multiple rounds  of bidirectional replication of tile 
integrated Py genes and the flanking cellular sequences can be induced in these cells by 
treatment with carcinogens. 
are thus generated. 
within a specific cellular DNA segment. This segment includes a cruciform structure, whose 
hairpins consist of five dA:dT base pairs and one dC:dC base pair,followed by d(GA)?7-d(CT)21. 
Similar sequence elements may serve as signals for termination of "onion skin" replication, 
o r  of normal replication, at other cellular sites. 

We have partially mapped the "onion skin" intermediates that 
Our data indicate that the replication proceeding in one direction ends 

CHANGES IN UNA POLYRERASE ALPHA AND UELTA ACTIVIlltS WITH CELL CYCLE. 
R.L.Marraccino, A.F.Wah1, L.W.HarwelI, P.C.Keng, E.M.Lord, and R.A.Bambara, University 
of Rochester School of Medicine and Dentistry, N.Y. 14642. 

DNA polymerases during cellular proliferation and cell cycle. Exponential CHO cells were 
synchronized by centrifugal elutriation to obtain cell populations enriched for G1,5 and 
G2 phases of cell cycle. Cytosolic extracts of synchronized cells were assayed for DNA 
polymerase activity. These results were compared to the activities found in extracts 
from confluent and exponential, asynchronous populations. The total activity of DNA 
polymerases. per mg protein, was approximately 2-fold greater in proliferating ( l o g  
phase) cells than non-proliferating (confluent) cells. In synchronous cells, total DNA 
polymerase activity increases gradually throughout the cell cycle rather than peaking 
sharply in S phase. I n  these crude extracts from either GI, 5, or G cells, inhibitors 
of DNA polymerases were used to distinquish the a from the 6 DNA po?ymerase activity. 
The results of these experiments show that the amount of  a polymerase activity 
increases. and the amount of 6 activity decreases in cellular extracts from 5 phase 
cells. This difference in the relative activities of a and 6 DNA polymerases suggests 
that a mechanism of entry into 5 phase may involve a coordinate regulation of a specific 
species of DNA polymerase, required for a specialized function. Supported by NIH grants: 
GHZ441,CAIll98, AND CA28322, and ACS grant FRAZZO. 

Chinese hamster ovary (CHO) cells were used to examine the regulation of a and 6 
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'f DNA OF:IG!N-EN?IZL1ED SE1UENCES CONTAIN EXTENSIVE 
' J T I D E  HClKOLSGIES. Rcbert G. Martin. Bachoti S .  Xao 
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io Zannis-Had~opou?oc. llational Institute of 
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194 RESOLUTION OF RECOMBINANT PLASMIDS CONTAINING THE TERMINAL SEQUENCES 

Mike Merchlinsky and Bernard Moss, NIH, LVD, Bethesda, MD 20892 
Vaccinia virus is a large double-stranded DNA virus with covalently continu- 
ous hairpin ends. During the early stages of viral DNA synthesis replicative 
intermediates can be detected which contain the genomic termini as inverted 
repeats in head to head concatemeric junction fragments. These junction frag- 
ments were isolated from infected cells, cloned into plasmid vectors and the 
resultant chimeric plasmid was stably propagated in g. e. The recombinant 
plasmids were also used to transfect vaccinia virus infected CV-1 cells where 
the presence of newly replicated DNA was detected by Southern blotting for 
plasmid DNA resistant to digestion by g 1 .  Replication was observed only 
with constructs containing at least 2 5 2  base pairs of the intact inverted 
repeat. In each case the supercoiled plasmids were converted into linear mol- 
ecules in which the plasmid vector was flanked by vaccinia virus DNA with co- 
valently continuous hairpin telomeres. An enzyme partially purified from 
vaccinia virions is also able to convert the supercoiled plasmids into linear 
molecules in which some ends have been cross-linked. The dependence of this 
activity on superhelical density suggests the enzyme nicks the cruciform 
structure formed when the inverted repeat is extruded from the recombinant 
plasmid. 

OF VACCINIA VIRUS INTO REPLICATING LINEAR MINICHROMOSOMES. 

195 IMPORTANCE OF TRANSCRIPTS IN AND RROUND ori~ FOR ORIGIN FUNCTION IN E. COLI, 
W a l t e r  Messer, C l a u d i a  Kucherer ,  Helmut KUnZe and Heinz L o t h e r ,  M a x - P l a n c k - I n s t i t u t  
f u r  m o l e k u l a r e  G e n e t i k ,  I h n e s t r a s s e  63/73. D-1000 B e r l i n  3 3 ,  Germany 

D i r e c t l y  a d j a c e n t .  t o  t h e  minimal  r e p l i c a t i o n  o r i g i n .  &, of E .  coli is a c o d i n g  r e g i o n  f o r  
a 16 kd p r o t e i n .  The t r a n s c r i p t  o f  t h i s  g e n e  i s  o f  impor tance  f o r  c o r r e c t l y  r e g u l a t e d  
o r i g i n  f u n c t i o n .  D e l e t i o n s  a f f e c t i n g  t h e  16 kd p r o m o t e r  have  n e g a t i v e  e f f e c t s  on  copy 
number and s e g r q a t i o n a l  s t a b i l i t y  o f  minichromosomes. 

The 16 kd t r a n s c r i p t  is n e g a t i v e l y  r e g u l a t e d  by  t h e  p r o t e i n .  More t h a n  60 % o f  t h e  
t r a n s c r i p t s  t r a v e r s e  t h e  minimal o r i g i n .  P a r t  of t h e  t r a n s c r i p t s  are p r o c e s s e d  w i t h i n  o r i C  
by RNaseH. T h i s  s u g g e s t s  t h a t  t h e  16 kd t r a n s c r i p t  is t h e  n a t u r a l  p r i m e r  f o r  DNA 
r e p l i c a t i o n .  

Wi th in  o r i C  a r e  t w o  promoters, P o r i - 1  and P o r i - r ,  which t r a n s c r i b e  outward .  T r a n s c r i p t i o n  
from P o x  r e s u l t s  i n  a 110 n u c G t i d e  t r a K r i p t  which i s  complementary t o  p a r t  o f  t h e  
16 kd t r a n s c r i p t  and may be  i m p o r t a n t  f o r  i t s  p r o c e s s i n g .  

The o b s e r v a t i o n s  t h a t  i n i t i a t i o n  i n  minichromosomes l a c k i n g  t h e  16 kd t r a n s c r i p t  i s  p o s s i b l e ,  
a l b e i t  a t  a r e d u c e d  rate,  s u g g e s t s  t h a t  a l t e r n a t i v e  p r i m i n g  s y s t e m s  must e x i s t .  Thus c o u l d  
be t h e  t r a n s c r i p t  from P G - 1  or p r i m e r s  s y n t h e s i z e d  by t h e  dnaG p r o d u c t .  

~ 
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196 STUDIES ON THE PROCESSIVITY AND 3'+5' EXONUCLEASE ACTIVITIES OF THE DNA POLYKERASE 
ENCODED BY HERPES SIMPLEX VIRUS 1, Michael E. O'Donnell, Per Elias and I. R. 
Lehman, Department of Biochemistry, Stanford University School of Medicine, 
Stanford, CA 94305 

We are attempting to establish an in vitro system for the study of the mechanism of KSV-1 
DNA replication. 
tion of some of the proteins essential for DNA synthesis in vivo. 
encoded by HSV-1 appears to be a monomeric protein (150 !&a) in highly purified prepara- 
tions. 
uniquely primed circular ssDNA without dissociation from its template. After completing 
the synthesis, the polymerase remains bound to its original template. 
synthesis is, under these conditions, stimulated about 20-fold by g. &o& single-strand 
binding protein. 
further evidence for its role as a proofreader will be presented. 
essential for viral replication, ICP8 protein, has been highly purified and some of the 
properties of ICP8 in these assay systems will be discussed. 

As an initial step we have undertaken the purification and characteriza- 
The DNA polymerase 

In this form the polymerase is processive and will efficiently replicate a 

The rate of DNA 

A 3'+5' exonuclease activity appears to be a part of the polymerase and 
Another HSV-1 protein 

197 YECHANIS ' I  OF SELF-PRIMED REPLICATIOP! OF ADENO-ASSOCIATED V I R U S  DNA: TENTATIVE 
1DEPiTIFI::ATION OF AN ORIGIN-SPECIFIC PROCESSING FACTOR, Seigo Ohi , Eahige 1.1. 

Baroudy, and Jam.!s A.  Rose, L a b o r a t o r y  of  B i o l o g y  o f  V i ruses ,  N a t i o n a l  I n s t i t u t e  o f  A l l e r g y  
and I n f e c t i o u s  Diseases, N a t i o n a l  I n s t i t u t e s  o f  Hea l th ,  Bethesda, MD 20892 
The AAV t y p e  2 gr:nome (4.7 k b )  c o n t a i n s  p a l i n d r o m i c  i n v e r t e d  t e r m i n a l  r e p e a t s  o f  145 r iucleo- 
t i d e s  wh ich  can i u r l i i  h a i r p i n  s t r u c t u r e s ,  and v i r a l  DNA s y n t h e s i s  proceeds a a Jr l f-  
p r i m i n g  mechanis i i  w i t h  t h e  3 '  t e r m i n a l  h a i r p i n  s e r v i n g  as t h e  p r i m e r .  T h i s  mec+anism 
r e q u i r e s  o r i g i n - s p e c i f i c ,  s i n g l e - s t r a n d  cleavages i n  h a i r p i n  t e r m i n i  t o  y i e l d  u n i t - l e n g t h  
dup lex  templa tes  f r o m  wh ich  progeny s t r a n d s  can be genera ted  by d isp lacement  s y n t h e s i s .  
i d e n t i f y  t h e  p r e  l i c t e d  f a c t o r ( s )  r e s p o n s i b l e  f o r  t h e  s i t e - s p e c i f i c  p r o c e s s i n g  r e a c t i o n ,  we 
ana lyzed ( i )  DNA p r o d u c t s  s y n t h e s i z e d  i n  c e l l - f r e e  e x t r a c t s  w i t h  DNA templa tes  o b t a i n e d  f rom 
p u r i f i e d  AAVP v i c i o n s  and ( i i )  t h e  m o l e c u l a r  c o n s t r u c t i o n  o f  t e m p l a t e  molecules.  When AAV 
DNA was r e l e a s e d  i n  a 414 g u a n i d i n i u m  c h l o r i d e - s u c r o s e  g r a d i e n t ,  a DNA-protein t e m p l a t e  com- 
ponent (P2) was i b t a i n e d  which d i r e c t e d  s y n t h e s i s  o f  b o t h  u n i t - l e n g t h  h a i r p i n s  and complete- 
l y  der ,a tu rab le  n . r n h a i r p i n  duplexes. Upcn t r e a t m e p t  w i t h  p r o t e i n a s e  K, a f r a c t i o n  o f  t h e  P2 
molecu les  r e l e a s  Id te rmi r ,a l  p a l i n d r o m i c  f ragments,  s u g g e s t i n g  t h a t  these fragments may be 
l i n k e d  by a p r o t v i n  a t  t h e  p u t a t i v e  p r o c e s s i n g  s i t e .  S3S-PAGE a n a l y s i s  o f  t h e  P2 molecu les  
r e v e a l e d  two ass x i a t e d  p r o t e i n s ,  P! -25,000 and 22,000. These p r o t e i n s  appear t o  r e p r e s e n t  
new A A V  v i r i o n  p . ) l y p e p t i d e s ,  and cob-espond i n  s i z e  t o  p r e v i o u s l y  observed n o n s t r u c t u r a l  
components o f  AA'I  and autonomous p a r v o v i r u s e s .  
t e i n s  may p l a y  a r o l e  i n  o r i g i n - s p e c i f i c  p r o c e s s l n g  d u r i n g  r e p l i c a t i o n  o f  AAV DNA. 

To 

We propose t h a t  one o r  b o t h  o f  these p r o -  

198 IDESTIFLCATIOS OF XAAM?fALLAS CELLS TEXPERATURE-SENSITIVE FOR CELLULAR AND VIRAL DNA 
SYNTHESIS, Harvey 1,. Ozer, James J. Dermody, Brian Wojcik, and Hong Du, Hunter 
College, City Eniversity of New York, New York, NY 10021 

r h e  papovaviruses (SV40 and polyoma) and human adenoviruses (Adz) infect cells in culture 
from several species. We have recently demonstrated that both polyoma (Py) and Adzreplicate 
their DNA genomes efficiently in established Chinese hamster (CHO, V79) as well as mouse 
(3T3) cell lines. We have isolated over 200 mutants which are temperature-sensitive (ts) 
for cell growth at 39°C in these cell lines using a variety of selection and non-selection 
techniques. Approximately 102 were tentatively defined as consistent with a ts defect in 
DSA synthesis (tsDNA-) based on preferential inhibition of thymidine incorporation upon 
shift to the restrictive temperature. We have examined the efficiency of replication of Py 
and Ad2 DNA in 14 such ts DPiA- cell mutants at 33OC and 39OC in an effort to facilitate 
further definition of the biochemical bases for the mutant phenotypes and identify those 
mutants likely to be defective in macromolecules involved in DNA synthesis. A l l  mutants 
support viral DNA synthesis at 33OC. 
JB3-0, JBLK, JB8-D) restrict Py but not Adz. This differential effect would appear to 
eliminate a defect in deoxynucleotide pools as responsible. One CHO mutant (JB3-B)restricts 
both Py and Adz. The other 8 restrict neither, suggesting that their ts DNA- phenotypes 
are  due to secondary effects as cell cycle progression. Further studies with three of the 
mutznts ( t s 2 ,  ts20, and .!B3-B) sugeest that defects principally affecting various aspects 
of strand elongation are involved. 

Five mutants (3T3 mutants ts2 and ts20, CHO mutants 
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MCLECULAR ANALYSIS OF THE DNA POLYMERASE-DNA PRlMbSE CCMFLEX FRCM YEAST, Mark 
H. Pausch, Byrsn C. Peterson, and Lawrence R. Dumas, Department of Biochemistvy, Mclec- 
ular Biology, and Cell Biology, Northwestern Ilniversitv, Evanston, 7 1 .  60201 
Recent observations of phylogenetically diverse eukaryotic organisms suggest that DNA 
polymerase and DNA primase are subunits in a functional conplex. We have partially 
purified this enzyme complex fron S.  cerevisiae, an organism oarticularly well suited 
to genetic analysis and molecular cloning technology. This enzyme fraction was used to 
develop a collection of monoclonal antibodies selected f o r  their ability to recognize 
DNA polymerase-DNA primase in solution. Two classes of these monoclonal antibodies, 
each recognizing a different size polypeptide chain on Western blots, immunoprecipitate 
equivalent amounts of DNA polymerase and DNA primase activity. This supports the 
notion that these enzymes exist in a functional complex. Another class, represented 
by the 21A6 monoclonal antibody, also immunoprecipitates both enzyme activities. 
However, 2 1 A 6  specifically inhibits DNA primase In solution demonstrating that the 
antigenic polypeptide is necessary f o r  its catalytic activity. The 21.46 antibody has 
been used to probe a Xgtll-yeast genomic DNA library. The yeast DNA sequences 
identified are being characterized. 

1100 STUDIES IN VIVO A N D  IN VITRD O N  THE ORIGIN OF REPLICATION OF TETRAHYMENA THERMOPHILA 
~ rDNA,  Ronald E. Pearlman, Anthony A .  Amin and Kim Riekki, Dept. of Biology, York 
University, Toronto, Ontario, Canada, M3J 1P3. 

The or ig in  of bidirect ional  rep l ica t ion  i n  the extrachromosomal palindromic rDNA of the  
c i l i a t e d  protozoan 1. thermo h i la  i s  600 + 300 bp from the center  of the molecule i n  the  5 '  
non t ranscr ibed spacer-(&ely i n  a r e g i o n  of chromatin hypersensi t ive to  digest ion 
by a number of nucleases. 
sequence in r e s t r i c t i o n  fragments encompassing the i n  vivo rep l ica t ion  o r i g i n ,  which allows 
autonomous rep l ica t ion  of plasmids i n  yeast ;  i . e .  an E. Within this 8 2  bp DNA segment i s  
a 39 bp sequence which appears to be a core sequence required f o r  ARS function in yeas t .  
The 39 bp sequence contains the 11 bp A+T r ich  consensus sequence ident i f ied  in  ARS elements 
from yeast  chromosomal D N A .  Although t h i s  1. thermophila & element i s  near the 
rep l ica t ion  or ig in  of the palindrome, i t  i s  unl ikely t h a t  the  ARS and the in  vivo 
rep l ica t ion  o r i g i n  a r e  coincident .  
rep l ica t ion  or ig in ,  we have i n i t i a t e d  a s e r i e s  of i n  v i t r o  experiments. 
i n  nuclear ex t rac ts  of 1. thermophila pro te in(s )  which bind to  a r e s t r i c t i o n  fragment from 
the  region of the  or ig in  of r D N A  rep l ica t ion .  
a c t e r i s t i c s  of t h e  b i n d i n g  react ion wil l  be presented. 

Using i n  v i t r o  delet ion ana lys i s ,  we have ident i f ied  an 82 bp 

In order  t o  ident i fy  functional sequences a t  the  r D N A  
We have ident i f ied  

Sequence s p e c i f i c i t y  and other  char- 

b i n a t i o n  b-twee~ii inverter?,rc&.ats call JUI: circle , rmpl i" ica+ 
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restore t h e  oIi: ; i .nd : , igh copy mm3er. !e t e - t e i  a mo&: (propose-i by 
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Institute and Harvard Medical School; 'University of North Carolina. 

isolation of nascent DNA chains by affinity chromatography on thiol-agarose, DNA replica- 
tion in Bacillus subtilis cells permeabilized with toluene was investigated. Our earlier 
studies have characterized the partial sequence of RNA primers for the Okazaki fragments 
involved in 8. subtilis chromosome replication and the processing of RNA primers. 
extended this approach of pulse-labeling with Hg-nucleotides to study the nearly replica- 
tive intermediates during the initiation of origin of chromosomal replication of B. subtilis. 
Synchronous initiation of DNA replication was achieved by using outgrowing g. subtilis 
spores and germinated cells were permeabilized with toluene for in vitro DNA synthesis 
with mercurated nucleotide substrates. Newly synthesized DNA was isolated by affinity 
chromatography on thiol agarose. The purified labeled DNA was characterized by twomethods: 
(A) By hybridization with plasmid probes containing various parts of "ori," it was observed 
that replication of a sequence containing recF and gyrB occurred earlier than the sequence 
containing gyrA and rRNA operon rrn0. (B) The isolated nascent DNA contains mostly RNA 
primer at their 5-end as judged by the alkali and RNAse sensitivity of the 5'-32P-end 
labeled nascent DNA. In conclusion, we have a replication system which primarily synthe- 
sized "ori" region and could be used to study the role of various physiological parameters 
on chromosomal initiaiton. 

IN VITRO REPLICATIPN OF THE 0RIG:N OF BACILLUS SUBTILIS CHROMOSOME. 
M. Sasvari-Szekely , G .  Banfalvi , and K.F. Bott'. 'Boston Biomedical Research 

N. Sarkar', 

Using a new methodology which involves the use of 5-mercuri-dCTP as substrate for the 

~ _ _ _  

We have 

1103 
The c E 7  protein of S. cerivisiae is required for the initiation of DNA replication because cdc7ts 
mutants under restrictive conditions are unable to enter the S phase of the cell cycle. In an effort to 
determine the biochemical funct.ion of the C E 7  protein we have cloned and sequenced the C D c 7  gene and 
several &c7ts alleles The cloned sequences were used to construct an insertion mutation (cLc7::IJRU) 
and tn measure the level of m7 protein in mitotic ivegatativr cells) and post-meiotic gwminating 
spores. The following results were obtained. 1) The cell cycle phenotype of the & 7 : : w 3  mutant is the 
sam? as for  the c&7ts mutants under restrictive conditions Therefore, this phenotype is the result of 
a joo of a function. 2) By performing pedigree analysis on a strain carrying the gc7::KA3 insertion oii 
the chromosome and CDC7- on a single copy CDg7+ CENJ- Dlasmid. we have observed the cells which lose 
the plasmid can stillyridergo 8-10 divisions Since the stpady-state mRNA level is about 1-0.5 per cpll 
and the C x 7  prritein functions each and every cell cycle. the CDC7 protein must be present in vast 
excess (200x1 of that required f o r  a single cell division. 3 )  Following sporulation nf a E C 7  /r&7:.5J.4? 
strain, spores which receive th? insertion miitation germinate but arrest in thr first mitotic cell 
division with a large bud. The C c 7  protein present in the original dipltrid cell either must he 
preferentially proteolysed or  excluded from these spores Similar experiments with the m8 prnteiil 
(dTW kinas?) indicate that not all ClC protpins hehave in this manner 4 )  Cmputr.i. anaiysis hiis shnuri 
that the C s 7  protein has significant homology with the I0528 protein which is a ser~thi. protein kiiiasr. 
and with t.he 5~ family of protein kinases. Sincr t h r  protein is present i n  vast cxcess in mitotir 
cells. it is unlikely that the cQs7 gene is cell-rycle regulated Therefore. we pro1)ose that the CDC.; 
protein acts by phosphorylating other protpir i (s)  whi r11  ari. producrd a t  the GI. S boundary 

GEYETIC STCDIES OF CDC7 PROTEIY IN YEAST DNA REPLICATION 
Robert A. Sclafani and Lee Niswander, Dept. of RRGN. IICHSC. Denver, CO 80262 

1104 DUAL FUNCTION OF A DNA REGION IN COPY NUMBER CONTROL IN THE PLASMID PROPHAGE PI, 
June R. Scott and Barbara Froehlich, Dept of Microbiology and Immunology, 
Emory University, Atlanta, Ga, 30322 

The plasmid prophages P i  and P7 are both in the same incompatibility group and 
therefore share some components of replication regulation. Three P1 copy mutants 
maintained at about 5-8 copies per cell all have single base changes within the 
open reading frame encoding the Rep protein, which is required for replication 
of mini-P1. Using a multicopy vector containing just the P1 Rep open reading 
frame, from which all vestiges of the Inc repeats have been deleted, we find that 
all three P I 9  mutants are recessive for high copy number. However, in dominance 
tests with P7icop+, PlcopE38 is recessive, and PlicopN3 and N22 are cis-specific. 
The P I  copy mutants show no change in type-specific ("homoplasmid") incompatibility, 
but show reduced group-specific ("heteroplasmid") incompatibility. Thus, the 
two different phenotypes of Plcop mutants, recessive high copy number and reduced 
incompatibility, show different specificities: the former is type-specific f o r  
- copN22 and N3 and the latter is group-specific for all three mutants. This suggests 
that each single 9 mutation may alter more than one genetic function and thus 
that there is another function encoded in the same DNA region as the open reading 
frame fo r  Rep. 
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1105 INITIATION OF CHROMOSOMAL REPLICRTION IS SUBJECT TO STRINGENT CONTROL IN 6. SUETILIS 
Simone I. Skror, Franpise Wannier, Alain Levine and Gilles Henckes 
Institut de Microbiologie, BZt. 409, Uniwersitb Paris-XI, 91405 ORSAY Cedex 05, FRANCE 

I n  8. subtilis, we hawe recently shown that the synthesis of a specific RNR-DNA copolymer containing ribosomal 
RNA and DNA sequenczs is correlated with the transcriptional step required for  initiation (1. 2). I n  addition 
a new ribosomal RNA operon, e, has been identified in the region of the origin (3). These results suggested 
to u5 that chromosomal initiation which is correlated to the synthesis of a stable RNA was also likely to be 
subject to stringent control. 

Using an initiation mutant of 8. subtilis, dna37. we were able to study the effect of the stringent system 
upon the transcriptional step required for initiation, independently of any requirement for  protein synthesis. 
The results obtained demonstrated that, under conditions which mimic aminoacid starvation, initiation of 
chromosomal replication was blocked in a et but not in the isogenic &- strain. I n  that case. initiation 
was shown to occur in the same origin regian as defined by tne earliest fragments to be replicated. Preliminary 
experiments indicate that this effect is directly due to the action of ppGpp. We propose that control of initiation 
of replication, at least in B. subtilis, is part of a glabal metabolic coordination system. 

1. G. Henckes, F. Wannier, A. Buu 8 5.J. 5th-Lament. J. Bacterial., 1982, 144, 79-91. 
2. S.J. SQrar-Lament h G. Henckes. Proc. Natl. Acad. 5ci. U.S.A., 1985, 82, 3586-3590. 
3. G. Henckes, F. Wannier, M. Seiki, N. Ogasawara, ti.  Yoshikawa 8 S.J. SQror-Laurent. Nature, 1982. 299, 268-271. 

1106 STASILITY DETERHINANTS OF ColEl AND RELATED PLASHIDS 
David Sherratt, Gill Stewart, Colin Stirlin: and David 3u;l:aers 
Institute of Genetics, Glassow University, Glas:ou, Scotland. 

Plasxid ColEl nas 3 deterninant, m, that is required for its stable 
aaintenance. It acts oy saintaining the p o o l  of ColEl .uolecules in a cell 3s 
mom.ners; sultissrs of ColEl-related plasxids are not stably maintained. In =+ C O ~ X I  Jerivatives, any aultilners tnat arise throu;:b generalized 
reco.nbination o r  re?lication, are efficiently converted to :nono-a,3rs by site- 
specific recotnoination oetween = sites. A function th3t acts at = Lo 
.nediate reco JDinatlon is c!iro.aosoaally encoded, aa??in: at 3oout 93 .,]in on tne 
& chrozoso4e. No other caaracterized nost recoabination :ene products are 

required. lutants defective in this function do not stably naintlin ColEl- 
related plasaids (e~, Co lE1,  ColK, pMB1, CloDP13) even wnen they are =+. 9y 
sequencin.: of .iyorid reco.ribination sites senerated by reco~noination between the 
Co131 and C>lX stability determinants, we have localised the position of t h e  
sice-specific reco:noination event. 

1107 DETERMINATION OF THE EFFICIENCY AND SPECIFICITY OF EDITING OF BASE MISPAIRS BY THE 
3l-3 5 ' -  EXONUCLEASE ACTIVITY OF A DNA POLYMERASE. Navin K. Sinha, Waksman Institute 
of Microbiology, Rutgers University, Plscataway, N.J. 08854. 

A series of oligodeoxynucleotide primers was synthesized chemically. These primers, when 
hybridized to 0x174 single-stranded DNA circles containing an amber mutation, result in a 
mispaired nucleotide at the 3'-termini of the primers, thus, mimicking the effect of 100% 
error in the deoxynucleotide insertion step by a DNA polymerase. DNA synthesis on these 
primer-templates without the removal of the mispaired terminal nucleotide results in the 
formation of heteroduplex molecules which give viable revertants upon transfection into an 
amber-restrictive host. This method permits the measurement of editing by a DNA polymerase 
of a mismatch over a 106-fold range for all 8 mispairs capable of yielding a viable revertant 
at an amber codon. Studies with mismatched primers at the 0x174 "16 and am3 codons suggest 
that the order of editing of mispairs by phage T4 DNA polymerase is G.TcA.GdT.CCT.T= G.A= 
G.GSA.CcA.A. The efficiency of editing depends upon the mispair as well as the neighboring 
DNA sequence. The editing nuclease activity, depending upon the mispair, contributes from 
6x103 to greater than lOS-fold to the accuracy of T4 DNA polymerase. Variations in the con- 
centration of the next correct deoxynucleotide substrate (srhich might affect the time avail- 
able for editing), change the efficiency of editing for most, but not all, mispairs. Addi- 
tion of the polymerase accessory proteins ( 3 2 ,  44/62 and 45) increases the efficiency of 
editing. DRA polymerase I of E. coli has a very different specificity of editing for these 
same mismatches, suggesting that the specificity is determined by the nature of the active 
site of the enzyme rather than by the inherent stability of a mispair. 
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1108 INITIATION AT E. C O L l  D R l C  AND DAM METHYLATIOM OF GATC SITES, Douglas Smith, Della 

The 245 b p  minimal c. coli-type origin of replication, oriC, contains 1 1  GATC sites. These 
sites are methylated b y e  Dam methylase, product of thee gene. 
that methylation of one or  more of these sites is important, i f  not essential, for the initi- 
ation process: residual methylation of specific GATC sites persists in dam mutants, transfor- 
mation of these mutants by oriC plasmids is reduced 5 orders o f  magnitude, and oriC DNA iso- 
lated from these mutants functions poorly in oriC-specific in vitro initiation =ems. 1Je 
have isolated insertion and deletion mutants o f h e  dam gene by in vitro construction prior 
'to transformation and recombination into the chromosome. These mutants are viable, but grow 
very poorly and die easily. They are unable to harbor ColEl-type plasmids, but can maintain 
F and be complemented by F-prime- plasmids harboring &. During growth, they rapidly accum- 
ulate suppressor mutations which alleviate the poor growth phenotype. The nucleotide se- 
quence of the gene shows the presence of a putative DnaA binding site proximal to the N -  
terminal end. Fusion studies of this region to galK expression vectors indicate that DnaA 
protein acts negatively in regulation of  2 genepression. Similar studies show that the 
major promoter activity for dam is about 1.5 kb upstream. A noncoding region of much poten- 
tial structure and an open r a i n g  frame potentially coding for a 46 k D  protein are present 
between dam and this promoter. Thus, the dam gene appears to be one of a two gene operon, 
under negative control by DnaA protein. 
GATC methylation in oriC function different from its role in mismatch repair. 

Garland, Karen Geller and Piotr Jonczyk, Univ Cal, San Diego, La Jolla, CA 92093 

Recent evidence showi 

These results together indicate an important role of 

1109 THE STRUCTURE OF REPLICATING SV40 MINICHRDMOSOWES, J.M.Sogo, H.Stahl*, 
Th.Koller, and R.Knippers*, Fed.Inst.Techn., 8093 Zurich, Switzerland, 

*University Konstanz, FRG 

SV40 replicating minichromosomes were studied by DNA crosslinking with Tri- 
methylpsora1en.The spreading of the crosslinked DNA molecules under denaturing 
conditions revealed single-stranded bubbles at positions where nucleosomes 
were sitting.This technique has allowed us to analyze the detailed structure 
of replicating intermediates at the chromatin level with unusual clarity (a), 
e.g.: 
1) I n  the unreplicated parental strand nucleosomes are present up to the 

replication fork,possibly penetrating into the nucleosomal DNA before the 
histone octamer is removed. 

2) Nucleosomes reassociate on the newly synthesized strands at a distance from 
the branch point of 225 I 145 bases on  the leading strand and of 285 
bases on the lagging strand. 

3) The segregation of the old histone octamers is dispersive,random, and in 
clusters. Finally, 

41  A novel structure of inrerlocked dimers with a single-stranded bridge is 
found (b). This type of molecule probably represents the last intermediate 
in the SV40 replication before segregation of the daughter strand takes 
place. 

120 

1110 

Detergent solublefDS) DNA is that fraction of DNA which is released into the supernate upon 
lysis of eukaryotic cells with nonionic detergents. It is non-mitochondria1 in origin. It  
labels efficiently with (3H)deoxyribonucleosides and the labeling is prevented by inhibitors 
of polymerase alpha and ri'oonucleotide reductase. 
labeled DNA into the DS fraction requires the action of topoisomerase 11. Recently we exam- 
ined the DS fraction from uninfected HeLa cells and from HeLa cells late in infection with 
adenovirus type 2 for the presence of rapidly labeled DS DNA. Both uninfected cells and 
cells late in infection incorporated (3H)thymidine into DNA which was recovered from the DS 
fraction. 
sources was the same, namely, a sharply defined ladder of size classes, the smallest of which 
was 190 base pairs in length. 
fashion by novobiocin, which inhibits topoisomerase XI. Therefore, adenovirus replication 
may involve 2 previously overlooked intermediate step in common with its host cell. 
*Supported by funds from Northeastern University 2nd ONR contract 14-82-K-0283. 

ADENOVIRUS MAKES DETERGENT SOLUBLE DNA LATE IN INFECTION, Phyllis R. 
John W. Bodnar, Northeastern University, Boston,MA 02115 

Strauss* and 

Furthermore, release of (3H)thymidine- 

The molecular weight distribution of (3H)thymidine-labeled DS DNA from both 

Incorporation of (3H)thymidine was inhibited in a complex 
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1111 CELL FREE DNA REPLICATION DEPENDENT ON ENDOGENOUS TEMPLATE IN YEAST, Randy S t r i c h  
a n d  John F. Scott, Department o f  M i c r o b i o l o g y ,  U n i v e r s i t y  of I l l i n o i s ,  Urbana, 
IL ,  61801. 

Yeast A c e n t r i c  Ring p l a s m i d  1 (YARpl) is a 1453 b a s e  p a i r  s y n t h e t i c  p lasmid  d e r i v e d  from 
y e a s t  chromosome IV. T h i s  p lasmid  c o n t a i n s  a f u n c t i o n a l  T R P l  g e n e  and Autonomous 
R e p l i c a t i n g  Sequence  1 (ARSI) which d i r e c t s  t h e  r e p l i c a t i o n  of t h e  p l a s m i d .  P r e v i o u s  
s t u d i e s  h a v e  been d e s c r i b e d  u s i n g  ARS c o n t a i n i n g  p lasmid  DNA p u r i f i e d  from E .  coli as 
t e m p l a t e  for r e p l i c a t i o n  i n  cel l  free e x t r a c t s .  We are u s i n g  YARpl i n  a p a r t i a l l y  p u r i f i e d  
c h r o m a t i n  form t o  s e r v e  as t e m p l a t e  for in vitro r e p l i c a t i o n  r e a c t i o n s .  

bead b e a t  l y s i s  and  h i g h  s p e e d  c e n t r i f u g a t i o n  t o  remove most o f  t h e  h i g h  m o l e c u l a r  w e i g h t  
c e l l  components.  The r e s u l t i n g  f r a c t i o n  a l o n e  was c a p a b l e  of i n c o r p o r a t i n g  r a d i o a c t i v e l y  
l a b e l e d  d e o x y n u c l e o t i d e s  upon a d d i t i o n  of normal DNA s y n t h e s i s  s u b s t r a t e s  and  a n  ATP 
r e g e n e r a t i n g  s y s t e m .  The r e p l i c a t i o n  p r o d u c t s  of t h e s e  r e a c t i o n s  were of low m o l e c u l a r  
w e i g h t ,  a b o u t  150 b a s e  p a i r  i n  l e n g t h ,  and  n o t  c o v a l e n t l y  a t t a c h e d  t o  t e m p l a t e  D N A .  
A n a l y s i s  of r e p l i c a t i o n  r e a c t i o n s  r e v e a l e d  t h a t  YARpl-hybr id izable  DNA e x h i b i t e d  slower 
m o b i l i t y  i n  a n  a g a r o s e  g e l  in a time dependent  f a s h i o n .  

E x p o n e n t i a l l y  growing  c u l t u r e s  c o n t a i n i n g  YARpl were h a r v e s t e d  and  s u b j e c t e d  t o  

1112 SV40 LARGE T ANTIGEN STRUCTURE AND REPLICATIVE FUNCTION. L.C. Tackl. G.N. 
P roc to r l .  J.H. Wright1 and E. Gurneyz. lThe Salk I n s t i t u t e .  San Diego. CA 92138 
and h i v e r s i t y  of Utah, S a l t  Lake City.  UT 84112. 

During l y t i c  i n f e c t i o n ,  simian v i r u s  40 (SV40) r e p l i c a t e s  as a minichromosome in  t h e  nucleus 
of permissive host c e l l s .  u t i l i z i n g  both v i r a l - s p e c i f i e d  p r o t e i n s  and normal c e l l u l a r  
processes .  Binding of SV40 l a rge  T an t igen  (T Ag) t o  t h e  SV40 nri i s  required t o  i n i t i a t e  
v i r a l  DNA syn thes i s .  We have observed t h a t  a major subc la s s  of r e p l i c a t i n g  SV40 chromosomes 
whose r e p l i c a t i o n  f o r k s  progress  synchronously have bound T Ag dur ing  elongat ion.  Another 
subc la s s ,  lacking T Ag dur ing  elongat ion.  r e p l i c a t e s  asynchronously.  These two r e p l i c a t i n g  
c l a s s e s  have a l t e r e d  chromatin s t r u c t u r e s  a t  Pri. Fur the r  a n a l y s i s  i n d i c a t e s  t h a t  T Ag may 
be involved i n  t h e  s e l e c t i o n  of e i t h e r  of two d i f f e r e n t  s e t s  of s t a r t  and terminat ion s i t e s  
du r ing  b i d i r e c t i o n a l  r e p l i c a t i o n .  To determine i f  t h e r e  a r e  d i s t i n c t  s i t e s  i n  T Ag o r  
s e v e r a l  func t iona l  c l a s s e s  of T Ag a c t i v e  i n  t h e  i n i t i a t i o n .  e longa t ion  and. perhaps. 
t e rmina t ion  s t e p s  of SV40 r e p l i c a t i o n .  we a r e  u t i l i z i n g  twenty-one monoclonal an t ibod ie s  
d i r e c t e d  aga ins t  d i f f e r e n t  s t r u c t u r a l  domains i n  T Ag. We a r e  analyzing s e v e r a l  T 
Ag-dependent a c t i v i t i e s  important f o r  SV40 r e p l i c a t i v e  funct ion.  i nc lud ing  adeny la t ion  and 
ATPase a c t i v i t y .  Ten an t ibod ie s  recognize s t a b l e  determinants  and r e a c t  with t o t a l  T Ag. S ix  
o t h e r s  recognize a T Ag subc la s s  (20%) a c t i v e  f o r  ATP hydro lys i s .  including two i n a c t i v a t i n g  
an t ibod ie s .  The ATPase-active T Ag subc la s s  p r e f e r e n t i a l l y  a s s o c i a t e s  w i th  t h e  c e l l u l a r  
tumor protein.  p53. dur ing  l y t i c  i n f e c t i o n .  Other an t ibod ie s  recognize an adenylated T Ag 
subc la s s  d i s t i n c t  from t h a t  a c t i v e  i n  ATP hydro lys i s .  We a r e  s tudying t h e  e f f e c t  of these 
a n t i b o d i e s  on t h e  in ritrn r e p l i c a t i o n  of SV40 DNA compared t o  chromosome templates .  

11 13 REPI.ICATIOE; OF ADENOVIRUS DNA: INTERACTION OF CEJ,LULAR PROTEINS WITH THE O R I G I N ,  
P e t e r  C .  van d e r  V l i e t ,  E r i k  de V r i e s ,  P e t e r  A . J .  Leegwater ,  Ger J . M .  P r u i j n  and 
V i m  van D r i e l ,  L a b o r a t o r y  f o r  P h y s i o l o g i c a l  Chemis t ry ,  S t a t e  U n i v e r s i t y  of U t r e c h t ,  
The N e t h e r l a n d s  

L'e have s t u d i e d  Adenovi rus  DNA r e p l i c a t i o n  i n  v i t r o  u s i n g  a s y s t e m  of  p u r i f i e d  v i r a l  and 
c e l l u l a r  p r o t e i n s  and o r i o i n  c o n t a i n i n g  p lasmid  DNAs a s  t e m p l a t e s . 0 p t i m a l  r e p l i c a t i o n  
r e q u i r e d  t h e  v i r a l  DE!A b i n d i n g  p r o t e i n ,  p r e c u r s o r  t e r m i n a l  p r o t e i n  and DNA polymerase ,  
!ieLa c e l l  c y t o s o l ,  n u c l e a r  f a c t o r  I and an a d d i t i o n a l  n u c l e a r  p r o t e i n  which we t e n t a t i v e l y  
d e s i p n a t e  n u c l e a r  f a c t o r  111. 
h 'uc lenr  f a c t o r  (NF I )  h a s  a minimel DPA h i n d i n g  s i t e  o f  15-16 n u c l e o t i d e s  i n  t h e  o r i g i n  
which c o n t a i n s  t w o  conserved  n u c l e o t i d e  b l o c k s .  R e v e r s i c ?  of t h i s  b i n d i n q  sequence  d i d  n o t  
d i n i n i s h  i t s  s t i m u l a t i n g  a c t i v i t v  i n  DNA r e p l i c a t i o n .  However, i t s  p o s i t i o n  r e l a t i v e  t o  t h e  
f i r s t  n u c l e o t i d e  i s  r a t h e r  c r i t i c a l .  From a d e t a i l e d  a n a l y s i s  of DNA c o n t a c t  p o i n t s ,  
i x l u d i n r !  6 ,  A,  T and phosphate  c o n t a c t s ,  we conclude  t h a t  NF I b i n d s  i n  t h e  l a r g e  groove 
w i t l i  a l l  c o n t a c t s  a t  one s i d e  o f  t h e  h e l i x .  The c h i c k e n  TCCCA p r o t e i n  can f u n c t i o n a l l y  
r e p l a c e  t h e  human NF I .  NF I11 b i n d s  t o  a r e g i o n  c o n t a i n i n g  a n o t h e r  conserved  b l o c k  and 
s t i m u l a t e s  i n i t i a t i o n  only  i n  t h e  p r e s e n c e  of t h i s  sequence .  A p o i r t  m u t a t i o n  i n  t h i s  
r e o i o n  d e s t r o y s  i t s  s t i r r u l a t i n g  a c t i v i t y .  
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1114 ADENOVIRUS SEQUENCES REQUIRED FOR REPLICATION IN VIVO. Kai Wang, Kevin G. Ahern, 

Specially constructed plasmids containing adenovirus terminal sequences can replicate in 
cells cotransformed with helper adenovirus DNA. pIR10, a 3.2-kb plasmid, contains the 
leftmost 358 bp of adenovirus DNA flanked by 90-bp inverted repeats (IR). &RI cleavage 
yields a linear molecule with adenovirus sequences at one end and one copy of the I R  at the 
other. Replication of linearized pIRlO generates a new, linear 3.6-kb molecule with 
adenovirus sequences at both ends. We have used this assay to determine that the adenovirus 
minimal origin as well as the adjacent binding site for nuclear factor I are required for 
efficient replication in vivo (K. Wang and G. D. Pearson, Nucl. Acids Res. 12, 5173, 1985). 
Recent work has focused on the role of IR sequences in adenovirus replication. IR sequences 
are presumably required to form "panhandle" intermediates for complementary strand synthesis. 
Less than 45 bp are required although no minimum size has yet been determined. We will 
present work on the minimum s i z e  of the inverted repeats, the selection between multiple 
copies of the inverted repeats, and the ability of one copy of the inverted repeats to repair 
mutations in the other copy. 

and George D. Pearson. Oregon State University, Corvallis, OR 97331. 

1115 STUDIES OF DNA REPLICATION BY XRPES SIXPLEX VIRUS TYDE-1 DYA POLYWFASE, Y- 
S .  IJang & J . D .  Nall. University of Arizona, Tucson, Al. 85721 

Experiments have been conducted to investigate the interaction of DNA polymerase 
from herpes simplex virus type-1 (HSV-1) with defined DNA templates (poly(dA) and 
M13mp8 single-stranded D4A). Potential pausing sites of the polymerase on the M13mp8 
DNA template and the processivity of the enzyme on both templates will be described. 
The major DNA binding protein (ICPB), a single stranded DNA binding protein from 
HSV-1, is required for DNA replication. The effect of ICP8 on proccssivity and 
pausing sites in the above replication systems will be presented. Finally, compari- 
sons with heterologous single stranded DNA binding proteins, such as EL c& ssb, 
will be described to distinguish specific and indirect interactions between the DNA 
polymerase and binding proteins. 

1116 CLONING AND CHARACTERIZATION OF A DELETION-PRONE REGION OF HSV-1 DNA WHICH CONTAINS 
O R 1  , AN HSV-1 ORIGIN OF DNA REPLICATION. Sandra K. Weller and Ellen M. Petkaitis, 
Unikersity of Connecticut Health Center, Farmington, CT 06032. 

A seven kilobase region of the HSV-1 genome between map coordinates 0.385 and 0.434 

Sequence 
contains three essential DNA replicative functions: the gene for the major DNA-binding 
protein, an origin of DNA replication (ori ) ,  and the HSV DNA polymerase gene. 
analysis of an 870-base pair fragment fromLthe origin containing region has revealed a 
perfect 144-bp palindrome. In an in vivo assay, we have mapped the origin to a 308 bp 
fragment containing the palindrome. Clones with 55 bp deletions, removing the center of 
symmetry of the palindrome, have lost origin function. Precise localization and further 
characterization of ori have been severely hampered by the inability to clone sequences 
which contain it in an hndeleted form in bacteria. 
cloning of these sequences in an undeleted form, using a yeast cloning vector (Weller et 
al., 1985. M o l .  Cell Biol. 5:930-942). However it has been difficult to obtain large 
amounts of origin-containing DNA from yeast cells. 
circumvent this problem by propagating ori clones in a recombination deficient strain of 
- -  E. coli, CES 201 (=A, EBC. &B). 
in this strain, the frequency is much reduced. 
requirements for origin function will be discussed. 

We reported previously the successful 
- 

- 
We have recently been able to 

Altkough deletions of the palindrome still occur 
Attempts to define the minimal sequence 

1117 SUBSTRUCTURE AND CONTEXT OF ARSI EFFECT REPLICATION EFFICIENCY OF PLASMIDS IN 
YEAST, Michael Woontner, Randy Strich, and John F. Scott, Department of 
Microbiology, University of Illinois, Urbana, IL 61801. 

Previous studies in our laboratory as well as others have shown that an ARS consensus 
sequence requires a proper context for full function. The sequence surrounding the ARSl  
consensus plays an important role in plasmid replication. We have cloned a series of 
deletions on one side of the ARS1 consensus ("region C", Celniker et a l . ,  Cell 31:201-213) 
into the replication/segregation test vector YRpl4/CEN4 (Hieter et a l . ,  Cell 40:381-392). 
Our measurements of plasmid loss rate using Hieter et al.'s "half-sector" method show a 
single small step decrease in replication efficiency as the deletion endpoint approaches 
within approximately 200 base pairs of the consensus. 
differences in loss rates when our inserts are cloned in opposing orientations, indicating 
a long-range effect of plasmid structure on replication efficiency. In order to carry our 
deletion series as far as possible, we have had synthesized an oligonucleotide containing 
only the AR51 consensus sequence flanked by BgIII and EcoRI "sticky ends". This fragment 
has been cloned and sequenced, and will be subcloned along with various amounts of "region 
B" in YRpl4/CEN4 for testing. 

Additionally, we see small 
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1118 INITIATION OF CHLOROPLAST DNA REPLICATION IN CHLAMYDOMONAS REINHARDTII, Madeline 
Wu, J.K. Lou, D.Y. Chang and Z.Q. Nie, University of Maryland Baltimore County, 
Baltimore, Maryland 21228 

Chloroplast DNA replication in Chlamydomonas reinhardtii is initiated by the formation of 
displacement loops (0-loop) at specific sites. Two'D-loop sites were mapped by electron 
microscopy. One 0-loop site and its adjacent region were cloned in recombinant plasmid 
R-13 and SC3-I. The DNA sequence of the 1.05 Kb chloroplast DNA insert.-in SC3-1 has been 
determined. This includes the 0.42 Kb 0-loop region, 0.2 Kb to the left and 0.43 Kb to 
the right of the 0-loop region. The sequence i s  characterized by the presence of  4 large 
stem-loop structures. Two back to bacf promoters are mapped within the stem region of a 
large stem-loop structure which is located in the 0-loop-region. The 5 . 5  Kb EcoRl 
fragment cloned in R-13 contains the SC3-I insert and its flanking regions. In the 
flanking regions, a yeast ARS sequence and an ARC sequence which promotes autonomous 
replication in ChTamydomonas were mapped (1). Both R-13 and SC3-1 are better templates 
than pBR325 in a crude protein mixture which support i n  vitro DNA synthesis. Preliminary 
data indicates the DNA synthesis starts near the 0-loop site in this in vitro system. 
Protein gel analyses show a 18 KO chloroplast encoded polypeptide and 2 nuclear encoded 
polypeptides bind preferentially to the double stranded DNA of SC3-1. 

1) Vallet, J.-M., and Rochaix, J. -D, (1985) Current Genetics 9 :  321-324 

1119 CONTROL OF PLASMID STABILITY AND COPY NUMBER I N  THE YEAST PLASTMID, 2 MICRON CIRCLE, 
L ih - Juan  Young, J o s e  L. R e v u e l t a  a n d  Makkuni  J a y a r a m ,  S c r i p p s  C l i n i c  a n d  R e s e a r c h  
F o u n d a t i o n ,  La J o l l a ,  CA 92037 

Two a s p e c t s  o f  t h e  p h y s i o l o g y  o f  t h e  2 m i c r o n  c i r c l e  p l a s m i d  e n s u r e  i t s  s t a b l e  p r o p a g a t i o n  
a t  i t s  n o r m a l  c o p y  number.  T h e s e  are:  ( a )  t h e  a m p l i f i c a t i o n  p o t e n t i a l  o f  t h e  p l a s m i d ,  
t h a t  i s ,  i t s  a b i l i t y  t o  u n d e r g o  more t h a n  o n e  r o u n d  o f  r e p l i c a t i o n  i n  a s i n g l e  c e l l  c y c l e  
when t h e  copy  number d r o p s  b e l o w  s t e a d y - s t a t e  l eve l ;  ( b )  t h e  s t a b i l i t y  s y s t e m  e n c o d e d  b y  
t h e  p l a s m i d  wh ich  e n s u r e s  t h a t ,  f o l l o w i n g  r e p l i c a t i o n ,  t h e  p l a s m i d  m o l e c u l e s  are p a r t i t i o n e d  
e q u a l l y  b e t w e e n  the m o t h e r  a n d  d a u g h t e r  c e l l s  a t  m i t o s i s .  The s t a b i l i t y  s y s t e m  c o n s i s t s  o f  
two p la smid -coded  p r o t e i n s ,  t h e  p r o d u c t s  of t h e  REPl a n d  REPZ g e n e s  a n d  a c i s - a c t i n g  l o c u s  
REP3. By p l a c i n g  t h e  e x p r e s s i o n  o f  t h e  REPl a n d  REPZ g e n e s  u n d e r  t h e  y e a s t  p r o m o t e r ,  
we h a v e  c o n s t r u c t e d  2 m i c r o n  c i r c l e  d e r i v a t i v e s  i n  w h i c h  t h e  s t a b i l i t y  c a n  b e  t u r n e d  o f f  by 
g l u c o s e  a n d  t u r n e d  on by g a l a c t o s e .  
t h a t  i n  t h e  n a t i v e  2 m i c r o n  c i r c l e  i t s  e x p r e s s i o n  is  u n d e r  t r a n s l a t i o n a l  c o n t r o l .  Our 
p r e l i m i n a r y  r e s u l t s  f r o m  d e l e t i o n  a n a l y s i s  as  w e l l  a s  o l i g o n u c l e o t i d e  d i r e c t e d  m u t a g e n e s i s  
s u p p o r t  t h e  i d e a  o f  s u c h  a r e g u l a t i o n .  W e  h a v e  a l s o  d e v e l o p e d  c o n v e n i e n t  a s s a y  s y s t e m s  'to 
t es t  w h e t h e r  t h e  s t a b i l i t y  s y s t e m  is  a c t i v e  o n  2 m i c r o n  c i r c l e - d e r i v e d  l i n e a r  p l a s m i d s  and  
w h e t h e r  some or a l l  o f  t he  componen t s  o f  t h e  s t a b i l i t y  s y s t e m  p a r t a k e  i n  p l a s m i d  a m p l i f i -  
c a t i o n  as  w e l l .  

- 
The 5' p r o x i m a l  s e q u e n c e s  o f  t h e  REPl g e n e  s u g g e s t  

1120 1nENTlFLCArlON OF SEQUENCES LNVOLVED 1Y 1W1TlAT1OP: OF YEAST CHROMOSOMAL DNA 

A v a r i e t y  o f  d a t a  a r e  c o n s i s t e n t  w i t h  e s  b e i n g  o r i g i n s  o f  r e p l i c a t i o n  f o r  p l a s m i d  D N A s  i n  
y e a s t .  However ,  t h e r e  is no d i r e c t  e v i d e n c e  fo r  a r o l e  o f  G s  i n  t h e  i n i t i a t i o n  o f  
chromosomal  D N A  r - p l i c a t i o n .  The DNA c o n t a i n e d  w i t h i n  a r e p l i c a t i o n  b u b b l e ,  by d e f i n i t i o n ,  
c o n t a i n s  n r e p l i c a t i o n  o r i g i n .  We have d e v e l o p e d  p r o c e d u r e s  which a l l o w  t h e  i s o l a t i o n  o f  
D H A  froin s m a l l  r e p l i c a t i o n  h u b b l e s ,  DNA wh ich  s h o u l d  be h i g h l y  e n r i c h e d  i k i  r e p l i c a t i o n  
o r i g i n s .  4 - T h i o u r d i n e  (TU) is used  t o  l a b e l  newly r e p l i c a t e d  DNA. Asynchronous  c e l l s  g o  
t h r o u g h  a h o u t  one  d o u h l i n p  i n  TIJ; w h e r e a s ,  c e l l s  s y n c h r o n i z e d  a t  t h e  b e g i n n i n g  o f  S p h a s e  
a p p e a r  t o  u n d e r g o  a f u l l  round of DNA s y n t h e s i s  in i t s  p r e s e n c e .  T h i o - s u b s t i t u t e d  DNA IS 

d e n a t u r e d  and t h e n  p u r i f i e d  b y  a f f i n i t y  c h r o m a t o g r a p h y  on HE-agarose.  Because  s m a l l  U N A  
n o l r c u l e s  b i n d  f a r  more e f f i c i e n t l y  t o  t h e  column t h a n  l a r g e  o n e s ,  DNA f rom s m a l l  b u b b l e s  is 
p r e f e r e n t i a l l y  I s o l a t e d .  Us ing  a s y n c h r o n o u s  c e l l s ,  abou t  302  of t h e  D N A  s y n t h e s i z e d  d u r i n g  

10' p e r i o d  in  t7e p r e s e n c e  of TI! is r e c o v e r e d  f r o m  t h e  column.  T h i s  DNA was l a b e l e d  w i t h  
"P and h y b r i d i z e d  t o  r e s t r i c t i o n  d i g e s t e d  r e c o m b i n a n t  DNA p l a s m i d s  c o n t a i n i n g  s p e c i f i c  
y e a s t  D N A s .  I n  a f i r s t  e x p e r i m e n t ,  f r a g m e n t s  c o n t a i n i n g  t h e  ARS from b o t h  2 un and 
r i b o s o m a l  D N A s  a p p e a r e d  t o  b e  e n r i c h e d  In t h i o - s u b s t i t u t e d  D N 4  compared t o  non-ARS f r a g m e n t s  
from t h e  two D N A s  ( a l t h o u x l i  a l l  f r a g m e n t s  were  r e p r e s e n t e d  in t h e  p r o b e ) .  Our c u r r e n t  g o a l  
LS t o  u s e  t h i o - s u b s t i t u t e d  DNA p r e p a r e d  from c e l l s  s y n c h r o n i z e d  i n  e a r l y  S p h a s e  t o  s c r e e n  a 
L i b r a r y  d e r i v e d  f rom y e a s t  chromosome 111 in  whicli e a c h  chromosome f r apmen t  h a s  been  t e s t e d  
f o r  + f u n c t i o n  ( l i b r a r y  c o n s t r u c t e d  and c h a r a c t e r i z e d  by C.S. Newton). I f  c s  a r e  
chromosomal  r e p 1 i : a t i o n  o r i a i n s ,  t h e y  s h o u l d  be e n r i c h e d  in  e a r l y  r e p l i c a t e d  PI. 

REPl.lCA'TlO<. V . 4 .  Z a k i a n  and M . N .  C o n r a d ,  H u t c h i n s o n  C a n c e r  Res. C e n . ,  S e a t t l e ,  WP. 
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DNA Replication 11: Prokaryotes and Systems 

INITIATION OF BACTERIOPHAGE a DNA REPLICATION WITH 9 PURIFIED A AND 11. 
REPLICATION PROTEIBS. C h r i s t i n e  L. Alfano, Kojo Mensa-Wilmt, Marc S. Wold and 

Roger UcUacken, Johns Hopkins Universi ty ,  Baltimore, HD 21205 
We have p rev ious ly  e s t ab l i shed  a crude s o l u b l e  enzyme system t h a t  s p e c i f i c a l l y  r e p l i -  

c a t e s  supe rco i l ed  A& plasmid DNA (Wold & &., pNAs 79. 61766180, 1982). The P r o p e r t i e s  
of plasmid DNA r e p l i c a t i o n  i n  t h i s  i n  v i t r o  system c l o s e l y  mimic those found for t h e  e a r l y  
c i r c l e - to -c i r c l e  phase of 1 DNA r e p l i c a t i o n  i n  vivo. Repl icat ion is i n i t i a t e d  a t  or near  
t h e  A r e p l i c a t i o n  o r i g i n  (&A) and proceeds b i d i r e c t i o n a l l y  through the t a - s t ruc tu res  t o  
produce mul t ip ly  catenated daughter  circles t h a t  are even tua l ly  segregated i n t o  superooi led 
plasmid monomers. In t h e  crude system, as i n  vivo,  t h e  k CI repres so r  d i r e c t l y  blocks 
i n i t i a t i o n  of r e p l i c a t i o n  a t  &A by prevent ing t r a n s c r i p t i o n a l  a c t i v a t i o n  of the  o r i g i n  
r eg ion  by t h e  b a c t e r i a l  RNA polymerase. 

A system t h a t  suppor t s  t h e  i n i t i a t i o n  and propagat ion of Aa DNA r e p l i c a t i o n  has  now 
been r e c o n s t i t u t e d  with nine pur i f i ed  A and !$. pro te ins .  E lec t ron  microscopic and 
biochemical evidence i n d i c a t e s  t h a t  an e a r l y  s t e p  p r i o r  t o  t h e  initial priming event  is t h e  
formation of a nucleoprotein complex con ta in ing  t h e  A 0  and P initiators and t h e  b a c t e r i a l  
dnaB p r o t e i n  h e l i c a s e  at  d A .  Uovement of dnaB p r o t e i n  away f r o m  &A is accompanied by 
unwinding of DNA and r e q u i r e s  t h e  a c t i o n  of t h e  b a c t e r i a l  dnaJ and dnaK hea t  shock p r o t e i n s  
and t h e  presenoe oP t h e  s ingle-s t randed DNA binding p ro te in .  Primase f u n c t i o n a l l y  
interacts wi th  dnaB p ro te in  t o  syn thes i ze  all RNA primers Por DNA s y n t h e s i s  by t h e  DNA 
polymerase I11 holoenzyme. Extensive propagat ion of a r e p l i c a t i o n  fo rk  on t h e  A& 
chromosome r e q u i r e s  t h e  a c t i o n  o f  DNA gyrase.  

1122 DNA UNWINLlING AS A KEY STEP I N  INITIATION OF REPLICATION FROH THE Escherichia  & 
O R I G I N ,  Tania A.  Baker, Barbara E .  Funnel l ,  Kazuhisa Sekimizu and Arthur Kornberg, 
Department of Biochemistry,  Stanford Un ive r s i ty  School of Medicine, Stanford,  CA 
94305. 

I n i t i a t i o n  of enzymatic r e p l i c a t i o n  of plasmids containing t h e  unique o r i g i n  of t h e  E. 
c o l i  chromosome (oric) con ta ins  a s t a g e  during which t h e  p a r e n t a l  DNA duplex is unwound. 
This unwinding r e a c t i o n  i s  d r iven  by t h e  coordinate  a c t i o n s  of dnaB p r o t e i n  and gyrase,  
both of which hydrolyze ATP. DnaB p r o t e i n  appears t o  provide t h e  he l i case  func t ion  while  
gyrase se rves  a s  t h e  swivel .  SSB i s  a l s o  required t o  coa t  t h e  s ingle-s t randed regions.  
This  unwinding r e a c t i o n  is  s p e c i f i c  f o r  plasmids containing t h e  oriC sequence and r equ i r e s  
t h e  i n i t i a t i o n  p r o t e i n s  dnaA, dnaC and HU ( see  Sekimizu e t  a l . )  i n  add i t ion  t o  t h e  un- 
winding enzymes. Unwinding of t h e  p a r e n t a l  DNA is  required f o r  priming by primase and 
e longa t ion  by DNA polymerase I11 holoenzyme. Thus a mechanism by which t h e  i n i t i a t i o n  
r eac t ions  a c t  t o  s e t  up r e p l i c a t i o n  fo rks  i s  emerging: 
f o r  t h e  e n t r y  of a dnaB-dnaC complex. 
t h e  e n t r y  of primase t o  prime DNA chains  a t  oriC and t h e  r e p l i c a t i o n  fo rks  and holoenzyme 
t o  syn thes i ze  t h e  chains .  

dnaA and HU a t  @ provide a ga t e  
Unwinding by dnaB p r o t e i n  and gyrase i n  t u r n  allows 

1123 GENETIC STRUCTURE OF THE E. COLI dnaZX REGION, Aleksandra Blinkowa, Kuo-Chang 
Yin, and James R. Walker, The Un ive r s i ty  of Texas, Austin. TX 78712 

The E. c o l i  2.2 kb dnaZX region,  which has a maximum coding capac i ty  of 77,000 d a l t o n s  
of p r o t e i n  i n  one r e a d i n g  frame,  d i r e c t s  t h e  s y n t h e s i s  of two p ro te ins -one  o f  abou t  
75,000 and t h e  o t h e r  o f  abou t  56,500 d a l t c n s .  T h i s  Zx r e g i o n  is r e q u i r e d  f o r  t h e  
p o l y m e r i z a t i o n  phase  of r e p l i c a t i o n  and i t  i s  p o s s i b l e  t h a t  t h e  l a r g e r  and s m a l l e r  
products a r e  the  T andh subuni ts  of DNA polymerase I11 holoenzyme. To i n v e s t i g a t e  the  
mechanism by which t h e  Zx region is expressed, t h e  2218 base p a i r s  have been sequenced. 
There i s  on ly  one long open reading frame which could encode a 71,100 d a l t o n  protein-  
presumably the one p rev ious ly  measured as 75,000 dal tons.  A l l  o the r  p o s s i b l e  reading 
frames con ta in  m u l t i p l e  s t o p  codons. The ZX s t r u c t u r a l  gene is  preceded by a p o t e n t i a l  
promoter c o n s i s t i n g  of reasonable  -35 (TCGEG) and -10 (TAGCAT) sequences separated by 
17 base pa i r s .  A p o t e n t i a l  Shine-Dalgarno sequence (AGAG) is loca ted  seven base p a i r s  
upstream of the  ATG i n i t i a t o r .  The deduced amino ac id  sequence ind ica t e s  a s l i g h t l y  
a c i d i c  p r o t e i n  of PI 6 .92 .  The codon usage  is c h a r a c t e r i s t i c  of a weakly expres sed  
gene. Ana lys i s  of the nuc leo t ide  sequence provides  two models f o r  t he  expression of 
- ZX. Poss ib ly ,  t h e  l a r g e r  p ro te in  is c l eaved  to gene ra t e  the  sma l l e r ;  a l t e r n a t i v e l y ,  
t he  two pro te ins  can be t r a n s l a t e d  from d i f f e r e n t  l eng th  messengers, using one reading 
frame. The p o s s i b i l i t y  of two reading frames is excluded. 
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1124 EFFECT OF dnaA AND recA MUTATIONS ON THE TIMING OF INITIATION IN E.coli, 
Erik b y e ,  Kirsten Skarstad, Harald B. Steen, and Kaspar von Meyenburg 

Dept. of Biophysics, Norsk Hydro‘s Institute for Cancer Research, 0310 Oslo 3 ,  Norway and 

A flow cytometric method has been devised to measure the degree of synchrony in initiation 
of multiple origins within one and the same E. coli cell (see accompanying abstract). 
initiation occurs almost simultaneously in wildtype cells, the timing appears to be 
severely disturbed in dnaA(ts) mutants grown at the permissive temperature. 
mutants initiated almost randomly in time (all mapping in the central part of the gene 
between dnaA46 and dnaA602) while the other class retained some degree of synchrony (mapping 
in the distal parts of the gene). For the dnaA46 mutant, the degree of asynchrony was 
inde endent of temperature between 25 and j7”c. Introduction of a plasmid carrying the 
dnaA gene partly restored synchrony in dnaA mutants, but reduced synchrony in the wild 
type cell. Introduction of minichromosomes containing or plasmids containing 
dnaA-boxes and no- gene had only small effects on synchrony in the wild type. 
believe that the lack of functional DnaA-activity is limiting even at permissive 
temperatures causing scattered initiations from single orlgins. With too much DnaA-activity 
overinitiations occur. The data indicate that initiation is extremely sensitive to the 
concentration of DnaA protein free to bind to the oriC region. Initiation in recA mutants 
were also found to be extremely asynchronous suggesting a role for the RecA protein in 
control of chromosome initiation. 

Dept. of Microbiology, The Technical Univ. of Denmark, 2800 Lyngby, Denmark. 

While 

Dne class of 

P 
__ __ 

We 

1125 
DNA POLYMERASE I AND DNA PRIMASF COMPLFX IN YEAST. LUCY M. S. CHANG, F. CHERIATHUNDAM, 
P. PLEVANI AND G. BAMRACCO, DEPARTMENT OF BIOCHEMISTRY, LINIFORNED SERVICES UNIVERSITY 
OF THE HEALTH SCIENCES, BETHESDA, MARnAND, AND DEPARTMENTO DI BIOLOGI, SEZIONE DE 
GENETICA, UNIVERSITA DEGLI STUD1 DI MILANO, ITALY. 

An immunoaffinity chromatographic procedure was developed to purify DNA polymerase 
-DNA primase complex from crude soluble extracts of yeast cells. Analysis of peptides 
i n  the complex by polyacrylamide gel electrophoresis in the presence of sodium dodecyl 
sulfate showed the presence of five major peptides: p180, p140, p74, p58 and p48. 
Separation of the polymerase and primase activities was accomplished by ion exchange 
chromatography and immunoaffinity chromatography. Enzyme activity gel and immunoblot 
analyses showed that p74 cofractionated with plRO and p140, the catalytic peptides 
of DNA polymerase. p58 and p48 cofractionated with the DNA primase activity. DNA 
primase isolated from the polymerase-primase complex sedimented on sucrose gradients 
with an estimated molecular weight of 110,000. 

In the presence of rATP and dNTPs, the yeast polymerase-primase complex converts 
the R F I  form of single-stranded circular DNAs to the R F I I  form. Replication of 
polydeoxynucleotides showed the yeast primase in the complex can initiate with riho- 
purine nucleoside triphosphates but not with ribopyrimidine nucleoside triphosphates. 
Addition of E. coli DNA polymerase I to the poly (dT) replication mixture resulted in 
7 to 8-fold stimulation of dNTP polymerization activity. 

_ _ _  

11 26 INSERTIO’< MUTAGE2ESIS AND TRRNsCRIFTIaJ MAPPING OF PIASMID pSC101 REPLICATION QXZS 
Gordon Cnurchward, Elisa Izaurralde & Danielle Manen, Department of Molecular 

Biology, University of Geneva, Geneva, Switzerland. 

we have isolated a series of insertions of -, a DNA fragmnt carrying an antibiotic 
resistance gene, into the p S C l O l  replication genes cloned on a pBR322 vector plasmid. FrOm 
these insertions, we have constructed a number of deletions by recmbining fragments frcm 
different insertion plasmids in vitro. The characterization of these deletion mutants shows 
that the segment of DNA containing the locus is required for normal psClOl replication. 
Deletion of this s-nt abolishes replication activity and also defines a new replication 
gene, m. The insertion of 
These have been iised to clone segmnts of DNA from the insertion mutants into a prcmster- 
prok plasmid where a galactokinase gene is expressed from promoters within the cloned 
segmnts. Analysis of galactokinase expression reveals a rrmplex pattern of transcription, 
and suggests that bth  strands of the &z lmus, involved in the regulation of plasmid 
replication, are transcribed. 

results in the intrcduction of new restriction sites. 
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I S  OF LINEAR PLASMID MnTIMERS I N  E. Co l l  K-12, ?mikam Cohen and Alvin J. 
E r k p a r t m e n t  of Medical Genet ics ,  'ItG F & G  Unive r s i ty  Hadassah Medical 
.%hool, Jerusalem, Israel, and Department o f  Eblecular  A i o l c q y ,  Un ive r s i ty  of 
California, Berkeley CA 94720 

L inea r  p l a sn id  nu l t imers  e r e  i d e n t i f i e d  i n  e x t r a c t s  of r e c R  and re& nutant strains 
con ta in ing  d e r i v a t i v e s  of the ColEl-type plasmids @ C Y C l m  p B m .  
sbcB i n c r e a s e s  the p r q o r t i o n  of plasnid M A  as l i n e a r  nul t imers .  
t h i s  is base3 on propsed roles of RecBC enzyme and f l x B  enzyme (DNA exonuclease I )  in 
preven t ing  tm types of r o l l i n g  circle W syn thes i s .  
DNA synthesis was prcpsed to occur by re&+ dependent i n t e m l e c u l a r  recanbinat ion 
between l i n e a r  nu l t imers  and circular m=rs and by re@.+ independent intramolecular  
r e m i n a t i o n  of l i n e a r  rmlt imers  po ten t i a t ed  by an s=tation. Ey using a p la sn id  
c a r r y i n g  a shortened kt functional form of l d a ' s -  gene under t h e m s e n s i t i v e  
r ep res s ion ,  e =re able n o t  on ly  to m a s u r e  the k i n e z s  of f o m t i o n  of l i n e a r  
mltimers b u t  also to observe a d r m t i c  i n c r e a s e  i n  the p r o p r t i o n  of cell DNA found as 
plasnid DNA. 
synthesis is expected to be i n s e n s i t i v e  to RNR-I c u n t r o l  of i n i t i a t i o n  o f  mnmr circle 
r e p l i c a t i o n .  
new l ight on p la sn id  r ecanb ina t ion  frequencies  i n  various &t strains. 

A n u t a t i o n  i n  
A &el to  exp la in  

& i n i t i a t i o n  of r o l l i n g  circle 

- 

This s u p p r t s  the hypothesis of r o l l i n g  circle INA synthesis because such 

me presence of l i n e a r  plasmid rmlt imers  i n  re& and recC rmtan t s  sheds 

1128 INITIATION OF SV40 DNA REPLICATION I N  V I T R O ,  R.S. Decker, M. Yamaguchi, 

Chemistry, and Dana Farber Cancer Center'. Harvard Medical School, Boston, MA. 
R. Possent i ,  B. Weiner, M . K .  Bradley' and M.L. DePamphilis, Dept. Biological  

E f f i c i e n t  i n i t i a t i o n  of b i d i r e c t i o n a l  SV40 DNA r e p l i c a t i o n  was obtained us ing  a 
low-salt  whole-cell e x t r a c t  supplemented with a h igh - sa l t  nuclear  f r a c t i o n  from 
SV40-infected CV-1 c e l l s .  Purif ied SV40 T-antigen could s u b s t i t u t e  f o r  t h e  high salt 
nuclear  f r a c t i o n .  I n  a d d i t i o n  t o  providing a c t i v e  T-antigen, t h e  high s a l t  f r a c t i o n  a l s o  
contained a second s t imu la to ry  f a c t o r  of i n i t i a t i o n .  This  system i n i t i a t e d  r e p l i c a t i o n  i n  
e i t h e r  SV40 chromosomes or plasmid DNA con ta in ing  a func t iona l  SV40 a. 
between plasmids con ta in ing  SV40 
served t o  i d e n t i f y  a sequence t h a t  binds t h e  r a t e - l imi t ing  f a c t o r ( s )  required t o  ini t ia te  
D N A  r e p l i c a t i o n .  This  s i t e  included t h e  la te-gene s i d e  d - a u x i l l a r y  sequence (21 hp 
r e p e a t s )  p l u s  h a l f  of &-core. but excluded t h e  high a f f i n i t y  T-antigen DNA binding s i t e s .  
Both i n i t i a t i o n  and e longa t ion  of r e p l i c a t i n g  in t e rmed ia t e s  was r e s i s t a n t  t o  a-amanatin and 
ddTTP. I n  c o n t r a s t ,  a p h i d i c o l i n  (Aph) had l i t t l e  e f f e c t  on t h e  r a t e  of i n i t i a t i o n  under 
cond i t ions  where e longa t ion  was 80-90% i n h i b i t e d .  I n i t i a t i o n  of CV-1 DNA primase-DNA 
polymerase a on s s D N A  templates  was a l s o  i n s e n s i t i v e  t o  Aph compared with i n i t i a t i o n  on 
preformed DNA-primers, c o n s i s t e n t  with t h e  proposed r o l e  of t h i s  enzyme i n  i n i t i a t i o n  of 
DNA s y n t h e s i s  a t  SV40 &. The r e l a t i v e  i n s e n s i t i v i t y  of i n i t i a t i o n  t o  Aph permitted 
i d e n t i f i c a t i o n  of t h e  sequence i n  t h e  ori r eg ion  where DNA syn thes i s  began. 

Competit ion 
and plasmids ca r ry ing  d e l e t i o n s  i n  and about 

1129 IN V I V O  A N D  IN VITRO STUDIES OF RNA SPECIES WHICH A R E  I N V O L V E D  I N  PLASMID 
NR1 REPLICATION REGULATION, Xinnian Dong, David D.  Womble, and Robert H .  Rownd 
Northwestern Unveristy, Chicago, IL 60611 

The rep l ica t ion  frequency o f  plasmid NRI i s  determined by the r a t e  of synthesis  of i t s  
rep l ica t ion  i n i t i a t i o n  protein repA1, whose synthesis  i s  regulated a t  both the t ranscr ip-  
t ional  and the t rans la t iona l  leve ls .  The t rans la t ion  of repAl m R N A  can be inhibi ted by a 
91 base RNA molecule ( R N A - E )  which i s  t ranscr ibed from the complementary DNA s t rand .  Both 
th i s  R N A  inh ib i tor  and i t s  t a r g e t  sequence i n  repAl m R N A  have potent ia l  stem-loop s t ruc-  
tures w h i c h  contain 6-base single-stranded loops. According to  f ree  energy ca lcu la t ions  o f  
s tab le  secondary s t r u c t u r e ,  the 6-base loop ta rge t  s i t e  f o r  R N A - E  i s  a t rans ien t  s t ruc ture  
during synthesis  of repAl m R N A .  When t ranscr ip t ion  continues past a c r i t i c a l  point ,  the  
longer mRNA t r a n s c r i p t s  will refolcl in to  e i t h e r  of two more-stable forms. Without the 
binding of RNA-E t o  i t s  t a r g e t  s i t e ,  the m R N A  wil l  refold i n t o  a form t h a t  favors the 
i n i t i a t i o n  of repAl protein t rans la t ion .  I f  RNA-E binds to  i t s  t a r g e t ,  the m R N A  will 
re fo ld  in to  a d i f f e r e n t  form which i s  l e s s  favorable f o r  t rans la t ion .  By Northern b l o t  
ana lys i s  of i n  vivo t r a n s c r i p t s ,  we discovered a mRNA species  which ends a t  a posi t ion 
just  downstream from the RNA-E t a r g e t  s i te .  In v i t r o  single-round t ranscr ip t ion  experi- 
ments have shown t h a t  t h i s  R N A  species  i s  a t ranscr ip t ion  intermediate instead of  a 
degradation product. Our  evidence suggests t h a t  t h e  t ranscr ip t ion  of repAl mRNA pauses 
a f t e r  the RNA-E t a rge t  s i t e  has been synthesized. T h e  pause of R N A  polymerase may 
prolong the exis tence of the t rans ien t  t a r g e t  s t ruc ture  and be essent ia l  for  the RNA-RNA 
in te rac t ion .  
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1130 
IDENTIFICATION AND PARTIAL ISOLATION OF A PROTEIN FACTOR FROM SACCHAROMYCES CEREVISIAE 
THAT BINDS SPECIFICALLY TO AN & SEQUENCE. 
Biochemistry, Cornell University, Ithaca, NY 14853. 

Shlomo Eisenberg and Eik Tye. Department of 

All known initiation proteins in DNA replication share a common property; they 
recognize and bind tightly to a nucleotide sequence at their respective origins of repli- 
cation. This prompted us to search for protein(s) in 5. Cerevisiae that will bind tightly 
to a nucleotide sequence present in the yeast ARS element. 

A protein fraction was prepared by gently lysing the yeast cells with zymolyase, 
ammonium sulfate precip ation and ion exchange chromatography. The incubation of this 
protein fraction with ["PI-labelled DNA restriction fragments caused a specific shift in 
mobility of a DNA fragment containing the & activity. 
sensitive to prior incubation with either SDS o r  a protease, indicating that the effect on 
the migration of the DNA fragment is due to the formation of a protein-DNA complex. The 
binding site has now been localized to a 200 bp. nucleotide region within the AXS element, 
and DNA binding competition experiments suggest that this site is present in a large 
number of &s. We are now determining the nucleotide sequence involved in the protein 
binding and are in the process of isolating the protein. The possible involvement of this 
protein in the initiation of DNA replication at the yeast ARS sequence will be discussed. 

This shift in mobility was 

1131 USE OF M13-oriC CHIMERIC PHAGE: AMPLIFICATION OF HIGH COPY LETHAL GENETIC ELEMENTS 
and OLIGONUCLEOTIDE HUTAGENESIS OF dnaA BINDING SITES IN &, Robrrt E. Enns dnd 
Douglds W. Smith, University of California, Sdn Diego, La Jolla, CA 92093 

High copy lethal (HCL) DNA sequences are a heterologous group of structural genes and con- 
trolling elements that for any of a number of reasons kill host cells when present above d 
certain copy number. This presents serious problems both for constructing complete genetic 
libraries and studying individual, known HCL genes. We have developed a system involving 
H13 viruses mp8 and mp9 that overcomes this problem. Transfecting host cells with Ml3-@ 
vectors developed in our laboratory and isolating both double-stranded recombinant form DNA 
and single-stranded viruses during timed intervals after transfection shows elevated copy 
number and a much greater extent of overall transfection, with the added bonus o f  single- 
stranded DNA for both sequencing and mutagenesis studies. 

highly conserved regions referred to as "R" sequences that mdy serve as dndA binding sites 
and may also be involved i n  intrdstrand pairing and subscqucnt secondary structurc forma- 
tion. The relative importance of this hypothesized pairing wds invcstigated using nucleo- 
tide-specific mutagenesis to initially inhibit, then rcstvrc, potentidl bdse-pairing 
relationships between R1 and R4 in the Escherichia origin o f  replication, oriC. 
Our results indicate that a single transversion (A to T) in R1, o r  the analogousone in RL, 
renders oriC completely nonfunctional. Combining both mutations o n  the same molecule should 
restore any hypothetical R1-RL pairing, but the double mutant is also nonfunctional. 

The minimum origins of DNA replication in Escherichia coli and related bacteria have 

1132 P4 PHFGE cM\ FEPLICATICN. John Flenshrg, mrk Kremlin, Richard Calendar and 
Posemrie Christian. University of Gzlifomia, Berkeley, CA 94720 

?he P4 a gene, which is required for DM\ replication, has been cloned into a plasnid 
under the control of the A CI857 repressor. Upon heat irducticn. the 5=86,000 a protein is 
overproduced, arx~ we have ~ i F e i  it to atnut 99% p r i t y .  mis ~4 a protein causes origiw 
specific m replication of P4 supermiled IM\ in the presence of E. mli IM\ plymerase I11 
holcenqme and E. mli singlestranded DNA binding protein, four d ~ ~ u c l e c s i d e  
tri-phates, ATP and GI". 
and a seccnd region (crmis replication region), that lies 4 kb fron the origin, just beyond 
the transcription teGiGiGF Tor the a g&. 
direct repeats of 120 bp, M-iich mtch me axmt%= at  % psit ions.  
contains mpies of an octamer that is found five times in ori, as as an 11GiSr that 
is M mce in ori. ?he ability of 99% pure a protein to +esize plyriboguanylic acid 
fran GTP in the prxence of p l y  dc is reduced 1000-fold, ampared to the 30-fold p l r i f i d  a 
protein fraction prepared fron P4-infected cells (1). 
regenerated by additim of FNA polymerase core in the presence of rifanycin. 99% plre a 
protein can hydrolyze ATP a d  G P  to their &phosphate form in a reaction that &es not 
depend upon as\. 

1. M. Kremlin an3 R. Calendar. J. M31. B i o l .  g:509, 1985. 

m e  IXA sequences required for replication include the origin 

Qr mnsists of ab3ut 300 tp that include em 
Each r e p t  in crr 

?his "prhse" activity cm be 
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1133 ANALYSIS OF COLEl-Type PLASMID CONFORMATIONS IN 5. coli rnh MUTANTS, Wendy hige and 
Tokio Kogoma, University of New Mexico, Albuquerque, NU 87131 

Col~l-type plasmids replicate in rnh mutants deficient in RNase H in an altered manner 
which requires neither RNase H n o z N A  polymerase I activity. 
ColEl-type plasmids replicating in & mutants exist as a highly mncatemeric form, i.e. 
circular multimers of unit plasmid joined in a head-to-tail fashion. Further detailed 
analysis has revealed that plasmid preparations from & mutants mntain varied amounts of 
monomers, dimers, etc. up to octamers. Transformation of mh- cells with a pair of 
plasmids which can be distinguished by stze, restriction endonuclease specificity and 
genetic markers results in concatemers of a hybrid between the two plasmids. Our analysis 
has indicated that plasmid preparations from such transformants contain a small but 
significant amount of catenates in addltion to various sizes of concatemers. 

Previously we reported that 

1134 RECONSTITUTION OF THE COMPLETE REPLICATION CYCLE OF PLASMIDS CONTAINING THE ORIGIN OF 
THE Escherichia coli CHROMOSOME, Barbara E. Funnell, Tania A. Baker and Arthur 
Kornberg, Department of Biochemistry, Stanford University School of Medicine, 
Stanford, CA 94305. 

A complete cycle of oriC plasmid replication, beginning and ending with supercoiled mole- 
cules, has been reconstituted with pure proteins. The first step in initiation, formation 
of an active prepriming complex by dnaA, dnaB, dnaC and HU proteins, requires a super- 
coiled template. Nicked and linear DNAs are completely inactive; relaxed covalently 
closed molecules must be supercoiled by gyrase prior to complex formation. DNA synthesis 
proceeds via theta-structure intermediates. Elongation to near completion is rapid, but 
subsequent termination and segregation steps are slow, resulting in an accumulation of 
nearly completed, late theta-structures. The predominant products are nicked monomers and 
catenated pairs of daughter molecules. 
daughters include removal of ribonucleotide residues (primers) by DNA polymerase I and 
RNase H, ligation of nascent strands by DNA ligase and supercoiling by gyrase. 
closed molecules are supercoiled rapidly; decatenation of intertwined daughters to mono- 
mers is significantly slower. Thus, replication in this purified protein reconstitution 
system produces supercoiled daughter molecules identical in sequence and topology to their 
parents. 

Processing steps required to produce supercoiled 

Covalently 

1135 

The plasmid pJZ34 contains the "minimal" origin (oriC) - from Salmonella typhimurium as two 
BamHl fragments, "BamD" and the smaller "BamF". Two =I1 sites are present in pJZ34, both 
in the oriC BamF fragment. A completely nonfunctional oriC plasmid, pJZ37, is obtained by 
d e l e t i o x  the small 16 bp BgllI fragment. Sau3A fragments resulting from a total digest 
of either pJZ34 or of pJZ37,xrving as sourczof different sized Sau3A fragments, were in- 
serted into the 9 1 1  site of pJZ37, followed by transformation of  E 9 4  polAl cells, to re- 
generate and select for phenotypically OriC+ derviative plasmids. Sequence analysis of many 
of the resulting recombinant origins showed that the new origins fall into seven classes o f  
identical sequence, with as many as four plasmids in each class. One class is wildtype pJZ34 
although this class contains only one member. Thus, specificity for functional =3A frag- 
ments was observed, and there is no strong selection for the wild type fragment. Two of  the 
classes contain no GATC site comparable to the second BglII  site, and one class appears to 
contain the pJZ37 origin. Functionality of the mutant origins has been assayed in several 
ways: I )  growth rates under selective conditions; 2 )  plasmid stability under nonselective 
conditions; 3) copy number determinations; and 4) ability to serve as template for the Frac- 
tion I I  oriC-specific in vitro initiation system. T h i s  region of o r i C  i s  important for 
transcription termination events in oriC ( J .  W. Zyskind, personal communication), and we 
are currently examining the effects of the new inserted sequences on such termination events. 

DIRECTED MUTAGENESIS OF THE 5. TYPHIMURIUM O R l C  BGLII FRAGMENT, Della Garland, Henry 
Barnes, Sandra Groos and Douglas Smith, U n i x l T a n  Diego, La Jolla, CA 92093 

- 
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1136 PROCESSIVE DISCONTINUOUS DNA SYNTHESIS BY MAMMALIAN DNA POLYMERASE a/PRIMASE, 
M. Goul i an ,  C. C a r t o n ,  L. D e  Grandpre ,  C. Heard,  B. O l i n g e r .  S. R i c h a r d s ,  U n i v e r s i t y  
o f  Ca l i fo rn ia ,  San Diego, La J o l l a ,  CA 92093 

We have p u r i f i e d  a po l  a /p r imase  from cu l tu red  mouse c e l l s .  Used alone,  t h i s  enzyme 
conve r t s  fd  s i n g l e  s t randed c i r c u l a r  DNA t o  duplex c i r c l e s  i n  a d i s p e r s i v e  manner. 
However, i n  t h e  presence of an accessory f a c t o r  (AF-1) p u r i f i e d  from t h e  same cells, t h e  
o v e r a l l  mechanism appears  to be processive,  i.e. even wi th  t empla t e  DNA in great excess ,  
both du r ing  t h e  r e a c t i o n  and a f t e r  maximum s y n t h e s i s  has taken place.  t h e r e  are only two 
populat ions of molecules:  completely (or almost completely)  r e p l i c a t e d  c i r c l e s  and 
un rep l i ca t ed  t empla t e  molecules.  This  "p rocess iv i ty  factor" .  AF-I, a l s o  s t imulates  
s y n t h e s i s  by t h e  pol a lp r imase  on long single stranded DNA and homopolymer templates .  The 
s t i m u l a t o r y  effect is on the  polymerase r a t h e r  t han  t h e  primase. The product r e s u l t i n g  
from t h e  a c t i o n  of pol  a lp r imase  + AF-1 on fd s i n g l e  s t r anded  c i r c l e s  c o n s i s t s  Of m u l t i p l e  
tandem independent ly  i n i t i a t e d  fragments,  of 200 t o  1200 nuc leo t ides ,  each bear ing a 5' 
t e rmina l  RNA primer.  When t h e  r e a c t i o n  mixture  inc ludes ,  in add i t ion ,  R N a s e  H-1 and DNA 
l i g a s e .  p lus  a n  a d d i t i o n a l  accessory f a c t o r  (AF-2), a l l  p u r i f i e d  from t h e  mouse c e l l s .  t h e  
r e s u l t  is a continuous 1 1 1  l eng th  (6.4 kb) product s t rand.  The o v e r a l l  r e a c t i o n  c a r r i e d  
ou t  by these  f i v e  p u r i f i e d  p r o t e i n s  reproduces some of t h e  e s s e n t i a l  f e a t u r e s  r equ i r ed  f o r  
s y n t h e s i s  of t h e  lagging s t r a n d  a t  r e p l i c a t i o n  forks.  

(This r e sea rch  was supported by N I H  g r a n t  CA 11705). 

1137 ROLE OF dnaA I N  Pl REPLICATION. Egon B .  Hansen and Michael 8. Yarmolinsky, 
Laboratory of Biochemistry,  Nat ional  Cancer I n s t i t u t e ,  Bethesda, Maryland 20892 

The P1 prophage is  a s t a b l y  i n h e r i t e d  u n i t  copy plasmid. 
organized s i m i l a r l y  t o  & of f e r t i l i t y - f a c t o r  F and the  pSClOl r e p l i c a t i o n  o r i g i n ,  
although sequence homology i s  found uniquely a t  DnaA p ro te in  binding sequences i n  a l l  
t h ree  o r i g i n s .  
r e p l i c a t i o n .  

Employing dnaA null mutant s t r a i n s ,  we have been ab le  t o  show t h a t  9 of P1 and & of F 
a l s o  r equ i r e  DnaA. 
advantage of a system where r e p l i c a t i o n  from oriR is  l e t h a l ,  thus  al lowing us t o  sco re  the 
absence of 
than the  f a i l u r e  t o  do so. 

Surp r i s ing ly ,  we found t h a t ,  al though a b a s i c  r ep l i con  of P1 has an abso lu te  requirement 
fo r  DnaA, the  i n t a c t  P1 prophage does not.  S t r a i n s  ca r ry ing  a P1 phage in t eg ra t ed  i n t o  the  
chromosome a t  t o l e r a t e  i n s e r t i o n a l  i n a c t i v a t i o n  of t h e  dnaA gene or  d e l e t i o n  of t h e  
chromosomal r e p l i c a t i o n  o r i g i n ,  9. These s t r a i n s  respond d i f f e r e n t l y  when challenged 
with c o n t r o l l i n g  elements from phage P1.  We a r e  c u r r e n t l y  using these  d i f f e r e n c e s  t o  
c h a r a c t e r i z e  t h e  dnaA independent r e p l i c a t i o n  of P I .  

P1 r e p l i c a t i o n  o r i g i n  or iR is  

Only pSClOl has p rev ious ly  been found t o  depend on the  dnaA pro te in  fo r  

One of the  assays used t o  demonstrate DnaA dependence of & takes  

r e p l i c a t i o n  i n  a A M  s t r a i n  a s  t he  recovery of v i a b l e  b a c t e r i a ,  r a t h e r  

1138 LOCALIZATION OF THE REPLICATION BLOCKS IN THE TERMINUS REGION OF THE 
ESCHERICHIA CQU CHROHOSOHE. Thonar H. Hill and Peter. L. Kuempel, 
University of Colorado. Boulder. CO 80309 

Ye are invertigating the eventr which occur at the end of the g. coli DNA 
replication cycle. concentrating specifically on the fate of DNA replication 
forks am they traverre the terminus region of the chromorou. Our data 
indicate the following! 1) Two termination miter are prerent in the chrolo- 
soma1 terminur; located on the ride of the terminus at kb 120-200 
(Bouche map coordinaterr J. Hol. Biol. m t 2 1 )  and on the -n ride of the 
terninur at kb 330-410. 2)  The termination blocks impede replication forks 
approaching f r o m  one direction but not from the other. Therefore, the block 
near inhibitr counterclockwire traveling forkr and the block near ~.n 
impeder clockvire traveling forkr. 3) Tho blocks do not appear to halt DNA 
replication abruptly; rather. replication forkr are inhibited acrosr an 80 
kb interval. W e  are currently tenting deletion mutantr in the terminur 
region to deliniate the boundarier of the blockr. al438, which mapr between 
kb 165-290. doer not renove the block for counterclockwise traveling forks, 
butA1608 (kb 120-4551 doer. Likewire, clockrim- traveling replication forks 
are rtill impeded inh1738 (kb 348-3671. W e  are alro intererted in a region 
located between kb 343-350. which har been difficult to delete. Porsibly, 
this region encoder one of the replication blocks or rome other function 
important for coordinating termination of replication and cell division. 
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1139 TRANSCRIPTIONAL ACTIVATION OF THE A ORIGIN, G. Hobom, Fan Hua, 3 .  Mertsching, 
I n s t i t u t  f u r  Mikrobio logie ,  J u s t u s - L i e b i g - U n i v e r s i t a t  Giessen ,  6300 Giessen 

A more d e t a i l e d  a n a l y s i s  of t h e  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  r eac t ion  of t he  A Orig in  i n  
plasmid model systems shows t h e  i n i t i a t i o n k - r q u e n c y  t o  be s t imu la t ed  by coupled t r ans -  
c r ip t io r&rans l a t ion  a c r o s s  the  o r i g i n  sequence. Th i s  obse rva t ion  is i n  accordance 
wi th  the  l o c a t i o n  of hori wi th in  t h e  coding sequence f o r  0 and is able to  exp la in  
c i s - e f f e c t s  observed f o r  XOam29 and o t h e r  phage mutants l oca t ed  i n  the  N-terminal 
p a r t  of t h e  3 gene. I n  t h i s  i n t e r a c t i o n  t h e  palindrome sequence around t h e  ori-EcoRI 
s i t e  se rves  a s  an RNA polymerase paus ing  s i g n a l  and a n  o r i  a c t i v a t i n g  element.  This  
r e g u l a r  a c t i v a t i o n  mode of t he  A o r i g i n  may be s u b s t i t u t e d  by r igh tward  t r a n s c r i p t i o n  
away from or i  in plasmid systems se rv ing  a s  a model f o r  phage mutant XricSb. I n i t i a t i o n  
of plasmid r e p l i c a t i o n  upstream from a promoter s i g n a l  depends on i t s  a c t i v i t y  and on 
i t s  d i s t a n c e  from Gri, it may be s t imu la t ed  by t h e  d i s t a l  i n s e r t i o n  of a t e rmina to r  
element.  W e  w i l l  p r e s e n t  evidence f o r  our  i n t e r p r e t a t i o n  t h a t  t r a n s c r i p t i o n a l  a c t i v a t i o n  
of  t he  o r i g i n  sequence i n  c i s  i s  i n  t h i s  system t r ansmi t t ed  from t h e  t r ansc r ibed  
reg ion  t o  or i  v i a  l o c a l  s t r a n d  sepe ra t ion .  

1140 THE INITIATION OF DNA SEPLICATION AT THE PRIMARY O R I G I N  OF BACTERIOPHAGE T7. 
Richard A .  Ikeda and Char ies  C .  Richardson, Department 3f Bio log ica l  Chemistry,  
Harvard Medical School ,  Boston, MA 02115. 

T7 R N A  polymerase i s  a s i n g l e  chain enzyme (MW=98,092) t h a t  ca t a lyzes  the  polymer iza t ion  of 
r ibonuc ieo t ides  from s p e c i f i c  promoters--promoters cha rac t e r i zed  by a h igh ly  conserved 27 
base p a i r  sequence. T h e  XNA polymerase i s  p r lmar i ly  respons ib le  for the express ion  of the 
l a t e  genes of T7; however, the  i n  vivo i n i t i a t i o n  of T7 DNA r e p l i c a t i o n  from the  primary 
o r i g i n  r e q u i r e s  a competent T7 R N A  polymerase promoter. Furthermore,  e f f i c i e n t  i n i t i a t i o n  
a t  the  primary o r i g i n  r e q u i r e s  both of the twin T 7  RNA poiymerase promoters,  61 .lA and 
dl . 1 R ,  t h a t  d i s t i ngu i sh  the i n t e r g e n i c  primary o r i g i n  sequence. I n  v i t r o ,  t runca ted  R N A  
t r a n s c r i p t s  from the T I  RNA polymerase promoters 61 .lA and 61 . l B  prime DNA s y n t h e s i s  on 
p lasmids  con ta in ing  the primary o r i g i n  o f  T7. To begin t o  understand the mechanisms 
involved  i n  the t r a n s i t i o n  from R N A  s y n t h e s i s  t o  DNA s y n t h e s i s  d u n n g  the i n i t i a t i o n  of DNA 
r e p l i c a t i o n ,  we have c a r e f u l l y  examned the i n t e r a c t i o n  of T7 R N A  polymerase with i t s  DNA 
templa te .  Foo tp r in t ing  of T7 R N A  poiymerase by cleavage with methidiumpropyl-EDTA r e v e a l s  
p r o t e c t i o n  by the polymerase on both s t r a n d s  o f  the bound D N A .  In  the  absence of GTP T7 R N A  
poiymerase f o o t p r i n t s  are no t  observable  (Ke (2x104 M-l); however, i n  the presence of GTP 
the  RNA polymerase shows a moderate a f f i n i t y  ?or  the m7 promoter (Keq=txt06 K 1 ) .  In  t h i s  
i n i t i a t i o n  complex the  R N A  polymerase covers 2 8  base pa i r s .  Once the polymerase h a s  moved 
o f f  the  promoter, the p ro tec t ed  reg ion  i s  reduced t o  22 base pa i r s .  

1141 
ColE2 and ColE3 are small nulticopy plasmids with extensive homology and require DNA polyme- 
rase I for replication. They are not amplified by treatment of plasmid-carryig cells with 
chloramphenicol, A 1.3 kb 
region of ColE2 sufficient for autonomous replication encodes a trans-acting positive factor 
(Rep)  and trans-acting negative functions (IncA and Inca), and it also contains a cis-acting 
site (Ori). Plasmid-specific interaction of the Rep with the Ori leads to initiation of DNA 
replication. IncA function comon t o  both the plasmids negatively regulates expression 
of the Rep at the translational level and the IncB function specific for each plasmid is 
presumably titration o f  the Rep by binding to the cloned Ori sites. The nucleotide 
sequences of the regions of ColE2 and ColE3 required for autonomous replication have been 
determined. Extensive homology (nore than 95 % )  between them indicates that the replication 
functions identified in ColE2 are also carried by the corresponding regions of ColE3. The 
largest possible open reading frame of each plasmid can specify a protein of about 300 amino 
acids, By using in vitro DNA replication as an assay system 
we are now purifying the protein. The Ori site of ColE2 turned out to be only 47 bp with two 
7-bp direct repeats and several short inverted repeats. The corresponding Dri site o f  ColE3 
has almost identical structural features. A small RNA (RNA I, about 115 n.) is transcribed 
from the IncA region, which i s  entirely complementary to the 5'-leader region of the Rep 
mRNA. RNA I seems to interact with the Rep nRNA and ihibits translation of the latter. 

REGULATION OF COLE2 AN0 COLE3 DNA REPLICATION, Tateo Itoh, Toshihiro Horii and 
Hisashi Yasueda, Dept. of Biology, Osaka University, Toyonaka, Osaka 560, Japan 

indicating involvement of some unstable proteins in replication. 

The 

which must be the Rep protein. 
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Carolina, Charleston, SC 29425 

REGULATION OF T4 DNA REPLICATION GENES 45,44,62, and 43. Karam, J., Hughes, M., 
Hsu, T, Dawson, M., and Alford, C. Department of Biochemistry, Medical University of South 

The sites for transcriptional and translational control of the T4 gene 46-45-44-62-regA-43 cluster 
a r e  being investigated. W e  have identified several  transcripts for the gene 45-44-62-regA subcluster. 
Two species that  initiate downstream of gene 46 encompass the 45 cistron and apparently terminate near 
the junction between genes 45 and 44. The larger of these two transcripts includes two newly identified 
cistrons that  map between genes 46 and 45. W e  have sequenced these new cistrons and overproduced 
their protein products under control of plasmid promoters, and are studying their possible role in T4 DNA 
replication. Genes 44, 62 and mare cotranscribed and translationally coupled. In addition, gene 
is independently transcribed by two modes. All these (including the gene 45) transcripts bear translation 
initiation regions that  a r e  sensitive to repression by the a protein. By using expressible, cloned &+ 
and regA- genetic sequences, assays for *-mediated translational repression have been devised that 
allow fine structure analysis of the targets for this translational repressor. 

The gene 43 (DNA polymerase) regulatory region is being studied via the construction of fusions 
with the E. lacZ gene. One fusion peptide carrying the NH2-terminal 70 amino acids of T4 DNA 
polymerase and harboring 6-galactosidase activity, appears t o  also have the autoregulatory activity of 
the phage polymerase. W e  are isolating this protein in order to study i t s  possible DNA-binding properties 
-- in vitro. W e  will also report  on the use of these gene 43-lacZ fusions for the isolation of DNA 
polymerase regulatory mutations. Supported by NIH (GM18842) and NSF (DMB-8502619). 

1143 INVOLVEHENT OF A SEQUENCE-SPECIFIC ENDONUCLEASE I N  THE INITIATION OF PLASMID pT181 
REPLICATION, Saleem A. Khan, Richard  R. Koepsel and Rober t  GI. Murray, Department of 
Microbio logy ,  U n i v e r s i t y  of P i t t s b u r g h  School  of Medicine,  P i t t s b u r g h ,  PA 15261 

pT181 i s  a 4437-base p a i r  p lasmid  from Staphylococcus  a u r e u s ,  which encodes  r e s i s t a n c e  t o  
t e t r a c y c l i n e  and h a s  a copy number of  20-25 p e r  chromosome. I n i t i a t i o n  of p T l 8 l  r e p l i c a t i o n  
r e q u i r e s  t h e  plasmid-encoded RepC p r o t e i n  which a c t s  i n  and is  r a t e  l i m i t i n g  f o r  
r e p l i c a t i o n .  P u r i f i e d  RepC p r o t e i n  was shown t o  h e  s p e c i f i c a l l y  r e q u i r e d  f o r  t h e  i n i t i a t i o n  
of pT181 DNA r e p l i c a t i o n  a v i t r q .  Based on f i l t e r - b i n d i n g  of p lasmid  r e s t r i c t i o n  f ragments ,  
RepC p r o t e i n  b i n d s  t o  t h e  pT181 o r i g i n  of r e p l i c a t i o n .  Using DNAase I and n e o c a r z i n o s t a t i n  
f o o t - p r i n t i n g  t e c h n i q u e s ,  w e  show t h a t  t h e  i n i t i a t o r  p r o t e i n  s p e c i f i c a l l y  b i n d s  t o  a 3 3  b a s e  
p a i r  l o n g  sequence  w i t h i n  t h e  o r i g i n  which i s  p a r t  of t h e  i n i t i a t o r  c i s t r o n .  Fur thermore ,  
RepC p r o t e i n  was shown t o  have  s e q u e n c e - s p e c i f i c  endonuclease  and topoisomerase- l ike  
a c t i v i t i e s .  A maximum r e g i o n  of  127  b a s e  p a i r s  c o n t a i n i n g  t h e  pT181 o r i g i n  of  r e p l i c a t i o n  
i s  r e q u i r e d  f o r  n i c k i n g - c l o s i n g  by RepC p r o t e i n .  RepC n i c k s  t h e  bottom s t r a n d  o f  DNA w i t h i n  
t h e  pT181 o r i g i n  when e i t h e r  s u p e r c o i l e d  o r  l i n e a r  DNA i s  used  a s  t h e  s u b s t r a t e .  The n i c k  
s i t e  h a s  been shown by DNA sequencing  t o  l i e  between n u c l e o t i d e s  70 and 7 1  i n  t h e  bottom 
s t r a n d  of t h e  DNA w i t h i n  t h e  o r i g i n  sequence. The n i c k  s i t e  probably  c o r r e s p o n d s  t o  t h e  
s t a r t  s i t e  of pT181 r e p l i c a t i o n .  Our r e s u l t s  s u g g e s t  t h a t ,  u n l i k e  most o t h e r  p l a s m i d s ,  
pT181 r e p l i c a t e s  by a r o l l i n g  c i r c l e  mechanism. 

1144 GENETIC ANALYSIS OF ALTERNATIVE DNA REPLICATION PATHWAYS I N  E. coli r n h  MUTANTS, 
Tokio  Kogoma and Ted Torrey ,  U n i v e r s i t y  of New Mexico, Albuquerque, NM 87131 

E. coli m h  mutants  d e f i c i e n t  i n  IWase H are c a p a b l e  of DNA r e p l i c a t i o n  i n  the absence  of 
p r o t e i n  s y n t h e s i s .  mis s t a b l e  DNA r e p l i c a t i o n  (cSDR) can  s u s t a i n  cell v i a b i l i t y  when t h e  
- dnaA+ oriC+-dependent i n i t i a t i o n  sys tem is  i n o p e r a t i o n a l  ( D a s - )  . 
R e c A +  Z e i n  a t  an i n i t i a t i o n  step. 
m u t a t i o n s .  
o f  bo th  R e c A  and DnaA p r o t e i n s .  
s o m e  novel  f u n c t i o n  of the =+ gene  product .  
- rnh--mediated SDR via r e d u c i n g  the amount of R e c A +  a c t i v i t y  a v a i l a b l e ,  and i s p p r e s s e d  by 
the recAo254 muta t ion .  The Rin- SDR is a l s o  i n h i b i t e d  by the lexA3 muta t ion ,  i n d i c a t i n g  a 
r e q u i r e m e n t  f o r  s o m e  o t h e r  L e a - r e g u l a t e d  gene p r o d u c t  a c t i o n  i n  this pathway. =(Def) 
m u t a t i o n s  a l s o  s u p p r e s s  the requi rement  for R e c A +  i n  rnh--mediated SDR i n  a 
- recF+- independent  manner. the r e g u l a t i o n  of rnh--mediated 
a l t e r n a t i v e  DNA r e p l i c a t i o n  pathways by t h e  p r o d u c t s  of the *+, =+ a n d e c F +  genes .  

- -- 
CSDR r e q u i r e s  

This R e c A +  r e q u i r e m e n t  can he s u p p r e s s e d  by r i n  

Both Rin- SDR and Das- phenotypes  are shown to depend on 
Thus, mh- r i n -  s t r a i n s  are v i a b l e  and c a p a b l e  of SDR d e s p i t e  t h e  i n a c t i v a t i o n  

The lexA3 m u t a t i o n  i n h i b i t s  recA+-dependent, 

A model w i l l  he p r e s e n t e d  
~ 
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1145 RELATI~NSHIP OF inc~ AND inc~ INCOMPATIBILITY TO ori~ REPLICATION IN 
E . C O L I ,  R a l f  K i i l l i n g ,  Walter Messer and Heinz  L o t h e r ,  Max-Planck- 
I n s t i t l t ,  I h n e s t r a B e  63-73, D-1000 B e r l i n  3 3 ,  G e m a n y  

The in&-incC r e g i o n  d i r e c t l y  a d j a c e n t  t o  t h e  m i n i m a l  o r i g i n ,  @, c o n t a i n s  
r e a d i n g  f rame;  f o r  a 16kd and  a 17kd p r o t e i n .  

W e  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  t h e s e  p r o t e i n s  on t h e  t r a n s c r i p t i o n a l  a c t i -  
v i t y  o f  p r o m o t e r s  t h a t  m i g h t  b e  i m p o r t a n t  f o r  & r e p l i c a t i o n .  F u r t h e r m o r e  
w e  t e s t e d  t h e  i n f l u e n c e  o f  dnaA p r o t e i n  on t h e  a c t i v i t y  o f  s e v e r a l  p r o m o t e r s .  

The e x p e r i m e n t s  show i) t h a t  t h e  17kd p r o t e i n ,  t h e  presumed incC d e t e r m i n a n t ,  
i s  a n  a u t o g e n o u s l y  r e g u l a t e d  a c t i v a t o r  o f  t h e  a d j a c e n t  asnA g e n e  p r o m o t e r ,  
makinq a role i n  r e p l i c a t i o n  r a t h e r  u n l i k e l y  and  i i )  t h a t  t h e  16kd p r o m o t e r ,  
t h e  presumed d e t e r m i n a n t ,  is n e g a t i v e l y  r e g u l a t e d  by dnaA p r o t e i n .  The 
DnaP. r e g u l a t e 3  t r a n s c r i p t i o n ,  which  is  d i r e c t e d  t o w a r d s  g ,  s u g g e s t s  a 
d i r e c t  ro le  O E  t h e  16kd t r a n s c r i p t  i n  & r e p l i c a t i o n .  

PHAGE T4 REPLICATION ORIGINS THAT COINCIDE WITH RECOMBINATION HOTSPOTS. 
K. N. Kreuzer, K .  H. Benson. A .  M. Bogerd, A. E. Menkens. R .  A. Rlngiey 

1146 
and Pi. Y. Yap. Department of Mlcroblology and Immunology, Duke Unlverslty 
Medlcal Center, Durham. NC 27710 

Previous studles indicate that phage T4 uses at least three modes of repllcatlon initi- 
atlon. 
orlglns cloned In plasmld pBR322. Tertiary orlgln Initlation Is dlstlnct from the other modes 
since It Is rlfamplcln resistant (prlmary inltiation Is rlfamplcln sensltlve) and does not 
requlre the phage gene 46/47 products (required for secondary lnltlatlon). 
orlglns coinclde with recomblnatlon hotspots In the phage genome, suggesting a IInk between 
recomblnatlon and repllcatlon. 
transcription, since one orlgln maps at the mlddle promoter for gene and the other is 
at a "mlddle promoter-IIke" sequence wlthin the codlng reglon of the late gene 34. 

phage chromosome. 
Ing that the Ursy protein Is not requlred. The plasmld repllcates even when It shares no 
homology wlth the deleted phage, and therefore piasmid-phage recmbinatlon Is not requlred 
for orlgln function. Phage mutants unable to repllcate tertlary origln plasmlds have been 
Isolated using a novel selectlve procedure. These mutants are currently being analyzed In an 
attempt to ldentlfy the lnltlatlon proteln(s) unique to thls mode of replication. (Supported 
by NIH Grant GM-34622) 

We are currently utillzlng T4-mediated plasmld transductlon to study two T4 tertlary 

Both tertlary 

There may also be a relatlonshlp between repllcatlon and 

The T4 insertlon/substltutlon vector was used to delete the Vysy orlgln/prmter from the 
Thls d- phage supports tertlary origin plasmld repllcatlon, demonstrat- 

1147 D N A  HELICASE I I ( U V R D )  AND THE REP HELICASE ARE REQUIRED FOR E. COLI 
D N A  REPLICATION. Sidney R. Kushner, Leslie M.  Fischer and Carol M .  Hamilton, 

University of Georgia, Athens, Georgia 30602 

Temperature sensitive u v r D  (DNA helicase 11) mutations ( u v r D 2 5 5 .  u v r D 2 5 6 )  have been 
isolated by in vitro mutagenesis of the cloned s t ructural  gene. 
tants a re  conditionally lethal for growth in both minimal and rich media. 
gene in either single or  multiple copy does not complement the  u v r D 2 5 5  and u v r D 2 5 6  alleles 
at the nonpermissive temperature. Results from P I  transductions suggest  that u v r D 2 5 5  sin- 
gle mutants are  inviable. u v r D 2 5 5  r e p - 3  double mutants demonstrate a very  s t rong antimu- 
tator effect a t  3OoC in marked contrast to known recessive u v r D  alleles such as  u v r D l O l  and 
u v r D 3  u v r - 2 5 7 .  DNA helicase I1 purified from a s t ra in  carrying the u v r D 2 5 5  allele has nor- 
mal levels of single-stranded DNA-dependent ATPase activity but  has markedly reduced DNA 
unwinding activity. The D N A  unwinding activity observed in vitro is less sensitive to temp- 
erature  inactivation than wild type D N A  helicase 11. In  vivo, r e p - 3  u v r D Z 5 5  double mutants 
exhibit an increase in DNA synthesis for approximately 60 minutes following shlft to ihe non- 
permissive temperature even though the number of viable cells rapidly decreases af ter  15-20 
minutes. Southern analysis of chromosomal D N A  fragments near the origin and the terminus 
or replication indicates a significant increase in the  number of initiation events per  cell af ter  
shift to the nonpermissive temperature. This evidence suggests  that DNA hellcase I1 and 
the Rep helicase a re  involved in  the initiation of D N A  synthesis. 
role for the two proteins in  chain elongation. 

r e p - 3  u v r D 2 5 5  double mu- 
The wild type uvrD 

This does not rule  out a 
(Supported by NIH GM27997 to S.R.K.)  
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1148 PROPERTIES OF --DEFICIENT MUTANTS OF SALMONELLA TYPHIMURIUM, 
Edward Lancy, Miriam Lifsics, David Kehres, Richard Cardaman, and 
Russell Maurer, Case Western Reserve University, Cleveland, OH 44106 

Strains of Salmonella bearing a variety of deletions and insertions in the 
dnaQ gene, which encodes the E (editing) subunit of DNA polymerase 111, have 
been constructed. Cells harboring these mutations can be maintained only if 
a second site suppressor is also present. Genetic mapping and cloning 
experiments indicate that the suppressors are located very near, possibly 
within, e, the gene for the a'(po1ymerase) subunit. The strains lacking 
dnaQ exhibit 50 to 100 fold elevated spontaneous mutation frequency; when 
the wild type dnaQ gene is restored, the mutation frequency returns to wild 
type levels. This and other information indicates that in the suppressed 
mutants, an altered form of DNA polymerase I11 is being used for DNA 
replication. Since a and E are normally found tightly associated in the 
core of DNA polymerase 111, it is of interest to determine the structure of 
the altered polymerase I11 and characterize activity differences between the 
mutant and the wild type enzyme. We have detected polymerase 111 activity 
in extracts of the mutant (as well as the wild type) cells, and we will 
report on our characterization of these enzymes. 

ACTIVITY OF THE PRIMARY ORIGIN IN F PLASMID REPLICATION 1149 
D. Lane, P. Caughey, M. Kennedy and R. deFeyter. Cell Biology Department, Auckland University. 

A 190 bp fragment from the primary origin (%-I) region of the F plasmid of can 
initiate replication of a DNA polymerase I-dependent vector into which it is cloned provided certain 
mini  F structural genes a re  also present and functional. However preventing entry of transcripts 
into ori-1 by linking it to transcriptional terminators diminishes its ability to  replicate. The mini 
F geneproducts required for e - 1  activity are  the E protein (also needed for c - 2  replication), the 
G protein (which also inhibits cell division when plasmid copy number falls to one per cell) and the 
C protein. C protein represses not only the fl operon promoter but also a nearby promoter directed 
towards ori-I. D protein is not required for %-I to  initiate replication of the vector into which it 
is clonedTbut it does repress the activity of a promoter within &-I. The behaviour of a B -  (=C) 
plasmids, and the involvement of G protein in more than one activity suggest that *-l is one of a 
set of "emergency" functions switched on when F has failed to replicate by the time cell division begins. 

1150 CONJUGATIVE TRANSFER OF PROMISCUITIVE PLASMID RP4: PLASMID-SPECIFIED FUNCTIONS ESSEN- 
T I A L  FOR FORMATION OF RELAXOSOMES. Erich Lanka, Werner Pansegrau,GijnterZiegel in and 
dens P.Furste,Max-Planck-InstitutfurMolekulareGenetik,Abt.Schuster,D-1000Berlin 33. 

The central  event f o r  i n i t i a t i n g  t r a n s f e r  rep1 ica t ion  during bacter ia l  conjugation i s  the clea-  
vage of a s ing le  phosphodiester bondat the  n i c - s i t e  within o r i T o f a  conjugative plasmid.This 
process can occur a f t e r  the assembly of relaxosomes ( re laxa t ion  complexes) requir ing t h e o r i T  
region and plasmid-encoded t r a n s f e r  fac tors .  The nicking react ion was visual ized on agarose 
ge ls  a f t e r  i so la t ion  of relaxosomes and subsequent treatment w i t h  protein denaturing agents. 
The fu l lyfunct iona lom.5  o f  RP4 represents  an intergenic  DNA s t r e t c h  of %320bpwhich i s  loca- 
ted within Tral  - one of th ree  unlinked t r a n s f e r  regions. Dissection of oriT revealed t h a t  a 
portion carrying nic and symnetrical sequence repeats  i s  connected contiguously t o  a recogni- 
t ion region which i s  essent ia l  f o r  e f f i c i e n t  mobilization of or-iT plasmids. Additional featu-  
r e s  of oriT a r e  promotor s i t e s  allowing divergent  t ranscr ip t ion  of two operons arranged t o  
both s ides  of oriT.Gene products encoded by these c i s t rons  have been overproduced by apply- 
ing a regulated expression vector system. Genearrangementwas deduced from analyzing the pro- 
ducts synthesized by defined de le tan ts  with the  immunoblotting technique. Formationof relaxo- 
somes appears t o  depend on the presence of a t  l e a s t  three plasmid-specified components which 
a c t  in trans. Corresponding genes map to  both s ides  of or iT.  Pur i f ica t ion  of one of the pro- 
ducts yielded an 11 kDa polypeptide - a dimer under non-denaturing conditions - which binds 
s t rongly t o  D N A .  S t r ik ing  sequence homology a t  oriT of RP4(IncPa) and R751(IncPB) and e x i s t -  
ence of a R751 analog t o  the 11 kOa protein cont ras t  the differences observed in  0n .T  speci-  
f i c i t y  of non-interchangeable relaxosome cons t i tuents  of the two re la ted  plasmids. 
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1151 I n  v i t r o  R e p l i c a t i o n  of  B a c t e r i o p h a g e  N4 DNA. 
Kothman-Denes, U n i v e r s i t y  o f  Chicago, Chicago ,  I l l i n o i s  60637 

M. P e a r l e ,  G .  L indberg ,  and L. B. 

An i n  v i t r o  s y s t e m  c o n s i s t i n g  of t h r e e  p u r i f i e d  N4 p r o t e i n s  - a s i n g l e - s t r a n d e d  
DNA b i n d i n g  p r o t e i n ,  a DNA polymerase ,  and  a 5 '  + 3 '  e x o n u c l e a s e  - h a s  been  c h a r a c t e r i z e d .  
T h i s  sytem is  i d e n t i c a l  t o  a p r e v i o u s l y  d e s c r i b e d  c e l l - f r e e  s y s t e m  i n  b o t h  t e m p l a t e  and 
o r i g i n  s p e c i f i c i t y .  In b o t h  c a s e s ,  N4 DNA i s  t h e  p r e f e r r e d  t e m p l a t e ,  and r e p l i c a t i o n  b e g i n s  
w i t h i n  t e r m i n a l  r e s t r i c t i o n  f r a g m e n t s  and p r o c e e d s  inward. F u n c t i o n a l l y  e q u i v a l e n t  p r o t e i n s  
f a i l  t o  s u b s t i t u t e  f o r  t h e  N 4 - s p e c i f i c  p r o t e i n s .  

The s t r u c t u r e o f  t h e  i n  v i t r o  p r o d u c t  was ana lyzed .  Newly s y n t h e s i z e d  DNA i s  c o v a l e n t l y  
a t t a c h e d  t o  t h e  t e m p l a t e ,  and t h u s  a model i s  proposed  i n  which t h e  5' -+ 3' e x o n u c l e a s e  de- 
g r a d e s  t h e  5 '  e n d s  o f  t h e  DNA, a l l o w i n g  t h e  3' end t o  l o o p  around,  p r o v i d i n g  a pr imer  f o r  
t h e  DNA polymerase.  R e s t r i c t i o n  a n a l y s i s  c o n f i r m s  t h a t  t h e  two s t r a n d s  o f  t h e  DNA a r e  
l i n k e d  a t  t h e  e n d s ,  forming  a h a i r p i n .  Sequence a n a l y s i s  i n  t h e  r e g i o n  of t h e  h a i r p i n  
r e v e a l s  only one  weak p o t e n t i a l  i n v e r t e d  r e p e a t  t h a t  c o u l d  account  f o r  h a i r p i n  f o r m a t i o n ,  
and t h e r e f o r e  protein-DNA i n t e r a c t i o n s  may be  i m p o r t a n t .  We are c u r r e n t l y  d e f i n i n g  t h e  
p r o p e r t i e s  of t h e s e  p r o t e i n s  and i n v e s t i g a t i n g  t h e  i n  v i v a  mode of r e p l i c a t i o n .  

1152 EFFECTS OF MUTATIONS I N  DNA INITIATION AND RECOMBINATION GENES ON INDUCED STABLE 
DNA REPLICATION I N  E. col i ,  lhomas Magee and Tokio  Kogoma, U n i v e r s i t y  of New 
Mexico, Albuquerque, NM 871 31 

S t a b l e  DNA r e p l i c a t i o n  (iSDR) (1.e. c o n t i n u e d  r e p l i c a t i o n  i n  the p r e s e n c e  of 
c h l o r a m p h e n i c o l )  c a n  be induced  i n  wi ld- type  E. coli cells by SOS-inducing t r e a t m e n t s  (e.g. 
UV i r r a d i a t i o n  and i n c u b a t i o n  w i t h  M l i d i x i c  a c i d ) .  i S D R  a p p e a r s  to be e r r o r - p r o n e  and 
c o n s i d e r a b l y  more r e s i s t a n t  to UV r a d i a t i o n  t h a n  normal r e p l i c a t i o n .  It h a s  been shown 
t h a t  l e v e l s  of RNaSe H a c t i v i t y  do n o t  change d u r i n g  or a f t e r  the i n d u c t i o n  d e s p i t e  the 
f a c t  that rnh-  m u t a n t s  d e f i c i e n t  i n  RNase H e x h i b i t  a s i m i l a r  s t a b l e  DNA r e p l i c a t i o n  
a c t i v i t y  ( Z R ) .  
RecA p r o t e i n .  W e  have examined i n d u c t i o n  of i S D R  i n  r e c B ,  recC,  recF,  r e c N ,  and recJ 
m u t a n t s  which are known to have a l t e r e d  SOS responses .  r e c F  and r e c N  m u t a t i o n s  i n h i b i t e d  
t h e  i n d u c t i o n  of SDR by W i r r a d i a t i o n  bu t  n o t  w i t h  nalidixic acid.recEIC m u t a t i o n s  
a b o l i s h e d  the i n d u c t i o n  w i t h  b o t h  a g e n t s .  umuC m u t a t i o n s  which a b o l i s h  the SOS mutagenic  
a c t i v i t y  i n  SOS induced  cells d i d  n o t  a f f e c t  t h e  i n d u c i b i l i t y  of the cells f o r  iSDR.  We 
have  a l s o  examined s e v e r a l  dnaA mutants  f o r  the SDR i n d u c i b i l i t y .  The s i g n i f i c a n c e  of 
t h e s e  r e s u l t s  w i l l  be d i s c u s s e d  i n  t e r m s  of the p o s s i b l e  role of i S D R  i n  SClS mutagenes is .  

The i n d u c t i o n  of i S D R  i n  @+ cells r n v o l v e s  RecA*, an a c t i v a t e d  form of 
---- - 

~ 

1153 MYCOPLASMA DNA REPLICATION: O R I G I N ,  TERMINUS, AND DIRECTIONALITY. J a c k  Mani lof f  and 
S a i b a l  R. Poddar ,  Dept.  of Microbio logy ,  Univ. of R o c h e s t e r ,  R o c h e s t e r ,  N Y  14642 

X.lvcoplasmas a r e  genome-limited organisms.  
d e g e n e r a t e  e v o l u t i o n  from Gram-pos i t ive  e u b a c t e r i a ,  t h e i r  small genomes r e f l e c t  s e l e c t i v e  
p r e s s u r e  f o r  t h e  loss of n o n e s s e n t i a l  g e n e t i c  i n f o r m a t i o n .  To probe t h e  molecular  
b i o l o g i c a l  r a m i f i c a t i o n s  of t h i s  l i m i t e d  g e n e t i c  c o m p l e x i t y ,  w e  a r e  s t u d y i n g  mycoplasma 
genome s t r u c t u r e  and r e p l i c a t i o n  u s i n g  mycoplasma v i r u s  L2 a s  a model. 
enve loped  phage, c o n t a i n i n g  s u p e r h e l i c a l  double-s t randed  DNA of 11.8 kb. The o r i g i n  and 
t e r m i n u s  of L2 DNA r e p l i c a t i o n  have  been mapped wi th  t h e  procedu e used by Nathans and 
coworkers  f o r  SV40. L2- infec ted  cells  were p u l s e  l a b e l l e d  w i t h  H-Thy. For times a b o u t  
y q u a l  t o  one  L2 DNA r e p l i c a t i o n  c y c l e ,  progeny L2 DNA m o l e c u l e s  w i l l  have  a g r a d i e n t  of 

H-Thy, w i t h  few m o l e c u l e s  l a b e l l e d  n e a r  t h e  o r i g i n  and most l a b e l l e d  n e a r  t h e  t e r m i n u s .  
To measure t h i s  d i s t r i b u t i o n ,  L2 DNA was d i g e s t e d  w i t h  r e s t r i c t i o n  e n d o n u c l e a s e s ,  and t h e  
f r a g  e n t s  were s e p a r a t e d  by a g a r o s e  g e l  e l e c t r o p h o r e s i s ,  c u t  o u t  of t h e  g e l s ,  and a s s a y e d  
f o r  H. A f t e r  n o r m a l i z a t i o n  f o r  t h e  Thy c o n t e n t  of each  f r a g m e n t ,  d a t a  a n a l y s i s  showed 
t h a t  r e p l i c a t i o n  proceeds  b i d i r e c t i o n a l l y  from a n  o r i g i n  n e a r  t h e  s i n g l e  L2 B s t E I I  s i te ,  and 
t e r m i n a t e s  a t  a s i t e  o p p o s i t e  t h e  o r i g i n .  When t h e s e  s t u d i e s  were done u s i n g  an L2 
i n s e r t i o n  mutant ( c o n t a i n i n g  a 3.1 kb i n s e r t ) ,  we mapped t h e  same r e p l i c a t i o n  o r i g i n ,  bu t  
t h e  t e r m i n u s  s h i f t e d  t o  remain o p p o s i t e  t h e  o r i g i n .  Hence, t e r m i n a t i o n  is  n o t  s i te-  
s p e c i f i c ,  bu t  o c c u r s  where t h e  r e p l i c a t i n g  f o r k s  meet. The L2 genome is being  sequenced and 
t h e  DNA r e p l i c a t i o n  o r i g i n  w i l l  be  compared t o  t h e  o r i C  of r e l a t e d  e u b a c t e r i a .  

S i n c e  w e  have  shown t h a t  t h e s e  cel ls  arose by 

L2 is  a t e m p e r a t e  

ti 

1 

180 



Mechanisms of DNA Replication and Recombination 

FUNCTION OF PRIMOSOME IN THE REPLICATION OF pBR322 DNA REPLICATOIN IN VITRO: 1154 
INITIATION OF LAGGING STRAND DNA SYNTHESIS, 
Institute, 901 California Ave.. Palo Alto, CA 94304-1104. 

of lagging strand synthesis o f  pBR322 DNA replication in vitro: 
one of the primosomal proteins, i ,  inhibits the pBR322DNAlication in vitro. and 
replication is restored by adding the purified protein i. (2) Extract from the &mJ 
strain, which carries a defect in the structural gene for protein i (ti. Masai, M. Bond. 
and K. Arai Proc. Natl. Acad. Sci. U.S.A., in press), does not support the lagging strand 
synthesis o f  pBR322 DNA. 
which is essential for the assembly of the primosome. reduces replication activity of the 
template in vitro by nearly 90%. while the leading strand synthesis is observed to some 
extent on these templates. (4) When introduced into those templates that lack n' site on 
the lagging strand of pBR322 DNA, the n' site on $X174 DNA can restore the replication 
activity. Recently Minden and Marians (J. Biol. Chem. 260 9316-9325 (1985)) reported that 
the lagging strand synthesis of pBR322 DNA replicaton is dependent on the primosomal 
proteins in a purified system. Their results are consistent with ours obtained in a crude 
extract. 

Hisao Masai and Ken-ichi Arai, O N A X R G c h  

The following evidences suggest that the primosome is involved in the initiation 
(1) The antibody against 

(3) Deletion of the n' site on the lagging strand o f  pBR322 DNA, 

1155 A CLUiUED FRAGMENT OF ESCHERICHIA CULI CHROMOSOMAL DNA WHICH PROMOTES ACCURATE 
PLASMID PARTITIONINL. M. Masters, J.H. Pringle & I.R. Oliver, Dept. of Molecular 

biology, Edinburgh University, Edinburgh EH9 3JR, Scotland. 
Partitioning regions which promote stable inheritance have been identified in several low 
copy number plasmids (1,2,3,). In an effort to determine whether analogous regions (which 
may be involved in its partitioning) are contained within the chromosome, a W d I I I  library 
of DNA in p8R325 was transformed into WT286, a strain in which pBR325 has a reduced 
copy number of 4-5. Since pBR325 has no partitioning system of  its own, it is unstably 
inherited in this strain, a defect we hoped to correct by the insertion of an appropriate 
fragment o f  cloned DNA. In  order to enrich for plasmids with increased stability, serial 
passages of the transformed cells were made. After six such passages, the dominant 
plasmid remaining contained a small k d I I I  insert. Cells containing this plasmid grow at 
the same rate as wild type cells and do not have an increased copy number; we therefore 
infer that possession of the insert improves the accuracy of plasmid partitioning. The 
insert is 129 bp lony and hybridizes with single restriction fragments in chromosomal DNA 
diyests prepared with m R I ,  E H ,  Z d I I I  or X I ,  indicating that it originates from a 
single chromosomal location. Its sequence does not show homology to, or structural 
features reminiscent of, the partitioning region of phage Pl(3). Refs: (1) Ogura, T. h 
Hiraga, S. (1983) Cell 32, 351-360. ( 2 )  Gerdes, K., Larsen, J. & kblin, 5. (1985) J.Bact. 
161, 292-298. (3) Austin, 5 .  & Abeles, A. (1985) in "Plasmids in Bacteria" ed. D. Helinski 
et al. Plenum Press, pp.215-226. 

~ 

1156 DNA HELICASES I1 6 I11 OF E.COL1; ENZYMATIC PROPERTIES AS NTPases AND HELICASES, 
Steven W. Matson, Dianne M. Freund, James W. George, Elaine E. Lahue, Karen R. Smith 
and Edgar R. Wood, Dept. of Biology, Univ. of North Carolina, Chapel Hill, NC 27514 

E. coli helicase 11, product of the uvrD gene, has been characterized as a DNA-dependent 
NTPase ani a helicase. The assay we have developed to characterize the helicase reaction 
measures displacement of a radioactively labeled DNA fragment annealed to MI3  DNA. Helicase 
I1 interacts with duplex DNA stoichiometrically and catalyzes the unwinding of duplex DNA at 
a rate independent of the length of duplex. A kinetic analysis of DNA effector chain length 
on ATPase activity suggests that helicase I1 translocates processively along single-stranded 
DNA. To determine the direction of translocation, displacement of labeled DNA fragments from 
a linear single-stranded DNA molecule was measured using a DNA substrate with labeled DNA 
fragments annealed at each end of the linear DNA molecule. Only one of the DNA fragments was 
displaced, the one expected if helicase I1 translocates in a 3- to 5- direction. This 
direction of translocation is opposite to that previously reported [Kuhn et al. (1979)  J. 
Biol. Chem. 254: 113431 .  Although E. coli SSB inhibits helicase I1 ATPase activity on 
single-stranded DNA, SSB stimulates the helicase reaction. 

Antibodies directed against E. coli helicase 111 have been produced and used to show 
that the 18.5kDa helicase 111 polypeptide contains active sites for both ATPase activity and 
helicase activity. ln contrast with helicase 11, a processive mechanism of translocation 
along single-stranded DNA cannot be demonstrated for helicase 111. Helicase I11 does, 
however, catalyze displacement of DNA fragments as long as 343 nucleotides in a reaction that 
requires ATP hydrolysis. In addition, the helicase I11 gene has been cloned and sequenced. 
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Unlverslty Medlcal Center 21 Dept. of Mlcroblology and Immunology. 
Unlverslty of Arlzona Health Sclences Center 

SEQUENCE ANALYSISIOF PHAGE T4 TERTIARY ORIGINS. A. E. Menkensln2 
and K. N. Kreuzer 1) Dept. of Microbiology and Immunology, Duke 

T4-mediated plasmid transductlon provldes a dlrect means of analyzlng the DNA 
sequence requlrements of  T4 repllcatlon orlglns. 
novel mechanism have been isolated and are referred to as tertlary origlns. One orlgln 
[orl(34)] has been mapped to a 248 bp restrlctlon fragment within the gene 34 readlng 
frame, and contains a sequence slmllar to a T4 middle promoter. The second origin 
[orl(&)] Is located on a 120 bp restriction fragment that contalns the middle-mode 
promoter for gene Ily=y. Ba131 deletions have been generated to determine the minimal 
sequence necessary to malntaln orlgln function. In both cases, the minimal orlgln Is 
50-100 bp In length and Includes the promoter [orl(&)] or promoter-like sequence 
[or1 (3411. 
since tertiary orlgln repllcatlon i s  rlfampicln resistant. Studles are In progress to 
further characterlze the minlmal tertiary origin and to understand the relationship between 
origin activlty and the presence of promoter sequences. 

Two speclflc orlgins that operate by a 

The flnding that the orlglns colnclde wlth promoter sequences Is lntrlgufng, 

1158 ENZYMOLOGY OF TRANSCRIPTIONAL ACTIVATION OF BACTERIOPHAGE A DNA REPLICATION, Kojo 

I n i t i a t i o n  of bacteriophage A DNA rep l ica t ion .  both i n  vivQ and i n  a crude soluble  enzyme 
system (Wold & d. PNAS 79. 61766180. 1982). requires  t ranscr ip t ion  by host  RNA 
polymerase a t  or near the  A rep l ica t ion  o r i g i n  (orib). The capacity of the  A CI repressor  
t o  i n h i b i t  t ransc ip t ion  of -A enables the  repressor  t o  d i r e c t l y  block A DNA rep l ica t ion ,  
even when a l l  required rep l ica t ion  proteins  are present. 

proteins  
t h a t  supports the  spec i f ic  i n i t i a t i o n  of DNA rep l ica t ion  at m. Surpris ingly,  i n  t h i s  
recons t i tu ted  rep l ica t ion  system, t ranscr ip t ion  by MA polymerase is not required Por 
i n i t i a t i o n  of A DNA synthesis .  It seemed l i k e l y  t h a t  t h i s  r i fampicin-resis tant  A 
rep l ica t ion  system could be exploi ted t o  e luc ida te  the biochemical mechanisms involved in 
the  t ranscr ip t iona l  ac t iva t ion  process. We reasoned t h a t  RNA polymerase was functioning t o  
counteract effect of an i n h i b i t o r  of A DNA rep l ica t ion  t h a t  was present both i n  vivq 
and in the  crude i n  v i t r o  system. but w a s  absent from the  enzyme system reconst i tuted with 
purif ied proteins .  Accordiagly. w e  have purif ied from crude e x t r a c t s  of E. a protein 
t h a t  i n h i b i t s  the  i n i t i a t i o n  of X DNA rep l ica t ion  when it is added t o  a reconst i tuted A 
rep l ica t ion  system t h a t  does not contain RNA polymerase. This inh ib i tor  appears t o  be 
i d e n t i c a l  t o  the  E. & W protein,  a histone-like component of the bac ter ia l  nucleoid. 
Our preliminary experiments ind ica te  t h a t  HU protein funct ions as an i n h i b i t o r  of A DNA 
rep l ica t ion  by preventing formation of a prepriming nucleoprotein complex a t  m X  t h a t  
contains  the A 0 and P rep l ica t ion  i n i t i a t o r s  and the  host  dnaB protein hel icase.  

A.  Mensa-Wilmot and Roger HeMacken. Johns Hopkins University, Baltimore. MD 2120s 

We have recent ly  reconst i tuted an enzyme system with 9 purif ied A and E. 

the  

1159 PARTITION AND REPLICATION OF pSC101, Christine Miller and Stanley N.  Cohen, Depart- 
ment of Genetics, Stanford University School of Medicine, Stanford, Calif. 94305 

What is the relationship of the par region, which is required for stable plasmid mainten- 
ance, LO the replication of the plasmid pSClOI? The two functions can be separated, but 
the complete wild-type par region on a plasmid gives it an advantage over a plasmid with a 
mutant region. This advantage i s  observed during incompatibility studies when the 
plasmid with a mutant par region is always lost preferentially to the wild-type plasmid. 
The rate o f  loss is much greater than the loss with normal incompatible plasmids; it is so 
fast that colonies containing two plasnids can not form when selection for both is applied. 
A mutant in the par region does not affect the replication of that plasmid when it is alone 
in the cell, i.e. the copy number is normal and two par mutants are incompatible with each- 
other. 
with a mutant 781' region could not replicate as well as the wild-type. 
phenotype of the par mutants Cmp- for their inability to compete for replication with a 
wild-type, incompatible plasmid. Experiments have been performed to see if a par mutant 
can replicate at all in the presence of a wild-type plasmid. 

Tucker, W.T., C.A. Miller, S.N. Cohen, Cell 38, 191-201, 1984 

However it seemed possible that when a wild-type plasmid was present the plasmid 
We have called the 

This data will be presented. 
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1160 STRUCTUREANDFUNCTiONOFAN~IO1NOF T4DNAREPLiCATiONAND OF TWO 
PROTEIHSCODED BY THIS REWN, Oisala Mosig, and Paul Macdmald. Venderbill 

University. NBshville.TN 37235 

Wehaverecentlychaactaizeddsequenced maig inof l4  DMnplicatim. mH,andanm 
replicatim p e .  6% that spens this origin. GBne 69 mdes for two proteins. which can be 
trmlated fiwn dlfferent m- that we under different transcriptional cnntml( I ). The 
regim spanning al(b been shan previously to essociate with cell envelope mpak?nIs via 
protesse sensitive sites(2). 

sizeof gp69, butantaimtheentiwdcodingsequeocefa theshorter protein. Weshow mrv that 
gp69 has a membrane-spanning m a i n .  We s0P;)est that gp69 aids in m b l y  and in 
snchorings 14 DNA initidimmmpla lo t h e ~ l l  envelope. Wewill disamamodcl arrelstirq 
its structure w d  functim with praninent s i p l s  in the asi4 seqxme. 

Segnents of gp69 share homologies with dlfferent patches of several other pmteins. most 
sicpifimtly with L m/i Dnrh protein. This homolqly patch is located just downstfwn from the 
membrane qmning W i n  of gp69 and meS mt include the putative DNA bindirq M a i n  of 
Dntrh protein. its presenoesugpests Interclctlms with the semecelluliw mnpak?nt(s). 

A cpne 69 unber mutant which is deliclent In DNA repllcatim, lads a protein of the predicted 

I .  P,M.MacdmsldandO.Flosig,~3.2863-2871 (1984) 
2.R.C.~iw~ti.AM.BreschkinandG.Mosig.J.~60.213-233 (1971) 

1161 INITIATION SlTES OF DNA SYNTHESIS IN THE PRIMARY ORIGIN REGION OF T7 PHAGE GENOME 
Tuneko Okazaki, Kenji Sugimoto, Yuji Kohara, Nagoya University, Nagoya, Japan 464 

Initiation sites of T7 phage DNA synthesis in the presence and absence of T7 phage gene 4 
primase have been analyzed using E. coli cells infected with T7 phage amber mutants, 
T73-,6- and T73-,4-.6-, respectively. In  the absence of gene 4 primase, only the L-strand 
of T7 DNA is synthesized to the rightward direction. This L-strand DNA synthesis has been 
determined to start within the 0.9 kb region of T7 genome containing the primary origin and 
its right outside area. RNA-linked DNA molecules have been purified from the cells 
infected with T73-,4-,6- or T73-,6- phages and transition sites from RNA to DNA have been 
mapped in the 1.9 kb region of the T7 phage genome covering the primary origin and its 
vicinity. With gene 4- sample, more than 20 transition sites have been detected, all of 
which have been found in the L-strand and scattered widely downstream the bl.lA promoter of 
the primary origin. 
that the transcripts arisen from the 61.1 promoters are used as primers of  the rightward 
L-strand DNA synthesis in both conditions. In addition to these sites, many strong 
transition sites have been detected with gene 4+ sample in both the H- and L-strands at 
gene 4 primase recognition sites. 

These sites have been found also with the gene 4+ sample, suggesting 

1162 INITIATION OF BACTERIOPHAGE T7 DNA REPLICATION, Samuel Rabkin and 
Charles Richardson, Department of Biological Chemistry, Harvard 
Medical School, Boston, MA. 02115.  

T7 DNA replication is initiated at a specific site, located 15% of the 
distance from the genetic left end of the chromosome, and proceeds 
bidirectionally. When this region is deleted, initiation occurs at secondary 
origins. One approach to analyzing DNA replication i n  vivo is to pulse-label 
replicating T7 DNA and examine the pattern of incorporation by restriction 
endonuclease digestion and gel electrophoresis of the fragments. This 
procedure distinguishes between initiation events that occur at the primary 
origin and the secondary origins. Using this technique we have determined 
the rate of elongation in vivo to be greater than 400  nucleotides/second. 

In order to more finely map the positions of  the secondary origins we 
have examined the ability of plasmids containing different regions of the T7 
genome to replicate after T7 infection. Plasmids containing the primary 
origin region, a s  well as those containing T7 promoters @OR, 913 o r  $ 6 . 5  do 
replicate after T7 infection, whereas those plasmids containing the other T7 
promoters d o not. The cloned T7 fragments that replicate are being deleted 
to determine the minimum sequence necessary for initiation of T7 DNA 
replication. 
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1163 GENETIC PJCI BIOCHEnICAL STUDIES Cf lHE BACTERIOPHAGE T4 DNA POLWRA%, Linda J. Reha-Krantz, 
Department o f  Genetics, Universi ty of Alberta, E&wnton, Alberta T6G a 9  CANADA 

More than 20 new bacteriophage T4 DNA polymerase rmtants hawe been iso la ted  by a procedure designed t o  
select  for rmtants wi th high spontaneous rmtat ion rates. Sane of the rmtants produce the highest 
mutation frequencies tha t  have been observed i n  T4 thus far.  The design o f  the select ion procedure 
allows fo r  the i so la t i on  of nutator rmtants that  p re fe ren t ia l l y  induce cer ta in  types of rep l i ca t ion  
errors, and s m  o f  the nutator mutants have rmtat ional  spec i f i c i t i es  d i f f e ren t  from wi ld  type. 

The new nutants are clustered a t  j u s t  two s i tes  i n  the DNA polymerase gene, and t h i s  resu l t  confirms 
an ea r l i e r  observation (Reha-Krantz 8 Bessman (1981) J.  m2. Biot. 145, 677-695). These s i tes  my 
def ine the 3 k 5 '  exonuclease dwoain, the dWlP binding s i t e  and the primer-terminus binding s i te .  

Biochemical studies o f  the mutator mutants w i l l  be useful i n  determining the molecular basis o f  
accurate DNA synthesis, i n  discovering what a l te ra t ions  t o  the DNA polymerase decrease accuracy, i n  
learning about the stuctural  features o f  the T4 DNA polymerase and i n  understanding h w  the UNA 
polymerase synthesizes DNA. Because of the success of genetic and biochemical analyses in  studies of 
the T4 DNA polymerase, the T4 DNA polyiwrase i s  a good rodel systen fo r  studies o f  prokaryote DNA 
polymerases i n  general. 

Research supported by the Natural Sciences and Engineering Research Council o f  Canada (A8406, G1436), 
the  Alberta Cancer Board (H-246), and the Alberta Foundation for Medical Research. 

1164 
State University, Sm Diego, CA 92182 

mediated transcription step. Our studies using galK fusions have shown that counterclockwise transcription enters and terminates within 
orrC, with an efficiency of 92%. A similar approach led u) the detection of a transcription ternunator within the chromosomal replication 
origin of KIebsiella pnewnoniue. The 3' termini of transcripts entering oriC were detemned using the S 1 nuclease mapping technique. 
The major termination event occurs at position 23, with minor terminations at positions 21.25 ,38 ,40,52,67,92, 107, 115, and 116 
(see arrows m fig.). Most of the transcripts terminating wrIhin oriC contain the sequence GATC close 10 OT at IIE 3' end. These results 
are suppned by in viUo transcription experiments showing that RNA polymerast pauses af or very close u) the sires identified by S1 
mapping. 

TRANSCRIPTION TERMINATION EVENTS IN THE Esckrichia coli ORIGIN OF REPLICATION, orrC, Luis A. 
Rokeach, David E. Junker Jr., Anne Chiaramello. Donna Ganea, and Judith W. Zyskind, Biology Deparunent, San Diego 

The initiation of DNA synthesis at the chromosomal origin of replication, orrC, in Esckricbia colt involves an RNA polymerase- 

6n -L 

1165 OVERPRODUCTION OF PHAGE T7 DNA POLYMERASE FROM RECOMBINANT 
PLASMIDS AND CHARACTERIZATION OF MUTANTS GENERATED IN VITRO , 
Nirmal K. Roy and David C. Hinkle, Department of Biology, University of Rochester, 
Rochester, New York 14627 

T7 DNA polymerase contains two subunits, an 80 kDa protein encoded by the phage gene 5 and a 
12 kDa host protein, thioredoxin. In the absence of thioredoxin the gene 5 protein has very low 
polymerase activity, but contains a 3' to 5' exonuclease which is very active with single stranded DNA. 
With thioredoxin this exonuclease is also active with double stranded DNA. 

We have constructed a recombinant plasmid in which the T7  gene 5 is expressed from a phage 
lambda promoter which can be regulated by a temperature sensitive repressor. From 65 g of induced cells 
carrying this plasmid, 40 mg of nearly homogeneous T7 DNA polymerase are obtained in a simple two 
step purification. The enzyme prepared by this procedure appears to be identical to enzyme prepared from 
T7 infected cells by our previous methods. In particular, although we recover about twenty times more 
enzyme than is recovered from phage infected cells, the enzyme is saturated with thioredoxin. 

To determine which regions of the T7 gene 5 protein are involved in each of the enzymatic activities 
associated with the DNA polymerase we have begun a project to produce and characterize altered forms of 
the protein. In our initial experiments we have made a series of deletions at the 3' end of the gene which 
result in changes to the C-terminus of the protein. All of these changes completely abolish DNA 
polymerase activity, but some of the altered proteins retain full exonuclease activity. This suggests that the 
C-terminus of the gene 5 protein may be located near the polymerase active site while the site for 
exonuclease activity is located elsewhere on the protein. 
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1166 TRANSCRIPTION SIGNALS WITHIN THE REPLICATION ORIGIN OF E. COLI, 
Marianna Schauzu, Walter Messer, Heinz Lother, Max-Planck-Institut, 
Berlin, Germany 

Two promoters were detected in vitro within the minimal replication origin of 
E.coli (Lother and Messer, Nature 294 ,  376-378, 3 9 8 1 ) .  We have analyzed these 
promoters in vivo by fusing various DNA fragments out of this region to the 
galactokinase gene and have detected weak promoter activities. 

Transcription originated from the rightward promoter Pori-r was found to be 
terminated ap.,roximately 100 bp downstream from the promoter. Leftward trans- 
cription from Pori-1 is not terminated to the same extent but is decreased in 
a stepwise manner as increasingly larger fragments are assayed. 

Although promoter activities are slightly higher in a dnaA mutant strain com- 
pared to the isogenic wildtype, there is no evidence for a profound regula- 
tory effect of the dnaA protein on the promoters within m. 

1167 TIMING OF INITIATION OF CHROMOSOMAL REPLICATION IN E .  G, 
Kirsten Skarstad, Erik Boye and Harald 8 .  Steen, Dept. of Biophysics, 
Norsk Hydro's Institute for Cancer Research, 0310 Oslo 3 ,  Norway. 

Initiation of chromosomal replication is a key event in the bacterial life 
cycle. The frequency of initiation determines the growth rate of a steady 
state culture. When growth is rapid, 2 or 4 chromosomes are replicated in 
parallel witnin each cell. We have measured the synchrony of initiation at 
the 4 originsinindividual cells. By flow cytomrtry we have determined the 
DN4 contents in single cells after inhibition of initiation and run-out of 
replication. If initiation is synchronous all cells will end up with 
either 2, 4, or 8 fully replicated chromosomes, while asynchronous initia- 
tion leads in addition to cells with irregular numbers of chromosomes ( 3 ,  
5 ,  6, or 7). The greater the degree of asynchrony the larger the amount of 
cells with irregular numbers of chromosomes. In strain B / r  A (doubling 
time 27 min) initiation was found to be somewhat asynchronous (time from 
first to fourth initiation, J, was 3 min) when measured after rifampicin 
treatment, but essentially synchronous (J was less than 0.5 min) after 
chloramphenicol treatment. It was concluded that the DNA polymerase 
dependent step of initiation was less well timed than the steD dependent on 
de novo protein synthesis. Initiation in a dnaA(Ts) mutant grown at the 
permissive temperature and in a recA mutant was found to be extremely 
asynchronous. 

-~ __ 

1168 COMPARISON OF TKE dnaA GENES OF E. coli, S. typhimurium AND S, marcescens. 
Ole Skovgaard, Fleming G. Hansen, Technical University of Denmark, DK 2800 Lyngby. 

The product of the dnaA gene, the DnaA protein, is essential f o r ,  and has a 
regulatory effect o n ,  the initiation of DNA replication from oriC in E. coli. 
We have cloned and sequenced dnaA genes from & typhimurium and & marcescens, 
in order to obtain more information on the structure of the protein, and its 
autoregulated expression. Either of the genes complements the dnaA46 mutation 
of E. coli- The nucleotide and aminoacid sequences were compared. The three 
DnaA proteins are very homologous. The N-terminal 63 aminoacids and the 
C-terminal 3 3 3  aminoacids are identical. The region in between, corresponding 
to 71 aminoacfds in E. coli exhibits a number of changes. This variable region 
coincides with the nonhomologous region found in the comparison of E. coli and 
-~ B. subtilis DnaA proteins (Ogasawara et al. EMBO Journal, in press). Also the 
__ dnaA promoterregions are very homologous in E. coli, 5 typhimurium and 5 
marcescens, suggesting, that the regulation of dnaA gene expression is 
identical in the three bacteria. 
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1169 A NEW DNA-DEPENDENT ATPase WHICH STIMLLATES YEAST W POCYMERAS I AND HAS DNA-UJ- 
W1N)IlrY; A C T I V I T Y  MImT BE A =GENE PRODUCT. Akio %gin0 and Toshiko Sugino, 
NIWS, NIH, RTP, W: 27709 

Two forms o f  DNA-dependent ATPase a c t i v i t i e s  from yeast were previously p u r i f i e d  and 
characterized (Plevani e t  al., 1980). 
111) has been p u r i f i e d  from Sacchromyces cerev is iae t o  near hanogeneity. 
f e r s  from those described prev ious ly  i n  i t s  chromatographic propert ies, molecular weight 
and reac t i on  propert ies. 
9s. I t  hydrolyzes ATP t o  ACP and orthophosphate i n  the presence o f  DNA as an ef fector .  
I n  addit ion, yeast ONA polymerase I, which i s  a t rue  DNA repl icase of yeast, i s  st imulated 
severa l - fo ld  by t h i s  ATPase. 
nor  other w c a r y o t i c  WA polymerases a re  stimulated. This s t imu la t i on  i s  i n t r i n s i c  t o  the 
ATPase a c t i v i t y ,  since both a c t i v i t i e s  copur i f i ed  i n  the  l a s t  f ou r  steps o f  pu r i f i ca t i on ,  
showed the same heat s t a b i l i t y  and showed dependence on the hydro lys is  o f  ATP. The ATPase 
111 also contains a DNA-unwinding (DNA hel icase)  a c t i v i t y .  I n  contrast  t o  a yeast single- 
stranded DNA b ind ing p r o t e i n  (Arendes e t  al., 19831, ATPase 111 increases the process iv i ty  
o f  yeast DNA polymerase I only two-fold. 
mer izat ion several-fold. I n  the 3. cerev is iae rad iat io-sensi t ive mutant g, no s i g n i f i -  
cant ATPase 111 a c t i v i t y  could be detected, suggesting t h a t  the 
regulates the expression o f  ATPase I11 a c t i v i t y .  

Here, an add i t i ona l  DNR-dependent ATPase (ATPase 
This ATPase d i f -  

I t s  molecular weight i s  about 63,000 dal tons i n  the presence o f  

Nei ther  yeast DW polymerase 11, prokaryot ic  W polymerases, 

However, i t  increases the accuracy o f  DNA poly- 

gene codes or 

1170 SEQUENCE ANALYSIS OF THE: dneE GENE O F  Bscher ich ia  coli, Henry 
Tomasiewicz and Charles McHenry, Department of Biochemistry, 
University of Colorado Health Sciences Center, Denver, CO 80262 

The DNA polymerase 111 holoenzyme is the multi-subunit complex 
responsible for replicating most of the 6. c o l i  chromosome. The 
catalytic subunit, a (Mr=140.000 Da), is encoded by the dnaE gene. The 
d n ~ E  gene was cloned using a selection based on its ability to 
complement a temperature-sensitive conditional lethal dneE mutant. 
This plasmid, pMWE303, directs the synthesis of a in the "maxicell" 
system. The minimal sequence required for expression of the dnaE gene 
was determined to be 3700 base pairs by deletion mapping of pMWE303 
using Ba131 nuclease. Plasmids containing deletions from one end of 
the dneE gene direct the synthesis of shortened a proteins, while those 
containing deletions from the other terminus failed to direct the 
synthesis of any a protein. This information together with knowledge 
of the flanking gene allowed us to assign the direction of dnaE 
transcription toward increasing map units on the B. c o l i  chromosome. 
To identify potential regulatory sites and to determine its amino acid 
sequence we have sequenced the dnaE gene. This sequence and the 
identification of the dnaE transcript will be presented. 

1171 I N  V I T R O  REPLICATION OF BACTERIOPHAGE X DNA. Sue Wickner, Laboratory o f  

Repl icat ion o f  supercoi led plasmid DNA conta in ing the X o r i g i n  o f  r e p l i c a t i o n  i s  catalyzed 
i n  v i t r o  by p ro te in  f rac t i ons  o f  uninfected E. c o l i  supplirnented w i t h  p u r i f i e d  X 0 and P 
m i o n  prote ins (Tsurimoto and M a t s u b a r a m  Uold e t  al.. 1982). Using t h i s  re- 
act ion as an assay I have been studying the components o f  tE X i t i a t i o n  reaction, includ- 
i n g  a 0 and P proteins, E. c o l i  dnaB, dnaJ and prote ins and X o r i g i n  DNA. Tsurimoto 
and Matsubara showed t h a t m o p r o t e i ' n  b m  t o  fou r  c lose ly  spaced 19 bp repeated sequences 
i n  the o r i g i n  region. The DNA sequence reveals a 40 bp reg ion t o  the r i g h t  o f  the 0 b ind ing 
s i t e s  t h a t  i s  r i c h  i n  adenine and thymine. To f u r the r  define the l i m i t s  o f  the X or ig in .  
I have cloned a 354 bp piece o f  X DNA conta in ing the o r i g i n  reg ion i n t o  M13mp8 i n  both 
or ientat ions.  constructed delet ions from the r i g h t  and l e f t  w i t h  Ba131 nuclease and sequenced 
the delet ions. I have tested the RF DNAs o f  the M13 der ivat ives f o r  t h e i r  a b i l i t y  t o  be 
rep l i ca ted  i n  i n  v i t r o  react ions dependent on X O  and P prote ins.  M13mp8 was no t  rep l i ca ted  
by these r e a c m t u r e s  bu t  M13mp8 conta in ing the X o r i g i n  DNA i n  e i t h e r  o r i en ta t i on  
was rep l icated.  X DNA between pos i t i ons  39072 and 39160 was requi red f o r  e f f i c i e n t  0 
and P dependent rep l i ca t i on .  This piece o f  X DNA includes the two r i g h t  most 19 bp 0 
b ind ing s i t e s  and most o f  the adenine r i c h  reg ion t o  the r i g h t  o f  t he  0 b ind ing s i tes.  

Molecular Biology, National Cancer I n s t i t u t e ,  NIH, Bethesda. MD 20892 
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1172 QUANTITATIVE MDDELS FOR CONTROL OF PLASM10 REPLICATION, David 0. Womble and 

We have developed q u a n t i t a t i v e  models f o r  the regu la t i on  o f  r e p l i c a t i o n  o f  plasmids idv,  
NR1, and mini-F i n  the Escherichia c o l i  c e l l  d i v i s i o n  cyc le .  The computer s imulat ions o f  
the c o n t r o l  models accurate ly  mimrc- p roper t i es  o f  each plasmid w i t h  respect  t o :  (1 )  
steady-state plasmid copy number; ( 2 )  recovery from unequal plasmid segregation a t  c e l l  
d i v i s i o n ;  ( 3 )  recovery from an a r t i f i c i a l l y  e levated plasmid copy number; ( 4 )  response t o  
regulatory  components suppl ied i n  trans; (5) behavior of copy number mutants; (6 )  plasmid 
i ncompa t ib i l i t y ;  and 17)  s t a b i l i t y o f p l a s m i d  i nhe r i t ance  i n  a populat ion o f  c e l l s  i n  
cu l tu re .  The behaviors o f  the th ree  models a re  q u i t e  d i f f e r e n t  from each other .  The 
models f o r  NR1 and mini-F p r e d i c t  a s tab le  p a t t e r n  of plasmid i nhe r i t ance  despi te  the low 
copy numbers o f  these plasmids, whereas the  adv model p red ic t s  unstable i nhe r i t ance  o f  
xdv despi te  i t s  h igh  plasmid copy number. Whereas the xdv model responds on ly  s lowly  t o  
random per turbat ions from the steady-state, the NR1 and mini-F models respond r a p i d l y  and 
recover q u i c k l y  from any dev ia t i on  from the steady-state. The min i -F model tends t o  regu- 
l a t e  toward the normal (s teady-state)  plasmid copy number a t  the t ime o f  c e l l  d i v i s i o n ,  
whereas the NR1 model regulates toward the normal (s teady-state)  number o f  i n i t i a t i o n s  o f  
plasmid rep1 i c a t i o n  dur ing each c e l l  generation. 

Robert H. Rownd, Northwestern Univers i ty ,  Chicago, I l l i n o i s  60611 

DNA Recombination I: Prokaryotes 

1173 DNA TOPOLOGY A N D  CHANGES IN LINKING NUMBER ASSOCIATED WITH CRE-MEDIATED ZP SITE- 
SPECIFIC RECOMBINATION OF PHAGE P1.  Kenneth Abremski,  B e t h  Frommer and Ronald 

Hoess ,  E. I. Du P a n t  de  Nemours and Company, I n c . .  E x p e r i m e n t a l  S t a t i o n  3281134, C e n t r a l  
Research  and Development Depar tment ,  Wi lmington ,  DE 19898 

S i t e - s p e c i f i c  r e c o m b i n a t i o n  between two &P s i tes  r e s u l t s  i n  changes  t o  t h e  DNA s u b s t r a t e s  
which a r e  o b s e r v a b l e  as  d i f f e r e n c e s  i n  DPjA l i n k i n g :  number and  i n  t h e  t o p o l o g i c a l  r e l a t i o n -  
s h i p s  of p r o d u c t  m o l e c u l e s .  W e  have a n a l y z e d  t h e s e  c h a n a e s  by  g e l  e l e c t r o p h o r e s i s  and  e l e c -  
t r o n  microscopy t e c h n i q u e s .  Our d a t a  i n d i c a t e  t h a t  C r e - n e d i a t e d  i n v e r s i o n  r e a c t i o n s  l e a d  t o  
a change i n  l i n k i n g  number of 2 between t h e  s u b s t r a t e  and p r o d u c t  m o l e c u l e s .  We have a l s o  
d e m o n s t r a t e d  t h a t  s u p e r c o i l i n g  i n  t h e  s u b s t r a t e  DNA can i n f l u e n c e  t h e  d i r e c t i o n  of  t h i s  
change. These  r e s u l t s  w i l l  be  d i s c u s s e d  i n  t e r m s  o f  models f o r  s y n a p s i s  o f  *P s i t e s  and 
exchange of DNA s t r a n d s  d u r i n g  r e c o m b i n a t i o n .  

1174 STUDIES ON THE MU TRANSPOSASE. R. ALAZARO. F. RAGUEH, M. BETERMIER, M. CHANDLER 
(C.R.B.G.C. 118 RTE DE NARBONNE, TOULOUSE, FRANCE); A. MARTENS, L. DESMET, M. FAELEN, 

A. TOUSSAINT (LAB. OE GENETIQUE, UNIVERSITE LIBRE DE BRUXELLES, RHODE ST GENESE, BELGIUM). 

We are studying the product o f  the Mu A gene (transposase). Using a copy o f  the gene 
cloned i n  an expression vector  we have observed t h a t  the 75kD pA can be cleaved i n  a semi 
i n  v i t r o  system t o  y i e l d  a product o f  64 kD. This t runcated p r o t e i n  binds s p e c i f i c a l l y  t o  
gaSmihDNA ca r ry ing  both ends o f  Mu and shows increased a f f i n i t y  f o r  supercoi led DNA. These 
proper t ies are s i m i l a r  t o  those o f  a p ro te in  which has been repor ted t o  occur i n  the phage 
capsid and which r e s t r a i n s  the l i n e a r  Mu genome i n  the form o f  a c i r c l e  fo l l ow ing  i n fec t i on .  

I n  order  t o  i nves t i ga te  the func t i ona l  domains o f  PA, we have der ived a se t  o f  TnlDOO 
i n s e r t i o n  mutations i n  the cloned gene from which we have i s o l a t e d  i n  v i t r o  a se r ies  o f  
def ined delet ions.  These are being appl ied t o  determine the DNA binxn-ain o f  the pro- 
t e i n .  We have a l so  used these delet ions t o  map by marker rescue a se t  o f  amber mutations 
c a r r i e d  by the phage. I t  i s  s t r i k i n g  t o  note t h a t  one such mutation located i n  the C-termi- 
na l  end does no t  abol ish i n t e g r a t i o n  o f  the phage. This  i s  s i m i l a r  t o  the observations o f  
Chaconas and co l l abo ra to rs  concerning the product o f  the B gene. 



Mechanisms of DNA Replication and Recombination 

1175 CHARACTERIZATION OF TN3 RESOLVASE AND RES SITE INTERACTIONS, 
Howard W. Benjamin and Nicholas R. Cozzelli, University of Cali- 
fornia, Berkeley, Berkeley CA 9 4 7 2 0  

The site-specific recombination enzyme, Tn3 resolvase, mediates the recom- 
bination between two directly repeated resolution ( E )  sites. We have 
characterized the interactions of resolvase with sites by four methods: 
filter binding, change in linking number, gel electrophoresis and electron 
microscopy. Although two res sites are necessary for recombination and 
topoisomerase action, one =sufficient for specific binding. The binding 
of resolvase to a res site on a smallmx plasmid containing res sites 
in the presence o f x l f  thymus topoisomerase I or ligase actingon a nick 
introduces just less than one negative turn per site. The number of turns 
is proportional to the number of sites in one, two and three site plasmids 
and is similar for both supercoiled and nicked substrates. However, synap- 
sis of res sites introduces about an additional turn for a total of ap- 
proximamy three turns as predicted by our prior studies. The synapsed 
complex can be cut by restriction enzymes and analyzed by both gel 
electrophoresis and electron microscopy. A major portion of the DNA is 
specifically synapsed by resolvase at the sites before recombination 
and the data lead to a clear model for the structure of a synaptic inter- 
mediate. 

1176 THE ROLE OF TERMINAL CONFORMTION I N  ADENO-ASSOCIATED V I R U S  DNA REPLICATION, 
Kenneth I .  Berns l  and Roy BohenzkyZ, Department of Microbiology, Corne l l  

Univers i ty  Medical Col lege ,  New York, NY 10021 and 2) Department of Immunology and Medical 
Microbiology, Univers i ty  of Flo r ida ,  College of Medicine, Ga inesv i l l e ,  FL 32610. 

The l i n e a r  s ing le - s t r anded  DNA genome of t h e  d e f e c t i v e  human parvovi rus  adeno- 
a s soc ia t ed  virus fAAV)2 has  an inve r t ed  te rmina l  r e p e t i t i o n  of 145 bases .  The t e rmina l  
125 bases  form an  o v e r a l l  nalindrome i n t e r r u p t e d  by two i n t e r n a l  2 1  base  palindromes. 
This  p o t e n t i a l  h a i r p i n  s t r u c t u r e  is  assumed t o  se rve  as the  primer f o r  DNA syn thes i s .  A s  
long as a p o t e n t i a l  t empla te  e x i s t s ,  l a r g e  d e l e t i o n s  w i t h i n  the  te rmina l  r epea t  can be 
r epa i r ed ,  b u t  i n  the  absence of such a templa te ,  even smal l  d e l e t i o n s  are l e t h a l .  
However, mutants i n  which t h e  p o t e n t i a l  T-shape of the  h a i r p i n  a r e  r e t a ined  a r e  v i ab le .  
W e  have now compared chimeras wi th  a wi ld  type  sequence a t  one end and a mutant sequence 
a t  t he  o t h e r  Progeny a r e  found t o  have t h e  wi ld  type sequence a t  both ends.  

1177 
Site-specific recanbination catalyzed by the phage Int system can ixs used as a probe of 
DNA structure a d  metablisn in vim. Strains of E. coli inducible for Int expression and 
transformd with mll mlticopyplasmid substrates allm us to tightly regulate reconki- 
nation. 
px cell per minute. 
and the structure of products suggest that free supercoils in plagnid DNA are braided, 
rather than solemidally mund as in nucleosomes. 
these sme properties, allowing us to calibrate the level of free supercoils inside the 
cell. 
half of the supercoils are constrained by proteins into alternative structures. 
is substantially less free energy of supercoiling available to drive processes such as 
transcription than wmld be predicted fmm the linking deficit. 
ducts made by recahination provide an assay for enzyrres reqruired to unlink daqhter 
mlecules at the termination of replication. Our results confirm that DNA gyrase is the 
only enzyrw required for decatenation in E. coli, and it does so extremly rapidly. We 
further conclude that decatenation in vim is energetically fawrable and that the final 
segregation of daughter plasnids doesrequire any specialized apparatus. 

Recanbination as a pro& of DNA structure and metabolisn in vim, James B. Bliska 
Yishi Jin, and Nicholas R. Cozzarelli, University of California, Berkeley CA 34720 

The reaction in vim is very fast: we esthte the rate at 1 plasmid recMined 
In, pduct mlexity is proportional to supercoil density 

Ee find that the reaction in vim has 

This level is abut onehalf that found in purified DIA. We suggest that the other 
%us there 

Lastly, the catenated pm- 
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1178 TOPOLOGICAL SPECIFICITY 3F TN3 RESOLVASE SUGGESTS A TWO-STOP i.IECHAHIS:4 FOR 
SYNAPSIS OF. RECOi+BINATION SITBS, !+ar t in  R Boocock, J L e s l e y  Brown, 3 a v i d  J 
S h e r r a t t ,  I n s t  of Genetics, U n i v e r s t y  of Glasgow,  Glas’:ow, S c o t l a n d  

P r o c e s s i v e  o n e - d i n e n s i o n a l  d i f f u s i o n a l  “ t r a c k i n z “  o f  r e s o l v a s e  a l o n j  J X A  s e q u e n c e s  
i n t e r v e n i n d  b e t w e e n  t w o  r e c o n b i n a t i o n  s i t e s  d o e s  n o t  p r o v i d e  a s 3 t i s f a c t o t - y  
a e c n a n i s t i :  b a s i s  f o r  t n e  o b s e r v e d  t o p o l o g i c a l  s p e c i f i c i t y  o f  T n 3  s i t e - s p e c i f i c ,  
r e c o  o b i n a t i o n .  :le h a v e  p u t  f o r w a r d  a n  a l t e r n a t i v e  “ two-s t ep”  s y n a p s i s  n o d e l  t h a t  
d i v e s  d u e  c o n s i d e r n t i o n  t o  s u b s t r a t e  a n d  p r o d u c t  t o p o l o g y ,  a n d  a l s o  a c c o u n t s  for t n e  
i n e f f i c i e n c y  of t n e  i n t e r m o l e c u l a r  r e c o n b i n a t i o n  a n d  i n v e r s i o n  r e a c t i o n s  (Boocock & 
& Biocheln SOC T r a n s a c ,  lo w. 3 u r  k i n e t i c  d a t a  on t h e  r e s o l u t i o n  o f  n u l t l s i t e  
r e c o m b i n a t i o n  suostrates ,  a n d  on  t n e  s e q u e n c e  of D N A  confornat ional  c h a n j a s  a t t e n d a n t  
u p o n  r e s o l v a s e  D i n d i n 3  a t  t h e  s i t e ,  a r e  f u l l y  c o n s i s t e n t  w i t h  t n e  z e n e r a l  
c o n s e q u e n c e s  of a t w o - s t e p  s y n a p s i s  s e c h a n i s a .  Tne e f fec ts  of s u b s t r a t e  t o p o l o g y  o n  
t h e  c o u r s e  o f  t n e  react ion are i n  a c c o r d  w i t h  p r e d i c t i o n s  t h a t  are u n i q u e  t o  t h e  two- 
s t e p  n o d e l .  We n a v e  a l so  snown  t h a t  u n d e r  ce r ta in  c o n d i t i o n s  a l l  t o p o l o 7 i c a l  l i n k a g e  
c h a n z e s  i n  t h e  r e s o l u t i o n  r e a c t i o n  a r e  9 r e c i s e l y  s p e c i f i e d ;  t n e s e  r e s u l t s  p l a c e  
f u r t h e r  c o n s t r a i n t s  on t n e  c h o i c e  of ! i o d a l s  for s i t e  s y n a p s i s  a n d  t h e  a o l e c u l a r  
n e c n a n i c s  o f  s t r n n d  exchan :e .  :Je a r e  p r e s e n t l y  i n t r i d u e d  b y  i h e  p o s s i b i l i t y  t h a t  
b a s i c  n e c n a n i s t i c  f e a t u r e s  of t h e  s i t e  s y n a ? s i s  a n d  s t r a n d  exchan:e  e v e n t s  n e d i a t e d  
by T n 3  r e s o l v a s e  a r e  s n a r e d  b y  i n t e ; r a s e  a n d  o t h e r  s i t e - s p e c i f i c  r e c o : o b i n a t i o n  
enzy:aes. 

1179 RESOLUTION OF A POLYOMA/MOUSE H Y B R I D  DNA AND ITS DEPENDENCE ON LARGE T ANTIGEN, 
P i e r r e  Bourgaux  a n d  A l a i n  P i c h e ,  U n i v e r s i t e  d e  S h e r b r o o k e ,  S h e r b r o o k e ,  QuBbec, 
Canada ,  J 1 H  5N4. 

R m I  is  a c h i m e r i c  m o l e c u l e  w h i c h  i n c l u d e s  1.03 c o p i e s  of polyoma v i r u s  DNA a n d  a segmen t  
o f  1628 b a s e  p a i r s  o f  mouse DNA, j o i n e d  t o g e t h e r  t h r o u g h  d i r e c t  a n d  i n d i r e c t  r e p e a t  
s e q u e n c e s .  I t  i s  e x c i s e d  from t h e  chromosome o f  a t r a n s f o r m e d  c e l l  v i a  a s i t e - s p e c i f i c  
r e c o m b i n a t i o n  e v e n t  when t h e  v i r a l  g e n e  c o d i n g  f o r  l a r g e  T a n t i g e n  is  a c t i v a t e d .  We h a v e  
t r a n s f e c t e d  m o l e c u l a r l y  c l o n e d  RmI i n t o  c e l l s  o f  v a r i o u s  o r i g i n s  a n d  a n a l y z e d  I t s  f a t e .  
We f o u n d  t h a t  RmmI i s  i n f e c t i o u s  f o r  no rma l  mouse c e l l s ,  a s  i t  u n d e r g o e s  a n  i n t r a m o l e c u l a r  
r e c o m b i n a t i o n  e v e n t  g e n e r a t i n g  genomic  v i r a l  D N A ,  wh ich  in t u r n  d i r e c t s  t h e  s y n t h e s i s  o f  
v i r u s  p r o g e n y .  L a r g e  T a n t i g e n  is  r e q u i r e d  f o r  t h e  c o n v e r s i o n  o f  RmI i n t o  genomic  v i r a l  
D N A ,  b u t  r e p l i c a t i o n  o f  RmI a p p e a r s  t o  h i n d e r  r a t h e r  t h a n  e n h a n c e  t h i s  c o n v e r s i o n .  T h e s e  
f i n d i n g s  may i n d i c a t e  t h a t  l a r g e  T a n t i g e n  m e d i a t e s  n o t  o n l y  t h e  e x c i s i o n  b u t  a l s o  t h e  
r e s o l u t i o n  o f  RmI i n t o  i t s  mouse a n d  polyoma c o n s t i t u e n t s .  

1180 
S t e p h e n  L. B r e n n e r  a n d  R i c h a r d  S. M i t c h e l l ,  E. 1. d u  P o n t  d e  Nemours 6 Company, C e n t r a l  
R e s e a r c h  & Deve lopmen t  D e p a r t m e n t ,  E x p e r i m e n t a l  S t a t i o n ,  W i l m i n g t o n ,  DE 19898. 

The ssDNA-dependent  ATPase o f  R e c A  p r o t e i n  h a s  b e e n  s t u d i e d  as a f u n c t i o n  o f  DNA c h a i n  
l e n g t h  u s i n g  homopolymer c o f a c t o r s .  U s i n g  p o l y ( d T 1 ,  a max ima l  t u r n o v e r  number o f  30 AT?/ 
RecA/min w a s  f o u n d  a t  37OC i n  10 mM HEPES, 1 mM DTT, 30 mM NaC1, 1 mM ATP, 1 2  mM MgCl , 50 
ug/rnl BSA, pH 7 . 5 .  The maximum ra te  was o b s e r v e d  a t  a s t o i c h i o m e t r y  o f  1 R e c A  p e r  4 gases. 
The maximum t u r n o v e r  number d e c r e a s e d  w i t h  d e c r e a s i n g  o l i g o n u c l e o t i d e  l e n g t h  t o  13 ,  2 . 0 ,  
a n d  0 . 5  AT?/RecA/min for ( d T )  , ( d T f  , a n d  ( d T )  , r e s p e c t i v e l y .  The  s t o i c h i o m e t r y  a t  
maximal  ATPase w a s  a l w a y s  1 R%$g bases2?ndependent160f  o l i g o n u c l e o t i d e  l e n g t h .  A t  a f i x e d  
R e c A  c o n c e n t r a t i o n ,  t h e  ATPase i n c r e a s e d  w i t h  DNA c o n c e n t r a t i o n  u n t i l  s u f f i c i e n t  DNA w a s  
p r e s e n t  t o  b i n d  a l l  of t h e  R e c A ;  i n c r e a s i n g  t h e  DNA c o n c e n t r a t i o n  beyond t h a t  p o i n t  had  no 
e f f e c t .  A s i m p l e  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  i s  t h a t  o n l y  bound R e c A  h y d r o l y z e s  AT?. 
a n d  t h a t  i n t e r n a l  s u b u n i t s  on t h e  c o o p e r a t i v e l y  a s s e m b l e d  R e c A  oligomers a re  more e f f i c i e n t  
a t  h y d r o l y s i s  t h a n  the t e r m i n a l  s u b u n i t s .  T h i s  is i n  c o n t r a s t  t o  t h e  e x p e c t e d  r e s u l t  i f  AT? 
h y d r o l y s i s  w a s  c o u p l e d  t o  R e c A  s u b u n i t  o n / o f f  e v e n t s  a t  t h e  e n d  of t h e  DNA-bound R e c A  
o l i g o m e r s .  I n  t h e  l a t t e r  case, d e c r e a s i n g  t h e  o l i g o n u c l e o t i d e  l e n g t h  would b e  e x p e c t e d  t o  
i n c r e a s e  t h e  ATPaSe d u e  t o  t h e  i n c r e a s e d  number o f  R e c A  po lymer  e n d s .  

THE OLIGONUCLEOTIDE LENGTH DEPENDENCE O F  THE RecA ATPASE: EVIDENCE FOR HYDROLYSIS 
ON INTERNAL SUBUNITS I N  COOPERATIVELY BOUND R e c A  OLIGOMERS. 
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1181 COMPARATIVE PROPERTIES OF THE recA AND r e d l  PROTEINS OF E .  E, F. R. Bryant 
and I .  R .  Lehman, Department of Biochemistry,  Stanford Un ive r s i ty  School of 
Medicine, Stanford,  CA 94305 

W e  have c a r r i e d  o u t  a comparative s tudy o f  t h e  p r o p e r t i e s  o f  t h e  wild type recA p r o t e i n  
and t h e  mutant recAl p r o t e i n  i n  an e f f o r t  t o  c l a r i f y  t h e  ATP requirement of t h e  recA 
protein-promoted r ena tu ra t ion  of complementary s s D N A  molecules.  Both p r o t e i n s  bind t o  
s s D N A  with a s toichiometry of one monomer p e r  -4 nuc leo t ides  a s  determined by a nuclease 
p r o t e c t i o n  assay.  Unlike t h e  wild type recA p r o t e i n ,  t h e  recAl p r o t e i n  has  no s s D N A -  
dependent ATPase a c t i v i t y  and, fur thermore,  i s  d i s soc ia t ed  from s s D N A  i n  t h e  presence of 
e i t h e r  ATP o r  ADP. ATPyS appears  t o  s t a b i l i z e  t h e  binding of recAl p r o t e i n  t o  s s D N A  bu t  
does no t  e l i c i t  t h e  two-fold inc rease  i n  p r o t e c t i o n  s toichiometry o r  t h e  formation of 
h igh ly  condensed protein-DNA networks t h a t  was found f o r  recA p r o t e i n .  The recAl p r o t e i n  
has no r ena tu ra t ion  a c t i v i t y  i n  t h e  presence of ATP. c o n s i s t e n t  w i th  t h e  d i s s o c i a t i o n  of 
recAl p r o t e i n  rom s s D N A  under these  condi t ions.  However, recAl p r o t e i n  does promote a 
p a t t e r n  of Mg2$-dependent r ena tu ra t ion  r eac t ions  t h a t  i s  i d e n t i c a l  t o  t h a t  found f o r  recA 
p r o t e i n .  These r e s u l t s  w i l l  be incorporated i n t o  a general  model f o r  t h e  recA p ro te in -  
promoted p a i r i n g  of complementary DNA s t r a n d s .  

1182 TKANSPOSITION OF THE INSERTION SEQUENCE ISL: ANALYSIS OF SITES AND PKOTEINS. M. 
olandler+, P. Gamas', D. Zerbib+, P. Prentki* and D. J. Galas*. C.R.B.G.C. 31062 
Toulouse, Francef, Molecular Biology, U.S.C., b s  Angeles, C4 90089-1481, U.S.A.*  

I S I c a r r i e s  imperfect  inverted r epea t s  of about 23 bp at  i ts  ex t r emi t i e s  and e x h i b i t s  a 
complex a r r a y  oE open reading frames which may be expressed by t r a n s c r i p t s  from promoters a t  
i ts  ends. We have def ined the minimal sequence of the l e f t  extremity necessary f o r  t r ans -  
pos i t i on  by successive de l e t ion .  
exh ib i t i ng  s t r i k i n g  homology to  the consensus binding s i t e  f o r  the p ro te in  I W  ( requ i r ed  f o r  
i n t e g r a t i v e  recombination of phage A) a b u t s  the i n s i d e  edge of the  required end sequence. 
This sequence is located between t h e  -35 and -10 regions of both promoters. Footpr int ing 
experiments have demonstrated t h a t  IHF binds the ex t r emi t i e s  of El- and p ro tec t s  a region 
within t h a t  protected by RNA polymerase. The poss ib l e  r o l e s  of IHF i n  the behavior of ISL 
a r e  being inves t iga t ed .  S tud ie s  using dn expression vector  have been success fu l  i n  reveal-  
ing the  presenca of only one of the s i x  l a r g e s t  p o t e n t i a l  polypept ides ,  the product of the 
insA gene. Its primary s t r u c t u r e ,  der ived from the  DNA sequence, i n d i c a t e s  t h a t  i t  is  a 
very bas i c  p ro ta in  of 9.9 kd, and e x h i b i t s  p rope r t i e s  of t he  ahelix-turn-ahelix motif  
c h a r a c t e r i s t i c o f  many s i t e - s p e c i f i c  DNA binding p ro te ins .  
t r a n s p o s i t i o n  i i  under inves t iga t ion .  

The minimal sequence is about 23 bp. A sequence 

Its expression and r o l e  i n  ISL 

11 83 SELECTIOX OF RECOMBINATION-DEFICIENT MUTANTS OF STREPTOMYCES LIVIDANS TK64, Carton 
W. Chen and Fong-Ying Tsai, I n s t i t u t e  of Microbiology and Immunology, Yang-ming 
Medical College & Panlabs Fermtech Div., Panlabs Taiwan, Ltd. ,  Taipei ,  Taiwan, R.O.C. 

A multi-copy s h u t t l e  vec to r ,  pPF132, was constructed from a Streptomyces plasmid vector  
pIJ702 ( con ta in ing  th ios t r ep ton - re s i s t ance  gene, tsr. and melanin gene, m e l )  and an E .  c o l i  
vec to r  pUC9. The tsr marker w a s  f lanked by a f a u l t y  and a func t iona l  m e 1  sequence on each 
s i d e  i n  t h e  same o r i en ta t ion .  When t h i s  plasmid was introduced i n t o  S. l i v i d a n s  TK64 c e l l s ,  
in t ramolecular  recombination occurred between t h e  me1 d i r e c t  r e p e a t s ,  r e s u l t i n g  i n  the 
d e l e t i o n  of a 2.7kb segment containing a func t iona l  me1 gene and t h e  tsr  gene, thus 
rendering t h e  hos t  Mel- and Thios. 

Tenjat ive recombinat ion-deficient  (Rec-) mutants were s e l e c t e d  based on t h e i r  p e r s i s t a n t  
Me1 phenotype among t h e  subcul tures .  Plasmid were i s o l a t e d  from these  c u l t u r e s  and 
analyzed. From 827 t ransformants  2 Rec- mutants,  J T 8  and JT23, exh ib i t ed  d r a s t i c  reduct ion 
i n  the  intramolecular  recombination. Both mutants grow poorly and produce no pigment or 
spores .  Furthermore, J T 8  is  auxotrophic  f o r  a r g i n i n e ,  t y p i c a l  for t he  so-called 'bald type '  
spontaneous v a r i a n t s  r e s u l t i n g  from chromosomal de l e t ions .  JT24 i s  a l s o  an auxotroph with 
y e t  un iden t i f i ed  n u t r i e n t  requirements.  

recA mutants. Oligomers of t h e  plasmid were abundant i n  E .  c o l i  but  very few i f  any i n  S .  
l i v i d a n s  TK64, r ega rd le s s  of t h e i r  Rec phenotypes. 

This plasmid w a s  used t o  transform p ro top la s t s  from mutated S.  l i v i d a n s  TK6L c e l l s .  

In  E .  c o l i ,  recombination between t h e  m e 1  r epea t s  on pPF132 w a s  r a r e ,  e spec ia l ly  i n  t h e  
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1184 DISTRIBUTION OF CHI-STIl4ULATED EXCHANGE IN PHAGE LAMBDA, Keith C. 

Searyle, WA 98104 and Dept. of Pathology, University of Washington. 

Chi recombinational hotspots stimulate recombination by the RecBC 
pathway sf Escherichia a. In our current model of Chi-stimulated 
recombination (I), RecBC enzyme ur.winds DNA from right to left and, after 
cut,ting 4-6 nucleotides to the right of Chi, generates a ssDNA tail 
e::tending from C h i  to the left. This model predicts that half of the 
Chi-stimulated genetic exchanges should be about five nucleotides to the 
right of Chi and half to the left of Chi. We have determined the 
distribution of Chi-stimulated exchange with high resolution using 
multiple genetic markers a t  known distances from Chi in phage lambda 
cro5ses in E. &. In contrast to the prediction, about S O X  of the 
exchanges cccur to the right of Chi and about 30% occur farther than 0.6kb 
to the left. of Chi. These results can fit the model if the "Chi tail" is 
degraded by a nuclease before its synapsis with a homologue. We have 
studied the effect of underexpression and overexpression of nucleases and 
other DNA metabolism functions 03 the distributlon. 

1 ,  a b s ~ r a c t  by Smith et al., this meeting. 

Cneng and Gerald R. Smith, Fred Hutchinson Cancer Research Center, 

1185 STRAND EXCHANGE 2 CONTACTS OF RecA PROTEIN WITH DNA STRANDS OF THE SAME POLARITY 
Samson A .  Chow, Saul M. Honigberg and Charles M. Radding, Yale University School of 

Medicine, New Haven, CT 06510 
RecA protein polymerizes on single-stranded DNA (plus strand) to form a presynaptic nucleo- 
protein filament that pairs with linear duplex DNA to form a nascent heteroduplex. Under 
appropriate conditions, the presynaptic filament actively displaces the plus strand from the 
recipient duplex molecule in a polarized fashion (5' + 3 ' ) .  The exact location and possible 
movement of RecA protein in a joint molecule during exchange process are not known. In this 
study, the interaction between RecA protein and DNA during strand exchange was examined by 
labeling different strands and probing the intermediate with pancreatic DNase I or restric- 
tion endonuclease. The incoming single strand was resistant to DNase I in the original nu- 
cleoprotein filament and remained resistant even after extensive strand exchange had occur- 
red. Both strands of the parental duplex molecule were sensitive to DNase I in the absence 
of  joint molecule formation; but as strand exchange progressed following homologous pairing, 
increasing stretches of the parental plus strand became resistant, whereas the complementary 
parental minus strand remained sensitive to DNase I throughout the reaction. Except for a 
region of  50-100 base pairs at the end of the newly formed heteroduplex DNA where strand 
exchange was initiated, the rest of the heteroduplex region was resistant to cleavage by 
restriction endonucleases. The data suggest that RecA protein promotes strand exchange by 
binding both the incoming and outgoing strands of the same polarity, whereas the complemen- 
tary strand, which must switch pairing partners, is unhindered by direct contact with the 
protein. 

1186 The Relationship Betveen +bcA mutations and & in Escherichfa coli. 
Charles C. Chu and Alvin J .  Clark. University of California, Berkeley 94720 

The product of the recE. gene is involved in a recBrecC independent pathway of 
conjugative recombination and a recA independent pathway of plasmidic recombination. 
I n  wild type E. coli, & is normally unexpressed. sbcA mutations turn on the recE 
gene, suppressing the RecEC- phenotype (recombination deficiency, W sensitivity and 
MitomycinC sensitivity). 

a+ clones do not suppress the RecBC- phenotype, whereas &- clones do. The sbcA 
mutation and the 5' end of the recE gene have been further localized to a 2.47 kb DNA 
fragment. The 2.47 kb DNA fragment vas sequenced. Three significant open reading 
frames (ORF's) were observed. One we call & encodes a small 10 kDa protein. 103 bp 
downstream from &, another ORF encodes a 68 kDa protein. We think this is &&. The 
S'end of the third ORF overlaps 68 bp of the 3' end of a. This ORF continues through 
the end of the fragment. The DNA from 5 small deletion mutations (de(sbc)188-192) 
was also sequenced. These mutations all suppress the RecBC- phenotype. Two deletions, 
de(sbc)l89 and de(sbc)l90, fuse the 5'end of the & ORF with the third ORF. The other 
three deletion mutations, de(sbc)l88, defsbcll91, and defsbc)l92 fuse the 5'end of the 
racC ORF with the third ORF. These results support our hypothesis that the third ORF is 
recE. We predict that && point mutations work by causing a frameshift between SbcA and 
recE in the 68 bp overlap. 

A 7.65 kb DNA fragment containing the & and & genes was cloned. As expected, 

Experiments to test this hypothesis are underway. 
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1187 STUDIES 3N FLP PROTEIN-PROMOTED SITE-SPECIFIC RECOMBINATION, Michael M. Cox, Janet 
M. Attwood, Robert C. Bruckner, Leslie Meyer-Leon, Julie F. Senecoff, and Elizabeth 

A .  Wood, Department of Biochemistry, School of Agriculture and Life Sciences, University of 
Wisconsin-!.Iad1son, Madison, WI 53706 .  

Utilizinq extensively purified FLP protein, the kinetic and physical characterization 
of this eukaryotic recombination event has been initiated. Most progress has been made in 
dpfininq interactions of FLP protein with its recombination site. The site consists of 24- 
2R base pairs including an 8 base pair unique spacer sequence flanked by inverted repeats. 
FLP protein binds to the DNA repeats with prominent contacts in the major groove, cleaves 
the DNA at the bollndaries of the spacer, and becomes covalently linked to the DNA via a 3 ' -  
phosohate. Spacer sequences in two sites undergoing recombination must be homologous, but 
virtually any sequence 1s tolerated as long as this is true. Spacer size can be varied by 
+ 1 base pair with only modest decreases in the efficiency of recombination when the reac- 
tion is restricted to homologous sites. In each case, FLP protein cleaves the site at the 
boundary of the spacer leaving 9 or 7 base protruding ends instead of 8--providing further 
evidence that the protein interacts with the repeats rather than the spacer. The site 
asymmetry which letermines reaction directionality (e.g., inversion vs. deletion) is lo- 
cated in the spacer. Recombination sites with symmetrical spacers function well in reac- 
tions with identical sites, but directionality is lost. 

1188 TRANSPOSITION OF Tn7, Nancy L. Craig, Lidia Arciszewska, Robert McKown, and Candace 2 
Waddell, Univ. of Calif., San Francisco, San Francisco, California 94143 

Tn7 is a 14 kb bacterial element that encodes resistances to trimethoprim, spectinomycin and 
streptomycin. Tn7 has the unique feature of transposing to a specific site in the E. coli 
chromosome, e. 
in a single orientation. Tn7 also transposes to plasmids at low frequency and with little 
site specificity. 
sites and proteins involved in transposition. We have shown that a 0.5 kb chromosomal frag- 
ment containing the site of Tn7 insertion has attTn7 activity. 
fragment which contains about 40 bp to either side of the point of insertion has no activity. 
This suggests that attTn7 may be a complex site. We have shown that Tn7 derivatives contain- 
ing approximately 200 bp from each end of Tn7 transpose efficently when provided Tn7-encoded 
proteins in trans. We have found that the ends are not functionally equivalent: Derivatives 
containing two Tn7 right ends transpose while elements composed of two Tn7 left ends do not. 
We have also defined two other activites of the ends of Tn7: 1) the ends in confer upon 
a target molecule immunity to subsequent Tn7 insertion and 2)  the ends, when in to bot:i 
Tn7 and a target molecule, inhibit Tn7 transposition. Several Tn7-encoded proteins are re- 
quired for transposition. We are identifying and characterizing these proteins thru inser- 
tional mutagenesis. 

Transposition to this site occurs at high frequency and insertions are 

We are defining the DNA sequences required for attm7 activity and the Tn7 
Interestingly, a smaller 

1189 DNA REARRANGEMENTS IN Escherichia coli toc MUTATIONS, 
Richard E. Depew and V s m P u r c m  Northeastern Ohio 
Universities College of Medicine, Rootstown, OH 44272 

Mutations that compensate for the loss of DNA topoisomerase I have been found 
in Escherichia coli topA mutant strains. These compensatory mutations occur 
in three distinct loci, gyrA, gyrB, and E. The % mutations map near the 
tolC gene at 6 6 . 5  min. on the linkage map of E. coli. Genetic analysis of 
the mutations have led our group to suggest that the mutations are 
tandem genetic duplications, and that these mutations may activate expression 
of the wild-type toc allele by recruiting a strong promoter. We now report 
preliminary resultsfrom our study of the physical structure of the 
mutations. We probed Southern blots of restriction enzyme-digested DNA with 
plasmids containing a cloned tolC gene (generously provided by Peter Reeves). 
Three of five mutants gave new restriction fragments in addition to the 
wild-type fragments. This result shows that these mutants have DNA rearrange- 
ments consistent with tandem genetic duplications, and suggests that the 
wild-type gene is located on the same EcoRl fragment as the tolC gene. 
The plasmid carrying this fragment does not confer a compensatory phenotype 
on non-compensatory host strains, showing that the compensatory phenotype 
provided by the 5~ mutations is not a simple gene dosage effect. 

~ 
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1190 CRARACTERIZATION OF MUTATIONS I N  THE TERMINAL INVERTED REPEATS OF THE 
INSERTION SEQUENCE IS=.  Kei th  M. Derbyshi re ,  Leon Rvang and Nige l  
D.F.Grindley. Yale Un ive r s i ty .  N e v  Haven, CT 06510 

T n m  i s  a composite t ransposon c o n s i s t i n g  of t vo  i d e n t i c a l  Ism e lements  
t h a t  l i e  i n  inve r t ed  r e p e a t  o r i e n t a t i o n  on e i t h e r  s i d e  of a DNA segment 
encoding r e s i s t a n c e  t o  kanarnycin. IS% is 1057bp long ,  encodes a p r o t e i n  
of 307 amino a c i d s  which i s  r equ i r ed  f o r  t r a n s p o s i t i o n ,  and i s  f lanked  by 
tvo  18bp i n v e r t e d  r e p e a t s .  
e lements  r equ i r ed  in  f o r  t r a n s p o s i t i o n .  W e  assume t h a t  t h e  t r ansposase  
p r o t e i n  f i r s t  s p e c i f i c a l l y  r ecogn i ses  t h e s e  r e p e a t s  t o  e s t a b l i s h  a 
t r a n s p o s i t o n  complex, followed by c u t t i n g  and l i g a t i o n  of  t h e  t e rmin i  t o  t h e  
t a r g e t ,  gene ra t ing  t h e  f i n a l  p roduc t s  of t r a n s p o s i t i o n .  W e  dec ided  t o  
i n v e s t i g a t e  t h i s  i n t e r a c t i o n  f u r t h e r  by s tudying  t h e  e f f e c t s  on t r anspos i ton  
of changes in  t h e  inve r t ed  r e p e a t s .  To do t h i s  w e  have developed a novel 
o l i g o  - d i r e c t e d  mutagenes is  procedure  t h a t  i s  capab le  of s a t u r a t i n g  a 
segment of DNA v i t h  a l l  p o s s i b l e  n u c l e o t i d e  changes.  This  has  allowed us t o  
g e n e r a t e  a comprehensive range  of s i n g l e  - base  s u b s t i t u t i o n s  in  t h e  
inve r t ed  r e p e a t s .  We have begun c h a r a c t e r i z i n g  t h e  e f f e c t  of t h e s e  
muta t ions  and have shovn t h a t  c e r t a i n  muta t ions  reduce  t r a n s p o s i t i o n ,  t h e i r  
f u r t h e r  c h a r a c t e r i s a t i o n  v i l l  be  p re sen ted .  

These t v o  18bp inve r t ed  r e p e a t s  a r e  t h e  only  

1191 ANALYSES OF THE ROLES OF UmuDC AND MuCAB I N  MUTAGENESIS, 
L o r i  A.  Dodson, Lor ra ine  Marsh, David I .  Sobe l l  and Graham C .  Walker, 
Massachuse t t s  I n s t i t u t e  of Technology, Cambridge, MA 02139 

Many cond i t ions  t h a t  damage DNA o r  i n h i b i t  DNA r e p l i c a t i o n  induce a v a r i e t y  of c e l l u l a r  SOS 
responses  i n  E .  c o l i  t h a t  i nc lude  enhanced capac i ty  f o r  DNA r e p a i r  and mutagenes is .  The 
p rocess  of i n d u c i b l e  mutagenes is  s p e c i f i c a l l y  r e q u i r e s  t h e  products  of t h e  umuDC operon o r  
t h e  analogous plasmid-derived operon e. 
of  UmuD and MucA revea led  t h a t  t h e s e  mutagenesis p r o t e i n s  s h a r e  homology wi th  the  C-terminal 
domains of  LexA ( t h e  r e p r e s s o r  of t h e  SOS response)  and t h e  r e p r e s s o r s  o f  phages lambda, 434, 
and P22 (Pe r ry  e t  a l . ,  PNAS 82, 4331, 1985). W e  a r e  i n v e s t i g a t i n g  t h e  f u n c t i o n a l  s i g n i f i -  
cance of t h i s  homology i n  p a r t  by o l igonuc leo t ide -d i r ec t ed  mutagenesis of cloned umuD/mucA. 
We i n i t i a l l y  changed t h e  p u t a t i v e  c leavage  s i t e  of MucA from a la -g ly  t o  a l a -g lu  and compared 
t h e  phenotypes of s t r a i n s  ca r ry ing  t h e  wi ld  type  o r  mutant gene. The r e s u l t s  sugges t  t h a t  
MucA i n t e r a c t s  w i th  a c t i v a t e d  RecA and may c o n t r i b u t e  t o  t h e  s p e c i f i c i t y  of mutagenesis.  
S tud ie s  w i t h e  mutants  are i n  p rogres s .  Our biochemical approach t o  t h i s  problem in-  
c ludes  p r o t e i n  a f f i n i t y  chromatography t o  c h a r a c t e r i z e  t h e  i n t e r a c t i o n s  of c e l l u l a r  p r o t e i n s  
wi th  RecA. However, we have not  y e t  found cond i t ions  i n  which the  UmuIMuc p r o t e i n s  a r e  
s p e c i f i c a l l y  r e t a i n e d  by a column prepared  wi th  wi ld  type  RecA. 

Analys is  of  t h e  deduced amino a c i d  sequences 

1192 
Indiana  46556. 

I n h i b i t i o n  of synaps i s  of s i t e - s p e c i f i c  recombination by t h e  Tn3 r e so lvase .  
Michael Fennewald and Roland Saldanha, Un ive r s i ty  of  Notre D a m e ,  Notre Dame, 

Models on t h e  mechanism of s i t e - s p e c i f i c  recombination by t h e  Tn3 r e so lvase  c a l l  f o r  
r e so lvase  t o  c o n t a c t  t h e  DNA between t h e  two recombina t ion  ( r e s )  s i tes  t o  ach ieve  synaps i s .  
W e  have found t h a t  lac r e p r e s s o r  p r o t e i n  bound between res s i tes  i n h i b i t s  bo th  t h e  recom- 
b inase  and topoisomerase  a c t i v i t i e s  of r e s o l v a s e  i n  v i t r o .  This  i n h i b i t i o n  r e q u i r e s  a 
wi ld- type  lac ope ra to r  and is  reve r sed  by IPTG. W e  have cons t ruc t ed  a plasmid wi th  t h r e e  
d i r ec t ly - r epea ted  res s i tes ,  one of which is  bounded by lac o p e r a t o r s .  S i t e - s p e c i f i c  
recombina t ion  a t  t h e  res s i te  hounded by t h e  lac o p e r a t o r s  is  i n h i b i t e d  by t h e  l a c  re- 
p r e s s o r ,  b u t  t h e  two o t h e r  res sites are f u l l y  a c t i v e .  We have a l s o  de t ec t ed  i n h i b i t i o n  
i n  v ivo  by t h e  l a c  r e p r e s s o r .  This r e q u i r e s  a lac  o p e r a t o r  between r e s  s i tes  and t h e  
overproduct ion  of t h e  lac r e p r e s s o r  p r o t e i n  i n s i d e  t h e  cel l .  These r e s u l t s  show re so lvase  
must con tac t  t h e  DNA between re6 sites to ach ieve  synaps i s .  
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1193 A PARTIALLY PURIFIED ENZYMATIC SYSTEM THAT CATALYZES THE REPAIR OF HETERODUPLEX DNA 
FROM ESCHERICHIA E, Richard Fishel, Chas A Dana Res Inst & the Dept of Medicine, 

Beth Israel Hospital & Harvard Medical School, Boston, MA 02215. 

results in gene conversion and map expansion. 
DNA substrates that contain physical and genetic markers that can be detected in vivo and 
vitro. Three pathways in E. coli have been identified that recognize and repair these 
heteroduplex DNA substrates. The Dam-iqstructed repair pathway, identifiedby others, appears 
to be uniquely responsible for the specific excision of erroneously inserted nucleotides by 
recognizing transient DNA adenine undermethylation following DNA replication. 
there are two pathways that recognize and repair fully 9-methylated heteroduplex DNA 
similar in structure to the heteroduplex DNA formed during genetic recombination and muta- 
genesis. These two pathways are distinguished by their genetic requirements and the length 
of their associated excision/resynthesis tracts: (1) the co-repair pathways excises several 
thousand base pairs and requires the mutS and uvrD gene products, and ( 2 )  the independent 
repair pathway excises less than 300 nucleotides and requires the recF, recJ and 3 gene 
products. We have developed a partially purified enzymatic system that catalyzes the repair 
of heteroduplex DNA and requires the mutS and recF gene products. The mutS protein has been 
purified and found to complement M e x t r a c t s x x p e r i m e n t s  detailing thehetexoduplex DNA 
repair reaction, in vitro complementation results, some physical characteristics of the 
heteroduplex DNA = a m  and the heteroduplex DNA substrate, and their relationship to 
general genetic recombination,will be presented. 

The resolution of heteroduplex DNA generated during the process(es) of genetic recombination 
We have constructed and purified heteroduplex 

Additionally, 

_ _ _ _  

THERMOPHILIC DNA TOPDISDMERASE (REVERSE GYRASE) AND DNA POLYpEKASE FROM THE 
4RCHAEBACTERIUM SULFOLD US ACIDOCALDAR US."P. Forterre, "C. Elie, 

'Laboratoire de Biologie Moleculaire de la rEplication 
gecherches Scientifiques sur le Cancer. B.P. N"8. 94802 Villejuif Cedex. FRANCE. 

96, Bld Raspail. 75006 PARIS. FRANCE 
We present purification and characterization of thermophilic DNA polymerase 

and topoisomerase from the archaebacterium Sulfolobus acidocaldarius. Both enzymes 
are monomer with size around 100 Kd for the DNA polymerase and 130 K d for the DNA 
topoi somerase. 

DNA at the expense of ATP (reverse gyration). I n  presence o f  PEG, the reaction 
product exhibits a very high superhelical density (positive form I DNA). Reverse 
gyration occurs at a low proteinDNA ratio showing that the reaction is not 
stoechiometric. Surprinsingly, reverse gyrase i s  a type I DNA topoisomerase; this 
i s  the first enzyme of this class which exhibits ATP-dependance and gyrase 
activity . 
inhibitors show that several types of these enzymes exist in archaebacteria, some 
of them sharing features with their homologous eukaryotic or eubacterial 
counterparts, other with unique feature such as reverse gyrase. 

M. Nadal, 
C. Jaxel, " S .  &d Duguet. 
Laboratoire d'Enzymologie des acides nucleiques. Universite Pierre et Marie Curie. 

ER 272. Institut de 

The DNA topoisomerase introduces positive supertwists in relaxed circular 

in vivo and in vitro studies with DNA polymerase and topoisomerases 

1195 EFFECT OF OXOLlNlC ACID ON THE CONTROL OF SUPERCDILING, Robert J. Franco and 
Karl Drlica, Public Health Research Institute, 455 First Ave., New York, N.Y. 10016 

Oxolinic acid is a potent inhibitor of DNA gyrase and DNA replication. We have been 
studying a topoisomerase mutant which is partially resistant to oxolinic acid and which 
shows an increase in DNA supercoiling when treated with the drug. We find that gyrase 
expression also increases, accounting for the increase in supercoiling. Plasmids 
containing gyrase promoters fused to the galK structural gene also exhibit an oxolinic 
acid-induced increase in supercoi ling, bu% change in 
To explore the possibility that factors other than supercoiling are involved in the 
control of gyrase gene expression we started to search for oxolinic acid-induced DNA 
cleavage near the gyrase genes. Preliminary observations suggest that there may be a 
preferred site of cleavage upstream from the @ gene. 

expression was detected. 
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1196 THE INCLUSION OF HOMOLOGOUS DNA IN COAGGREGATES OF DNA AND RecA PROTEIN BY 
POLYVALENT CATIONS AND HETEROLOGOUS DUPLEX DNA: EVIDENCE THAT COAGGREGATES ARE 

INTERMEDIATES IN HOMOLOGOUS PAIRING. David K .  Gonda, Samson A. Chow and Charles M. 
Radding, Departments of Molecular Biophysics and Biochemistry and Human Genetics, Yale 
University School of Medicine, New Haven, Connecticut 06510 .  Under conditions that 
support homologous pairing, recA protein promotes the mutually dependent aggregation of 
single- and double-stranded DNA to form "coaggregates" of DNA and protein which appear to 
be intermediates in homologous pairing ( S .  S .  Tsang, S .  A. Chow and C. M. Radding (1985) 
Biochemistry 3, 3226-3232; S .  A .  Chow and C. M. Radding ( 1 9 8 5 )  PNAS g ,  5646-5650) .  
Consistent with previous results (D. K .  Gonda and C. M. Radding (1983) Cell 2, 6 4 7 - 6 5 4 ) ,  
duplex DNA 3812 bp long that shared 102 bp of homology with single-stranded DNA was paired 
more efficiently to the single-strands by recA protein than a DNA fragment 876 bp long 
that shared the same 102 bp of homology. Direct measurement of coaggregates showed that 
the longer duplex DNAs support a correspondingly higher level of coaggregation. The 
addition of heterologous duplex DNA OK polyvalent cations stimulated the inclusion of DNA 
into coaggregates in reactions containing the small duplex DNA, and in parallel eliminated 
the effect of duplex DNA size on homologous pairing. 
view that coaggregates are intermediates in homologous pairing, and show that coaggregates 
act by concentrating the DNA molecules into a limited volume to allow the efficient 
pairing of homologous sequences. 

The above observations support the 

1197 
E. COLI MUTANTS THAT AFFECT TRANSPCGITION, Thanas J. Griffin and Mike Syvanen, 
Harvard Medical School, Boston, MA 02115 

E. coli contributes a nlanber of factors that promote transposition of 
transposons and insertion sequences. 
isolating E. coli mutants in which Tn5 transposition is deficient. 

The mutant phenotype is screened by one of two papillation assays that rely 
on activation of silent sugar-utilizing operons by transposition of insertion 
sequences. 1.) The papillation assay involves transposition of either IS1 
or IS? into the prmter region of the 
lactose qpillation assay uses a 
gene. 
of the gene. 

these screens and are also deficient in Tn? and Trig transpition. Mapping 
results s h m  that two of the mutants, =and A8, are linked to the g locus 
at 83.4  minutes on the E. coli chromosone. Another mutant, e, is linked to 
- ilv at 84.5 minutes. 

We have been identifying these factors by 

operon causing its activation. 2.)-A 
prophage that mntains a pramter-less 

papillae arise by transposition of an IS50 into the region upstream 

We have been characterizing tvm classes of mutants that were isolated using 

1198 VISUALIZATION OF PARANEMIC J O I N I N G  BE'PWEEN 'PWO PARTIALLY HOMOLO- 
GOUS D N A  MOLECULES. J a c k  D. G r i f f i t h  and Gunna C h r i s t i a n s e n ,  

The L i n e b e r g e r  Cance r  R e s e a r c h  C e n t e r ,  Un ive r s i ty  of North Caro l ina ,  
Chapel H i l l ,  North Caro l ina ,  27514. 

S y n a p s i s  c a t a l y z e d  by t h e  R e c A  p r o t e i n  of E. c o l i  be tween  two D N A  
m o l e c u l e s  i s  b e l i e v e d  t o  occur  even i n  t h e  absence of f r e e  homologous 
D N A  e n d s ,  i n v o l v i n g  a m e t a s t a b l e  i n t e r a c t i o n  termed paranemic j o i n i n g .  
We h a v e  u s e d  d i r e c t  e l e c t r o n  m i c r o s c o p i c  method t o  v i s u a l i z e  t h e  
j o i n i n g  oE s u p e r t w i s t e d  M13 d o u b l e  s t r a n d e d  DNA a n d  l i n e a r  H13mp7 
s i n g l e  s t r a n d e d  DNA t h a t  c o n t a i n s  non-M13 s e q u e n c e s  a t  i t s  ends  and 
t h u s  would be blocked from plectonemic j o i n i n g  (D-loop fo rma t ion ) .  We 
o b s e r v e d  j o i n i n g  a t  h i g h  f r e q u e n c y  when t h e  s i n g l e  s t r a n d e d  DNA was 
f i r s t  a s s e m b l e d  i n t o  p r e s y n a p t i c  f i l a m e n t s  w i th  R e c A  p r o t e i n ,  and t h e  
j o i n t s  were shown t o  be a t  s i t e s  of  sha red  homology. Examination of 
t h e  t o p o l o g y  of t h e  d o u b l e  s t r a n d e d  D N A  and  s i n g l e  s t r a n d e d  D N A  
p a r t n e r s  showed t h a t  t h e  double  s t r a n d e d  DNA i n  t h e  r e g i o n  of j o i n i n g  
m u s t  be unwound by 34 d e g r e e s  per base  pair and t h a t  t h i s  unwinding i s  
n o t  compensated by f o r  by an o p p o s i t e  s u p e r h e l i c a l  t w i s t i n g  of t h e  D N A s  
o u t s i d e  t n e  j o i n t .  One model t h a t  would accoun t  f o r  t h i s  new d a t a  i s  
one  i n  which t h e  d u p l e x  D N A  i n  t h e  j o i n t  is i n  an  a l t e r n a t i n g  B and Z 
conformation.  
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1199 ANALYSIS OF MUTANTS OF y6 RESOLVASE IN VITRO. Graham F. Hatfull and 
Nigel D. F. Grindley. Yale University. New Haven. CT 06510 

y S  resolvase mediates a site-specific recombination between the two copies 
of the site 
probably active as a dimer. one dimer binding to each of the three sites that 
constitute a. 
at the centre of site I. We have isolated a number of mutants in the resolvase 
gene that are defective in the recombination function. some of which have also 
lost repressor activity in vivo. A number of the mutant resolvase proteins have 
been purified for characterization in vitrp. 
Analysis 14 vitrQ has shown that substitution of serine 10 by leucine results in 
a specific defect in the interaction of the mutant resolvase with site I. The 
interaction with sites I1 and 111 is similar to wild-type suggesting that serine 
10 is in close proximity to the DNA in site I. perhaps at the crossover point. 
These results are consistent with the hypothesis that serine 10 is an active site 
residue. 

in a cointegrate molecule. The 20.5 Kd resolvase protein is 

DNA strand cleavage and religation occurs at the crossover point 

1200 ENHANCEMENT OF HOMOLOGOUS RECOMBINATION OF THE E. COLI CHROMOSOME BY A P1 PHAGE 
FUNCTION. 
Maryland Bal t imore  County ,  C a t o n s v i l l e ,  MD 21228 

Brad Windle ,  C r a i g  L a u f e r ,  Tim S c h a e T e r T n d  John Hays, U n i v e r s i t y  o f  

A P I  b a c t e r i o p h i g e  f u n c t i o n ,  d e s i g n a t e d  R e f ,  enhanced  recombina t ion  between t w o  lac-  genes  
i n  t h e  E. coli zhromosome 1 0 0 - f o l d ,  when e x p r e s s e d  from a 1ambda-Pl:ref' h y b r i d  =phage 
c o n t a i n i n g  P1 -1 f ragment  8 .  Ref s t i m u l a t e d  RecA-dependent &- x E- r e c o m b i n a t i o n  
v i a  e i t h e r  t h e  KecBC o r  RecF pa thways ,  b u t  d i d  not a f f e c t  o t h e r  phage ,  p lasmid ,  OK t r a n s -  
d u c t i o n a l  r e c o m b i n a t i o n  v i a  t h e s e  pathways.  r e f : : T n 5  mutants  o f  P1 grew and formed 
lysogens  normal ly .  Although ..f e x p r e s s i o n  was r e p r e s s e d  i n  wi ld- type  P1 prophages ,  P1 
c1.100 m u t a n t s  showed p a r t i a l  e x p r e s s i o n .  S u b s t a n t i a l  ref d e p r e s s i o n  o c c u r r e d  i n  a P l : : T n 5  
mutant i n  which t h e  i n s e r t i o n  i s  j u s t  ups t ream from t h e  r e f  gene, and  a l s o  a s  a r e s u l t  o f  
two PI r e g u l a t o r y  m u t a n t s ,  bof and &. The l a t t e r  m u t a t i o n s  a l s o  d e r e p r e s s  a p u t a t i v e  P1 
a n a l o g  o f  E .  so singIe-stranded-DNA-binding p r o t e i n .  The e f  r e g u I a t o r y  and c o d i n g  
r e g i o n s  a r e  b e i n g  mapped by U S 1  d e l e t i o n  a n a i y s i s ,  and E.  mutants  d e f e c t i v e  i n  
R e f - s t i m u l a t e d  r e c o m b i n a t i o n  have been i s o l a t e d .  

- 

1201 
Genetics, Johns Hopkins University Medical School, Baltimore, M, 
Stanford University Medical School, Stanford, CA 94038. 

chromosomes at specific sites. 
linear centromeric molecule or a linear acentric molecule. One end of the molecule contains a 
unique DUA segment from the yeast senome. the other end contains sequkces that are efficientl: 
repaired to a functional telomere. 
recombination event occurs between the inserted unique DNA segment and homologous sequences on 
the chromosome. 
fragment - the result of addition to the linear vector of a l l  chromosomal sequences distal to 
the unique DUA segment. 
sequences distal to the unique DUA s e p n t  (and addition of a functional telomere at that 
site). 
which allows resolution of chromosoma-sized DUA molecules. 
between the cloned unique DUA segment and each chromosome end can be estimated. 
diploid strains heterozygous for a chromosome length polymorphism (CLP) have been used to study 
the fate of the chromosome with which the linear vector molecules recombine. The results 
suggest that recombination takes place predominantly in GZ.  and that the centromeric vector 
usually results in partial trisomy (2n + chromosome fragment) whereas the acentric vector 
usually results in partial nonosomy (2n-1 + chromosome fragment). 

FRAGMEUTATIOU OF YEAST CHR0W)SoIIES AT SPECIFIC SITES BY IUTEGRATIVE 'zBayS?ORMATIOU. 
Philip Hieterl, Carla Connellyl. and Douglas Vollrath2. lMolecular Biology and 

21205; ZBiochemistr]r. 

We have developed two yeast transformstion vectors that can be used to "fragment" 
The technique involves transformation of yeast with either a 

The linear molecules will only produce transfo-ts if a 

The centromeric vector yields a stably segregating telocentric chrooosaras 

The acentric vector results in deletion from the chromosome of a11 

The sire of the recombinant product can be determined by pulsed field electrophoresis 

In addition. 
Therefore. the physical distance 
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1202 STRUCTURE OF RecA SPRIAL FILAKENTS AND THEIR ROLE Ih' iiOFiOLOcOUS PAIRING 
AND STRAND EXCHANGE IN GENETIC RECOMBINATION. Paul Howard-Flanders, Stephen 

C. West, Era Cassuto and Edward Egelman, Dept. llolecular Biophysics and Biochemistry, 
Yale University, New Haven, CT 06511, USA, and Andrzej Stasiak, Institute for Cell 
Biology, Em-Honggerberg, 8093 Zurich, Switzerland. 

RecA protein from E. promotes homologous pairing and strand exchange reactions 
between two DNA duplexes provided one of them has a single stranded gap. RecA binds 
to the single stranded DNA in the gap to form a spiral filament and extends in the 5' 
to 3' direction along the adjoining duplex. Raked duplex DNA is able t o  contact the 
single strand in a deep spiral groove between RecA monomers, the duplex is sharply 
kinked and so  brought into axial alignment with the ssDNA along the axis in the center 
of the helical RecA polymer. Base pairing presumably occurs through hydrogen bonding 
to the face of the wide groove of the duplex. Non-homologous contacts may be 
transient, but we suggest that homologous contacts extend towards the 3 '  terminus of 
the duplex. The strand exchange reaction starts most efficiently in the single 
stranded region and advances in the 5' to 3 '  direction of the single stranded region. 
This molecular mechanism involves reactions close to the axis of the RecA spiral 
filament, and is proposed on the basis of electron micrographs of RecA mediated 
reactions, image processing and the analysis of enzymatic reactions with defined DNA 
substrates. 

1203 FORMATION OF HOLLIDAY STRUCTURES DURING PHAGE A SITE-SPECIFIC RECOMBINATION IN VITRO. 
Paul A. Kitts and Howard A. Nash, Laboratory o f  Molecular Biology, National I n s t i t u t e  
of Mental Heal th ,  Pethesda,  MD 20892. 

Two p ieces  o f  evidence support  t h e  idea t h a t  phage X i n t e g r a t i o n  proceeds v i a  a mechan- 
i s m  involving a Holl iday s t r u c t u r e  in t e rmed ia t e .  F i r s t ,  g e n e t i c  a n a l y s i s  o f  phage c rosses  
mediated by the  h site-specific recombination system provided evidence f o r  a s ing le - s t r and  
exchange in t e rmed ia t e  (1 ,Z ) .  Second, Hsu and Landy demonstrated t h a t  p u r i f i e d  i n t e g r a s e  can 
e f f i c i e n t l y  r e so lve  s y n t h e t i c  Holliday junc t ions  con ta in ing  attachment s i te sequences ( 3 ) .  
The formation o f  Holl iday s t r u c t u r e s  by phage X s i t e - s p e c i f i c  recombination had, however, 
not  been observed. 

We have developed a method f o r  syn thes i z ing  attachment sites con ta in ing  modified nucleo- 
t i d e s .  A bacterial attachment s i te with a p a r t i c u l a r  thiophosphate  s u b s t i t u t i o n  is a poor 
s u b s t r a t e  for recombination ( 4 ) ,  bu t  under c e r t a i n  cond i t ions  t h i s  s u b s t r a t e  l e a d s  t o  t h e  
accumulation of a novel recombinant s p e c i e s .  Cha rac t e r i za t ion  of t h i s  s p e c i e s  r e v e a l s  t h a t  
it con ta ins  a Holl iday junc t ion  formed by recombination between one s t r a n d  o f  t h e  phage and 
b a c t e r i a l  attachment sites. The s i g n i f i c a n c e  o f  t h i s  f i nd ing  t o  t h e  mechanism o f  phage X 
i n t e g r a t i o n  w i l l  be d i scussed .  
1. Echols,  H. and Green, L.  (1979) Genet ics ,  93, 297. 
2. Enquis t ,  L .  W . ,  Nash, H . ,  and Weisberg, R.  A .  (1979) Proc. Nat l .  Acad. S c i .  16, 1363. 
3. Hsu, P. L. and Landy, A .  (1984) Nature 311, 721. 
4. K i t t s ,  P . ,  R iche t ,  E . ,  and Nash, H. A .  ( 1 9 8 4 )  Cold Spring Harbor Symp. Quant.  Biol. 3, 735. 

1204 THE ROLE OF 5. COLI SSB PROTEIN IN RecA PROTEIN FUNCTION, Stephen C .  Kowalczykowski, 
J e n n i f e r  Clow, %ee Krupp, Rahul Somani, and Abraham Varghesse, Northwestern 
Universi ty  Fedical School,  Chicago, IL. 60611 

We have inves t iga t ed  the e f f e c t s  of SSB p ro te in  on both the s ing le - s t r anded  ( s . s . )  D N A  bind- 
ing p r o p e r t i e s  and t h e  s.~. DNA-dependent ATPase a c t i v i t y  of  recA p ro te in .  The binding o f  
SSB and recA p r o t e i n s  f o r  5.5. D N A  was found t o  be compe t i t i ve ,  w i t h  recA p r o t e i n  binding 
p r e f e r e n t i a l l y  i n  the presence of ATP-Y-S and w i t h  SSB p r o t e i n  binding p r e f e r e n t i a l l y  in 
i t s  absence.  W i t h  ATP,  the outcome o f  t h i s  competi t ion was dependent on temperature ,  mag- 
nesium concen t r a t ion  and t h e  D N A  used. Under s t r and  a s s i m i l a t i o n  c o n d i t i o n s ,  recA p r o t e i n  
bound p r e f e r e n t i a l l y  t o  S.S .  M 3  DNA and the l i f e t i m e  o f  recA protein-s .s .  M 3  DNA com- 
plexes was increased -10-fold by SSB p ro te in .  However, t h i s  same e f f e c t  could be ob ta ined  
by pre- incubat ing t h e  recA protein-DNA complexes a t  low magnesium concen t r a t ion ,  suggest ing 
t h a t  t h e  e f f e c t  of SSB p ro te in  i s  i n d i r e c t  and i s  mediated through changes i n  DNA secondary 
s t r u c t u r e .  With regard t o  ATPase a c t i v i t y ,  SSB pro te in  can e i t h e r  i n h i b i t  o r  s t i m u l a t e  t h e  
ATPase a c t i v i t y  depending on cond i t ions .  Using DNA s u b s t r a t e s  devoid of secondary s t r u c t u r e ,  
maximal a c t i v i t y  i s  obtained a t  a stoichiometry o f  5 nucleot ides/recA p ro te in  monomer, 
however, with S.S .  M 3  DNA a t  10 m M  M3Cl2, a s toichiometry o f  1 2  i s  obtained suggest ing 
t h a t  more than h a l f  o f  t h e  S.S .  D N A  i s  unava i l ab le  t o  recA p ro te in ;  i n  t h e  presence o f  SSB 
p ro te in  o r  low magnesium concen t r a t ion  a s toichiometry o f  5 i s  obtained.  These r e s u l t s  and 
o t h e r s  suggest  t h a t  t h e  primary r o l e  of SSB p ro te in  i s  t o  e l imina te  DNA secondary s t r u c t u r e  
t h a t  impedes recA p r o t e i n  binding and func t ion .  The da ta  a l s o  demonstrate t h a t  a unique 
recA protein-DNA complex i s  formed when secondary s t r u c t u r e  i s  p re sen t .  
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Cme doublestrand break (DSB) per genane has been shwn to explain E. 76% of T4 loss of 
plaque-forming ability (Ianqe et a l . ,  1984 md. Res. 1OO:l). Infectious center Assays m e  
perf~rmd, at various mltipliZt!Z of i n f & G E 3 e i x  results ~anpared w i t h  predict- 
ions based on the prcporticm of cells w e d  to  be infected by: a) undamgf?d T4; b) 52 T4 
containing a mn-DsB potentially lethal lesion (m, lethal in singlet infection); c) >z T4 
both containing >1 DSB; or d) 1 T4 cone- >1 DSB or a MITDSB PLL. m e  nunher of 
Infectious Cent& was found to be consistent wi% a+b+c, at  low dose (ca. 1 DSB/genome), 
but -eased, consistent w i t h  a 1- DSB repair eff ic ierq I=. 1 DSB re~irei/genane), at 
higher dose (ca. 2, 3.5, 5.5 DSB/gemme). Therefore, LXB repair takes place during 
nultiplicity r e i i v a t i o n  (m) and is quantitatively consistent with being the oriiy signifi- 
cant cause of HR. -imnts w i t h  gemtically identical recx and recT deletion mtant 
hosts s h a ~ e d  that the w observed is *pendent of the 1 o s F r g  a n d T z ~  system and m y  

' I b i s  work 1s supported by grants fran USWE (AC0280EVl0503) and the Mathers Charitable 
F a t i o n .  

CLASSICAL MULTIPLICITY m c r m ~ m  OF VIRUSES CAN BE QUANTITATWELY -NED BY 
RECOMBINATICXAL IXiA IXXJBLE-STRAND BREAK REPAIR, C.S. IaIKJe, J. DeLeon and E. 
Ferlnutter, SUNY covinstaw Medical Center, Brooklyn, New York 11203 

aepena on1y.m phasecoaed enzymes. 

1206 
Medicine. Yale University, Nev Haven, CT 06510 
We have probed the interaction of recA protein vith single-stranded DNA in experiments with 
a model system consisting of oligonucleotides as substrates, and ATPyS as cofactor. Since 
the helical repeat of the presynaptic filaments of recA protein and single-stranded DNA con- 
tains about 20 nucleotide residues, we studied oligonucleotides of 20 residues or less. 
RecA protein formed stable complexes with oligonucleotides between 9 and 20 residues but 
not with those only 8 residues long. The binding of recA protein to a 15mer and 20mer com- 
pletely protected the sugar-phosphate backbone of the nucleic acids from digestion by DNAseI 
and protected the 5' terminal phosphate from cleavage by calf intestinal alkaline phospha- 
tase. Ethylation of the phosphate backbone at any position by ethylnitrosourea blocked the 
binding of recA protein co the 15mer but not to the 20mer. Ethylation of phosphates near 
the ends of the 15mer interfered less with binding, suggesting a minimum binding site re- 
quirement. In contrast co the protection of the nucleic acid backbone, recA protein did 
not protect the N-7 posirion of guanine OK the N-3 position of adenine from methylation by 
dimethylsulfate, but rather enhanced the methylation of guanine. Extrapolation of these 
results to conclusions about the interaction of recA protein with single strands in the 
presence of ATP may be justified by the observations that presynaptic filaments formed in 
the presence of ATPyS are active in homologous pairing and are morpho~ogically indistin- 
guishable from ATP filaments. The results indicate that recA protein binds primarily to 
the phosphate backbone of single-stranded DNA, leaving the bases free for homologous pairing. 

TOPOGRAPHY OF THE INTERACTION OF RecA PROTEIN WITH SINGLE-STRANDED DEOXYOLIGO- 
NUCLEOTIDES M. C. Leahy and C. M. Radding. Dept. of Human Genetics, School of 

1207 
Reccrcbination o f  circular mxlcmer or d i m  plasmids occurs at least 10-fold more efficiently in recBrecCskA & 
coli than in wild-typ cells. Linearizd plasmid d i m s  recdine at least 50 times more efficiently in 
arecCskA cells than in wild-type cells by a recA-independent intrmlecular recmbination mhanim. A 
phenotype associated with an sbdt mitation is the-uctim of an ATP-indeperdent. 5' to 3' exonuclease, ex0 
VIII. Exo VIII, the recE genzcdwt, has been overproduced and plrified. Double-stranded linear d i m  
molecules incubated i n t r u  with exo VIII u d m t  intrmlecular recarbination aftw transfomtion into recA 
cells 22 times more m t l y  than vltreated linear d i m .  Electm microscopic analysis of the exo VIII- 
treated linear d i m s  revealed that at least B L  of the d i m s  had been converted into circular mrxrrpric 
molecules containing singlestranded tails. These observations support a recA-independent recdination &el 
proposing limited 5 ' - d  degradation of the linear d i m s  and subsequent i*mlecular circularization by 
hamlap& pairing. Cell-free extracts prepared frm strains containing either a point, insertion, or deletion - stcA nutation *ere analyzed using mspecific antibodies directed against exo VIII. Western blot analysis 
revealed that sbdt point or insertion mitants induce the synthesis of  the 140Kd polypeptide of wild-type exo 
VIII; the plasmid-mcded 
plypeptide. Exo Vl.11 assays wd the western blot analysis suggest that 41Kd of the 14Md ex0 VIII subunit is 
all that is essential for the protein to have exonuclease activity and function in genetic recmbinaticn. The 
identification of other gene poducts involved in plasmid reccnbination by the sbckinduced systen is currently 
undermy. Tw @xotypically distinct nutants of rffArecBrecCsbcA cells that decrease the frequency of plasmid 
reccnbination at least 20-fold and, at least t h r e e ~ s ~ ~ n c r e a s e  the frequency of plarmid reccrcbination 
10 to 50 fold have been identified to date. 

PWMIU EOFBINATION BY THE E.  OLI SBCA-IMUED EOWINATION SYSTEM. Cynthia Luisi-Oeluca and 
Richard Kolcdner. Dana-Farber Cancer Institute and Harvard Medical School, Bostm, MR 02115. 

deletion Ntants each direct the synthesis of a lwr molecular weight 
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We have defined some of the sequences involved in high frequency &-independent recom- 
bination at the region of the F factor. Using a mobilization assay, we determined 
that a pBR322 derivative (pMB080) bearing the ~ I I - ~ I  (45.43-46.0) fragment from the 

~ oriVl region of F, contained all sequences necessary to undergo efficient site-specific 
recombination with the F derivative pOX38. We constructed a series of pMB080 deletions 
-- in vitro using exonucleases 21 and g 3 1 .  
forms part of an inverted repeat segment located 62 bp to the left of the =I site 
(45.87), totally eliminated the &-independent recombination reaction. Other deletions 
differentially affected both the frequency and stability of cointegrate molecules formed 
by the site-specific recombination system. The P factor o+iv1 region is also involved in 
low frequency recombination with several sites on pBR322 and related plasmids. We have 
determined the precise location of these recombination sites within e. Recombination 
always took place within a n  8 bp spacer region between the 10 bp inverted repeats found to 
be important for oriV1-oriV1 interactions. We propose that the low efficiency recombina- 
tion between pBR322 and pOX38 results from the ability of the F site-specific recombination 
apparatus to weakly recognize and interact with sequences which bear some resemblance to 
the n o z m a l m  recognition elements. Furthermore we suggest, by a n a l o g y  to the lambda 
paradigm, that the nucleotide sequences at the junctions of secondary site recombinants 
define at least one crossover site used during the normal site-specific recombination 
process. 

Site-Specific and Illegitimate Recombination in the 
Michael H. Malamy and Michael B. O'Connor, Tufts University, Boston, MA 02111 

Region of the F factor. 

Deletions removing a 10 bp sequence, which 

1209 EFFECTS OF ATP ON THE TRANSFER OF recA PROTEIN FROM ONE POLYNUCLEOTIDE TO ANOTHER. 
Joseph P. R n e t s k i  and Stephen C . x a l c z y k o w s k i ,  Northwestern Un ive rs i t y  R d i c a l  
School, Chicago, I l l i n o i s  60611 

We have shown t h a t  t he  major p r o t e i n  invo lved i n  recombination i n  E .  c o l i ,  recA p ro te in ,  
t rans fe rs  from one single-stranded DNA molecule t o  another through a t e T r y  intermediate. 
The in termediate conta ins recA prote in ,  etheno-M3 DNA ( f l uo rescen t l y  modi f ied s ing le-  
stranded M 3  DNA), and poly(dT)  (a h igh  a f f i n i t y  compet i tor ) .  I n  the presence o f  ATP, the  
reac t i on  e x h i b i t s  several i n t e r e s t i n g  proper t ies.  F i r s t ,  the reac t i on  time course i s  a f f e c t -  
ed by pre- incubat ion o f  recA protein-etheno M 3  DNA complex w i t h  ATP, t h a t  i s  the t ime 
course shows a d i s t i n c t  l i n e a r  reg ion  a f t e r  sho r t  per iods o f  incubation; no l i n e a r  reg ion 
i s  obtained a f t e r  pre incubat ion f o r  15 minutes. Secondly, the r a t e  o f  t r a n s f e r  i s  dependent 
on ATP concentrat ion i n  a b iphasic  manner; increas ing ATP concentrat ions increase, then 
decrease the t r a n s f e r  r a t e .  F i n a l l y ,  the p rocess i v i t y  o f  recA p r o t e i n  ATP hyd ro l ys i s  on 
etheno M 3  DNA was found t o  increase w i t h  ATP concentrat ion,  va ry ing  from one t o  100 ATP 
molecules hydrolyzed per  t r a n s f e r  event. The r e s u l t s  presented suggest t h a t  i t  may be 
necessary f o r  recA p r o t e i n  t o  be i n  a s p e c i f i c  s t ruc tu re  i n  order t o  t rans fe r  e f f i c i e n t l y  
( i .e .  a s p e c i f i c  c l u s t e r  format ion) .  The p rocess i v i t y  o f  the reac t i on  appears t o  be 
governed by an ATP b ind ing step i n  the b ind ing  c y c l e  o f  recA p r o t e i n  f o r  single-stranded 
DNA ( E n e t s k i  and Kowalczykowski (1985) J. Fbl. 8 i o l .  181, 281-2951 Therefore, a t  low ATP 
concentrat ions the r a t e  of ATP b ind ing  t o  recA p r o t e i n  ma-e the f a c t o r  determining proces- 
s i v i t y .  Also, ATP was found t o  have two e f f e c t s  on recA p r o t e i n  i n  the t rans fe r  react ion,  
and may a l so  be invo lved i n  determining the p rocess i v i t y  of ATP hyd ro l ys i s .  

1210 ACTION OF 4-QUINOLONES DERIVATIVES O N  MAINTENANCE OF PLASMIDS IN 
ESCHERICHIA COLI,  Yvon Michel-Briand a n d  Va le r i e  Ucel l i ,  F a c u l t e  d e  Medecine,  

25030 Besancon ,  F r a n c e .  
4-quinolones a r e  i n t i b a c t e r i a l  a g e n t s  wh ich  inhibi t  t h e  a sub-uni t  of DNA g y r a s e  a n d  wh ich  cou ld  
e l i m i n a t e d  p l a s m i j i c  DNA f r o m  t h e i r  b a c t e r i a l  hos t  (which a r e  cu red ) .  
In t h e  p r e s e n t  s tudy  w e  c o m p a r e d  t h e  c u r i n g  e f f e c t  of e l e v e n  4-quinolones o n  t h e  m a i n t e n a n c e  
of 10 p la smids  ha rboured  in t h e  s a m e  h o s t  (Esche r i ch ia  co l i  J53). T h e  a i m  w a s  to d e t e r m i n e  whe-  
t h e r  all qu ino lones  act by t h e  s a m e  m e c h a n i s m  o n  a p a r t i c u l a r  p l a smid  a n d  w h e t h e r  p l a smid  ma in -  
t e n a n c e  a n d  s e g r e g a t i o n  m e c h a n i s m s  may  b e  d i f f e r e n t  a c c o r d i n g  to t h e  n a t u r e  of plasmid.  T h e  
qu ino lones  t e s t e d  be longed  to 4 g r o u p s  I -  (nal idixic  ac id ,  enoxacin) ,  2-  (oxol lnic  ac id ,  rosoxacin,  
no r f loxac in ,  pe f loxac in ,  f lurnequin,  of loxacin) ,  3- (p ipemid ic  a n d  p i romid ic  acids) ,  4-  (c inoxaxin) .  
A l l  c u r i n g  a s s a y s  w e r e  c o n d u c t e d  s imul t aneous ly  wi th  novobiocin,  a c u r i n g  a g e n t  a c t i n g  o n  g y r a s e  
B-sub-unit. 
T h e  p l a smids  u s e  i w e r e  R386  (Inc-FI), p lP24  (Inc-FII), pIP129 (Inc-FIV), R64  (Inc-I), R446b  (Inc-U), 
N 3  (Inc-N), R P 4  (Inc-P), pYMBl  (Inc-PI) ,  S-a (Inc-W), R6K (Inc-X). 
T h e  m o s t  i m p o r t a n t  f a c t o r  in t h e  i n t e r a c t i o n  of 4-quinolones wi th  p l a smid  m a i n t e n a n c e  w a s  t h e  
n a t u r e  of plasmid.  On ly  t h r e e  p l a smids  w e r e  e l i m i n a t e d  (R446b ,  R386  a n d  S-a)  a t  a r a t e  b e t w e e n  
0.5 to 16 pe r  c e n t  b a c t e r i a  in a n t i b i o t i c  c o n t a i n i n g  m e d i u m  - T h e  qu ino lone  n a t u r e  d o e s  no t  
s e e m  t o  b e  a c r i t i c a l  f a c t o r  as a p la smid  w a s  c u r e d  by all qu ino lones  a l though  a t  d i f f e r e n t  r a t e .  
Novobiocin c u r e d  b a c t e r i a  f r o m  R446b ,  R386,  pIP24 p la smids  -These r e s u l t s  migh t  g i v e  s o m e  
in5ieht  in t h e  m e c h a n i s m  of m a i n t e n a n c e  a n d  s e g r e g a t i o n  of p l a smid  in E. coli, via  t h e  supe rhe l i c i -  
ty a n d  t h e  b a l a n c e d  equ i l ib r ium b e t w e e n  t o p o i s o m e r a s e  I  a n d  11 a c t i v i t i e s .  
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hotionnl Institutes o f  Health, Bethesda, ?In 20892 

Thc, sites o f  insertiori of R large number of mini Mu transpositions have heen sequrnced. ThP 
5 bp duplication at the site of insertion had a consensus sequence 5'-N(Py)(;;(Pu)N-3'. The 
C or ( i  at the third position appeared to be the most highly conserved base; of 52 independent 
insertions only two did not have a C or C at this position. The second and fourth base 
agreed with the consensus sequence in approximately 90% of the insertion sites. Racterio- 
phage ?lu therefore has a quite strong target site sequence specificity, hut since this 
sequence specificity is limited to onlv 3 hp, the sites of insertion are essentially random 
at the macroscopic level. 

The protein requirements f n r  the Mu DKA strand transfer reaction, which is an earlv step in 
?lu transposition, are the Mu A protein, YII B protein and protein KI'. Experiments are in 
progress to determine which of these proteins .ire involved in recognition o f  the target site 
con~ensus sequence. 

TAKCE'I S I T E  S P E C I F I C I T Y  Ih' BACTERIOPHr26E MLI TKANSPOSITION, Michiyn ?lizuuchi, 
Rohert Craigie and Kiyoshi Xizuuchi, Lnboratorv of Molecular Biology, NIADDK, 

1212 T n l O  TWNSPOSITION IN VITRO, Donald Morisato and Nancy Kleckner, Department of 
Biochemistry and Molecular Biology, Harvard University, Cambridge, MA 02138. 

in vivo. We are now able to observe both intermolecular transposition (from a plasmid 
onto phage lambda DNA) and intramolecular transposon circle formation (Morisato and Kleck- 
ner, Cell 39, 181-190) in cell-free extracts. We have initially characterized the require- 
ments for the intramolecular reaction, which occurs at Substantially higher levels than the 
complete transposition reaction. Extracts are prepared from cells overproducing transpo- 
sase. In optimized reactions, supercoiled plasmid substrate is incubated with the extract 
at 3OoC, in a reaction mix contalning 25mM Hepes (pH 7.61, 50mM KCL, 5mM MgClz, and 1mM DTT. 
When the substrate plasmid, which contains a pair of suitably oriented TnlO termini, is 
relaxed with topoisomerase I prior to incubation with the extract, circle formation is 
reduced substantially. There is no AT? requirement in the reaction. 

ty allows the separation of transposase from host proteins by simple size fractionation on 
a sucrose gradient. Fractions containing transposase do not promote transposon circle for- 
mation alone, but do so when supplemented with an extract made from cells producing no 
transposase. This host component is trypsin-sensitive and heat-stable. This raises the 
possibility that TnlO transposition requires one of the family of small heat-stable proteins 
necessary for many site-specific recombination reactions and Mu transposition, although 
these results are still formally consistent with the inactivation of an inhibitor present 
in the transposase fraction. 

Mechanistic aspects of TnlO transposition have previously been analyzed by experiments 
-~ 

Within the extract, transposase is tightly associated with chromosomal DNA. This proper- 

1213 
University of Wisconsin-Madison, Madison, WI 53706.  

tein-promoted DNA strand exchange reactions by promoting and stabilizing the interaction be- 
tween recA protein and SSDNA. Previous models have proposed that SSB acts transiently in 
this system, melting out regions of secondary structure in SSDNA before being displaced by 
recA protein. Utilizing the intrinsic tryptophan fluorescence of SSB, we have detected an 
AT?-dependent interaction between SSB and =A-ssDNA complexes. 
uous for periods exceeding one hour under conditions that are optlmal for DNA strand ex- 
change. In the absence of ATP, SSB and =A binding are mutually exclusive; SSB completely 
displaces recA protein from SSDNA. 
plex in theresence of ATP is not mutually exclusive. Instead, both proteins appear to be 
present in defined stoichiometries. 

The properties of the joint =A-SSB-ssDNA complex formed in the presence of ATP are 
consistent with the properties of SSB-stabilized =A-ssDNA complexes determined by other 
methods. 
promoted DNA strand exchange. 

in the formation of =A-ssDNA complexes. 
complexes may therefore be an important feature of the mechanism by which SSB stimulates 
recA protein-pronoted reactions. 

INTERACTION OF SSB WITH RECA-SSDNA COMPLEXES, Scott Morrical, Jongwon Lee, and 
Michael !4. Cox, Department of Biochemistry, School of Agriculture and Life Sciences, 

The single-stranded DNA binding protein of Escherichia coli (SSB) stimulates =A pro- 

- 
This interaction is contin- 

In contrast, binding of =A protein and SSB in the com- 

Complex formation is kinetically competent to be the first step of =A protein- 

Our data is incompatible with models in which SSB is displaced after acting transiently 
A continuous association of SSB with %A-SSDNA 

- 
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1214 WSIW ANALYSIS OF ME ESO1ERIMIA aXI R(lf GEM: A MW ECF EoOEBINATI(3N PATHMY WE. Paul 
T. Ebrrim anl Richard Kolo3ner. Lahatcry of lbleculrp Genetics. Om-Fa* Car~e- Institute 
and Departmnt o f  Biological Mistry,  Harvard Mica1 S c b l .  Boston, M 02115. 

Mutations i n  the Escherichia coli red) gene decrease the frqency of conjugationmediated recabination 
events and increase the sensitivity t o m l i n g  by UV-irradiation and mitmycin-C Jlen p-esent in a recBrecCsbc8 
genetic background. ulen gesent i n  an otterwise wild type genetic backgrwnd, rec0 nutations decrease the 
frequmy of plarmid recdination events an3 case a W-sensitive phenotype b u t x e  ID effect on 
conjugationmeidated recdination or k i l l i q  by mitrmycin-C. The red) gene ms cloned by identifyirq a plasmid 
fran the Clarke and Carbon collection that conplanented the W-ws%e meontype caused by a @::Tnj 
insertion nutation. Restriction mapping, deletion mapping and utrloning studies were carried out to locate the 
recO ccmplanenting region to a 3.3 Kb region of D(R. Scuthern blotting exprimnts danmstrated that this 3.3 Kb 
region ms k ~ ~ ~ l o g o u s  to a region of E. coli chmrasanal DNA cmtiiiniq the redI::Tn5 insertion rmtation and 
indicated that the 3.3 Kb region containedthe recO structural gene. DM4 e i r q - s t u d i e s ,  in vivo exp-ession 
studies and p-otein pnification studies are I x K c a v i e d  wt in order to characterize the = m e i n .  

- 

1215 SITES AND FUNCTIONS RB2UIRED FOR TRANSPOSITION OF Tn554, E. Wrphy, H. Bastos, L. 
Huwyler and E. Reinheimer, The Publ ic  Heal th  Research I n s t i t u t e  of t h e  City of N e w  
York, Inc. ,  New York, NY 10016 

The -awe!& t ransposon Tn554 is 6691 bp i n  l eng th  and c o n t a i n s  6 major open 
r ead ing  frames, of which 2 correspond t o  t h e  known a n t i b i o t i c  resistance genes& and a, 
and 3 encode f u n c t i o n s  r equ i r ed  for t r a n s p o s i t i o n  of Tn554. The t r a n s p o s i t i o n  genes w, 
_tnn8 and m, encompassing 3.7 kb of Tn554, p o t e n t i a l l y  encode basic p r o t e i n s  of 43, 74 and 
14 Kdal, r e spec t ive ly .  Small i n s e r t i o n  and d e l e t i o n  mutants  w i t h i n  t h e s e  genes a b o l i s h  t h e  
a b i l i t y  of Tn554 to  t ranspose.  A l l  mutants can be complemented in m. Tn554 is 
extremely s i t e - spec i f i c ,  i n s e r t i n g  a t  a single l o c a t i o n  i n  t h e  2. chromosome. Its 
ends are asymmetric, l ack ing  e i t h e r  i n v e r t e d  or d i r e c t  terminal repeats ,  and it does not  
gene ra t e  a d u p l i c a t i o n  of auy target sequences. I n s e r t i o n s  i n t o  t h e  cloned at tachment  site 
occur i n  both o r i e n t a t i o n s ,  in c o n t r a s t  t o  i n s e r t i o n s  i n t o  t h e  chrcmosome, which occur i n  
only one o r i e n t a t i o n .  T ranspos i t i on  occurs s p e c i f i c a l l y  on one or t h e  o t h e r  s i d e  of a 6 bp 
"core" sequence GATGTA. t h a t  is i d e n t i c a l  t o  t h e  terminal  6 bp a t  t h e  r i g h t  end of Tn554. 
Delet ion a n a l y s i s  and subcloning of t h e  chromosomal attachment s i te  h a s  shown t h a t  t h e  
func t iona l  t a r g e t  site is greater than  18  n t  but  sma l l e r  t han  36 n t  in length.  On t h e  r i g h t  
s ide ,  d e l e t i o n s  t h a t  l e a v e  t h e  core sequence and t h e  ad jacen t  5 bp i n t a c t  r e t a i n  t a r g e t  
funct ion;  t hose  t h a t  remove one a d d i t i o n a l  base are non-functional. On t h e  l e f t ,  a t  least  8 
n t ,  but fewer than  23, are requ i r ed .  I n  both s i z e  and o rgan iza t ion  (bu t  not  primary 
sequence) t h e  Tn554 attachment s i te thus  appears  t o  be s i m i l a r  t o  &it&. 

1216 FACTORS INVOLVED IN TRANSPOSITION OF THE INSERTION SEQUENCE IS?. 
Susan C .  Ba rb ie r i ,  Todd Black and Lee Wilson. Univ. of So. Ca r . ,  Columbia, SC 29208. 

The b a c t e r i a l  i n s e r t i o n  sequence IS2 i s  a 1330 bp t r ansposab le  DNA element which occurs 
normally i n  seve ra l  copies  within t h e  chromosome of Escherichia  & K-12 s t r a i n s  bu t  not  i n  
t h e  genome of E. coli C .  
over lapping promoters l oca t ed  near  t h e  r i g h t  end of IS?, maxi-cell  experiments r evea l  only a 
s i n g l e  14 kd p r o t e i n  encoded i n  t h e  r i g h t  one-third of IS?. 
IS?, downstream of t h e  14K gene, has one long and o the r  s h o r t  open reading frames. 

To a s s e s s  t h e  r o l e  of t h e  14 kd p r o t e i n  and t h e  p o s s i b i l i t y  of o t h e r  IS2 encoded fac-  
t o r s ,  we have developed gene t i c  assays f o r  IS? t r a n s p o s i t i o n .  A fragment ca r ry ing  a gene, 
- kan, f o r  kanamycin-resistance has been i n s e r t e d  a t  d i f f e r e n t  s i t e s  w i th in  t h e  i n t e r i o r  of 
IS?. Using E. & C ( l acks  chromosomal IS?) i n fec t ed  by appropr i a t e  AIS2-+ phage t h a t  
n e i t h e r  grow l y t i c a l l y  nor i n t e g r a t e ,  we can d e t e c t  IS?-% t r a n s p o s i t i o n  t o  t h e  chromosome 
as  KAN' c e l l s .  Depending on t h e  l o c a t i o n  of t h e  kan i n s e r t  w i th in  ISZ, d i f f e r e n t  r e s u l t s  
a r e  obtained.  i s  wi th in  t h e  14K 
gene and only c o i n t e g r a t e  products  a r e  obtained;  whereas i f  kan is  loca ted  j u s t  downstream 
of t h e  14K gene, a much lower t r a n s p o s i t i o n  frequency i s  observed ( Z X ~ O - ~ )  and g ives  simple 
i n s e r t i o n  products .  I f  an i n t a c t  IS2  i s  a l s o  provided by co in fec t ion  wi th  e i t h e r  marked 
IS?-&, t h e  t r a n s p o s i t i o n  frequency-increases ( 2 - 3 ~ 1 0 - ~ )  and t h e  v a s t  ma jo r i ty  of products  
a r e  simple i n s e r t i o n s .  Thus IS? encodes a d i f f u s a b l e  f a c t o r  (besides  t h e  14 kd p r o t e i n )  
which is required for  t r a n s p o s i t i o n  and t h e  14 kd p r o t e i n  may r e so lve  c o i n t e g r a t e s  o r  
modulate t h e  r e l a t i v e  amounts of c o i n t e g r a t e  vs .  simple i n s e r t i o n  products .  

Richard E .  Musso, 

Although v i r t u a l l y  t h e  e n t i r e  IS2 DNA can be t r ansc r ibed  from two 

The remaining two-thirds  of 

T ranspos i t i on  occurs  a t  a low frequency ( ~ X I O - ~ )  when 
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1217 REPLICATION OF YEAST CHROMOSOME I11, Carol  S .  Newlon, Timothy G. PaIrkiIl and Ann 
Dershowitz,  Depar tment  of Microbiology, U.M.D.N.J.-New Jersey  Medical School, 100 

Uergen S t r e e t ,  Newark, N.J. 07103. 
A 200 kb c i rcu lar  derivative of yeas t  chromosome 111, containing sequences  between the  HML and 
MAT loci has  been cloned and  restriction mapped. This ring chromosome conta ins  at leas t  twelve 
autonomously - cepl ica t ing  Sequences ( M s ) .  Four of these  M s  have been analyzed in more 
detail .  They vary at  leas t  ten-fold in efflciency a s  measured by t h e  r a t e  of 1:0 segregatlon, assayed 
by a simple colony co lor  test (1).  Comparison of the  DNA sequences of f ragments  containing these  
ARS's with o t h e r  published ARS sequences has  revealed highly conserved nucleotldes in addition to 
the  previously repor ted  11 bp consensus (2). 
To de termine  whether H s  a r e  essent ia l  for mi to t ic  and  meio t ic  Chromosome stabil i ty,  we a r e  
systematically de le t ing  N s  from t h e  wild type,  l inear chromosome 111 and two circular 
derivatives.  Deletion of e i t h e r  ARS from a 66 kb c i rcu lar  chromosome which conta ins  only t w o  
s t rong  E s  des tab i l izes  it  significantly while deletion of e i ther  of t h e  s a m e  t w o  -5 from t h e  
wild type  chromosome has  no measurable e f f e c t  on mi to t ic  stabil i ty.  
I. Hie te r ,  P.W., C. Uann, M. Snyder and  R.W. Davis (1985) Cell  40:381. 
2. Broach, J.R., Y.-Y 11, 3 .  Feldman, M. Jayaram,  J. A b r a h a m z .  Nasrnyth and J.B. Hicks (1983) 

Cold Spring Harbor Symp. Quant  6101. K:1165 

1218 GZYETIC REARRANGENENTS FOLLOWING THE Ii4SERTION O F  AHPICILLIN 
TRANSPOSONS INTO THE PLASMID D N A  OF NEISSERIA GGNORRHOEAE. J e a n -  
C l a u d e  P i f f a r e t t i  a n d  A c h i l l e  A r i n i .  I n s t .  C a n t o n a l e  B a t t e r i o l o g i -  
c o ,  6 9 0 4  L u g a n o ,  S w i t z e r l a n d .  

P e n i c i l l i n a s e  p r o d u c i n g  g o n o r r h o e a e  (PPNG) i s o l a t e d  t h r o u g h o u t  t h e  
w o r l d  h a r b o u r  a 7 . 3  k b  r e s i s t a n c e  p l a s m i d  o r  i t s  5 . 1  k b  d e l e t i a n  d e r i v a -  
t i v e :  b o t h  e l e m e n t s  c o n t a i n  40% o f  t h e  t r a n s p o s c n  TnA.  I n  o r d e r  t o  b e t t e r  
u n d e r s t a n d  t h e  e m e r g e n c e  o f  s u c h  p l a s m i d s  a n d  t o  e s t a b l i s h  w h e t h e r  t h e s e  
c a n  o r i g i n a t e  f r o m  m u l t i p l e  e v e n t s  o f  TI! i n s e r t i o n s  i n t o  a s p e c i f i c  s i t e  
o f  a c o r e  p l a s m i d ,  w e  c o n s t r u c t e d  bla d e r i v a t i v e s  o f  t h e  PPNG r e s i s -  
t a n c e  e l e m e n t s .  T r a n s p o s i t i o n  e x p e r i m e n t s  p e r f o r m e d  i n  coli s h o w e d  
i n d e e d  t h a t  t h e s e  r e c o m b i n a n t  p l a s m i d s  h a v e  a h o t - s p o t  i n s e r t i o n  s i t e  for 
t h e  TnA t r a n s p o s o n s .  F u r t h e r m o r e ,  when i n t r o d u c e d  i n t o  g o n o r h o e a e  b y  
t r a n s f o r m a t l o n  o r  c o n j u g a t i o n ,  t h e s e  p l a s m i d s  o r i g l n a t e d  u n d i s t i n g u i s h a -  
b l e  d e r i v a t i v e s ,  c h a r a c t e r i z e d  b y  s p e c i f i c  g e n e t i c  r e a r r a n g e m e n t s  a n d  d e -  
l e t i o n s  i n  t h e  TnA e l e m e n t  a n d  t h e  g o n o c o c c a l  D N A .  T h e s e  r e s u l t s  c a n  b e  
r e l a t e d  t o  t h e  o b s e r v a t i o n  t h a t  n o  c o m p l e t e  f u n c t l o n a l  T n 3  t r a n s p o s o n s  
c o u l d  e v e r  b e  f o u n d  i n  g o n o c o c c i  a n d  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  
s p r e a d  o f  t h e  g o n o c o c c a l  r e s i s t a n c e  p l a s m i d s  m i g h t  b e  d u e  t o  m u l t i p l e  h u t  
s p e c i f i c  TnA i n s e r t i o n a l  e v e n t s  i n  a u n i q u e  c o r e  p l a s m i d .  

1219 ROLE OF o r i T  I N  THE ENHANCED RECOMBINATION OF F421ac, Ronald D. P o r t e r ,  Anne V. 
Thomas, m r e y  C. Carter and H. S teven  S e i f e r t ,  The P e n n s y l v a n i a  S t a t e  
U n i v e r s i t y ,  U n i v e r s i t y  P a r k ,  PA 16802 

The F b ? l z  p lasmid  of E. & recombines  w i t h  a i p E  t r a n s d u c i n g  phage about  
t h i r t y  times more e f f i c i e n t l y  t h a n  does  a chromosomal & g e n e .  
r e c o m b i n a t i o n  depends upon t h e  RecBC enzyme of t h e  r e c i p i e n t  c e l l  and t h e  c o n s t i t u t i v e  
e x p r e s s i o n  of the t ra  r e g u l o n  of F421ac. 
down i n t o  c i s -and  E n s - a c t i n g  c o r n p o G t s .  W e y e  c o n t i n u i n g  o u r  i n v e s t i g a t i o n s  to  
d e t e r m i n e  which  L e e  p r o d u c t s  are r e q u i r e d  t o  a c t  1 n - z  for  t h e  enhancement.  
c u r r e n t  l ist  of c a n d i d a t e s  is  s. 4. C, 1, and z. 

T h i s  enhancement o f  

The t r a  dependence o f  enhancement can  be broken  

The 

The c i s - a c t i n g  component is  l o c a t e d  w i t h i n  a 2.5kb r e s t r i c t i o n  f ragment  t h a t  
c o n t a i n s  t h r & T  s i t e  of t h e  F f a c t o r  and no o t h e r  known t ra  f u n c t i o n s .  F u r t h e r  
a n a l y s i s  h a s  shown, however, t h a t  t h e  p r e s e n c e  of a c o n j u g ~ o n a l l y  a c t i v e  @ si te  
i n - c i s  t o  t h e  recombing l a c  gene  is n o t  s u f f i c i e n t  f o r  r e c o m b i n a t i o n  enhancement.  
working h y p o t h e s i s  is t h r t h e  i n - t r a n s  a c t i o n  of t h e  t r a  g e n e  p r o t e i n s  at  t h e  o r t T  s i t e  
b e g i n s  a series of e v e n t s  t h a t  a l l o w e  RecBC enzyme z e n t e r  t h e  F42& m o l e c u l e .  W e  
are c u r r e n t l y  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  t h a t  a double-s t randed  b r e a k  i s  made i n  t h e  
OKIT r e g i o n  t o  a l l o w  t h e  e n t r y  of t h e  RecBC enzyme. 

Our 

- 
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1220 CONSTRUCTION AND TKALISWSITION OF ARTIFICIAL IS1 E E H E N B .  P. Yrentk i* ,  D. J. 
Galas*, P. Gamas+, and H. olandler+ ,  Molecular B i o l o g y ,  U.S.C., IDS Angeles ,  CA 
90089-1481, U.S.A.* and C.R.B.G. C. 31U62 Toulouse.  Prance+. 

Our p r e v i o u s  s t u d i e s  have shown t h a t  t h e  25 bp-long i n v e r t e d  r e p e a t s  a t  t h e  ends  of ISL 
c o n t a i n  t h e  sequences  r e q u i r e d  f o r  t r a n s p o s i t i o n ,  as well as b i n d i n g  sites f o r  t h e  E. c o l i  
p r o t e i n  i n t e g r a t i o n  h o s t  f a c t o r  (IHF).  To d e t e r m i n e  more p r e c i s e l y  t h e  DNA s e q u e n c e -  
r e q u i r e m e n t s  f o r  f u n c t i o n  of t h e  ends  i n  t r a n s p o s i t i o n  we have s y n t h e s i z e d  a f a m i l y  of 
o l i g o n u c l e o t i d e s  c a r r y i n g  the ends  of IS1 (wi ld- type  or w i t h  s p e c i f i c  m u t a t i o n s )  and c l o n e d  
each of them i n  an i n v e r t e d  r e p e a t  c o n f i g u r a t i o n  at  t h e  e x t r e m i t i e s  OI t h e  s e l e c t a b l e  maricer 
omega. The a c t i v i t y  of t h e s e  a r t i f i c i a l  segments as t r a n s p o s i t i o n  end-poin ts  w a s  then  
a s s a y e d  in v i v o .  
n u c l e o t i d e s  c a r r y i n g  sequences  w i t h  e i t h e r  the r i g h t  (IRR) o r  l e f t  ( I K L )  end of IS1 are 
f u l l y  a c t i v e ;  ii) A complementing copy of IS1 is r e q u i r e d  i n  c i s ;  i i i )  Muta t ions  a t  t h e  
t h i r d ,  b u t  not at the f i r s t ,  base  reduce  a c t T v i t y ;  i v )  N o t  a l l m u t a t i o n s  i n  t h e  IHF 
r e c o g n i t i o n  sequence  a b o l i s h  t r a n s p o s i t i o n .  
involved  should  emerge from t h e  a n a l y s i s  of t h e  much l a r g e r  set of mutants  which are 
c u r r e n t l y  under a n a l y s i s .  

We c a n  conclude  t h e  f o l l o w i n g  from p r e l i m i n a r y  e x p e r i m e n t s :  i )  Oligo- 

A c l e a r e r  p i c t u r e  of t h e  e x a c t  sequences  

1221 DNA SUPERCOILING I N  TOPOISOMERASE I MUTANTS: NUCLEOTIOE SEQUENCES I N  PLASMID 
pBR322 RESPONSIBLE FOR HIGH LEVELS OF SUPERCOILING. 
Dr l i ca** ,  * U n i v e r s i t y  of Rochester, Rochester, N.Y. 14627 and **The Pub l i c  Hea l th  
Research I n s t i t u t e  o f  t he  Ci ty o f  New York, I nc . ,  New York. N.Y. 10016 

G a i l  J .  Pruss* and Kar l  

Plasmid pBR322 DNA i s o l a t e d  from topoisomerase I mutants of  E. coli and 5. t himurium 
e x h i b i t s  a novel  s u p e r c o i l i n g  d i s t r i b u t i o n  t h a t  i s  charac te r i zed  by the  presence* 
nega t i ve l y  superco i l ed  topoisomers (Pruss,  J .  Mol. B i o l .  185, 51-63, 1985). Th i s  
d i s t r i b u t i o n  i s  ob ta ined  even when pBR322 DNA i s  i s o l a t e d  from a topoisomerase I mutant 
c a r r y i n g  a compensatory mu ta t i on  i n  DNA gyrase, a l though b a c t e r i a l  chromosomes i s o l a t e d  from 
the  same s t r a i n  a r e  less n e g a t i v e l y  superco i l ed  than  normal (Pruss  e t  a l . .  C e l l  31, 35-&2, 
1982).  
pBR322 has shown t h a t  the presence o f  t h e  gene encoding t e t r a c y c l i n e  r e s i s t a n c e  o n  pBR322 i s  
respons ib le  f o r  t he  unusual s u p e r c o i l i n g  d i s t r i b u t i o n .  
p o r t i o n  o f  t he  remainder of t he  gene a r e  requ i red .  
gene o u t s i d e  of t he  promoter appears t o  be necessary; o n l y  the  s i z e  of t he  s e c t i o n  remain inq  
(about  600 base p a i r s )  appears t o  be impor tan t .  
o f  t he  gene, r a t h e r  than t h e  presence o f  p r e f e r r e d  s i t e s  of gyrase a c t i v i t y ,  may be 
respons ib le  f o r  t he  gene's e f f e c t  on s u p e r c o i l i n g .  

Analysiq of t h e  s u p e r c o i l i n g  d i s t r i b u t i o n s  of d e l e t i o n  and Z s z t i o n  d e r i v a t i v e s  o f  

Both an i n t a c t  promoter and a 
However, no p a r t i c u l a r  s e c t i o n  of t he  

These observa t ions  suggest t h a t  express ion  

1222 A N A L Y S I S  OF TN7 T R A N S P O S I T I O N ,  4 a r k  R o g e r s .  E l a i n e  N i m a o ,  N e l l y  
E k a t e r i n a k i  a n d  D a v i d  S h e r r a t t ,  I n s t .  of G e n e t f c s ,  U n i v e r s i t y  o f  
G l a s g o w ,  G l a s e o w ,  S c o t l a n d  

T n 7  i s  a l 4 K b  t r a n s p o s o n  t h a t  e x h i b i t s  a h i z h  s p e c i f i c i t y  f o r  a n  
" a t t a c h m e n t "  s i t e  i n  t h e  c h r o m o s o m e  o f  a n d  o t h e r  g e n e r a  a n d  i n s e r t s  
i n t o  p l a s m i d s  i n  a ~ p e c i f i c  r e l a t i v e  o r i e n t a t i o n .  T r a n s ? o s i t i o n  a s s a y s  
h a v e  r e v e a l e d  d i f f e r e n c e s  i n  e f f i c i e n c y  o f  t r a n s p o s i t i o n  t o  t h e  c l o n e d  
a t t a c h m e n t  s i t e  t h a t  a r e  d e t e r s i n e d  b y  t h e  c o n t e x t  o f  t h e  d o n o r  t r a n s p o s o n .  
T r a n s p o s i t i o n  f r o m  t h e  a t t a c h m e n t  s i t e  i s  l e s s  e f f e c i e n t  t h a n  t r a n s p o s i t i o n  
f r o m  a p l a s m i d .  T h e r e  i s  n o  e f f e c t  o f  d o n o r  c o n t e x t  o n  t r a n s p o s i t i o n s  t o  
p l a s m i d s .  T h i s ,  a n d  t h e  a n a l y s i s  o f  d e l e t i o n  n u t a n t s  w h i c h  a r e  a f f e c t e d  
o n l y  i n  t r a n s p o s i t i o n  t o  p l a s m i d s  s u g g e s t s  t h a t  n o r e  t h a n  o n e  t r a n s p o s i t i o n  
m e c h a n i s m  i s  e m p l o y e d .  

S e q u e n c i n g ,  t r a n s l a t i o n a l  a n d  t r a n s c r i p t i o n a l  f u s i o n s  a n d  c o a p l e m e n t a t i o n  
s t u d i e s  u s i n g  a c h l o r a m p h e n i c o l  r e s i s t a n c e  g e n e  b o u n d e d  o n l y  by t h e  e n d s  o f  
T n 7  h a v e  h e l p e d  d e f i n e  t h e  r e g i o n s  i n p o r t a n t  f o r  t r a n s p o s i t i o n .  T h e s e  h a v e  
b e e n  c l o n e d  i n t o  e x p r e s s i o n  v e c t o r s  f o r  f u r t n e r  a n a l y s i s .  

1223 MECHANISM OF INHIBITION OF DNA GYRASE BY QUINOLONE ANTIBACTERIALS: A COOPERATIVE 

Labora to r ies ,  Abbot t  Park, I l l i n o i s  60064 

Quinolones, a se r ies  of n a l i d i x i c  a c i d  analogues, a re  a new c lass  o f  s y n t h e t i c  a n t i -  
b a c t e r i a l  agents w i t h  ex t remely  h igh  po tenc ies  and enhanced b a c t e r i c i d a l  a c t i v i t y .  The 
drugs  have been shown t o  i n h i b i t  DNA qyrase. 
demonstrated t h a t  t he  drug recep to r  s i t e  i s  no t  l oca ted  on gyrase, bu t  on the  subs t ra te  
DNA (PNASE,  807, 1985). 
o l i g o -  and po ly -deoxynuc leo t ides  as model systems. 
general ,  a re  poor DNA b i n d i n g  agents, s ince  they  do no t  b i n d  t o  double-stranded DNA and 
b i n d  very p o o r l y  t o  RNA o r  t o  s ing le -s t randed  DNA. 
coopera t i ve  manner, a t  low i n h i b i t o r y  drug concent ra t ions ,  t o  c e r t a i n  s p e c i f i c  denatured 
reg ions  o f  t h e  DNA. A b i n d i n g  model w i l l  be proposed. 

DRUG-DNA BINDING MODEL. L inus  L. Shen, John Baranowski and Thanda Wai, Abbot t  

Us ing  rad io labe led  n o r f l o x a c i n ,  we have 

The drug b i n d i n g  s p e c i f i c i t y  was f u r t h e r  s tud ied  us ing  RNA, 
Resu l ts  show t h a t  t he  drugs, i n  

They b i n d  s e l e c t i v e l y  and i n  a h i g h l y  
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1224 4NALYSiS OF THE ACTIVITY OF RETROVIRAL poL GENE PROTEINS EXPRESSED IN 
B4CTERI4. D. Soltis, F. qlexander, R. Terry, J. Leis* and 4.M. Skalka, Department of 

Molecular Oncology, Roche Insti tute of Molecular Biology, Roche Research Center,  Nutley, N J  071 10. 
*Case Western Reserve University, Cleveland, OH 44106. 

Reverse transcription and integration of retroviral DNA into the host genome requires the 
function of the retroviral @gene. The @ gene in the avian sarcomalleukosis viruses encodes several 
enzymatic activit ies and i t s  protein domains a r e  organized into at least  three, differentially processed 
molecular forms. One of these, t he  a8 form, includes a 90 kd polypeptide chain ( 6 )  containing most 
of the coding capacity of @. The B chain is  cornplexed to  a 60 kd a chain which contains a 
proportionately smaller amount of the  @ information. This aB complex has a number of distinct 
activit ies including reverse transcriptase and D N A  endonuclease. pp32 protein, another molecular 
form encoded in @, also exhibits endonuclease activity. I t  is the presence of the pp32 domain in 
(but not a) t ha t  accounts for t he  endonuclease activity of aB. 

W e  have constructed bacterial expression clones which produce the different molecular forms of 
the @ gene products. These proteins a re  being used to study the mechanisms of reverse transcription 
and retroviral DNA integration. Recombinant proteins containing the B and pp32 domains have been 
partially purified from bacterial extracts and, as will be shown, exhibit the expected reverse 
transcriptase and endonudease activities. Our initial studies revealed a short segment a t  t he  
C-terminus of @ which i s  present in primary translation products of the B and pp32 domain, but 
appears to be removed from the majority of the "mature" proteins isolated from virus particles by 
viral-specific proteolytic processing. Results from our comparison of the properties and activities of 
recombinant protein with and without these additional sequences will also be discussed. 

1225 HOMOLOGOUS RECOMSINATION I N  bk'MALlW CELLS, X .  S t e r n b e r g ,  S.  B r e n n e r ,  K .  S p e r l e ,  

Wi lming ton  , DE 19898 
We c o n t i n u e  t o  s t u d y  t h e  p r o c e s s  o f  homologous r e c o m b i n a t i o n  i n  c u l t u r e d  mammalian c e l l s  u s -  
i n g  gene  t r a n s f e r  t e c h n i q u e s .  P r e v i o u s l y ,  w e ,  and  o t h e r s ,  $howed t h a t  when DNA is  a d d e d  t o  
mammalian c e l l s  i t  c a n  r ecombine  e f f i c i e n t l y .  We p r o p o s e d  a f o u r  s t e p  model  t o  a c c o u n t  f o r  
t h e  p r o p e r t i e s  o f  t h a t  r e c o m b i n a t i o n  ( L i n  e t . a l . ,  Yol.  Ce l l .  B i o l .  - i, 1 9 8 4 ) .  The model  e v o k e s  
a 5 '  e x o n u c l e a s e  t h a t  d e s a d e s  DNA s t r a n d s  i n  o p p o s i t e  d i r e c t i o n s  from a DSA end  e x p o s i n g  
homologous complemen ta ry  s i n g l e - s t r a n d e d  r e g i o n s .  A f t e r  t h o s e  r e g i o n s  have p a i r e d ,  f r a y e d  3' 
s i n g l e - s t r a n d e d  e n d s  are d e g r a d e d  g e n e r a t i n g  a gap whose r e p a i r  p r o d u c e s  t h e  r e c o m b i n a n t .  An 
a l t e r n a t i v e  model  e v o k e s  a 3 '  e x o n u c l e a s e  t h a t  a l s o  d e g r a d e s  t h e  DKA s t r a n d s  f rom a DNA e n d .  
I n  t h i s  c a s e ,  t h e  r e c o m b i n a n t  i s  g e n e r a t e d ,  f o l l o w i n g  s t r a n d  p a i r i n g ,  by  a r e s y n t h e s i s  o r  
r e p a i r  o f  ttie d e g r a d e d  s t r a n d  and  a s u b s e q u e n t  l i g a t i o n  o f  t h e  newly s y n t h e s i z e d  IIKA t o  t h e  
p a i r e d  homologous r e g i o n .  K u c f n t  r e s u l  Ls w i l h  d o u b l e - s t r a n d e d  DNA s u b s t r a t e s  a r e  c o n s i s t a n t  
w i t h  e i t h e r  oi t h e  two model .  However ,  r e s u l t s  o b t a i n e d  by t r a n s f o r m i n g  c e l l s  w i t h  recornhi-  
n a t i o n  i n t e r m e d i a t e s  are mare  c o n s i s c a n t  w i t h  t h e  s e c o n d  model .  Ki. also have been  s t u d y i n g  
ttie process o r  t a r g e t i n g  DNA i n t r o d u c e d  i n t u  mammalian c e l l s  i n t c  homologous DXA s e q u e n c e s  
p l a c e d  i n  chromosomes i n  a p r e v i o u s  t r a n s f o r m a t i o n  s t e p  ( L i n  e t . a l . ,  f r o c .  X a t l .  Acad. S c i .  
__ 8 2 ,  3985). The t a r g e t i n g  e v e n t  i s  r e c o g n i z e d  by v i r t u e  o f  i t s  r e c o n s t r u c t i o n  o f  a S t l l e c t d h l e  
gene  (s o r  0'0). Those  s t u d i e s  i n d i c a t e d  t h a t  t a r g e t i n g  c a n  o c c u r ,  b u t  t h a t  i t  i s  v e r y  much 
d e p e n d e n t  on t h e  t a r g e t  t r a n s f o r m a n t  c e l l  l i n e  u s e d ;  some c e l l  I i n e s  c a n  b e  t a r g e t e d  while 
o t h e r s  c a n  n o t .  Ne w i l l  d e s c r i b e  s t u d i e s  d e s i g n e d  LO stud!  t h e  f a c t o r s  t h a t  e f f e c t  t h a t  v a r i -  
a b i l i t y .  1,) a n a l y z e  i n  g r e a t e r  d e t a i i s  t h e  mechanism nf homologous r e c o m b i n a t i o n  w e  have  es- 
s t a b l i s h e d  a n  i n  v i t r o  r e c o m b i n a t i o n  s y s t e m ,  u s i n g  mammalian c e l l  e x t r a c t s ,  t h a t  i s  c a p a b l e  
of p r o m o t i n g  r e c o m b i n a t i o n  be tween  twc d e f e c t i v e  3 ~ 2  g e n e s  o n  t h e  Same lISz\ m o l e c u l e .  
r e s u l t s  i n d i c a c e  t h a t  r e c o m b i n a t i o n  c a n  be a s  e l f l c i e n t  a s  2% and  i s  accumpan ied  bh- t h e  
a p p e a r a n c e  o f  r e c u n b i n e d  DNA i n  t h e  e x t r d c t s .  

?I. L i n ,  E. 1. Du P u n t  d e  Nemours a n d  Company, l n c . ,  C R & D ,  E x p e r i m e n t a l  S t a t i o n ,  

Our 

1226 PUIIFICATION, CHARACTERIZATION, GWE O_ONING, NuCLEOrIDE SEQENCE A M )  GENETICS OF 
YEAST SINCLE-STRAMED DNA BIMING WOTEINS. 
Akira Sakai,  Rupa Desai and Akio Sugino, NIMS, NIH, RTP, N: 27709. 

Robert  K. Hamatake, P. Sue Alexander, 

By analogy t o  prokaryotes ,  s ingle-s t randed MUA binding p ro te ins  (SSBs) are bel ieved t o  be 
r equ i r ed  f o r  DNA r e p l i c a t i o n ,  recombination and r e p a i r  i n  wkaryo te s .  Several euka ryo t i c  
SsBs have been p u r i f i e d  and cha rac t e r i zed ,  but  m n e  of t h e i r  func t ions  are y e t  known with 
t h e  except ion of t h e  adenovirus 8%. 
(which s p e c i f i c a l l y  s t imu la t e  yeas t  DNA polymerase I r eac t ions  by seve ra l - fo ld ) ,  have 
been p l r i f i e d  t o  hanogeneity from 2. c e r e v i s i a e  ( M r  = 38,000, 20,000 and 14,000 d a l t o n s ) .  
T h e y  a r e  loca t ed  mainly i n  t h e  nuc le i .  
b i t s  and are very s p e c i f i c ,  rot cross-react ing with o the r  p ro te ins .  Using t h e  an t ibod ie s ,  
t h e  gene f o r  each SsB has  been cloned, sequence, and mapped both phys ica l ly  and genet i -  
c a l l y  on t h e  chromosome. 
t i o n  and s u b s t i t u t e d  f o r  t h e  chromosomal genes i n  o rde r  t o  determine t h e  r o l e s  of each SsB 
i n  c e l l  v i a b i l i t y ,  UV and X-ray s e n s i t i v i t y  and recombination prof ic iency.  

To study t h e  func t ions  of yeast SSBs, t h ree  SSBs 

Antibodies  a g a i n s t  each have been r a i s e d  i n  rab- 

The cloned genes have been modified by d e l e t i o n  and/or disrup- 
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1227 STUDIES OF A N  ACTIVE COVALENT COMPLEX BETWEEN E .  co i l  DNATOPOISOMERASE 
I AND OLIGONUCLEOTIDES. Yuk-Ching T s e  Dinh ,  E .  I .  d u  P o n t  d e  N e m o u r s  

& Company, C e n t r a l  R e s e a r c h  & Development  D e p a r t m e n t ,  Wi lmington ,  DE 1 9 8 9 8 .  

DNA t o p o i s o m e r a s e s  h a v e  been  shown p r e v i o u s l y  t o  c l e a v e  DNA p h o s p h o d i e s t e r  
bond and s i m u l t a n e o u s l y  become l i n k e d  t o  t h e  DNA a t  t h e  c l e a v a g e  s i t e  v i a  a 
p h o s p h o t y r o s i n e  l i n k a g e .  F o r  p r o k a r y o t i c  DNA t o p o i s o m e r a s e s ,  t h i s  i s  o b s e r -  
v a b l e  o n l y  when d e n a t u r a n t  o r  p r o t e a s e  i s  added  t o  t h e  t o p o i s o m e r a s e  i n c u b a -  
t i o n  m i x t u r e .  P r e v i o u s  a t t e m p t s  t o  r e f o r m  p h o s p h o d i e s t e r  bonds  f rom t h e  
c o v a l e n t  complex h a v e  been  u n s u c c e s s f u l .  Us ing  o l i g o n u c l e o t i d e s  a s  s u b -  
s t r a t e s ,  t h e  c l e a v a g e  r e a c t i o n  of F .  col i  DNA t o p o i s o m e r a s e  I i s  found t o  
occur s p o n t a n e o u s l y .  Upon reacti?? w i t h  o l i g o ( d A )  l a b e l e d  a t  t h e  3 '  end 
u s i n g  t e r m i n a l  P dATP, t h e  en3yme becomes c o v a l e n t l y  
l i n k e d  t o  t h e  "P- labe led  o l i g o n u c l e o t i d e .  
f e r r e d  t o  t h e  3'-OH end of a l i n e a r  o r  n i c k e d  d u p l e x  DNA m o l e c u l e  f r e s h l y  
added  t o  t h e  r e a c t i o n  m i x t u r e .  T h i s  p h o s p h o d i e s t e r  bond r e j o i n i n g  r e a c t i o n  
can  o c c u r  a t  a r e c e s s e d ,  b l u n t  o r  p r o t r u d i n g  3 ' - e n d .  I t  r e q u i r e s  magnesium 
i o n s .  I m p l i c a t i o n s  on  t h e  s t r u c t u r e  of  p r o k a r y o t i c  t y p e  I DNA t o p o i s o m e r a s e s  
a s  compared t o  t h e i r  e u k a r y o t i c  c o u n t e r p a r t s  a r e  d i s c u s s e d .  

r a n s f e r a s e  and  a -  
T h i s  P - l a b e l  c a n  t h e n  b e  t r a n s -  

PRODCCTS OF THE CIS MEDIATED DNA-INVERSION KEACTION. 
R. Kanaarl, P. van de Putte' and N. Cozzarelliz. 'Laboratory of Molecular Genetics, 

State University of Leiden, Leiden, The Netherlands. 2Department of Molecular Biology, Univer- 
sity of California, Berkeley, USA. 

The site-specific DNA-inversion reaction of phage Mu was studied 2 i t r o .  Components of the 
system are the phage encoded Gin protein, a host factor protein called GHF for Gin Host Factor, 
and a supercoiled substrate DNA carrying two 34 bp recombination sites (IKs) in inverted 
orientation relative to each other. Also an additional sequence on the DNA i s  required to en- 
hance the recombination. 

Like the recombination activity the relaxation activity of the system was shown to be site- 
specific. Relaxation appeared to be much lower than reported for other site-specific recom- 
binases such as resolvase and Hin and suggests chat breakage and reunion might be much more 
tightly coupled to recombination. 

The topology of the reaction products was found to be quite simple. Over 99% of the moIecu1es 
were open circles. Using DNA which was purified from ir: 9 i - J ~  knots small amounts of a trefoil 
product could be detected. This knot is a product of an iterative reaction which shows that 
the synaptic complex contains two binding nodes. 

1228 

1229 EFFECT O F  recE: :Tn5 ON THE I N D U C T I O N  OF S O S  GENES I N  E s c h e r i c h i a  c o l i  
K 1 2 .  W i l f r i e d  Wackernagel  a n d  B r i g i t t e  Thorns, F a c h b e r e i c h  B i o l o g i e ,  
AG G e n e t i k ,  U n i v e r s i t a t  O l d e n b u r g ,  2900 O l d e n b u r g ,  W e s t  Germany 

W e  h a v e  d e t e r m i n e d  t h e  i n f l u e n c e  o f  a newly  i s o l a t e d  reCF m u t a t i o n  ( o b t a i n e d  
by i n s e r t i o n  af Tn5 i n t o  e) on the  i n d u c t i o n  by U V Y n a l i d i x i c  a c i d  o f  
R i n e  SOS g e n e s .  I n d u c t i o n  w a s  measured  b y  6 - g a l a c t o s i d a s e  a s s a y s  o f  a p p r o p r i -  
a t e  Mud(Ap lac)  f u s i o n  s t r a i n s  which  w e r e  r e c A + .  The r e s u l t s  show t h a t  t h e  
a b s e n c e  o f  g f u n c t i o n  (i) r e d u c e s  s i g n i f i c a n t l y  t h e  i n d u c t i o n  o f  d inD,  
uvrA,  r e c A  and EN, ( i i )  r e d u c e s  s l i g h t l y  t h e  i n d u c t i o n  of d inA,  d i x n d  
s f iP . ,  (iii) does n o t  a f f e c t  i n d u c t i o n  of umuc a n d  (iiii) abol ishes- induc-  
tion o f  d i n F .  Reduced i n d u c t i o n  o f  d inD w E o t  a l l e v i a t e d  b y  a recAoc 
m u t a t i o n y m  muta t ion  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  t h e  i n d u c t i o n o f  d inA 
a n d  =A. I t  is  c o n c l u d e d  t h a t  recF p l a y s  a n  i m p o r t a n t  role i n  t h e  dere-- 
p r e s s i o n  o f  most S O S  f u n c t i o n s .  H o w e v e r ,  t h i s  f i n d i n g  i s  n o t  s u f f i c i e n t  t o  
e x p l a i n  t h e  U V - s e n s i t i v i t y  o f  recF s t r a i n s  ( h a v i n g  e i t h e r  a recBCsbcB or a 
recB+C+ g e n e t i c  b a c k g r o u n d ) .  R a t h e r ,  complementary  r e s u l t s  (e.9. t h e  e x t r e m e  
U V - s e n s i t i v i t y  Of a U v r A  lexA102 r e c F  m u t a n t )  s u g g e s t  t h a t  r e c F  p a r t i c i p a t e s  
a lso i n  a m o r e  d i r e c G a y n  repair o f  UV-damaged DNA. W e s o  p r e s e n t  
a h y p o t h e s i s  o n  t h e  F u n c t i o n  of recF i n  t h e  EF pa thway o f  g e n e t i c  recom- 
b i n a t  i o n .  

~ _ _  
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1230 RECOHUIXATION BETWEEN REPEATING UNITS WITHIN A SINGLE GENE, 
Gareth Warren, Robert Green and Loren Corotto, Advanced Genetic 
Sciences, Inc., 6 7 0 1  San Pablo Avenue, Oakland, CA 9 4 6 0 8  

The ice nucl2ation genes of Pseudomonas syringae and Psaccbmonas ftuorescens are 
internally repetitive. Comparisons between the two genes, and of the codon 
usage between repeats within each gene, indicate that intramolecular 
recombination is responsible for the maintenance of the repeats' fidelity. 
Such intramolecular recombination in these genes is experimentally 
detectable by the pseudo-reversion of an insertion mutation, which results 
from deletion of the insert and of some of the repeats which flank it. 
(The ice nucleation phenotype provides an exceptionally sensitive assay for 
the detection of revertants, and the ice nucleation protein can tolerate 
the loss of some repeats.) Although such reversion must occur by precise 
recombinatioi between homologous sequences, its frequency is independent of 
of -. We are studying the influence of other genotypes. 

1231 TOPOLCGICAL STUDIES OF SITESPECIFIC ~ ~ ~ T I C P J  BY rn PIWEIN, e r t  L. 
Weinberg, Steven A. Wassem, Nicholas R. Cozzarelli, and Kenneth Abrenski. 

University of California, Berkeley, Berkeley CA 94720; E. I. du bnt de m u r s  and Co., 
Inc., Wilminqian DE 19898. 
The Cre-loxp site-spcific recabination system from phage P1 riquires only t k  Cre protein 
and DNA containing the 36 tp loxp site. 
the mhanisns of site aligment and strand exchange. 
coiled, nicked, or linear. 
two directly repeated (head-to-tail) loxp sites prcdues knots and catenanes containing 
up to twnty crossings or ncdes. 
examined by gel electrophoresis. 
result of 'am siqle events rather than that of a canplex or variable rredmni sm. 
linked catenanes (a first mud p d w t )  react to fom trefoils. We suggest that mre 
nrnplex catenanes also undercp a second round to form the other knots w observe. 
find that nicked substrates form different p d w t s  than supercoiled ones. 
designed an exprimnt to test the change in linkage inked by Cre. 
containing alternating and directly repeated sites, we can make singly- 
linked (-) catenanes by recdining with the resolvase of 'h3. These w i l l  then be reacted 
with Cre. 
negative ncde in the prccess of strand exchange. 
product, this muld indicate a +lmeChanism for Cre reccnbhtion. 

We have employed a topological amrcacli to study 
?he substrate ~ z A  may be super- 

We find that recmhination of a supercoiled substrate with 

The prcducts appear as interdigitating ladders when 
C u r  data suggest that this array of prcducts is the 

Singly- 

We also 
Pk have 

Using a substrate 
sites and 

If the product formd is a trefoil knot w can deduce that m e  intrcdmes a 
If we observe an unlaotted d k i c  

1232 I N I T I A T I O N  OF POLXOMA DNA REPLICATION, I4. DePamphilis D. Yirak, L. Chalifour, 
R. Perona. S. Fields-Berr , P. Yassarman', J. Hassells, E. Hwxirickson, 

C. Pr i tze ,  U. Heine, and Y. Folkj. Haffard Medical School, Boston, MA; 'Roche 
I n s t i t u t e ,  Nutley, N J ;  214cCill Univ., Montreal, Canada; 3Univ. Texas, Auatin. TX. 

What c o n s t i t u t e s  the  polyoma (PyV) or ig in  of rep l ica t ion  Ipci), how does i t  
d i f f e r  from t h a t  of  SV40, and how does i n i t i a t i o n  of DNA rep l ica t ion  i n  d i f fe ren t ia ted  
mammalian c e l l s  compare with embryonic mamallan c e l l s ?  Y e  have provided some ins ight  
t o  these quest ions by measuring DNA rep l ica t ion  and gene expression following 
microinjection of var ious plasmids i n t o  the  nuclei  of preimplantation mouse embryos, 
and by mapping the  sites of DNA synthesis  i n  wild-type and mutant PyV(R1) DNA. 
p r inc ip le  conclusions a t  t h i s  time are:  (i) DNA rep l ica t ion  in mouse embryos requires  
spec i f ic  c is-act ing sequences such a s  the  PyV a, in contrast  t o  sequence-independent 
rep l ica t ion  of DNA in jec ted  i n t o  Xemp&q eggs. 
PyV DNA rep l ica t ion ,  in cont ras t  t o  mouse embryonal carcinoma ce l l s .  ( i l l )  The PyV 
nrt requi res  an enhancer element, in cont ras t  t o  t h e  SV40 &. and some of these 
elements can a c t i v a t e  nr i -core  in di f fe ren t ia ted  c e l l s  but not in embryos. 
r o l e  of enhancer elements i n  ac t iva t ing  &-core can be dist inguished from t h e i r  r o l e  
i n  ac t iva t ing  gene expression. (v)  The arrangement of DNA synthesis  i n i t i a t i o n  s i t e s  
t h a t  define t h e  origin of b id i rec t iona l  rep l ica t ion  (OBR) is d i s t i n c t l y  d i f fe ren t  in 
PyV compared with SV40, although both OBRs l i e  within the  --core sequence. 

The 

(ill &use embryos a r e  permissive for  

( i v )  The 
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1233 LINKER INSERTION MUTAGENESIS OF g. 
James C. Wang, Department of Biochemistry and Molecular Biology, Harvard 
University, Cambridge, MA 02138. 

TOPOISOMERASE I, Louis Zumstein and 

We have constructed twenty in-frame linker insertion mutations of a cloned E. coli 
topoisomerase I gene. These twenty mutant clones sort into two groups; seven abolish all 
activity as determined by their ability to a) relax supercoiled DNA, b) cleave and cova- 
lently attach to single-stranded DNA, and c) complement a conditional lethal w mutation 
in vivo. The other thirteen mutants have in vitro activities ranging from several percent 
to nearly 100% of wild-type levels, and all thirteen complement the w conditional 
lethal mutation. Compared to other proteins, topoisomerase I seems to be very tolerant of 
the insertion of four amino acids in many different positions throughout the protein. 
The carboxyl terminus of the protein is especially tolerant of such insertions, with the 
seven insertions in the last third of the protein retaining at least 40% of wild-type 
activity. We have also constructed mutants which have premature termination codons and 
which therefore produce truncated topoisomerase I proteins. Removal of 6% or 11% of the 
protein from the carboxyl terminus has little effect on the in vitro topoisomerase I 
activities or on the in vivo complementation activity. Mutant proteins with 22% or 33% of 
the protein removed from the carboxyl terminus are completely inactive by all three assays. 

_ _ _  

DNA Recombination 11: Eukaryotes 

1234 
The co-transfection of complementary, overlapping partial fragments of  selectable genes 
into eukaryotic tissue culture cells and the monitoring of the joining of similar 
substrates in cell-free extracts have both been proposed as models for genetic 
recombination in mitotic cells. Experiments have been done to evaluate whether the same 
process is being measured in both approaches. 
mutants of the "e0 gene in pSV2 VeCtOKS were co-transfected into L-cells using calcium 
phosphate. Cells that had recombined and integrated intact "e0 genes were selected in 
medium containing G418. Relative to the recombination frequency measured when both 
transfected molecules were super-coiled there was a large stimulation of homologous 
joining seen when double-stranded cleavages in specific locations were made on one (2-2Ox) 
or both parental molecules (30-100~). Pairs of cleavages that were equidistant from the 
overlap produced the greatest stimulation. Specific single-strand nicks in the circular 
molecules had relatively little effect. Gene conversion-like events without exchange of 
flanking markers were not seen. When the same series of constructions were added to 
nuclear extracts of L-cells and homologous joining measured by Southern blotting the same 
pattern of stimulation was evident. 
kanamyin resistant colonies produced upon transforming bacteria with the reaction 
products, a linear + a circular substrate produced the best signal relative to background. 
These results are consistent with a joining of the DNAs at homologous overlapping ends. 
This may represent a DNA-repair activity that is stimulated by free DNA ends. 

MODEL SYSTEMS FOR SOMATIC RECOMBINATION IN MAMMAI.IAN CELLS, Richard A. Anderson, 
Vet. Admin. Med. Ctr. 6 University of Iowa, Iowa City, I A  52242 .  

Potentially complementing pairs of deletion 

When recombination was measured by the number of 

1235 CHARACTERIZATION OF SPECIFIC WALONAE-CERIVATIZED PROTEINS IN THE Q#) CELL LIE 
MV-I. Lawrence A. Beck and Michael Sinensky, Eleanor Roosevelt I n s t i t u t e  f o r  

Cancer Research, Universi ty  of Colorado Heal th  Sciences Center, Denver, Cl l  

Recent experimental evidence i n d i c a t e s  t h a t  mevalonate, i n  add i t ion  t o  its w e l l  charac- 
t e r i z e d  role as an intermediate  i n  s t e r o l  biosynthesis ,  is a precursor  f o r  s eve ra l  mn- 
s t e r o l  metabolic products  t h a t  r egu la t e  3-hydroxy-3-methylglutaryl coenzyme A reductase 
(HS-CoA reductase)  v i a  a t r a n s l a t i o n a l  c o n t r o l  mechanism and appear t o  be involved i n  t h e  
c o n t r o l  of cell cycle progression.  

We have presented evidence t h a t  mevalonate-derivatized p r o t e i n s  funct ion a s  t r i g g e r  p r o t e i n s  
i n  c o n t r o l l i n g  t h e  progression o f  cells pas t  a r e s t r i c t i o n  po in t  of t h e  cell cycle and a r e  
cont inuing s t u d i e s  designed t o  e l u c i d a t e  the  b io log ica l  func t ions  o f  t hese  p ro te ins .  Growth 
o f  a CHO cell l i n e  auxotrophic f o r  rrevalonate (-1 i n  t h e  presence of  %-mevalonate 
r e s u l t s  i n  t h e  incorporat ion of  approximately 45% of t h e  l a b e l  i n t o  s p e c i f i c  p r o t e i n s  having 
molecular weights of 22,24,26, and 43 kd a s  determined by 9)s-PAGE and radioautography. 
P r o t e i n s  of i d e n t i c a l  rmlecular  weights have been i d e n t i f i e d  i n  o the r  cell l i n e s  ind ica t ing  
t h e  highly conserved nature  of t h e s e  mevalonated p ro te ins .  
t h e s e  mevalonate-derivatized p r o t e i n s  by convent ional  and HPLC methods and a r e  examining t h e  
w b c e l l u l a r  l o c a l i z a t i o n  o f  t h e s e  p r o t e i n s  i n  o rde r  t o  determine t h e  site and mechanism of 
a c t i o n  of t hese  p ro te ins .  

80262. 

We have begun p u r i f i c a t i o n  of 
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1236 MISMTM R P ~ R  muowIffi TRANS~IIWITION 05 m' AM mi YEAST WI W R I F I ~  ~ ~ U P L E X  PCASMIDS 
0. K. Bishop , M. 5 Williamson , S .  Fcqel , and R. 0. Kolodner', %ma Farber Cancer Institute, 
Boston, Ma 02115; %?parbent of Genetics, University o f  California, Berkeley, Ca 94720 

We have developed a systan h i c h  allows us to exanine the repair of  misnatched DNA i n  yeast. Yeast shuttle 
vectors containing mismatches here prepared and p l r i f ied .  The closed circular hetwoduplex plasmid ms introduced 
in to  mitot ic yeast ce l l s  by t r a n s f m t i o n .  Heteroduplex plarmid, havirq two mall insertion misnatches separated 
by 943 @, was constructed fran plasmids k i c h  d i f f e r  a t  two restr ict ion sites. The identity of  repair products 
was determined by physical m l y s i s  of plasmid DNR derived fron t r a n s f o d  clones. In addition to wild t y p  
strains, he exmined repair of the 
mutation. Strains carrying pnsl sho~ increased frequencies of postmeiotic segregation. t+xt 
t r a n s f m t s  c a r i e d  plasnids khich sugpsted that  repair had crcuwed a t  both misnatched sites; both cbuble 
independent repair and co-repair events c w l d  be detected, although their  re lat ive nlnbers varied 6 fo ld fran me 
t r a n s f m t i m  to the next. I n  wild type cells, cm s i te  mas repaired about 85% o f  the time kh i le  the secord s i te  
yas repaired a t  least 97% o f  the tim. uhen the p d  strain was transformi the frequency of repair ws 55 and 
7% a t  the two s i tes respectively. Wild type cel ls showed a s l ight  p-eference for repair i n  favor o f  the 
insertion s t r d  i n  saw e x p r i m t s ,  k i l e  pml cel ls s h o d  a strong preference for repair i n  favor o f  the 
de le t im (>%I%). The data p-esmted support the hypothesis that the increase i n  post-neiotic segregation observed 
i n  pml strains i s  the result o f  a decrease i n  m i m t c h  repair efficiency. One consequence o f  th is  hypothesis i s  
that a t  least sore meiotic gene conversion results fron the repair of hetwoduplex DNA. We have recently 
developxi a system fo r  identifying repair products genetically, and he hope to use th is  system to exanine the 
repair o f  subst i tut im and franeshift mimatches i n  a variety of genetic backgrounds. 

k te rodwlex  DNA following transformation into a strain carrying a pml 

1237 MEIOTIC RECOPIBINATION BETWEEN REPEATED SEQUENCES IN YEAST. Rhona H. Borts, Michael 
Lichten, and James E. Haber, Brandeis University, Waltham, MA 02254 

We have examined homologous meiotic exchange involving copies of the LEU2 gene inserted at 
several places in the Saccharomyces cerevisiae genome (at LEUZ. HIS4, MAT, or H). 
crosses where a pair of defined leu2 two heteroalleles were inserted at the same position in 
both homologs, the frequency of LEU+ recombinants exhibited a strong locus dependence, and 
ranged from 0.09% to 1.7% of random spores. These results suggest that recombination within 
an interval can be modulated by sequences present in flanking regions. 

We have also examined unequal gene conversion and crossing-over in diploids where one 
leu2 allele was located at its normal chromosomal location and the other nutant allele was 
present in a 2.2 kb l e u 2  fragment inserted elsewhere in the genome. 
recombinants occurred frequently (0 .02% to 0.05% of random spores), often at frequencies 
similar to or higher than those observed in crosses when both alleles were inserted as 2 . 2  
kb fragments at the same position on homologous chromosomes. Preliminary experiments 
indicate that these unequal exchange events are frequently associated with exchange of 
flanking sequences. 
homology is not a requirement for efficient meiotic recombination. 

When exchange is between one allele at &2 and an allele inserted at MAT, on the 
opposite arm of the same chromosome, Southern blot analysis of the recombination products 
shows that there is no constraint on intra-chromosomal (or unequal sister chromosomal) 
versus inter-chromosomal crossing-over. 

In 

- 
LEU+ meiotic 

Therefore, the presence of large regions of contiguous flanking 

1238 PROTEINS AND DNA SEQUENCES NEEDED FOR HIN RECOMBINATION, M. F. Bruist, R. C. 
Johnson, C. Lee, M. B. Glaccum, and M. I .  Simon, California Institute of 
Technology, Pasadena, CA 91125 

The Hin site-specific recombination system inverts a 995 bp segment of DNA in order to 
control the expression of flagellin genes in Salmonella. We have developed an in vitro 
system with E. coli extracts for studying this reaction. At least three different 
proteins are necessary fo r  efficient recombination: Hin, HU (a histone-like protein), and 
an unidentified protein factor. 
point and a separate site, the recombinational enhancer, makes recornbination efficient. 

to the hix sites. A synthetic peptide composed of the last 52 amino acids of Hin also 
protects the hix site; thus, the C-terminal domain of Hin recognizes these sites. 
Portions of the enhancer sequence are protected by crude Hin extracts, but n o t  by a highly 
purified Hin extract which requires the factor for activity. The factor is presumed to 
bind the enhancer sequence. This is being tested by purifying the factor. HU protein 
does not alter the Hin nuclease protection patterns. OMS cleavage patterns have been 
compared for supercoiled and linear substrates. No differences were detected even though 
supercoiling is necessary for recombination. 

A 26-bp sequence (hix site) is needed a t  each crossover 

Nuclease and dimethyl sulfate (DMS) protection experiments have shown that Hin binds 
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1239 THE EFFECT OF BLOOM'S SYNDROME FIBROBLASTS ON GENETIC RECOMBINATION AND MUTATION, 
Glenn Bubley, Lowell Schnipper, Charles A Dana Research Institute & the Department of 

Medicine, Beth Israel Hospital 6 Harvard Medical School, Boston, MA 02215. 

The effect of Bloom's Syndrome (BS) and normal fibroblasts (NF) on homologousrecombination 
of temperature sensitive (ts) mutants of herpes simplex virus type 1 (HSV-1) was determined. 
The viruses employed were HSV-1 ts K-13, ts 5-12 and ts N-20 which map at .095 - .108, .345- 
.370, and .445 - -448, respectively. in the unique long (UL) segment of thegenome. Following 
infection of Vero cells with 5 pfu/cell of each member of a cross, or 10 pfulcell of a self 
cross, the recombination frequency (RF) was quantitated as the virus titer at the non- 
permissive temperature (39OC) divided by the titer at the permissive temperature (33OC) x 
200. Reversion rates for the self cross were insighificant (<O.lX). BS supported a 3.4 - 
4 fold increase in RF with all crosses studied, as demonstrated by the J x K cross (3.7+1.8% 
for BS, 1.1+0.4% for NF). 
ated with 4 J/m2. 
lowing UV irradiation. 
J x K cross, suggesting that UV irradiation enhances the RF of HSV-1 in NF. 
To determine the expression of a mutator phenotype in BS or  NF cells, the reversion fre- 

quency of ts mutants was studied. 
probability of multiplicity reactivation, the reversion frequency to the ts+ (39OC) pheno- 
ty e was 5-7 old higher in BS vz NF (2 4+1 l x v s  4 1+1 8 x for ts 5-12 and 
3.!+1.2 x 10-5 VS. 5.2+2.1 x 10- 
The-biochemical basis for the increased reversion frequency in BS i s  under study. 

To determine the effect of low fluence W light, NF were irradi- 
Little or no increase in the RF was observed immediately, or 24 hrs fol- 

At 48 hrs ,  the RF increased to 5.7+2.1% from a 1.1% baseline in the 

Following infection at 0.01 - 0.1 pfu/cell to reduce the 

for ts K-i3, respectiGe1; an'the two different ceil types). 

SV40 EXCISION CROSS-OVER POjNTS ARE ASSOCIA ED W I T H  TOPOISOMERASE I 
CLEAVAGE SITES. P. Bullock, J. J. Champoux5 and M. Botchan.3 Imperial 
Cancer Research Fund, London, WCZA 3PX, England; 'Dept. of Microbiology 

and Immunology, U. of Washington, S e a t t l e ,  Washington, 98195; Dept. of 
Molecular Biology, U. of C a l i f o r n i a ,  Berkeley, C a l i f o r n i a  94720, USA. 

Non-homologus DNA recombination occurs  during numerous types of chrom- 
osomal rearrangements. In an e f f o r t  t o  determine t h e  mechanism(s) f o r  non- 
homologous recombination, w e  have been analysing t h e  sequences involved i n  
S V 4 0  exc is ion  from t h e  chromosome of ce l l  l i n e  1 4 B .  Previous s t u d i e s  of t h e  
cross-over p o i n t s  used during SV40 exc is ion  , i n d i c a t e d  t h a t  these  recombinat- 
ion events  w e r e  dependent on sequences e i t h e r  a t ,  o r  very c l o s e  t o  the  cross-  
over p o i n t s .  The cross-over poin t  sequence f e a t u r e s  prev ious ly  i d e n t i f i e d  
included small  homologies a t  t h e  poin t  of s t r a n d  exchange (2-3 b p ) ,  and 
sequences s i m i l a r  t o  those repor ted  t o  be p r e f e r e n t i a l  binding si tes f o r  
eukaryot ic  topoisomerase I. Furthermore, it w a s  noted t h a t  t h e  c o r r e l a t i o n  
between si tes f o r  topoisomerase I i n t e r a c t i o n ,  and sequences a t  cross-over 
~ o i n t s ,  could be extended t o  many o ther  non-homologous recombination events .  

sequence a t  t h e  cross-over p o i n t s  used during SV40 exc is ion  a r e  assoc ia ted  
with topoisomerase I cleavage si tes.  The arrangement of the  topoisomerase I 
cleavage si tes has  l e d  t o  t h e  proposal  of a model f o r  topoisomerase I mediat- 
ed non-homologus recorb ina t ion .  

Resul ts  from i n  v i t r o  s t u d i e s  w i l l  be presented  showing t h a t  the  DNA 

1241 PURIFICATION AM) CHARACTERIZATION OF A MAMMALIAN REC PROTEIN, Era 
Cassuto, Yale University, New Haven, CT 06511 

We have purifisd from crude extracts of HeLa cells and human foreskin fibroblasts a 
protein fraction which displays a number of activities that are thought to be part of 
the recombinatlon process. These activities include binding to single-stranded DNA, 
annealing of c3mplementary DNA strands, single-stranded DNA dependent ATPase, formation 
of joint molecules and strand exchange between two homologous duplexes and between 
duplex and single-stranded DNA molecules. The inducibility of these activities by 
mitomycin C and W irradiation has also been studied. 
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1242 INTERMOLECULAR RECOMBINATION I N  MAMMALIAN CELLS WITHOUT SELECTION. P i e r r e  C h a r t r a n d  

I n  o r d e r  t o  s t u d y  i n t e r m o l e c u l a r  r e c o m b i n a t i o n  i n  mammalian s o m a t i c  c e l l s  we have d e v i s e d  an 
assay w h i c h  p e r m i t s  r e c o v e r y  o f  t h e  r e c o m D i n a t i o n  p r o d u c t s  w i t h o u t  s e l e c t i o n .  I n  ou r  assay 
we c o - t r a n s f e c t  mouse 376 c e l l s  w i t h  a e u c a r y o t i c  and a p r o c a r y o t i c  v e c t o r ,  H t r t  e x t r a c t  
a f t e r  48 h r s  and use  t h e  s u p e r n a t a n t  t o  t r a n s f o r m  E .  c o l i .  The e u c a r y o t i c  v e c t o r  i s  a 
polyoma v a r i a n t  t h a t  c o n s i s t s  o f  a c o m p l e t e  po l yoma genome w i t h  an i n s e r t i o n  o f  mouse 
c e l l u l a r  DNA. T h i s  c e l l u l a r  DNA c o n t a i n s  b o t h  u n i q u e  and h i g h l y  r e p e t i t i v e  sequences. T h I s  
polyoma v a r i a n t  i s  t h e r m o s e n s i t i v e  f o r  r e p l i c a t i o n .  The p r o c a r y o t i c  v e c t o r  i s  pAT153 w i t h  
i n s e r t i o n s  o f  v a r i o u s  l e n g t h s  o f  mouse c e l l u l a r  DNA homologous t o  t h e  sequences p r e s e n t  i n  
t h e  polyoma v e c t o r .  The recomb inan t  m o l e c u l e s  r e s c u e d  i n  E .  c o l i  a r e  identified by t h e l r  
p o s i t i v e  i n  s i t u  h y b r i d i z a t i o n  w t t h  polyoma sequences. 
T h i s  assay makes i t  p o s s i b l e  t o  c o n t r o l  v a r i o u s  p a r a m e t e r s  such as 11 t h e  l e n g t h  ana t h e  
degree  o f  s h a r e d  homology betvieen t h e  two v e c t o r s ,  2 )  t h e  S t r u c t u r e  o f  t h e  v e c t o r s  ( c i r c u l a r  
o r  l i n e a r ) ,  w i t h  t h e  d o u b l e  s t r a n d  Dreak i n  homologous o r  non-homologous sequences and 31 
t h e  r e p l i c a t i v e  s t a t e  o f  one o f  t h e  v e c t o r s .  
I n  o u r  f i r s t  assay we have c o - t r a n s f e c t e d  two v e c t o r s  as c i r c u l a r  n o l e c u l e s  w i t h  191 bp o f  
s h a r e d  homology. Ana lyses  o f  20 r e c o m b i n a n t s  r e v e a l s  no e v i d e n c e  o f  homologous r e c o m b i n a t i o n  
Detween t h e  two m o l e c u l e s .  F u r t h e r m o r e  t h e  homologous segments can be found  c l o s e  t o  each 
o t h e r  o n  recomb inan t  m o l e c u l e s .  T h i s  w o u l d  seem t o  i n d i c a t e  a l a c k  o f  homology s e e k i n g  
mechanism i n  t h i s  t y p e  o f  i n t e r m o l e c u l a r  r e c o m b i n a t t o n .  O the r  assays  i n v o l v i n g  l o n g e r  
segments o f  homology a r e  p r e s e n t l y  b e i n g  conduc ted .  

and Suzanne B r o u i l l e t t e ,  U n i v e r s i t 6  de Sherb rooke ,  Sherb rooke ,  Canada, J1H 5N4. 

-~ 

1243 FUNCTIONS OF PHAGE Pl RepA PROTEIN AT ITS MULTIPLE BINDING SITES IN THE ORIGIN OF 
PLASNID REPLICATION, Dhruba K. Chattoraj and Subrata K. Pal, Laboratory of 

Biochemistry, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892 

Phage PI lysogenizes E. coli as a unit copy plasmid. For the plasmid mode of replication, 
an origin which depends on a 32 Kd P1 protein, RepA, for function has been identified with- 
in a 245 bp region. A salient feature of the origin is the presence of five tandem 19 bp 
repeat sequences to which RepA binds (1). Other than its role in initiating DNA replication 
RepA can also mediate two other functions: 
the repeat sequences and, at higher than physiological concentration, turning off plasmid 
replication itself. Controlling the amount of RepA protein is thus required for plasmid 
maintenance. 
limiting amounts of RepA in the cell, we have cloned the repA gene under the control of 
foreign promoters so that its transcription can be variedsystematically. 
results are consistent with the notion that RepA is normally rate-limiting for replication. 

The 245 bp origin apparently interacts with at least two other host proteins: DnaA ( 2 )  and 
D a m  (1). The study of these interactions is expected to reveal the role of multiple 
binding sites and rnultiprotein interactions in the control of DNA replication. 

1. Abeles: These abstracts; Austin et al. JMB (1985) E, 195.  
2 .  Hansen and Yarmolinsky: These abstracts. 

turning off its own promoter which maps within 

In order to establish whether the low copy number of P1 plasrnids is due to 

Our preliminary 

1244 Mutants of Saccharomyces cerev is iae  w i t h  a l te red  leve ls  of sister chromatid recom- 
binat ion.  A. Chaudhury and M.A. Resnick, National I n s t i t u t e  of Environmental 
Health Sciences, Research Triangle Park, North Carolina 27709 

A genet ic  ana lys i s  of sister chromatid recombination would not only provide a means f o r  

Since s i s t e r  chromatid recombination may 

Ve i n i t i a t e d  s tudies  t o  ident i fy  

examining t h e  process, but i t  would a l s o  be expected t o  lead t o  the ident i f ica t ion  of 
mutants a1 tered i n  other  types of recombination. 
occur during rep l ica t ion ,  some of the mutants m i g h t  prove useful i n  ident i fying genes 
coding f o r  important proteins  involved i n  DNA synthesis .  
and charac te r ize  mutations t h a t  a l t e r  wild type leve ls  of recombination between sister 
chromatids. The  mutants were obtained using a haploid yeas t  s t r a i n  t h a t  i s  deleted f o r  the  
or ig ina l  HIS3 gene but instead contains  t h i s  gene s p l i t  i n t o  two fragments w i t h  a region of 
homology K a c h  fragment. 
s i s t e r  chromatids can generate HIS' colonies  (M. Fasul lo ,  Stanford University). 

enhanced frequencies ?>lox over the  wild type) and dsr  mutants having low leve ls  of s i s t e r  
chromatid recombination. Among the mutants i so la ted ,  three e s r  and two d s r  mutants have 
been examined fur ther .  The phenotypes segregate i n  a Mendelian fashion. One of t h e  esr 
mutants (esr l )  i s  sensitive t o  DNA damaging agents and shows increased mutabfl i ty;  the  
esr l lesr lhomozygous d ip lo ids  a l s o  display poor sporulat ion and spore v i a b i l i t y .  The two 
dsrmutants a r e  sens i t ive  t o  y-radiation but  not UV. 
mine t h e  e f f e c t  of these mutations on other  genet ic  endpoints such a s  gene conversion and 
reciprocal recombination during mi to t ic  growth and meiosis. 

The fragments a r e  arranged so t h a t  only recombination between 

esr mutants exhibi t ing Following EMS muta enes is ,  we obtained two c lasses  of mutants: 

Experiments a r e  i n  progress t o  deter-  
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1245 
and Resnick. M.A. National I n s t i t u t e  o f  Environmental Health Sciences, Research Tr iangle 
Park, NC 27709 

I n  Drosophila melanogaster, the mei-41 gene con t ro l s  the r e p a i r  o f  DNA damage, me io t i c  
recomb7nation and t e r t i l i t y .  The phendtype o f  mei-41 mutants i s  s i m i l a r  t o  t h a t  o f  the 
rad52 mutants o f  Saccharomyces cerev is iae,  and o t y  recombination/repair d e f i c i e n t  
rnutants o f  Neurospora crassa. Several o f  the N. crassa mutants have been shown t o  e x h i b i t  
reduced l e v e l s  o t  a s i m r a n d  DNA b ind ing Fndo-exonuclease. 
p u r i f i e d  a yeast  deoxyribonuclease o f  72 Kd t h a t  i s  p r e c i p i t a t e d  by antiserum ra i sed  
against  the endo-exonuclease from N. crassa. The yeast  deoxyribonuclease was shown t o  be 
under the con t ro l  o f  the RAD52 genz. - 
melanogaster; i t s  a c t i v i t y  i s  n o t  detected i n  mei-41 mutants. 
Dregon-R embryos a cross-react ing p r o t e i n  o f  a m m a t e l y  70 kd  was i d e n t i f i e d .  

body cross-react ing prote in .  A yeast  DNA segment t h a t  expressed a cross-react ing p r o t e i n  
was obtained. 
I1  o f  0. melanogaster. This X x f f e r e n t  s i t e  than t h a t  o f  the mei-41 gene. 

Repair and recombination de fec t i ve  mei-41 mutants o f  Drosophila l ack  a DNase which 
i s  r e l a t e d  t o  nucleases from fung i .Chow.  T. Y.-K., Yamatnoto. A.H., Mason, J.M. 

We recen t l y  i d e n t i f i e d  and 

U t i l i z i n g  t h i s  a n t i s e r G e  have found a s i m i l a r  cross-react ing deoxyribonuclease i n  1. 

We used a X g t l l  yeast  genomic expression l i b r a r y  t o  i d e n t i f y  clones expressing an a n t i -  

In  ex t rac ts  of wi ld- type 

It hybr id izes i n  s i t u  t o  a band i n  reg ion 56D o f  the r i g h t  arm o f  chromosome 

1246 f lAPPING OF BABOON ENDOGENOUS VIRUS SITE SPECIFIC INTEGRPTION ON HUNAN CHROMOSOME 6, 
J .  C. Cohen, L-H Huang, J. Silberman, D. Pious, and M. Murphey-Corb. Louisiana State 

Un ive rs i t y  Medical Center, New Orleans, LA 70112, Un ive rs i t y  o f  Washington, Seat t le ,  WA 98195 
and Tulane Un ive rs i t y  Del ta  Regional Primate Center, Covington, LA. 

Baboon endogenous v i rus  (BEV) i n fec t i on  o f  human c e l l s  was shown prev ious ly  by somatic 
c e l l  genetics and r e s t r i c t i o n  endonuclease d iges t i on  t o  r e s u l t  i n  the sequence s p e c i f i c  
i n t e g r a t i o n  o f  v i r a l  DNA i n t o  human chromosome 6. 
VA2 c e l l s  was cloned i n t o  lambda bacteriophage and BEV p o s i t i v e  clones were i so la ted .  
s t r i c t i o n  endonuclease maps i nd i ca ted  the  presence of prev ious ly  predic ted c l u s t e r s  o f  P s t I  
s i t e s  adjacent t o  i n teg ra ted  BEY proviruses. 
l y  der ived lambda clones were shown t o  represent an i d e n t i c a l  reg ion o f  the human genome by 
hyb r id i za t i on  of f l a n k i n g  c e l l u l a r  sequences t o  d igest ions o f  normal human DNA. Hybr id iza-  
t i o n  o f  t h i s  f l a n k i n g  DNA t o  VA2 c e l l s  i n fec ted  w i t h  BEV revealed t h a t  t h i s  reg ion was a 
prefer red s i t e  o f  i n t e g r a t i o n  

I n  t h i s  study DNA from BEV-infected human 
Re- 

Three prov i ruses obtained from two independent- 

To gene t i ca l l y  map the s i t e  o f  BEV s p e c i f i c  i n t e g r a t i o n  a se r ies  o f  human lymphoid c e l l  
clones w i t h  various de le t i ons  i n  the sho r t  arm o f  chromosome 6 were used. 
and the f lank ing j u n c t i o n  DNA was used t o  demns t ra te  the  presence o r  absence o f  the BEV 
prefer red i n t e q r a t i o n  s i t e  i n  each o f  the c lonal  human de le t i on  c e l l  l i n e s .  It was found 

DNA was digested 

t h a t  the prefeFTed i n t e  r a t i o n  s i t e  mapped between the 
ed by the i n s u l i n  gene-?ike locus. 

and HPCK l o c i  i n  the reg ion de f i n -  

1247 THE ROLE OF RECOMBINATION IN MEIOSIS I HOMOLOG SEGREGATION, Dean s. Dawson 
Andrew W. Murray and Jack W. Szostak, Mass. Gen. Hosp., Boston, MA 02114 

Cytological and genetic studies in a number of organisms have shown that the physical linkage 
of homologs in meiosis I is necessary to insure their segregation. These linkages, chiasmata 
are probably the cytologically visible consequence of reciprocal crossovers between homologs. 
We have undertaken experiments in yeast to examine the requirements f o r  meiotic reciprocal 
crossing-over between homologs and the effect of reciprocal crossovers on the segregation 
of homologous model chromosomes. Artificial chromosomes composed of a bacteriophage lambda 
DNA backbone and yeast centromeres, replicators, telomeres and selectable markers, were 
shown to recombine ten to twenty times less frequently than similarly sized truncated 
versilns of chromosome 111. We are currently in the process of determining the basis for 
this difference. Reciprocal crossing-over between the artificial chromosomes did not 
measurably increase their levels of proper disjunction. We are investigating the structural 
requirements which are prerequisites for the mediation of proper disjunction by reciprocal 
crossing-over. 
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1248 :.'i il2V2 RESOLUTION OF CLONED POXVIRUS TELOMERES, A.M. Delange and G. McFadden 
Department of Biochemistry, University of Alberta, Edmonton, Alberta, Canada T6G2H7 

The poxvirus genome consists of a single double-stranded DNA molecule which is covalently 
crosslinked to form terminal hairpin structures. The terminal hairpin sequences of two 
poxviruses, Vaccinia and Shope Fibroma Virus (SFV), have been cloned in yeastjE. C O l i  
shuttle vectors and DNA sequencing studies have shown them to be maintained in yeast as 
inverted repeats, with the axis of symmetry at the original hairpin. 
repeats have been detected during poxvirus replication, and are presumed to be telomeric 
replicative intermediates. Efficient resolution of the cloned inverted repeat sequences 
to hairpin termini was achieved following their transfection into poxvirus-infected cells. 
Although the terminal DNA sequences of Vaccinia and SFV are nonhomologous, except for 
two 10-llbp regions of identity, cloned telomeres from either virus were efficiently 
and accurately resolved in heterologous transfections, suggesting a common mechanism. 
The 320bp AluI fragment of the SFV-yeast clone and the 260bp Clal fragment of the 
Vaccinia-yeast clone, both of which are imperfect palindromes, were subcloned into pUC 
vectors, using a recombination defective strain of C. mli  a s  host. Unidirectional 
deletion derivatives of these inverted repeats were constructed and tested f o r  their 
resolution to hairpin termini. A minimum DNA sequence of 150-200 base pairs long was 
found to be necessary for the resolution of each viral telomere. 
(Supported by AHFMR and MRC.) 

Similar inverted 

1249 TELOMEKE REPLICATION A,VU CRUCIFORM, Peter Dickie, Grant McFadden and A .  Richard 

The DSAs of pox viruses have hairpin termini, and appear linear morphologically. Replication 
through the hairpin termini (telomeres) generates a palindrome, ehich potentially can extrude 
into a cruciform. Holliday cross-overs and cruciforms are identical structurally and endo- 
nucleases from T4 and T7 phages can cut the DNA at the crossing phosphodiesters rcsolving the 
linked duplexes. If the "opened-out" (replicated) telomeric palindromes undergo cruciform- 
ation and resolution, the original telomeres will be regenerated. The "opened-out" telomeres 
of vaccinia and Siiope fibroma viruses have been cloned into pUCl3 and, when transfected into 
pox virus infected cells, the plasmids are resolved into linear hairpin D A .  To date a cruc- 
iform can only be extruded from a palindrome when the DNA is stressed by negative super- 
helical tension. 
region of diad symmetry and branch migration. 
with several experimental findings. I n  order to study the recombinationally relevant pro-  
cesses of intermediate formation, branch-migration and resolution as they occur during cruc- 
iformation, we have constructed circular DNA5 which are entirely palindromic in uitro. Vie 
have some evidence from electronmicroscopy of possible intermediates, which we tentatively 
believe may be tetrastranded DNA. The latter, if formed intramolecularly from palindromic 
DSA, on strand exchange, will give cruciforms. Using a novel fluorescence assay be can 
detect the activities of T7 gene 3 protein, a rfsolvase of cruciforms, and hence we are pro- 
ceeding to attempt to isolate the protein(8) in Shope fibroma infected cells which resolve 
the "opened-out'' telomeres in pUC13. (Supported by AHFHR and bIKC Canada.) 

Vorgan, Ilept. of Biochemistry, Univ. of Alberta, Edmonton, Alberta, Canada T6G 2H:. 

Extrusion of a cruciform might be expected to follow DKA melting in the 
However this simple mechanism is in conflict 

1250 SPECIALIZED NUCLMIPROTEIN srrwc~u~~s AT THE REPLICATION ORIGIN OF EXERIOPHAGE A .  
M. Dodson', H. Echols', S. wicknet, J. D. Fokerts', B. em&, C. Alfam', J. Le- 

txwi:g, and R. EIcMacked . 
CA: 
chemistry, Johns HDpkins Schml of Fiyqiene and Public Health, mltirmre, m. 

'Dept. of b5&xular Biology, Uliversity of California, Berkeley, 
Laboratory of Pblecular Biology, Wt l .  Cancer Institute, Bethesda, m: 'Dept. of Bio -  

Bacteriophage A initiates replication a t  a unique origin (orix). ?he oriX region am- 
tains four direct repeats of 18 bp. 
replication. Electron microscqy denxlstrates that 0 protein interacts with the ori region 
to  generate a specific nuclqrotein structure i n  which the INA is inferred to be-lded or 
m d .  A similar structure is observed on substrates deleted for the tsm leftnard repeats, 
but not on substrates with deletions extending into the third repeat. 
nuclqrotein structure is formed by an initial interaction of 0 with a t  least tsm of the 
direct repeats, which then serves as the nucleation event for a protein-protein association 
that generates the structure seen i n  the electron micmscope. ?he 0, P, and host dnaB pro- 
teins interact at  &A to generate a structure larger than that formed by 0 alone. men 
dnaJ, dnaK, and ssb proteins are inclded i n  the reaction mixtures, ring-like structures 
whose fomtion is ATweperdent are observed: we interpret these as an early event in ini- 
tiation. ?he fomtion of r i w l i k e  structures requires CNA sequences b3th within an3 cut- 
side of the directly repeated region of oriA. 
tein structure formed by o and prw?Zs for localized initiation of IXA replication by 
serving as the foundation for the assembly of the initial priming structure. 

Tm Phage-encded proteins, 0 and P , K e  required for 

We Surmise that the 

We conclude that the specialized nuclecpro- 
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SPECIALIZED NUCLMlPROTEIN SlXVZNRES I N  INITIATION OF CNA REPLICATION AND SITE- 
SPECIFIC RECCMBINATION. H. Fchols, Lkpartment of ~ l e c u l a r  Biology, University of 

California, Berkeley, California. 

The ini t ia t ion of DNA replication and s i t e s p e c i f i c  reambination frequently involve nul- 
t i p l e  binling interactions k y  the proteins that localize the reacticn. 

teins geneFatZTi+nized nucleoprotein structures a t  their target sites. 
proteins h a n d  a t  nul t iple  sites on ENA presunably folds or winds the CNA to prcduce a s p e  
c i f i c  threedimensional mnfomt ion .  lhis spetialized n u c l q r o t e i n  structure nay be a 
general mhanism for achieving exceptional a-acy in ENA transactions in which  even a 
rare mistake nust be avoided. 'lb oonvert binding precision into specific reactivity, the 
in i t i a t ing  nucleoprotein structure can direct additional p ro tehpro te in  associations and 
structural  changes i n  the B-type DNA duplex (transit ion state ccnplexes). For s i t e s p e c i f i c  
recanbination, w presune that the initial pairing of substrate sites cxxurs by proteirr  
protein interactions that generate the aprcpriate augmnted nucleoprotein ccnplex: i n  addi- 
tion, the B-DNA duplex i n  the nucleoprotein structure might be distorted into a reactive 
configuration favoring a strand-switched, basepaired intermediate. For ini t ia t ion of rep 
lication, the site-localization by the sequencespecific initiator prcbbly targets the 
sequential addition of other critical proteins: a reactive configuration of U?A may also be 
generated (e.9. par t ia l  &d ing  for the start of helicase act ivi ty  of m). Ihe overall 
interactions noted W e  are mre ccnplex than fcund for  typical prdraryotic transcription 
regulators (sane my, kwever, have separated binding sites). 
ulators u t i l i ze  nul t iple  binding interactions extending over large regions of CNA and t h u s  
m y  also generate specialized nuclecprotein structures. 

In the case of X 0, 
In t  and E. wli maA, electron microscopic and other widence indicates that these p r w  

me association of 

Eukaryotic transcription reg- 

'252 CHARACl'ERISATION OF E, & RecB AND RecC PROTEINS, Peter T. Emmerson, Paul W. 
Finch, Ian D. Hickson, Alan Storey and Rosemary E Wilson, University of N e w c a s t l e  upon w, N e w c a s t l e  upon T ~ E ,  NF.l 711[1, UK. 

The RecB and RecC p ro te ins  have been pu r i f i ed  t o  homogeneity from cells harbouring 
plasmids i n  which the genes were harnessed t o  strong promoters. When 
combined, these p ro te ins  exh ib i t  t he  ATFdependent d s  DNA exonuclease a c t i v i t y  
c h a r a c t e r i s t i c  of t h e  RecBC enzyme. The reconst i tuted enzyme a l s o  cleaves ds DNA 
adjacent t o  Chi sequences. P a r t i a l  p rope r t i e s  of t h e  individual  subuni ts  have been 
studied with a view t o  assigning, where possible, the wide range of properties of the 
holoenzyme t o  e i t h e r  subunit. The DNA-dependent ATPase a c t i v i t y  r e s ides  i n  t h e  RecB 
subunit. This correlates w e l l  with nucleotide sequence analysis of the L~~A-I.sZ-&- 
& region w h i c h  reveals a wnsensus adenine nucleotide binding si te i n  the IZXB gene. 
In  f i l ter-binding s tudies ,  RecB but not RecC protein binds t o  ss DNA. Both proteins  
possess endonuclease ac t iv i ty .  although t h e i r  subs t r a t e  s p e c i f i c i t i e s  d i f f e r .  RecB 
protein appears to  c u t  l inear ss IN+, while RecC protein c u t s  linear ds W A  i n  a site 
s p e c i f i c  manner. Experiments are i n  progress t o  def ine t h e  cleavage sites i n  model 
substrates. 

and 

RIRIFlu\TION OF A YEAST ENZYK MAT U A M S  HOLIDAY JUNCTIDNS AM OIARACERIZATION OF THE ENZYK 
USING AN aIGONUaEOTIE SUNRATE ANALOG, David H. Evans ard Richard Kolcdner. Laboratory of 
Molecular Genetics, Dana-Fark Cancer Institute and Oepartiient of Biological Chemistry, Harvard 
Medical School, Boston, MR 02115. 

We have partially prrified an endonuclease +an Sacchamnyces cerevisiae that cleaves Holliday jmctions. 
The enzyme has been pified g-eater than 300 fold and contains 4-5 peptides as determined by electrophoresis on 
91S-acrylmide gels. Based M gel filtration exprimts the activity eluted as a 94,000 Mr Totein but m y  be 
carposed of snaller subunits. 

In order to further characterize this enzyme w? have constructed an artificial Holliday jmction fran 
synthetic oligonucleotides. Mixing curves sh3wed that these oligonucleotides annealed to f m  a four-amed 
analog of the crussov~~ region of a Holliday junction. Analysis of the equilibriun between the jyction and 
CoIpXent singlelstrand denmstrated that these structures w e  stable (AH- = -8.0 Kcal. ml bp , AS- = 
25 cal, ml bp- , deg-I; in 0.lM NaC1) in a g r m t  with the model building studies of Sigal and Alkrts. 

The synthetic Holliday junctia? was found to be a specific inhibitor of the enzyme in assays that measured the 
ability of the enzyme to cleave within extruded palindranic sequences of supercoiled plauoids. Fifty percent 
inhibition of this reaction was observed at an inhibitorlsubstrate ratio of 7:l kith supports the contention 
that cruciform jmtions are the structures recognized by the enzyme. Finally, unlike plasmid brne cruciform 
structures. the sequences of the a m  of this synthetic Holliday junction are unique and therefore the junction 
cannot branch migrate. We are currently using this prcprty to determine precisely *ere the e n z p  cleaves 
relative to the Holliday junction. 

1253 
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1254 SITE-SPECIFIC RECOMBINATION IN THE PARVOVIRUS CHROMOSOME: ROLE FOR A CT%T' MOTIF. 
Emanuel A. Faust, Jim Lickers and Aileen Hogan, University of Western Oztaaio, 

London, Ontario, Canada, N6A 5B7. 

Minute virus of mice (MVM), a helper-independent parvovirus, exhibits a high frequency of 
spontaneous deletions that are mediated by 4-10 base pair direct repeats (Hogan and Faust 
( 1 9 8 4 )  Mol. Cell, Biol. 4;  2239-2242) .  We have examined the DNA sequences at deletion 
ju ct ons in eight deleted variants of MVM and found a hexanucleotide motif of the type 
CT%& in the vicinity of these junctions. This motif closely resembles sequences that 
a d  rzquired for FLP-mediated recombination in yeast, TnlO transposition and conservative 
integration of XDNA into the attB site of the E, coli chromosome. 

In addition, we have detected a site-specific endonuclease activity in purified 
mutant virus particles that cleaves the encapsidated DNA ah either 3'-CTATTJC-5' or 
3'-CTTATIC-5' sequences. The results suggest that a CTTTTT motif is involved in the 
formation of spontaneous deletion i the parvovirus chromosome and that the deletion 
mechanism involves cleavage at CT$T: sequences by a site-specific endonuclease. 

1255 THE F4TE @? THE VI?AL 9ENOXE IN INFECTIOliS OP 1JOX PE,="ISS:I'E CELLS SY ?@LYO!<!. 
VIRUS. Xichele :I. Fluck, David L. Hacker, Susan Kalvonjian and Claudette 

Priehs, Michigan State University, East Lansing, ;li. 42024-1101 

We are following the fate of the polyoma viral senone rrom the time cf infection of non 
permissive rat cells to *he time of integration into the host genome. Extensive amounts 
of replication are detecced under some circumstances. 
rizing replicxtive intermediates. Examination with different strains of virus reveals 
extensive strain specific differences which are not observed in permissive mouse cells. 

We have carried out some of our analyses in mixed infections with two strains which dif- 
fer in the prejence of restriction endonuclease sites. This allows us to examine the 
role of recombination in the transformation pathway. Whereas no recombination can Be 
detected in the pool of biral DNA molecules present in the whole cell population u? to 
10 days after infection, transformants which arise around that time show a high level 
of recombination (33% in a 1,000 basepair interval). Since a single Farent is able 
to transforn 0,1 its own, the experiments strongly suggest that transformants are deri- 
ved from a special pool of cells, selected aside from or anong cells in which viral 
DNA synthesis is occurin;. The observations also suggest that the b u ? k  of tandem viral 
integrations are due to recombination. 

7e are in the Trocess of characte- 

1256 A POSSIBLE ROLE FOR NEUROSPORA ENDO-EXONUCLEASE IN RECOMBINATIONAL REPAIR OF 
NUCLEAR DNA, Murray J. Fraser ,  Dindial Ramotar and Zafer Hatahet, McGill 
University, Montreal, Quebec, Canada H3G 1Y6. 

The  recombination-defective, rmtagen-sensitive uvs-3 mutant' of Neuros ora c rassa  i s  
def ic ien t  i n  endo-exonuclease i n  both nuclei and mitochondria and ye t  t h e s e  k-ganelles have 
high leve ls  o f  t rypsin-act ivatable  endo-exonuclease, a 90 kDa protein which is apparently a 
precursor o f  t h e  ac t ive  enzyme. Two approaches a re  b e i n g  used to  ask how endo-exonuclease 
might be involved i n  repa i r  of nuclear DNA: ( i )  t o  determine whether pre-treatment of 
mycelia w i t h  the DNA-damaging agent, 4-nitroquinoline-1-oxide (4-NQ0) has any e f f e c t  on 
nuclear endo-exonuclease leve ls  and ( i i )  t o  study the mechanism of action o f  pure endo-exo- 
nuclease i n  v i t ro .  In response to  pre-treatment of wild-type mycelia w i t h  4 pg/ml 4-NQO, 
nuclear precursor  was converted t o  ac t ive  endo-exonuclease. A t  higher doses (8-16 pg/ml), 
t h e  precursor was los t .  Neither of these response appeared to  be inducible phenomena s ince 
they were not blocked by 5 pg/ml cycloheximide. A s a l t -  and polyamine- act ivated protease 
a c t i v i t y  has been ident i f ied  i n  nuclear ex t rac ts  which destroys both precursor and act ive 
enzyme. Pure endo-exonuclease, under appropriate conditions, was found t o  make 
double-strand breaks i n  native DNA w i t h  some site spec i f ic i ty .  Electron microscopic 
examination of the t reated DNA indicates  tha t  the enzyme remains attached to  the broken ends 
of the DNA. A very potent heat-s table  protein inh ib i tor  has been purif ied which 
preferen t ia l ly  i n h i b i t s  the exonuclease a c t i v i t y  of endo-exonuclease. A possible ro le  f o r  
endo-exonuclease i n  double-strand break repair  is suggested. (Supported by the Medical 
Research Council of Canada). 
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1257 Molecular Cloning and Analysis of Genes Required f o r  Meiot ic  Recombination and DNA 
Metabolism in  Yeast; C.N.  Girouxl,  H.F. Tianol ,  M.E.  Dresser?,  and M. MosesZ; 

lNIEHS, P.O. Box 12233, Research Tr i ang le  Park,  NC 27709; 2Dept. of Anatomy, Duke 
Un ive r s i ty  Medical School, Durham, NC 27710 

T h e  goal of t h i s  p r o j e c t  i s  t o  i d e n t i f y  and analyze the p r o t e i n s  required f o r  chromosome 
behavior and DNA metabolism during yeas t  meiosis.  We a r e  focusing on t h e  ana lys i s  of two 
meiosis  s p e c i f i c  genes:  SPOll i s  r equ i r ed  f o r  t h e  i n i t i a t i o n  of meiot ic  recombination 
while  & i s  r equ i r ed  f o r i t s r e s o l u t i o n .  A general  system has been developed t o  i s o l a t e  
meiosis  s p e c i f i c  genes f o r  which mutants a r e  ava i l ab le .  Using t h i s  system, t h e  SPO11+ gene 
has been cloned and i t s  s t r u c t u r e  and DNA sequence determined. Both i n s e r t i o n  a n l e t i o n  
mutants of t h e  SPOll gene have been constructed in  v i t r o .  These r e s u l t s ,  combined w i t h  
gene t i c  complementation of a m- mutant i n  vivo, i d e n t i f y  a candidate  coding sequence 
f o r  t h e  spoil gene product.  We a r e  a t tempting t o  d i r e c t l y  i d e n t i f y  t h i s  gene product by 
expression of t h e  cloned SPOll gene in  an E. c o l i  system. Similar  s t u d i e s  a r e  i n  progress  
with t h e  P A C 1  gene. A s a t r u c t u r a l  approach t o  meiot ic  recombination and chromosome 
p a i r i n g ,  w e a v e  i n i t i a t e d  an imnunocytological a n a l y s i s  t o  i d e n t i f y  p ro te in  components of 
the synaptonemal complex. Monoclonal an t ibod ie s  which r e a c t  with t h e  SCs of several  
spec ie s  during pachytene have been i s o l a t e d ;  t h e i r  c h a r a c t e r i z a t i o n  wi l l  be presented.  

1258 NUCLEASE MECHANISM OF THE AVIAN RETROVIRUS pp32 INTEGRASE, Duane P. Grandgenett, 
St. Louis University, St. Louis, MO 63110 

The integration of retroviruses requires a virus-coded DNA endonuclease function. 
avian retrovirus pp32 integrase is a partially phosphorqlated 3$,000 dalton protein which 
possesses a DNA nicking activity in the presence of Mg2 The pp32 protein forms 
a nucleosome-like structure on viral LTR DNA including the circle junction region of two 
tandem LTR copies. is the pre- 
sumed precursor molecule to the integrated provirus. In the presence of Mg", the inte- 
grase prefers to nick supercoiled DNA containing LTR circle junction sequences at one o r  
the other of two sites, each which mapped two nucleotides back from the circle junction. 

The 

or :In2 . 
The circular viral molecule containing two LTRs in tande 

The sequence at the sites of nicking is 

where 4 indicates the position of the two alternative sites. These in vitro data support 
other biochemical and genetic data demonstrating the role of the pp32 protein in viral 
integration and retrovirus transposition. In addition, other laboratories have demonstra- 
ted using amino acid sequence comparisons that the viral pp32 sequences are conserved in 
various systems employing transposition including Drosophilia copia and Saccharomyces 
cerevisiae Ty. 

1259 IMMUNOGLOBULIN GENE EXPRESSION IN DIFFERENTIATIVE PRE-B LYMPHOCYTES, 
Johanna A. Griffin and David Spalding, University of Alabama at Birmingham, Birmingham, AL 
35294 

The generation of mature genetic codes for an immunoglobulin molecule requires a number of precise 
DNA recombination events. Since i t  has previously been possible to study only transformed cells t ha t  
have already completed the recombination process, i t  has not been possible to  study the molecular 
mechanism by which the  processes occur. W e  have established a means of inducing non-transformed 
cells t o  undergo differentiation from one of the  earliest  stages of B lymphocyte differentiation, pre-B 
cells, to t h e  latest  plasma cell s tage of immunoglobulin secretion. These cells must undergo all of the  
DNA recombination events necessary to  form the light chain variable exon and the  switch 
recombination tha t  translocates the heavy chain variable exon from a position 5' t o  t he  code for t he  IgM 
t o  a new location 5' t o  the IgA heavy chain code in vitro. Our da t a  indicate that  interation of the pre-B 
cells with accessory cells from different lymphoid-tissues results in very specific genetic modifications. 
Pre-B cells induced by spleen accessory cells to secrete  IgM undergo deletions in the  DNA flanking QI 
that  could include the switch recombination sequences and a potential 2-DNA region that  might result 
in the  loss of the  code for t h e  trans-membrane portion of the  IgM heavy chain. Therefore, t he  
commitment to t he  secretion of IgM may be due to the  specific deletions of sequences that  would allow 
the cell  t o  pursue other pathways of differentiation. 
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1260 
Bernadette Connolly. 

Homothallic switching in Saccharomyces cerevisiae is normally an intra-chromosomal gene con- 
version event in which unexpressed 2 or a sequences at the donor loci, % and =, are 
transposed to replace sequences at the mating-type locus, MAT. Normally, ST& cells 
interact preferentially with HML, while MATa cells usually use HHR. 
locus is deleted and a cloned fragment containing S T  is insertex either on the same 
chromosome or on a different chromosome, switching is m c h  less efficient. 
the MAT locus fails t o  pair with either donor and the HAT locus (cut by the HO-endonuclease) 
is degraded. In the most extreme case (inter-chromosomal) 90% of MATa cells fail to switch 
to the opposite mating type, while g T a  fails 50% of the time. 
MATa with HMR requires additional MAT-adjacent sequences not included in the transformed 
segment and beyond those required Fy g T a  to interact with E. When all of the region 
distal to MAT is deleted from the cloned segment, S T 5  as we11 as S T a  switching nearly 
always fails. 
the role these regions play in normal donor selection. 

We have also begun to characterize a trans-acting mutation that appears to abolish normal 
directionality of switching and results in nearly equivalent use of either E L  or 
switching cells of either mating type. 

SEQUENCES ADJACENT TO THE YEAST MATING-TYPE LOCUS AFFECT PAIRING WITH HML OR 
DONORS DURING HONOTHALLIC SWITCHING. James E. Haber, Norah Rudin, Sue Stewart and 

Brandeis University, Waltham MA 02254 

When the normal &4T 

In many cases, 

It appears that pairing of 

We are currently constructing deletions at the normal HAT locus to analyze 

in 

1261 DEFECTIVE DNA TOPOIS%E.IERASE I ACTIVITY I N  A DNAts MUT&W, Roger Hand, Gui-Chao 
Zeng and Harvey L. Ozer, Dept. of Medicine, University of I l l ino is  a t  a i c a g o  
and ' kp t .  of Biology, Hunter ColleSe of CUNY, New York. 

C e l l  and .oolyomavirus DNA synthesis in ts20, a temperature-sep2itive mtant  derived 
from Balb/3T; ce l l s ,  is  inhibited a t  anTar ly  step in  chain elongation in vivo and 
_ _ _  in vitro.  V i r u s  DNA synthesized under res t r ic t ive  conditions cont2.ined-Z z e s  of 
equally spaced bands migrating between form I and form I1 on electrophoresis. 
res t r ic t ive  conditions were prolonged, the relative mount of these t o p i s o m r s  
increased while the overall amount of virus DNA decreased. 
was lower a r t  mm-e heat-labile i n  mtan t  ce l l s  compared t o  wild-type (wt) and revertant 
ce l l s .  An assay in  which extracts from w t  ce l l s  corrected deFective cell DNA synthesis 
in lysed mutmt ce l l s  was applied to  purx ica t ion  of the active factor frm such 
extracts.  Sslt  fractionation a d  three cycles of column chronatoyafiy resulteii i n  the 
isolation of the ac t iv i ty  in  a fraction containing 10 major 3olymotid::s. ?he specific 
activity in the f ina l  preoaration was increased 5-fold and was accowanied by the 
ac t iv i ty  of DNA topoisonerase I .  
I functions a t  an early step in  chain e?ongation of ce l l  and polyomavirus DW synthesis 
and that the enzyme ac t iv i ty  may be decreased as a result  of the wta t ion  i n  g Z 0 .  

If 

DNA tonoisomerase I activity 

(Xlr results provide evidcnce that 3NA topoisomerase 

1262 PROTEIN-DNA RECOGNITION IN THE REGULATION OF TETRACYCLINE RESISTANCE GENES, W. Hillen, 
Ins t i tu t  fur Physikalische Biologie, Universitat Dusseldorf. 

The expression of Tetracycline resistance genes i n  gram negative bacteria i s  regulated a t  the 
level of transcription. T k i r  rewlatory mechanism i s  complex and consists of two overlap- 
ping promotors with opposite polarity and two operators of nearly identical palindromic se- 
quences (1). Each operator i s  occupied by a Tet repressor dimer when transcription i s  turned 
of f .  Induction o f  expression is mediated by tetracylcline which binds to  the Tet repressor 
and reduces i t s  a f f in i ty  for the operator DNA ( 2 ) .  
species contain natural repressor operator recognition mutants with varying a f f in i t i e s  for 
the k t e ro logus  interactions (3) .  These as well as mutants constructed in vitro provide the 
basis for o l i  qnucleotide directed mutagenesis in the operator and repressor seqwnces. 
mutants are used t o  define the protein DNA interaction a t  the single amino acid resolution 
and t o  identify the function of the tandem arrangement of the operators. 
inducer tetracycline t o  the Tet repressor i s  studied by fluorescence spectroscopy. 
suTts indicate energy transfer from tryptophan of the repressor to  bound tetracycline. 
primary structure of t h e  repressor i s  engineered by s i t e  directed mutagenesis to allow 
identification of the energy transferring tryptophan and t o  study the behviour of the DNA 
binding domain in the presence and absence of inducer. 
1. W .  Hillen, C.  Gatz, L .  Altschmied, K .  Schollmeier, and I .  Meier.. 1983. J. Mol. Biol. 

2. W .  Hillen, K. Schollmeier, and C .  Gatz. 1984. 3. Mol. Biol. 172:+85-201. 
3. 
J. Bacteriol. =:326. 

Resistance genes isolated from different 

The 

The binding of the 
The re- 

The 

- 169: 707-721. 

G. Klock, 8. Unger, C. Gatz, W. Hillen, J. Altenbuchner, K.  Schmid and R.  Schmitt. 1985. 
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1263 Ih -1ytiC d v i Q  %t cle~es -dulin A * .  .. - 
Tmms J. lhp, ReMto J. Aguilera, Ma& E Minie d Hi- sakaro, Dqartment of 
Microbiology ad Immmlogy, lhiversity of California, brbley, CA 91720. 

In order to better lsderstard tte molecular mschanism of Ig g a ~  mmbinatim, we hve  attempted to i&ntify 
a recombination enzyme which mediates V-(D)J joining (1,Z). O z  std ies are t ~ ~ 4  m the assumption tkt 
t h e  mtin activities dxxld te involved in Ig gen? recombinatim: a DNA biding activity, an erdumcleolytic 
activity, End a Li- activity. An adcnucleolytic activity w h i c h  cleaws in tk Ig joining s2-t mgion 
was identified Lsing a S u t k r n  blot hybridi7atim assay ard a s q t ~ ~ i n g  gel assay. % activity inbxhxes 
a double-d cut in tk vicinity of +he recombiration site of i m m u n g l o t u l i n  joining gae s2gments ?he 
c l m w  0- at ttx? dirucleoti& pair 18 generating a p h c t  casisting of a T o v e m  e i h i r e  
mleotide. md adult Liver, md chick embryo &a 
mclei ard is not premt in any o t k r  ti- and cell lines d y s d  %s2 redts irdicate tht this 
activity is a good &date for the prtatiw endmuclease involved in immunglobulin V - D J  recornhination 
Tnis activity is distinct from t h  axim~cleast: activities identified in two similar Mez. We are current- 
ly p n i f y i n g  th is  activity for further cbmcterization, as we try to ihtify the asxciated DNA birding 

tim of m B.drmcleolytic d v i t y  ldlichcleaws - 
activity. 
1. &3 . O h l l i n  

'RE gdknucleolytic activity is fmnd in m a  fetal 

. ". 
recombination aeqmnces [TJ. lhp, RJ. nguilera, EiLE Minie, 
Siarz in press] 

Wlera, T Z K  salcno (1585) 

H. sakaro (1%) 

2 F  1 ~ l m v y ~ a t r r r e r i a d e l e t e d i s e o e ~ p ~  [w. 
in P S I  

1264 BINDING OF GENE I I  PROTEIN TO THE REPLICATION ORIGIN O F  BACTERIOPHAGE 
fl. Kensuke Horiuchi and David Greenstein, Rockefeller University, 
New York, NY 1 0 0 2 1  

The replication of plus strand of the filamentous bacteriophage fl, MI3 and 
fd is initiated b y  introduction of a site-specific nick In the plus strand 
of R F I  by the action of phage-coded gene I I  protein. Gene I I  protein binds 
the origin in vltro to form a complex whlch can be trapped on nitrocellulose 
filters. The binding occurs with both superhelical form DNA and linear DNA 
fragments. Screening of a number of defective mutants of the origin for the 
ability to bind gene I I  protein indicates that the region of DNA required 
for the binding overlaps, but is not identical to, the region required for 
the nlcking reaction. The nicklng site ltself i s  dlspensable for the bind- 
ing. The bindlng of gene 1 1  protein to the origin resuits in pro- 
tection of a 43 bp segment from DNase I digestlon. The protected region 
covers whole domains which are required for the nicking and for the binding. 
In vivo, a number of defective mutants of the origin, when in a plasmid, 
i n h i b i t  growth of superinfecting phage if the intracellular level of gene I I  
protein is low. The domain of DNA sequence required for the in vivo inhibi- 
tion is consistent with that for the in vitro binding. 

1265 RECONSTRUCTING HUMAN a-THALASSEMIA 2 GENOTYPE IN PRIMATE CELLS: UNUSUALLY HIGH 
FREQUENCY OF HOMOLOGOUS DNA RECOMBINATION AND MODULATION BY SPECIFIC DNA SEQUENCES 

IN CIS, W.-S. Hu and C.-K. James Shen, University of California, Davis, California 95616 
The duplicated human adult a globin genes, a2 and al, provide an excellent system for 

exploring the molecular mechanism of both general and site-specific DNA recombination pro- 
cesses in mammalian cells. These loci are contained within tandemly arranged units: each unit 
spans approximately 4 kb of DNA containing three homology blocks (X, Y, and 2 )  separated by 
non-homologous regions. This high degree of homology is presumably maintained by gene con- 
version and unequal crossing-over events. These unequal crossing events have resulted in high 
frequency of two types of deletion of one a gene (a-thalassemia 2) in the human populations: 
the leftward resulting from recombination between the X blocks, and the rightward resulting 
from recombination between the 2 blocks. Our sequencing study of the X blocks further sug- 
gests the existence of hot spot(s) of initiation of DNA recombination near their 5' ends. 

We have now successfully reconstructed these a-thalassemia 2 genotypes in monkey cells. 
The duplication units have been cloned in SV4O ori-containing vector, and transfected into 
COS-7 cells. Newly replicated, supercoiled DNA were analyzed by blotting-hybridization, and 
by rescuing from bacterial strain HB101. Unusually high frequency of intrachromosomal hom- 
ologous DNA recombination (> 20% per kb of homology) has resulted in both the rightward and 
leftward a-tbalassemia 2 genotypes. Deletion of the 5 '  end of one X block greatly affects 
the relative frequencies of the leftward and rightward deletions. These results suggest that 
the homologous recombination of the a globin locus in primate cells is modulated both by spe- 
cific sequences and by the spatial arrangement of the recombination units. 
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1266 GENE-A-PROTEIN OF BACTERIOPHAGE PHI-X174; 
REPLICATION, H.S. Jansz,  A.D.M. van Mansfeld, A.C. F l u i t  and P.D. Baas, 
S t a t e  Un ive r s i ty  of Utrecht ,  Vondellaan 24 a, 3521 GG Utrecht ,  The Nether lands.  

INTERACTION WITH THE O R I G I N  OF DNA 

The p ro te in  encoded by gene-A of bacter iophage $X174, t he  $X A-protein, c l eaves  the  v i r a l  
s t r and  of supercoi led @X RF DNA a t  a unique l s i t e ,  t h e I q r i g i n  of DNA 2 0  r e p l i c a t i o n .  3 0  The o r i g i n  

i s  located i n  a s p e c i f i c  sequence of 30 bp, k A A C T T G A T ~ ~ T & A T A ~ C A ~ T A T A G A C C A ~ ,  which i s  

highly conserved among i s o m t r i c  s ingle-s t randed DNA phages. @X A-protein cleaves the  phos- 
phodiester  bond between G (pos i t i on  7) and A (pos i t i on  8 )  i n  t h i s  o r i g i n  region y i e ld ing  a 
f r e e  3' OH a t  the G r e s idue  and a covalent  bond between tyrosine-OH of the A p r o t e i n  and 5' 
phosphate of t h e  A r e s idue .  Therefore ,  t h i s  type of phosphodiester bond cleavage i s  c a l l e d  
ty ros ino lys i s .  We have s tud ied  t h e  mechanism of t y r o s i n o l y s i s  by varying the DNA s u b s t r a t e  
and by f u r t h e r  a n a l y s i s  of the covalent  complex between A-protein and the  DNA. The r e s u l t s  
i nd ica t e  tha t :  1 .  t y r o s i n o l y s i s  of s ingle-s t randed DNA r equ i r e s  the  presence of only the 
f i r s t  9 nuc leo t ides  of the o r i g i n  region whereas f o r  the cleavage of supercoi led DNA almost 
t he  complete o r i g i n  region i s  both r equ i r ed  as  wel l  a s  s u f f i c i e n t .  2.  two d i f f e r e n t  t y ros ine  
r e s idues ,  whose p o s i t i o n s  i n  the  A p r o t e i n  have been determined, a r e  involved i n  DNA c leav-  
age.  E i the r  one of these ty ros ine  r e s idues  can func t ion  a s  t he  acceptor  of the DNA chain 
during ty ros ino lys i s .  These r e s u l t s  suggest  underlying molecular mechanisms of the $X A- 
p ro t e in  ca t a lysed  i n i t i a t i o n  and terminat ion r eac t ions  of t he  looped r o l l i n g  c i r c l e  model 
f o r  DNA r e p l i c a t i o n  as pos tu l a t ed  by Kornberg and co-workers. 

recogni t ion spacer  binding 

1267 A MODEL FOR SITE-SPECIFIC AND GENERALIZED RECOMBINATION, 

The =-protein of 2 micron c i r c l e  i s  a s i t e - s p e c i f i c  recombinase t h a t  a c t s  on the  599 
base-pair  i nve r t ed  r epea t s  of t he  molecule. 
t o  a 13 base-pair  dyad symmetry with an 8 base-pair  c o r e . T h e  terminal  3 base-pairs of 
the symmetry elements can be de l e t ed  without abo l i sh ing  the  r eac t ion .  The i n t e r a c t i o n s  
between a random s e t  of mutant p ro te ins  and the minimal s u b s t r a t e  a r e  under 
inves t iga t ion .  

I have used a %- 2 micron c i r c l e  a s  a model s u b s t r a t e  f o r  s tudying the  mechanis t ic  
consequences of gene conversion. 
s t randed gap wi th in  one of t h e  r epea t s  and al lowing the  gap t o  be repaired i n  yeast .  
i n t a c t  repeat  s e rves  a s  t he  template f o r  gap-repair .  
recombination with the  conversion event i s  assessed by determining whether the plasmid 
has r e t a ined  i t s  p a r e n t a l  conf igu ra t ion  o r  undergone intramolecular  inversion.  

The FLp pro te in  can promote inversion i n  yeas t  of the b a c t e r i a l  transposon Tn5 contained 
wi th in  a 2 micron c i r c l e  plasmid. I have shown t h a t  t h i s  i nve r s ion  r eac t ion  is  the 
mechanis t ic  consequence of a gene conversion event i n i t i a t e d ,  presumably, by a FLP-mediated 
c u t  made within t h e  2 micron c i r c l e  r epea t .  The sequence of events  involved i n t h e  
r eac t ion  a r e  reminiscent of t he  s t e p s  leading t o  mating type interconversion i n  yeas t .  

THE 2 MICRON CIRCLE: 
Makkuni Jayaram, Scripps C l in i c  and Research Foundation, La  J o l l a ,  CA 92037 

The minimal FLP s u b s t r a t e  has  been loca l i zed  

The conversion event is  i n i t i a t e d  by making a double- 
The 

The a s soc ia t ion  of flanking-marker 

1268 SEGREC9TION OF CEN CONTAINING PLASMIDS AWAY FROM INTACT CHROMOSOMES 
DURING MEIOSIS I IN SACCHAROMYCES CEREVUIAE. David B. Kaback and Vincent 

Guacci, Department of Microbiology, UMDNJ-Graduate School of Biomedical Sciences - New Jersey 
Medical School, Newark, N.J. 07103. 

Melosis 1 is characterized by pairing, recombination and segregation of homologous 
chromosomes. TJ determine the chromosomal DNA elements required for these processes, we have 
examined the meiotic segregation of centromere containing plasmids with respect to unpaired intact  
chromosomes. Whereas centromeric DNA appears essential for proper segregation of homologs, i t  does 
not appear to prwide the specificity that  causes the homologs to interact. To determine if DNA 
homology provides this specificity, plasmids containing inserts from different parts of chromosome I 
were transformed into strains of 5. cerevisiae that  were either monosomic or trisomic for this 
chromosome. Transformed strains were sporulated and the meiotic behavior of plasmids and the intact  
copies of chromosome 1 were examined. Three plasmids, each containing a 12-14 kb insert from a 
different par t  of chromosome 1 were tested. In all three cases the plasmids segregated away from the 
unpaired copy of this chromosome in approximately 80% of the asci  examined. In contrast ,  when the 
plasmid vector contained no chromosome 1 insert or a 16.8 kb DNA insert from bacteriophage X , i t  
segregated rando.nly with respect t o  the unpaired copy of chromosome I. These results suggest that  a 
small amount of homologous DNA is sufficient to direct  meiotic segregation of a plasmid away from 
its chromosomal homolog. 
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1269 THE ICP8 DNA-BINDING PROTEIN OF HERPES SIMPLEX V I R U S  BINDS PREFERENTIALLY TO THE 
JOINT REGION OF THE VIRAL GENOME I N  V I V O .  Susan S. Leinbach. Univ. o f  South Alabama, 
College o f  Medfcine, Mobfle, AL 3 6 6 ? 3 8  

Herpes simplex v i rus  type 1 (HSV-1) encodes a 130,000 molecular weight DNA-binding protein, 
ICP8. 
temperature-sensit ive mutants. ICP8-DNA complexes can be immunoprecipitated from nuclear 
ex t rac ts  prepared from wi ld- type HSV-1 i n fec ted  c e l l s  using monoclonal antibody d i rec ted  
against  ICPB. 
these complexes. DNA was ext racted from immunoprecipitated ICP8-DNA complexes, nick- 
t rans la ted  and used as a hyb r id i za t i on  probe ( the ICPB DNA probe). 
hybr id ized t o  r e s t r i c t i o n  endonuclease-generated HSV-1 DNA fragments which had been 
f rac t i ona ted  by agarose gel e lect rophores is  and t rans fe r red  t o  n i t r o c e l l u l o s e  paper. 
fragments representing the e n t i r e  HSV-1 genome were I d e n t i f i e d  by the ICP8 DNA probe. 
However, fragments from the j o i n t  region, t h a t  reg ion where the long and shor t  components of 
the v i r a l  genome jo in ,  were over-represented. Dot-b lo t  hybr id izat ions were used t o  conf i rm 
these results. ICP8 DNA contained about 8 t imes more o f  the DNA sequences present i n  a 1500 
base p a i r  (bp) H I n f I  j o i n t  fragment than i n  an adjacent 12M) bp H i n f l  fragment. These 
r e s u l t s  sugges t tha t  ICP8 binds p r e f e r e n t i a l l y  i n  v i vo  t o  the j o K t  region o f  the v i r a l  
genome. 
v i t ro .  
viva ICP8-DNA complexes are being examined f o r  single-stranded DNA. 

Th is  p r o t e i n  i s  requi red f o r  v i r a l  DNA r e p l f c a t i o n  as determined by analys is  o f  

Studies were performed t o  i d e n t i f y  the regions o f  the v i r a l  genome present i n  

This probe was 

DNA 

Experiments are i n  progress t o  determine m u c h  p re fe ren t i a l  b ind ing occurs i n  
I n  addit ion, since ICP8 binds p r e f e r e n t i a l l y  t o  single-stranded DNA i n  v i t r o ,  5 - - 

1270 
Box 60400, S-104 01 
Box 60208, 5 1 0 4  01 Stockholm, Sweden. 

Various mammalian cell tines and organs have been investigated with respect to the DNA 
joining activity, uith similarities t o  the E. coli RecA activity, detected in fibroblasts 
from patients suffering from the inherited diseaseoom's syndrome (BS). 

The recovery of joint molecules was analyzed by a fitterbinding assay where D-loop containing 
joint molecules, formed from 0x174 RFI DNA and fragments o f  0x174 ssDNA by partially purified 
cell extracts, uas separated from the substrates. In addition to BS(GM1492), CHO cell 
extracts uere positive. No activity, or very little, was present in normal human fibroblasts, 
Fanconi's anemia fibroblasts, SV40 and EBV transformed human cells. No significant increase 
in the DNA joining activity was noticed in the filterbinding assay on treatment with mito- 
mycin C, an inducer of mitotic recombination. Cell extracts from human placenta, calf thymus, 
rat spleen and rat testis were inactive. 

The cell extracts positive in the filterbinding assay (GM1492 and CHO) were also positive in 
another DNA joining assay utilizing 0x174 RFIII DNA as substrate and agarose gelelectro- 
phoresis for analysis. The formation of joint molecules was dependent on ATP and Mg2+ as in 
the fitterbinding assay. All other cell extracts tested were negative. These results indicate 
specific DNA joining activities in Btoom's syndrome (GM1492) and CHO cells. 

DNA JOINING ACTIVITIES IN MAMMALIAN CELL EXTRACTS OF DIFFERENT ORIGIN Kerstin Kenne 
and Siv Ljungquist*, Department of Medical Cell Genetics, Karolinska Institutet, 

Stockholm, Sweden. * National Institute of Environmental Medicine, 

ISOLATION OF A LOW COPY NUMBER DNA SEQUENCE THAT NEIGHBORS CENTROMERIC SATELLITE 
DNA IN MONKEY, HUMAN AND MOUSE GENOMES. Antonella Maresca*, Ronald E. Thayerl, 

20892 

1271 
Chantal Guenetl and Maxine F. Singer1, 1Lab. of Biochemistry, N.I.H., Bethesda, MD 
and *Lab. of Molecular Endocrinology, CHUL, Quebec, C1V 4 G 2 ,  Canada. 

Long arrays of tandemly repeated DNA sequences known as satellite DNA OCCUK at many 
mammalian centromeres. Structural analysis has suggested that the organization of 
centromeric satellite changes continually, presumably through alternating cycles of 
mutations, amplifications and deletions. It is possible that these events and the 
localized maintenance of the satellites are by-products of genomic processes involving 
recombination and replication that are characteristic of centromeres. This model suggests 
that special (non-satellite) sequences in the vicinity of satellite DNAs may be involved in 
satellite DNA maintenance and evolution. To begin to test this hypothesis we cloned, from 
an African green monkey (C. aethiops) genomic library, 3 segments containing the monkey 
deca-satellite joined to 3 different low copy number sequences (LCNS). The LCNS of one of 
the clones (ACJA1) has been studied in detail. This LCNS is conserved in human and rodent 
genomes. In clones selected from human and mouse genomic libraries with the monkey LCNS, 
the LCNS-homologous segments are joined to centromeric satellite sequences specific to 
those species. The conservation of the LCNS sequence and location indicates that the 
segment may participate in centromeric processes or structures. Moreover certain unusual 
properties of the LCNS-containing clones including poor growth, sequence rearrangements and 
the presence of poly d(GT-CA) stretches suggest that the segment may recombinogenic. 
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1272 RECOMBINATION OF DNA MOLECULES INJECTED INTO XENOPUS OOCYTES, Ed Maryon and 
Carro l l ,  University of Utah, Sa l t  Lake City, Utah 84132 

D N A  molecules injected into Xenopus oocyte nuclei undergo genetic recombin- 
a t ion .  Usin7 both bacteriophage lambda and plasmid DNAs, i t  has been found tha t  
t h i s  process occurs only w i t h  l inear  subs t ra tes ,  i s  dependent on sequence homol- 
ogy, and i s  blocked by terminal non-homologies. Because molecular ends a r e  import- 
ant  f o r  recombination, we examined the s t ruc ture  of the ends of non-recombining 
l inear  DNAs a f t e r  inject ion.  These DNAs a r e  not assembled into normal chromatin, 
and a r e  degraded exonucleolytically. A t  ear ly  s tages  of degradation, some f rac-  
t ion of molecules have single-stranded t a i l s ,  and a t  l e a s t  a portion of these 
have protruding 5' ends.  A model is  suggested i n  which this s ingle  stranded t a i l ,  
in conjunction w i t h  a c t i v i t i e s  provided by the oocyte, invades a homologous duplex 
to  i n i t i a t e  recombination. Because nanogram quant i t ies  o f  DNA a r e  processed by each 
oocyte, t h i s  system of fers  exceptional opportuni t ies  f o r  detai led analysis  of the 
process of recombination and of the components which catalyse individual s teps .  

1273 TOPOISOMERASE I I N  CRITHIOIA FASCICULATA, Thomas Melendy and 
Dan S. Ray, Mo lecu la r  B io logy  I n s t i t u t e ,  U n i v e r s i t y  o f  C a l i f o r n i a  
a t  Los Angeles, Los Angeles, CA 90024 

An enzymatic a c t i v i t y  capable of  r e l a x i n g  nega t i ve l y  superco i led  DNA subs t ra tes  
has been i d e n t i f i e d  i n  the  trypanosomatid,  C r i t h i d i a  fasc i cu la ta .  The enzyme i s  
appears t o  be a t ype  I topoisomerase i n  t h a t  i t  func t ions  i n  an ATP-independent 
manner and i s  incapab le  o f  ca tena t ing  c o v a l e n t l y  c losed c i r c u l a r  DNA molecules 
under normal ca tena t ion  assay cond i t ions .  A seve ra l  hundred- fo ld  p u r i f i c a t i o n  
has been achieved us ing  seve ra l  chromatographic s teps  i nc lud ing :  Hepar in 
Sepharose, Hydroxyapat i te  and Mono-Q an ion  exchange chromatography. 

1274 
Molecu la r  bas i s  o f  spontaneous gene rearrangements a t  the hamster aprt locus 
Mark Meuth, Josephine Na lbantog lu  and Gerry Phear, Imper ia l  Cancer Research Fund, 
C la re  H a l l  Labora to r ies ,  South Himms, Her t s ,  EN6 JLD, U.K. 

To examine the r o l e  o f  gene rearrangements i n  producing gene t i c  v a r i a t i o n  i n  c u l t u r e d  
rnamal ian  somat ic c e l l s ,  DNA from a l a rge  c o l l e c t i o n  of adenine phosphor ibosyl  d e f i c i e n t  
mutants was analyzed f o r  gene s t r u c t u r a l  a l t e r a t i o n s  by prob ing  Southern b l o t s  w i t h  a 
unique aprt DNA fragment. We p rev ious l y  repo r ted  a number o f  mutat ions which r e s u l t e d  i n  
the  loss o r  ga in  o f  r e s t r i c t i o n  s i t e s ,  d e l e t i o n  o f  sequences, o r  i n s e r t i o n  o f  a new DNA 
fragment. 
i i b r a r i e s  of these mutant DNAs prepared i n  h vec tors  and cha rac te r i zed  the  changes 
o c c u r r i n g  a t  t he  nuc leo t i de  l e v e l  by DNA sequencing. Here we r e p o r t  da ta  concerning 
rearrangements o f  a p r t  sequences. More s p e c i f i c a l l y  we show: 
( I )  Most d e l e t i o n  t e r m i n i  have s h o r t ,  3 to  5 base p a i r  homologies. 
( 2 )  Several  d e l e t i o n  te rm in i  map t o  a 40 base-pa i r  reg ion  o f  aprt i n d i c a t i n g  the  presence 

o f  a "hot spo t "  f o r  d e l e t i o n  format ion.  
( 3 )  The o n l y  i n s e r t i o n  muta t ion  de tec ted  invo lves  the  t r a n s p o s i t i o n  o f  a unique DNA 

fragment from elsewhere i n  the  genome i n t o  the  aprt locus. No s t r u c t u r e s  c h a r a c t e r i s t i c  
o f  t ransposable elements ( te rm ina l  repeats o r  d u p l i c a t i o n  o f  f l a n k i n g  ce l l u la r . -  
sequences) were found i n  the  mutant gene. 

We have now c loned aprt fragments con ta in ing  these a l t e r a t i o n s  f rom genomic 
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1275 INDUCIBLE GENE EXPRESSION BY DNA REARRANGEMENTS IN HUMAN CELLS. John P .  Murnane, 
Laboratory of Radiobiology and Environmental Health, University of California, 
San Francisco, CA 94143 

A permanent human cell line, LM205, was established by transformation of primary human 
fibroblasts with a plasmid containing both SV40 sequences with a defective origin of repli- 
cation and a G418-resistance gene (E )  that lacked a eucaryotic transcriptional promter. 
G418-resistant cells appeared spontaneously in clonal populations of LM205 with a frequency 
of approximately 
correlated with the appearance of =-specific RNA. 
G418-sensitive parental cell line by both Southern blot analysis and restriction map 
analysis of cloned sequences demonstrated a stable integration site containing a single nee 
coding sequence. gene isolated from G418- 
resistant subclones demonstrated tandem duplications that resulted in the relocation of the 
SV40 bidirectional transcriptional promoter 5 '  to the E gene. 
promoter appears to be responsible for G418-resistance, because the small increase in nee 
gene copy number shows no correlation quantitatively with the large increase in neo-speciflc 
RNA. Heterogeneous sites of recombination indicate nonhomologous recombination, and there- 
fore these tandem duplications appear to represent the first steps in amplification Of a 
nonrepetitive sequence. One G418-resistant subclone had undergone further amplification of 
the "0 gene during G418 selection (2 or more copies), and various subpopulations containing 
sequential numbers of nee gene copies are being studied to determine the series of 
recombination events involved in the development of a multi-copy tandem array. 

per cell plated in 400 pg/ml G418. G418 resistance was stable and 
Characterization of the nee gene in the 

Similar analysis of fragments containing the 

The newly acquired SV40 

1276 DNA RECOMBINATION AND REPLICATION I N  PLANTS: OBSERVATIONS FROM EXPERI- 
MENTS ON PROTOPLAST TRANSFORMATION AND FUSION I N  NICOTIANA PLUMBAGINI- 

FOLIA. I . N E G R U T I U ,  M.HORTH,  A. MOURAS, R.D.SHILLIT0, 1.POTRYKUS. F.M.I. BASEL 
( S i i t z e r l a n d )  and I .M.B .  B r u s s e l s  (Belgium) 

e x h i t i t i n g  ARS f u n c t i o n  i n  y e a s t  =re t r a n s f e r r e d  t o  p l a n t  p r o t o p l a s t s  v ia  
t r a n s  fo rma t ion  bif t h  a pLGVneo e x p r e s s i o n  v e c t o r .  Those sequences showing 
h i g h e s t  t r a n s f o r m a t i o n  rates and prolonged ove rexpres s ion  of  NPT i n  t r a n s i e n t  
e x p r e s s i o n  exyeriments  =re f u r t h e r  s t u d i e d  f o r  m i t o t i c  and meiot ic  s t a b i l i t y ,  
and used t o  r c t r a n s f o r m  E. c o l i .  I n  a s i m i l a r  approach,  p l a n t  mitochondria1 
Plasmids liere employed. 

(1)  Autonomous r e p l i c a t i n g  sys t ems?  Cloned sequences from t o t a l  p l a n t  DNA 

( 2 )  F a c t o r s  enhancing r e c o m b n a t i o n  e v e n t s .  U l t r a v i o l e t  l ight(UV) and 3 - 
aminokenzamide bere t e s t e d ,  a l o n e  or i n  combinat ion,  i n  experiments  of t h e  
d i r e c t  gene t r a n s f e r  t ype  and making u s e  of t h e  NPT gene as a selectat le  mar-  
ker(pABD1 and pLGVneo c o n s t r u c t s ) .  Transformation r a t e s  a e r e  i n c r e a s e d  ky a 
f a c t o r  1 0  t c  3 0 .  Molecular  and g e n e t i c  d a t a  b i l l  te p resen ted .  

The system was t r ansposed  t o  chromosome t r a n s f e r  experiments  by means of  
p r o t o p l a s t  f u s i o n  f o l l o w i n g  i n a c t i v a t i o n  ky l e t h a l  i r r a d i a t i o n  of t h e  donor 
(se l e c t a k  l e )  f u s i o n  p a r t n e r .  

1277 EUKARYOTIC TOPOISOMERASE 11: CHARACTERIZATION OF ENZYME TURNOVER, Neil Osheroff, 

While the binding of adenyl 5'-yl-imidodiphosphate (APP(NH)P) to Drosophila melanoqaster 
topoisomerase I1 induces a double-strand DNA passage event, the presence of its non-hydro- 
lyzable 6- y imidodiphosphate bond prevents enzyme turnover. Therefore, this ATP analog was 
used to characterize the interactions between Drosophila topoisomerase I1 and DNA which 
occur after DNA strand passage, but before enzyme turnover. In the presence of APP(NH)P, a 
stable post-strand passage topoisomerase II'nucleic acid complex is formed with super- 
coiled, relaxed, or nicked circular DNA substrates. Although non-covalent in nature, these 
complexes are resistant to increases in ionic strength and show less than 5% dissociation 
under salt concentrations (>0.5 M) that disrupt 95% of the enzyme-DNA interactions formed in 
the absence of APP(NH)P or under a variety of other conditions that do not allow DNA strand 
passage to take place. These results strongly suggest that the process of enzyme turnover 
not only regenerates the active conformation of topoisomerase 11, but also confers upon the 
enzyme the ability to dissociate from its nucleic acid product. Further experiments with 
linear DNA substrates indicate that after strand passage has taken place, topoisomerase I 1  
may be able to translocate along the DNA molecule by a process that i s  independent of enzyme 
turnover. Finally, topoisomerase I1 is able to cleave double-stranded DNA substrates, even 
after strand passage has occurred. Therefore, enzyme turnover may not be necessary to 
regenerate the catalytic center of topoisomerase 11. Supported by NIH Research Grant GM- 
33944 and Biomedical Research Support Grant RR-05424. 

Vanderbilt University School of Medicine, Nashville, TN 37232 
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1278 IDENTIFICATION AND CHARACTERIZATION OF A 65 K DNA B I N D I N G  PROTEIN OF HSV-1 
ASSOCIATED dITH TOPOISOMERASE A C T I V I T Y ,  D.S. P a r r i s ,  M.T. Mu l l e r ,  M.L. Ga l lo ,  

H.S. Marsden, and L.D. Goodrich, The Ohio S ta te  U n i v e r s i t y ,  Columbus, OH, and The MRC 
V i r o l o g y  Un i t ,  Glasgow, U.K. 

A p r o t e i n  o f  65,000 da l tons  (p65) was p u r i f i e d  f rom herpes simplex v i r u s  type  1 (HSV-1) 
i n f e c t e d  c e l l s  t o  near homogeneity us ing  a double s t randed DNA c e l l u l o s e  column. This 
f r a c t i o n  conta ined a type  I DNA topoisomerase ( topo )  a c t i v i t y  as ev ident  frm t i t r a -  
t i o n  o f  i t s  a b i l i t y  t o  r e l a x  superco i l ed  DNA, t i t r a t i o n  o f  i t s  a b i l i t y  t o  b ind  cova len t -  
l y  t o  DNA, and by  i t s  a b i l i t y  t o  a l t e r  t he  l i n k i n g  number o f  an i s o l a t e d  topoisomer i n  
steps o f  one. Antibody prepared i n  r a b b i t s  by  i n o c u l a t i o n  o f  t h i s  f r a c t i o n  reac ted  o n l y  
t o  p65 on Mestern b l o t s  and i n h i b i t e d  t h e  top0 a c t i v i t y  found i n  p u r i f i e d  v i r i o n s .  Using 
the  an t ibody  t o  f o l l o w  t h e  separa t ion  o f  p65 by  o ther  chromatographic means, we found 
t h a t  p65 c o n s i s t e n t l y  co - f rac t i oned  w i t h  top0 a c t i v i t y  through hepar in  agarose, P E I  c e l l -  
u lose ,  and Mono 5 .  The f r a c t i o n a t e d  a c t i v i t y  and t h a t  present i n  v i r i o n s  appeared t o  be 
Mgff bu t  not ATP dependent, d i s t i n g u i s h i n g  i t  from most o the r  type  I topos. The synthe- 
s i s  o f  p65 appears t o  occur r e l a t i v e l y  l a t e  i n  t h e  v i r a l  r e p l i c a t i v e  c y c l e  a t  12 h r .  p . i  ., 
and f a i l s  t o  accumulate i n  DNA- t s  mutants a t  t h e  nonpermissive temperature.  Because 
p65 i s  syn thes ized a t  low l e v e l s  i n  w i l d - t ype  v i r u s  i n f e c t e d  c e l l s  when v i r a l  DNA synthe- 
s i s  i s  comple te ly  b locked  w i th  phosphonoacetic ac id ,  syn thes is  of p65 does no t  have an 
abso lu te  requirement f o r  v i r a l  DNA r e p l i c a t i o n .  

1279 S t u d i e s  o f  h o m o l o g o u s  r e c o m b i n a t i o n  i n  t h e  p l a n t  qenome 
J . P a s z k o w s k i ,  M.Baur ,  M.Sau1 ,  R . D . S h i l l i t o  a n d  1 . P o t r y k u s  
F r i e d r i c h  M i e s c h e r - I n s t i t i i t ,  P.O.Box 2 5 4 3 ,  C H - 4 0 0 2  B a s e l ,  S w i t z e r l a n d  

T h e r e  is  s t i l l  a v i r t u a l l y  complete l a c k  o f  s t u d i e s  on  h o m o l o g o u s  DNA recom- 
b i n a t i o n  i n  D l a n t s  e x c e p t  f o r  t h e  s p e c i f i c  e x t r a  c h r o m o s o m a l  c a s e  o F  t h e  D N A  
v i r u s  C a u l i f l o w e r  M o s a i c  v i r u s .  D i r e c t ,  v e c t o r l e s s  t r a n s f o r m a t i o n  o f  p l a n t  
o r o t o p l a s t s  h a s  o p e n e d  new p o s s i b i l i t i e s  o f  s t u d y i n g  t h e  D N A  r e c o m b i n a t i o n  
p r o c e s s  i n  p l a n t s .  U s i n g  t h i s  m e t h o d  we h a v e  c o n s t r u c t e d  t w o  l i n e s  o f  t o b a c c o  
D l a n t s ,  o n e  c o n t a i n i n g  b a c t e r i a l  p l a s m i d  s e q u e n c e s  a n d  p a r t i a l  n o n - f u n c t i o n a l  
c o D i e s  of a p l a n t  se lec tab le  m a r k e r  g e n e  [ h y b r i d  APH(3')II g e n e ]  a n d  t h e  
o t h e r  c o n t a i n i n q  a f u n c t i o n a l  n o p a l i n e  s y n t h a s e  g e n e  d e r i v e d  f r o m  t h e  Agro-  
b a c t e r i u m  t u m e f a c i e n s  T i  p l a s m i d .  The  f o r e i g n  D N A  i n  t h e s e  s t r a i n s  is  now 
b e i n q  u s e d  a s  a t a r g e t  f o r  h o m o l o g o u s  r e c o m b i n a t i o n  o f  D N A  i n t o  t h e  genome 
a f t e r  D N A  t r a n s f o r m a t i o n .  

1280 TOPOISOMERASE 11-INDUCED DNA STRAND BREAKS AND DNA-PROTEIN LINKS I N  RELATION TO THE 

Na t iona l  Cancer I n s t i t u t e ,  Rethesda, MD 20892 

m-AMSA and VP-16 produce topoisomerase 11-mediated DNA s t rand  hreaks and DNA-protein l i n k s  
i n  mammalian cells. NIH 3T3 c e l l s  s top  p r o l i f e r a t i o n  when they  reach a c e r t d i n  dens i t y  on 
t h e  p la te .  
i n  a r r e s t e d  cells. The c e l l s  can be i n i t i a t e d  t o  p r o l i f e r a t e  by r e p l a t i n g  a a lower  

i n c o r p o r a t i o n  were observed a t  4-6 h and 16-28 h r  a f t e r  r e p l a t i n g - s p l i t t i n g  the  c e l l s .  
min t rea tments  o f  t h e  c e l l s  w i t h  m-AMSA and VP-16 produced DNA doub le-s t rand breaks whose 
frequency fo l l owed  the  DNA synthes is  peaks. S i m i l a r  exper iments were performed i n  i s o l a t e d  
nuc le i .  The y i e l d  o f  drug- induced DNA-protein l i n k s  measured by a l k d l i n e  e l u t i o n  was 
g rea te r  i n  n u c l e i  f rom exponen t ia l l y  growing c e l l s  than i n  those from growth a r res ted  cells 
dnd fo l l owed  t h e  peaks o f  [3H]-thymidine i n c o r p o r a t i o n  i n  c e l  I S  i n i t i a t e d  t o  p r o l i f e r a t e .  
These observa t ions  suggest t h a t  t he  assoc ia t i on  o f  topoisomerase I 1  w i t h  DNA i s  inc reased 
d u r i n g  DNA r e p l i c a t i o n .  

CELL CYCLE, Yves Pommier, J u d i t h  Markov i ts ,  Donna Ker r i gan  and Kur t  W. Kohn, 

m-AMSA and VP-15-dependent DNA breakaqe was g rea te r  i n  p r o l i f e r a t i n g  c e l l s  than 

dens i t y  and feed ing  w i t h  f r e s h  medium c o n t a i n i n g  c a l f  serum. Two peaks of [ 5 HI- thymid ine  
30 

1281 DNA-PROTEIN INTERACTIONS IN 2 MICRON CIRCLE SITE-SPECIFIC RECOMBINATION, 
Paruchuri V. Prasad, Deborah Horensky and Makkuni Jayaram, Scripps Clinic and 
Research Foundation, La Jolla, CA 92037 

We have started a detailed analysis of the DNA-protein interactions involved in the F- 
catalyzed site-specific recombination in the yeast plasmid, 2 micron circle. We have 
determined that the minimal FLP-substrate is a 24 base-pair DNA segment, which consists of 
a nearly perfect 8 base-pair dyad symmetry and an 8 base-pair core region. We have chemic- 
ally synthesized a set of FLP-substrates which contain symmetric or asymmetric mutations 
within the symmetry elements of the minimal substrate. We have also synthesized substrates 
with point mutations within the spacer region. The nature of the interactions of these 
modified substrates with FLP, both in viva and in vitro is being investigated. Further, 
we have created a library of mutant FLP proteins by using in vitro mutagenesis. The inter- 
actions of mutant = with the wild type or altered FLP substrates are also under investi- 
gat ion. 

222 



Mechanisms of DNA Replication and Recombination 

1282 INTERSPECIES RECOMBINATION BETWEEN AGROBACTERIUM DNA AND PLANT DNA, Dennis Prosen, 
ARC0 Plant Cell Research Institute, 6560 Trinity Court, Dublin, CA 94568 

Agrobacterium tumefaciens causes crown gall tumors on many dicotyledonous plants by 
transfer and integration of a specific segment of bacterial DNA into the nuclear genome 
or in some cases (l), the chloroplast genomes of plants. The transferred DNA (T-DNA) 
is flanked by 25 bp imperfect direct repeats in the bacterium. It has been proposed 
(2) that reconbination between the direct repeats occurs in the bacterium, resulting 
in a circular intermediate. The only portions of the T-DNA which are required for faithful 
transfer are the 25 bp flanking direct repeats. The Vir genes are also required for 
the transfer and integration of the T-DNA into plants but the Vir genes are not transferred 
or integrated. The mechanism of integration o f  T-DNA into the plant genome is being 
investigated. Three aspects of our investigation are as follows: a.) How many copies 
of T-DNA are transferred to each plant cell? b.) How many bacterial cells can transfer 
T-DNA to one plant cell? c.) Does the size of the T-DNA effect the transfer efficiency? 

1. M. De Block et al., EMBO Journal vol. 4 ,  pp. 1367-1372, 1985. 
2. 2. Koukolikova-Nicola et al., Nature, vol. 313, pp. 191-196, 1985. 

1283 MODULATION OF THE D N A - B I N D I N G  A C T I V I T Y  OF SV40 LARGE T A N T I G E N  BY 
REVERSIBLE FHOSPHORYLATION, K a r l  H.  Scheidtmann* and E r n s t  Baumanng 
* I n s t i t u t e  of Immunobiology, U n i v e r s i t y  of  F r e i b u r g ;  §Facul ty  of  
Biology,  U n i v e r s i t y  of  Konstanz,  FRG. 

SV40 l a r g e  T s p e c i f i c a l l y  i n t e r a c t s  w i th  r e g u l a t o r y  sequences a t  t h e  o r i g i n  
of  r e p l i c a t i q n  on t h e  v i r a l  genome, t he reby  med ia t ing  i n i t i a t i o n  of  r e p l i -  
c a t i o n  and r e g u l a t i o n  o f  t r a n s c r i p t i o n .  The DNA-binding a c t i v i t y  depends 
on t h e  s t a t e  o f  phosphory la t ion ,  molecules  i n  a l o w  phosphory la t ion  s t a t e  
be ing  more a c t i v e  t h a n  h i g h l y  phosphory la t ed  ones .  Two r e s i d u e s  seem t o  be 
d i r e c t l y  inv3lved i n  DNA-binding, Thr124 and Ser123. Fhosphory la t ion  of  
Thr124 appea r s  t o  be a p r e r e q u i s i t  f o r  i n i t i a l  b ind ing ,  s i n c e  dephosphory- 
l a t i o n  of t h i s  r e s i d u e  r e s u l t s  i n  l o s s  of  O r i  b ind ing .  Phosphory la t ion  of  
Thr124 o c c u r s  i n  t h e  cytoplasm and i s  m e t a b o l i c a l l y  s t a b l e .  Subsequent 
phosphory la t ion  of  Ser123,  which t a k e s  p l a c e  i n  t h e  nuc leus ,  r educes  t h e  
b ind ing  a c t i v i t y .  However, t h e  phosphate  a t  Ser123 is r a p i d l y  t u r n e d  o v e r ,  
t he reby  r e q e q e r a t i n g  t h e  o r i g i n a l  phosphory la t ion ,  and perhaps f u n c t i o n a l ,  
s t a t e .  

Supported by t h e  Deutsche Forschungsgemeinschaft  *SFB 31 and §SFB138/B4, 
and B a  027/1-1 

1284 
J u l i a n e  Alt-Moerbe, I n s t i t u t  f u r  B i o l o g i e  11, U n i v e r s i t a t ,  S c h a n z l e s t r .  1 ,  
D-7800 F r e i b u r g ,  FRG 

Tumor i n d u c t i o n  i n  p l a n t s  by Agrobac te r i a  i s  t h e  r e s u l t  of  DNA t r a n s f e r  from 
t h e  p r o c a r y o t i c  t o  t h e  e u c a r y o t i c  cel ls .  T i  p l a smids  p l ay  a c e n t r a l  r o l e  i n  
t h i s  p rocess :  t hey  c o n t a i n  t w o  p h y s i c a l l y  s e p a r a t e d  r e g i o n s  which c o o p e r a t e  
i n  tumor i n d u c t i o n :  The Vir-region (genes  r e s p o n s i b l e  f o r  DNA t r a n s f e r )  and 
t h e  T-region ( d e f i n e d  by s p e c i f i c  bo rde r  sequences and t r a n s f e r r e d  t o  t h e  
p l a n t  c e l l s ) .  I t  seems l i k e l y  t h a t  t h e  genes  of  t h e  Vir-region f u n c t i o n  i n  
t h e  Agrobac te r i a ,  and t h a t  e x c i s s i o n  of  t h e  T-region i s  one of t h e  f i r s t  
s t e p s  i n  DNA t r a n s f e r .  
W e  have developed a s i m p l i f i e d  approach t o  ana lyze  t h e  e x c i s s i o n  e v e n t .  The 
system u s e s  a s  f i r s t  component a s m a l l  p lasmid c o n t a i n i n g  a s e l e c t a b l e  m a r -  
k e r  gene c loned  between T-region b o r d e r  sequences,  and a s  second component 
a set of compa t ib l e  p l a smids  c o n t a i n i n g  f r agmen t s  of t h e  Vi r - r eg ion .  The two 
components a r e  b rough t  t o g e t h e r  i n t o  t h e  same c e l l ,  and it i s  then  ana lyzed  
whether s p e c i f i c  Vir-region f r agmen t s  code f o r  f u n c t i o n s  e x c i s i n g  t h e  selec- 
t a b l e  marker gene a t  t h e  b o r d e r  sequences.  The r e s u l t s  i n d i c a t e  t h a t  a spec i -  
f i c  p a r t  of t h e  Vi r - r eg ion  i s  r e s p o n s i b l e  f o r  DNA e x c i s s i o n .  Its s i z e  is  
abou t  2 Kb, and it e x p r e s s e s  d e f i n e d  p r o t e i n s  i n  E .  c o l i  m i n i c e l l s .  

GENE TRANSFER FROM BACTERIA TO PLANT CELLS: ENZYMATIC EXCISSION OF THE 
T-REGION FROM T I  PLASMIDS OF AGROBACTERIA, Joachim Schroder  and 
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m4i S- FEA?vREs WITH -RXCiVS Shehee, W.R.. S.F. (hao, C.A.LXutchison 
I11 and M.H. Edge11 

'I\n> full 1- members of the l o q  interspersed repetitive family L1 f r a  
- MLIS dcnresticus. W - A 2  and W - M 3 ,  have been cmpletely sequenced. 1 . 3 ~ ~  f r a n  
the 5' end of a third long member, W - 9 ,  has also been sequenced. Analysis of 
these sequences reveals several features shared with protein d i n g  transpsable 
elements. 
analaqxs t o  retroviruses and the T y  element of yeast. 
3900bp. and they overlap by 14bp. Also ,  
reverse transcriptases. me difference W has with retrotranspsons is the 
absence of L W ,  indicating a d i f f e r e n t d e  of replication. 
three long elements also defines one 5' end of LLMd. 
208- repeating motif  a t  the 5' end. 
m i t  (LW-A2, 4 2/3: L M - U 3 ,  2 2/3: LW-9,  1 2/3). Er.ever, they 311 en3 a t  
approximately the same ps i t ion  i n  a iepating unit. 
of this end p i n t  is not clear. 
a pramter with transcription beginning a t  the 2/3 p i n t -  
three sequences with that of a truncate3 el-t, W - 4 ,  allcws construction of 
the consensus sequences for the proteins ended  by the OWs. 

?he size axl relationship of t m  open reading frames (ORFS) are 
?he ORFs are 1137bp an3 

the 3900% CRF has hamlogy to several 

'Ihe ccmparison of 
All three elenents contain A 

?hey have different nunbers of the repeating 

me functional significance 
che pssibil i ty is that the 208bp unit  can act as 

cXqari_son of these 
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Flrssr,  The W i s t r r  Institute. Philscklphia, PA 19104 

After an initial infection herpes simplex virus type 1 (ESV-1) often persists. for the life of the 
individual. within neuronsof the sensory ganpli8 that innervate the site of infection. Periodic 
reactivation of the latent virus to cause recrudesceat lesions is a serious health problem. None of 
the antiviral agents currently in use affect the reactivation process. In this poster evidence is 
presented that novobiocin. a topoisomerase inhibitor. inhibits the reactivation of latent HSV-1 in a 
mouse model system. The effect of other topoisomelrss inhibitors has also been investig8ted. It is 
hypothesized that this novobicin-sensitive event may be mediated by a DNA topoisomerue. 

W b / c  mice were infected in the eye with HSV-I after corneal scarification. During the acute 
phase of the infection virus replicates in the eye, trigeminal ganglion and the CNS. Four weeks 
later infectious virus was no longer detectable but could be reactivated following explant 
cultivation of the trigemin& ganglia. No infectious virus was detected untiJ two days post-explant. 
This model system serves as the basis for studying the reactivation process. When 80uM novobiocin 
was added at the time of explant the reactivation of Istent HSV-1 was significantly inhibited. A time 
c o u m  of drug addition indicates that novbiocin inhibits an eventfsl that occurs early in the 
reactivation process. The effect of novobiocin on the reactivation of latent HSV-1 was not the result 
of antiviral activity. The implications concerning the reactivation process. and the potential use of 
topoisomerase inhibitors in the treatment of latent herpes infections am discussed. 

A TOPOISOMERASE INHIBITOR, NOVOBIOCIN. INHIBITS THE RUCTIVATION OF LATENT 
HERPES SIIbfPUX VIRUS TYPE 1. Jordan G. Spivack. Donald R. OBoyle 11, and Nigel W 

1287 R E C A  PROTEIN-DNA INTERACTIONS IN RECOMBINATION, 
Andrzej Stasiak,  Edward H .  Egelman* and The0 
Koller, I n s t i t u t e  f o r  Cell Biology, ETH, Zurich, 
and *Yale University, New Haven, CT 06511 

Using electron microscopy and three-dimensional image 
reconstruction we were able  t o  v isua l ize  sequential 
s tages  of the recA-mdiated strand exchange react ion and 
t o  determine the  molxular  s t ruc ture  of recA-DNA com- 
plexes involved i n  the  recombination process. Picture  
( a )  shows how a naked l inear  double-stranded DNA 
molecule ( 1 )  invades the hel ical  recA complex ( 2 )  formed 
on a c i rcu lar  single-stranded DNA molecule, leading t o  
the formation o f  a recA covered " t r i p l e -  stranded" DNA 
region ( 3 ) .  The newly formed heteroduplex region i s  
v i s i b l e  a s  naked DNA ( 4 )  on the circumference of the 
c i r c l e .  The displaced strand ( 5 )  i s  covered by recA 
protein.  Image reconstruction ( b )  shows molecular 
d e t a i l s  of the he l ica l  recA-DNA complex. The combined 
r e s u l t s  o f f e r  a precise  molecular model o f  recA-promoted 
recombination. 

224 
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chemistrv, University of Manitoba, Winnipeg, Manitoba. 

tive sizes of the precursor dNTP pools. Several studies have suggested th.it pertubations 
of these pools can lead to increased rates of spontaneous mutation at independent loci. 
has not, however, been established whecher or not pool imbalances act directly by biasing 
their incorporation into DNA OK if they function by some other mechanism. I n  this study, 
the rate of spontaneous mutation to ouabain resistance and 6-thioguanine resistance was 
examined in two CHO mutant cell lines H U R Z  and NCR30A2 selected f o r  resistance tc hydroxy- 
urea and N-carbamyloxyurea respectively. Both cell lines were shown to exhibit similar 
rates of mutatior, to these markers compared to the wild type parental line. I n  addition, 
the HUR-2 cell line, although having alterations in ribonucleotide reductase properties, did 
n o t  show any si<nificant changes in it's dNTP pool size. On the other hand, the NCR30A2 
cell line had a decrease of approximately five fo:d in the dCTP pool while the dGTP pool was 
elevated by a factor of five. Taken together, these observations suggest that alterations 
in ribonucleotide reductase or significant changes in dNTP pool sizes do not necessarily 
contribute to increases in mutation rates in mammalian cells. (Supported by the N.C.I. of 
Canada and N.S.S.R.C.). 

XL'TATIOY RATES AND dNTP POOL SIZES IN HYDROXYUREA RESISTANT CELL LINES, Aaron Y. 
Tagger and Jim A. Wright, Manitoba Institute of Cell Biology and Department of Bio- 

Among factor; which are believed to affect the fidelity of DNA replication are the rela- 

It 

1289 RECOMBINATION OF PLASMID DNA IN IMMORTALIZED XERDDERMA PIGMENTOSUM FIBROBLASTS, 
Terry L. Timme and Robb E. Moses, Baylor College of Medicine, Houston, TX 77030 

The recombination frequency of co-transfected plasmid DNA has been compared i n  SV40- 
transformed fibroblasts from humans with DNA repair-deficient diseases and from repair- 
proficient human fibroblasts. We have constructed pSV2= plasmids with non-overlapping 
deletions or linker insertions. Recombination has been detected by either growth of 
colonies of the human cells i n  the presence of G418. OK Hirt extraction of plasmid DNA from 
the human cells followed by transformation into &- bacteria and selection of recombinant 
plasmids on kanamycin-containing media. The colony forming ability in C418 after co- 
transfection is about 10% of that of pSV2= In cell lines from xeroderma pigmentosum (XP) 
complementation groups A, C, D, E and G. This is comparable to the level in Bloom syndrome 
OK ataxia telangiectasia (AT) fibroblasts, hut greater than Fanconl anemia (FA) fibroblasts. 
The level of recombinatton detected i n  Hirt extracts from human cells is less than deter- 
mined by G418-resistant colonies. Repair-proficient cells have the highest level of recover- 
able plasmids. and less than 1% of these are recombined in the = gene. The XP cell lines 
have less recoverable plasmid and a 10-fold decrease in recombination frequency. AT and FA 
fibroblasts have intermediate levels of recovery and recombination. Transfectad plasmid DNA 
appears to be replicated less in the XP cells than i n  normal or FA cells. Although the level 
of recombination in DNA repair-defective fibroblasts is normal when recombinant molecules 
are selected by colony formation. the XP, but not AT or FA, cells appear to be less 
efficient at recombination prior to integration. Supported by USPHS CA37860. 

1290 VACCINIA VIRUS: ANALYSIS OF V I R A L  REPLICATION MUTANTS AND CHARACTERIZATION OF THE 
VIRAL TOPOISOMERASE. Paula Traktman, Rose Shaffer-Puelle and Elizabeth Evans. 
Cornell University Medical College, New York, N . Y .  10021. 

Vaccinia v i rus  i s  a complex DNA virus which rep l ica tes  l y t i c a l l y  i n  the  cytoplasm of 
infected c e l l s .  I t  appears t o  encode v i r t u a l l y  a l l  of the enzymes involved i n  DNA 
rep l ica t ion  and the  regulat ion of DNA topology. Because of t h i s  physical and oenet ic  
autonomy from the host c e l l ,  i t  i s  an ideal  system i n  which t o  couple biochemical and 
molecular genet ic  analyses of DNA metabolism. We a r e  studying various v i ra l  enzymes 
involved i n  DNA metabolism, espec ia l ly  the v i r a l  topoisomerase. The  purif ied enzyme 
relaxes both negat ively and pos i t ive ly  supercoiled DNA i n  the absence of an eneray cofactor ,  
and i s  s e n s i t i v e  t o  coumermycin and novobiocin. Label- t ransfer  experiments have revealed 
t h a t  t h e  topoisomerase species  which covalent ly  binds t o  the DNA subs t ra te  has a molecular 
weight of 37,000. Attempts t o  ident i fy  and analyze the gene encoding the topoisomerase a re  
underway. !.le have molecularly cloned and extensively character ized the gene f o r  the v i ra l  
DNA polymerase. DNA sequence s tudies  a r e  i n  progress t o  def ine the  exact les ion i n  several 
mutant a l l e l e s .  Two addi t ional  complementation groups of reDlication mutants a re  beina 
s tudied.  
les ions in  these mutants. To d a t e ,  the qenomic posi t ion of the  les ions,  and the  i d e n t i t y  
o f  the  gene and polypeptide affected i n  each qroup, has been establ ished.  
t o  these s t ruc tura l  analyses ,  various approaches a r e  underway t o  determine the functional 
defect  i n  these mutants. 

Marker rescue and hybrid-selection techniques a r e  beinp used t o  def ine the 

In  addi t ion 
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1291 SPECIFIC CLEAVAGE OF CRUCIFORM DNA STRUCTURES BY AN ENZYME PURIFIED FROM 
SACCHAROIWES CEREVISEAE. Stephen C. West, Imper ia l  Cancer Research Fund, 
Clare Ha l l  Labs, South Mimms, Herts, England. 

Supercoi led plasmids tha t  conta in  inver ted repeat sequences are known t o  extrude the 
repeats i n t o  cruc i form st ructures t o  reduce the  f r e e  energy o f  supercoi l ing. Extruded 
cruc i form s t ruc tu res  are cleaved i n  v i t r o  by two classes o f  enzymes: (a) S ing le s t rand 
nucleases such as S1 nuclease which non-spec i f i ca l l y  cleave the  s i n g l e  stranded h a i r p i n  
loops o f  the cruciform, and (b)  Ho l l i day  j u n c t i o n  reso lv ing  enzymes, such as T4 endo 
V I I ,  which show a more s p e c i f i c  i n t e r a c t i o n  and cleave d iagonal ly  across the cruc i form 
junc t i on .  

We have now p u r i f i e d  an a c t i v i t y  from yeast t h a t  a l so  cuts plasmid DNA a t  extruded 
c ruc i fo rm st ructures.  

Using the plasmid pColIR215, which contains a cloned inver ted repeat from ColE1, 
we have inves t i ga ted  the s i t e s  o f  cleavage r e l a t i v e  t o  the  cruc i form st ructure.  We 
f i n d  t h a t  cuts are introduced w i t h i n  the i nve r ted  repeat sequences a t  pos i t i ons  tha t  
are symmetricsl ly opposed across the cruc i form junct ion.  

The p u r i f i e d  nuclease i s  present ly  being tested on a v a r i e t y  of  DNA substrates, 
i nc lud ing  other  plasmids tha t  conta in  i nve r ted  repeats, s tab le  H o l l i d a y  j u n c t i o n s  
constructed from phage attachment s i t e s ,  and f i g u r e 4  DNA molecules. 

Ref: West, S.C. and Korner, A. Proc. Nat l .  Acad. Sci. USA 82, 64456449 (1985). 

The na t i ve  molecular weight o f  the enzyme i s  200-300 kd. 
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The P 1  genes, which con t ro l  r e p l i c a t i o n  of t he  P1 plasmid. occupy about 1250 bp o f  contigu- 
ous DNA conta in ing an o r i g i n  i nc lud ing  a con t ro l  element (incC), a gene f o r  an essent ia l  
r e p l i c a t i o n  p r o t e i n  (*), and another con t ro l  element (&r Both incC and incA consis t  
o f  groups o f  19-bp repeated sequences. The 5 incC repeats are r e q u i r e n r  o r i g i n f u n c t i o n  
and a l so  overlap t h e  autoregulated re~)J p r o m o x  The 9 incA repeats are located a t  the 
3 '  end o f  and apparently regulate copy number by t i t r a t i n g  the  RepA. 

The i n t e r a c t i o n  o f  RepA w i t h  the  o r i g i n ,  E, and incA DNA was s tud ied i n  order t o  inves- 
t i g a t e  the  r o l e  o f  RepA i n  the  con t ro l  and i n i t i a t i r o f  P 1  rep l i ca t i on .  The in te rac t i ons  
were assayed i n  v i t r o  by a l lowing RepA t o  bind t o  s p e c i f i c  fragments o f  DNA and by fo l low-  
i n g  the  m o b i l i t y  o f  t he  DNA-protein complexes i n  polyacryamide gels. These complexes were 
f u r t h e r  examined by DNA f o o t p r i n t i n g  and Western b l o t  analyses t o  determine the  exact re-  
gions o f  protein-DNA i n t e r a c t i o n  and t o  quan t i t a te  the amount o f  p r o t e i n  i n  each complex. 
These data prov ide an explanation fo r  some important features o f  P1 plasmid rep l i ca t i on .  
There are several analogies t o  r e p l i c a t i o n  of s i m i l a r  unit-copy plasmids. 

Research sponsored by the  National Cancer I n s t i t u t e ,  OHHS, under contract  No. N01-CO-23909 
w i t h  L i t t o n  Bionet ics ,  Inc. 

P 1  PLASMID REPLICATION: S P E C I F I C  INTERACTION OF RepA WITH P 1  REPLICON DNA, Ann L. 
Abeles, NCI-Frederick Cancer Research F a c i l i t y ,  Frederick, MD 21701 

1293 BOWLS ON THE NUCLEOSOME, Gerard Andlauer, Mundelheim, France. 

a core p a r t i c l e  and a l i n k e r  t h a t  inc lude h is tone and DNA molecules. 

h is tone octamer. 

the outs ide w i th  the g lobular  zone o f  the histones. 

The nucleosane i s  the  elemental u n i t  of the nuc leoprote in  chain. It r e s u l t s  i n  

The Kornberg model re fers  t o  the core p a r t i c l e  as a DNA s t rand c o i l e d  around a mean 

The proposed 'abacus model' defines the  p a r t i c l e  core as a double h e l i x  covered on 

226 
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1294 FUNCTIONAL EFFECTS OF THE a r a C  LESION I N  DNA. G. P e t e r  Beards ley  and Thomas 
Mikita.Departments of P e d i a t r i c s  and Pharmacology, Yale U n i v e r s i t y  School  of 
Medic ine  New Haven, C o n n e c t i c u t  06510 

C y t o s i n e  a r a b i n o s i d e  (araC) i s  a n  i m p o r t a n t  a n t i - l e u k e m i c  d r u g  whose a c t i o n  i n v o l v e s  
m i s i n c o r p o r a t i o n  i n t o  DNA, The n a t u r e  o f  t h e  p u t a t i v e  f u n c t i o n a l  d e f i c i t s  r e s u l t i n g  from 
t h i s  DNA s t r u c t u r a l  l e s i o n  have n o t  h e r e t o f o r e  been  d e f i n e d .  W e  deve loped  a chemica l  
s y n t h e t i c  method f o r  t h e  i n t r o d u c t i o n  of a raC i n t o  d e f i n e d  sequence  o l i g o m e r s  and u t i l i z e d  
t h e s e  f o r  s t u d y  of s i t e  s p e c i f i c  e f f e c t s  on p r o c e s s e s  of  DNA r e p l i c a t i o n ,  A r a C  a t  3 '  pr imer  
te rminimarkedly  i n h i b i t e d  t h e  rate of a d d i t i o n  o f  t h e  s u c e e d i n g  n u c l e o t i d e  by E, c o l i  Pol I 
(Kf) and T4 DNA polymerase.  These polymerases ,  w i t h  a s s o c i a t e d  3' 5' e x o n u c l e a s e  a c t i v i t y  
showed a n  overwhelming p r e f e r e n c e  f o r  e x c i s i o n  of  3 '  terminal a r a C  r a t h e r  t h a n  a d d i t i o n .  
A r a C  a t  3 '  p r i m e r  t e r m i n i  slowed c h a i n  e l o n g a t i o n  by 50 f o l d ,  and w i t h  HeLa c e l l  p o l q  
holoenzyme, no c h a i n  e l o n g a t i o n  whatever  w a s  d e t e c t e d .  I n  c o n t r a s t  t o  t h e  profound i n h z b i t i o n  
of po lymerases ,3 '  t e r m i n a l  a r a C  d i d  n o t  a f f e c t  t h e  r a t e  a t  which T4 LNA l i g a s e  j o i n e d  o l i g o -  
m e r s  a n n e a l e d  a d j a c e n t l y  on M 1 3  s i n g l e  s t r a n d  DNA, a l t h o u g h  t h e  l i g a s e  enzyme c a t a l y z e s  
f o r m a t i o n  of t h e  same bond as t h e  polymerases ,  When an araC l e s i o n  w a s  p l a c e d  i n  t h e  tem- 
p l a t e  s t r a n d ,  i n t e r f e r e n c e  w i t h  pr imer  e l o n g a t i o n  by Pol I (Kf) and P o l a 2  was observed ,  The 
rate of  n u c l e o c i d e  i n s e r t i o n  p r i o r  t o  t h e  l e s i o n  s i te  w a s  normal, b u t  t h e  ra te  o f  i n s e r t i o n  
o p p o s i t e  t h e  lesion w a s  markedly d e c r e a s e d ,  S t r u c t u r a l  models of t h e  a r a C  l e s i o n  i n  duplex  B- 
DNA show t h e  a d d i t i o n a l  hydroxyl  group of t h e  a r a b i n o s e  s u g a r  p r o j e c t i n g  i n t o  t h e  major 
groove. 
n e c e s s a r y  f o r  t h e  a c t i o n  o f  p r o c e s s i v e ,  b u t  n o t  d i s t r i b u t i v e ,  enzymes. 

W e  p ropose  t h a t  t h i s  i n t e r f e r e s  w i t h  t h e  r e l a t i v e  motion between DNA and p r o t e i n  

1295 ROLE OF THE 829 DNA POLYMERASE I N  THE V I R A L  DNA REPLICATION, Lu i s  

ana Marga r i t a  S a l a s ,  Cen t ro  de B i o l o g i a  Molecular  (CSIC-UAM) Universidad 
Aut6noma, Canto Blanco, 28049 Madrid, Spain 

The p roduc t  of the g29 gene 2 ,  needed f o r  t h e  v i r a l  DNA r e p l i c a t i o n  i n  v ivo ,  
was shown t o  be  a DNA polymerase.  I n  v i t r o  s t u d i e s  i n d i c a t e d  t h a t  p r o t e i n  p2 
is  r e q u i r e d  f o r  t h e  p ro te in -p r imed  i n i t i a t i o n  of r e p l i c a t i o n  as  w e l l  as  f o r  
e l o n g a t i o n  o f  t h e  829 DNA cha in .  Th i s  v i r a l  DNA polymerase has  a 3'- 5 '  exo- 
n u c l e a s e  a c t i v i t y  t h a t  i s  l i k e l y  t o  ac t  as a p roof - r ead ing  mechanism. E 2  
mutants  are a v a i l a b l e  and they  are  be ing  t e s t e d  t o  look f o r  d i f f e r e n t  a c t i v e  
s i tes  i n  p r o t e i n  p2 .  I n  a d d i t i o n  t o  t h e  829 DNA polymerase,  t h e  i n i t i a t i o n  
r e a c t i o n  r e q u i r e s  t h e  p re sence  o f  f r e e  t e r m i n a l  p r o t e i n  p3 and t h e  p3-DNA 
complex as t emda te  and i s  s t i m u l a t e d  by N H 4 +  i o n s .  I n  t h e s e  c o n d i t i o n s ,  t h e  
p3-dRMP i n i t i a t i o n  complex formed a t  each end o f  t h e  DNA molecule  is  elonga-  
t e d  by t h e  DNA polymerase a c t i v i t y  o f  p r o t e i n  p Z  g i v i n g  rise t o  f u l l  l e n g t h  
929 DNA. However, t h e  s l o w  ra te  of e l o n g a t i o n  o b t a i n e d  i n  v i t r o  (10 n t / s e c )  
s u g g e s t s  t h e  need o f  a c c e s s o r y  p r o t e i n s .  P r o t e i n  p6, i nvo lved  i n  DNA r e p l i c a -  
t i o n  i n  v ivo ,  s t i m u l a t e s  t h e  formation o f  t h e  i n i t i a t i o n  complex d e c r e a s i n g  
t h e  Km va lue  f o r  dATP. The e f f e c t  o f  p r o t e i n  p6 i n  e l o n g a t i o n ,  as w e l l  a s  t h e  
b ind ing  of u r o t e i n  p6 t o  829 DNA w i l l  b e  a l so  p r e s e n t e d .  

Blanco, Jos6 M. LBzaro, I g n a c i o  P r i e t o ,  Antonio Bernad, JosS M.Hermoso 

1296 REGULATION OF ColEl SYNTHESIS BY ROM PROTEIN, Michae l  Brenner and J u n - i c h i  
Tomizara ,  N a t i o n a l  I n s t i t u t e  of A r t h r i t i s ,  D i a b e t e s ,  and D i g e s t i v e  and Kidney 

D i s e a s e s ,  Betheoda, MD 20892. R e p l i c a t i o n  of  ColEl r e q u i r e s  a n  RNA p r i m e r  f o r  t h e  i n i t i a -  
t i o n  of DNA s y n t h e s i s .  The RNA p r i m e r  i s  formed from a t r a n s c r i p t  which i n i t i a t e s  555 
base  p a i r s  ups t ream from t h e  o r i g i n ,  and whose s y n t h e s i s  proceeds  through t h e  o r i g i n .  I n  
t h e  o r i g i n  r e g i o n  t h e  t r a n s c r i p t  c a n  form a p e r s i s t e n t  hybr id  w i t h  i t s  DNA t e m p l a t e .  
Cleavage of  t h e  h y b r i d i z e d  RNA by RNase H y i e l d s  che f u n c t i o n a l  pr imer .  

of a second RNA t o  t h e  5' end of  t h e  e l o n g a t i n g  p r i m e r  t r a n s c r i p t .  The b i n d i n g  of t h e s e  
two KNAs i s  i n  t u r n  c a t a l y z e d  by t h e  Rom p r o t e i n ,  a 7,000 M W  p o l y p e p t i d e  encoded by t h e  
ColEl p lasmid .  T h i s  p i v o t a l  r o l e  of t h e  Rom p r o t e i n  s u g g e s t s  i t  may be a p h y s i o l o g i c a l  
c o n t r o l  p o i n t  f o r  r e g u l a t i n g  p l a s m i d  copy number. 

p h y s i o l o g i c a l  c o n t r o l .  The i n  v i v o  a c t i v i t y  of t h e  Rom promoter  h a s  been d e t e r m i n e d  under 
a v a r i e t y  of p h y s i o l o g i c a l  c o n d i t i o n s .  I n  v i t r o  t r a n s c r i p t i o n  s t u d i e s  have d e t e r m i n e d  t h e  
p r e c i s e  l o c a t i o n  of  t h e  Rom promoter ,  and examined t h e  e f f e c t s  of  s e v e r a l  p o s s i b l e  r e g u l a -  
t o r s .  The r e s u l t s  o b t a i n e d  w i l l  be d i s c u s s e d  i n  r e f e r e n c e  t o  i n  v i v o  measurements of Rom 
p r o t e i n  l e v e l s  2nd p l a s m i d  copy number. 

Format ion  of  t h e  RNA/DNA h y b r i d ,  and hence p r i m e r  f o r m a t i o n ,  i s  i n h i b i t e d  by b inding  

We have i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  t r a n s c r i p t i o n  of t h e  Rom p r o t e i n  i s  under  
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1297 PURIFICATION AND CHARAC~ERIZATION OF A SUPPRESSION PRODUCT OF THE GENE IN 
ESCHERICHIA s, Sharon K. Bryan and Robb E. Moses, Baylor College of Medicine, 

Houston, TX 77030 

We found that 95% of temperature-resistant revertants from HS432 (polAl, polB-, _pols, e-, suf), were methylmethane sulfonate-resistant (MMSR) and W R ,  indicating the presence 
of DNA polymerase I activity. These revertants fell into 2 categories: 1) a mutation in the 

gene gave a low (10%) 
level of DNA polymerase activity. Since 70% of the revertants fell into the second cate- 
gory, we characterized the suppression product of the @ (am) gene. Using CSM61, a 
revertant of the second category, we purified this enzyme several thousand-fold. During 
purification of the polAl suppression product, we found that it differed from authentic DNA 
polymerase I and is unstable without glycerol or in KPO4 less than 0.1 M. The purified 
enzyme is slightly more heat-sensitive than native DNA polymerase I, but shows the same 
inactivation by anti-DNA polymerase I antibody. The apparent molecular weight of the 
purified enzyme is about 10% lower than native DNA polymerase I as indicated by sucrose 
gradient sedimentation, gel filtration (size exclusion) chromotography, HPLC, and poly- 
acrylamide gel electrophoresis. However, the low (10%) level of polymerase activity is 
enough to make the cell normal with respect to cell survival after W OK MMS treatment, and 
adequate to drive replfcatfon with e- in the absence of DNA polymerase 111. Supported by 
NIH GM19122. 

gene made some a+; and 2) a suppressor acting on the 

1298 HULTIPROTEIN INTERACTIONS IN THE REPAIR OF DAMAGED DNA BY THE E. COLI 
UVRABC SYSTEM, Paul R. Caron and Lawrence Grossman, The Johns Hopkins 
University, School of Hygiene and Public Health, Baltimore, HD 21205 

The bimodal nature of the E. DvrABC catalyzed incision reaction of DNA damaged by a 
W irradiation or containlng various "bulky" adducts (AAF, benzo(a)pyrene, psoralens, cis- 
Pt, ... ) leads to potential excision of a 12-13 base long damaged fragment. However, the 
oligonucleotide fragment containing the damaged site is not released under non-denaturing 
vitro reaction conditions. The UvrABC proteins, also, are stably bound to the incised DNA and 
d o t  turnover following the incision event. Damaged fragment release from the parental 
UvrABC incised DNA is dependent on either chelating conditions or upon the simultaneous 
addition of the uvrD gene product (helicase 11) and the polA gene product (DNA polymerase I) 
when catalyzing concommitant polymerization of deoxynucleoside triphosphate substrates. The 
product of this multiprotein catalyzed series of reactions serves as a substrate for 
polynucleotide ligase which results in the restoration of the integrity of the strands of 
DNA. In some cases an intermediate in the incision reaction can be identified in which UvrABC 
generates a 5' incision before the 3' incision. I n  these cases the 5'-3' exonuclease 
activity of DNA polymerase I or exonuclease PI1 (xse) can lead to a 3' incision allowing the 
excision of the damage. 
that various "bulky. adducts produce. 
UvrABC complex also results in turnover of the UvrC protein. The addition of SSB leads to 
stimulation of the incision reaction and also appears to compete for UvrA binding at 
nonspecific sites. It is suggested that the repair processes of incision, excision, 
resynthesis and ligation are coordinately catalyzed by a complex of proteins in a 
'repairosome' type of configuration. 

The rate of incision may be correlated with the extent of distortion 
The addition of the UvrD protein to the incised DNA- 

1299 STUDIES OF THE DNA HELICASE-RNA PRIMASE UNIT FROM BACTERIOPHAGE T4: A TRINUCLEOTIDE 
SEQUENCE ON THE DNA TEMPLATE STARTS RNA PRIMER SYNTHESIS, Tai-An Cha and Bruce M. 

Alberts, Dept. of Biochemistry and Biophysics, Univ. of California. San Francisco, CA 94143 
The purified DNA replication proteins encoded by genes 41 and 61 of bacteriophage T4 catalyze 
efficient RNA primer synthesis on a single-stranded DNA template. In the presence of addi- 
tional Td replication proteins, we demonstrate that the template sequences GTT and GCT serve 
as necessary and sufficient signals for RNA primer-dependent initiation of new DNA chains. 
These chains start with primers that have the sequences pppApCpNpNpN and pppGpCpNpNpN, where 
N can be any one of the four ribonucleotides. Each primer is initiated from the T (A-start 
primers) or C (Gstart primers) in the center of the recognized template sequence. A subset 
of the DNA chain starts is observed when one of the four ribonucleoside triphosphates used as 
the substrates for primer synthesis is omitted; the starts observed reveal that both penta- 
ribonucleotide and tetraribonucleotide primers can be used for efficient initiation of new 
DNA chains. whereas primers that are only three nucleotides long are inactive. 

It was known previously that, when 61 protein is present in catalytic amounts, the 41 
and 61 proteins are both required for observing RNA primer synthesis. However, by raising 
the concentration of the 61 protein to a much higher level, a substantial amount of RNA- 
primed DNA synthesis is obtained in the absence of 41 protein. The DNA chains made are 
initiated by primers that seem to be identical to those made when both 41 and 61 proteins are 
present; however, only those template sites containing the GCT sequence are utilized. The 61 
protein is therefore the RNA primase, whereas the 41 protein should be viewed as a DNA 
helicase that is required (presumably via a 41/61 complex) for efficient primase recognition 
of both the GCT and GTT DNA template sequences. 
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1300 
Repl i ca t ion  of ColEl DNA can be i n i t i a t e d  i n  v i t r o  from t h e  unique o r i g i n  wi th  t h r e e  
enzymes, RNA polymerase, RNase H and DNA polymerase I. 
t r a n s c r i p t  t h a t  hybr id i zes  t o  t h e  template  DNA, t o  produce t h e  primer f o r  e longa t ion  
by DNA polymerase I. 

However, i t  has  been shown t h a t  ColEl DNA can r e p l i c a t e  i n  vivo in b a c t e r i a  t h a t  
a r e  d e f i c i e n t  i n  t h e  RNase H a c t i v i t y .  
plasmid DNA In  v i t r o  as w e l l  as i n  vivo i n  t h e  absence of RNase H. To c r e a t e  RNase H- 
cond i t ion ,  w e  found i t  necessary t o  use  a b a c t e r i a l  s t r a i n  where d e f e c t  in RNase H 
a c t i o n  is  s e v e r e r  than those t h a t  were ava i l ab le .  
i n s e r t i n g  t h e  gene € o r  Kanamycin r e s i s t a n c e  a t  a s i te  very c l o s e  t o  t h e  5'-end of t h e  
sequence t h a t  encodes t h e  enzyme. 
r e p l i c a t e  f a i r l y  w e l l .  Experiments with va r ious  mutant plasmids showed t h a t ,  a t  least, 
hybr id i za t ion  of t h e  primer t r a n s c r i p t  t o  t h e  template  DNA is  necessary f o r  r e p l i c a t i o n  
even i n  the  $J- host .  Resu l t s  of in v i t r o  experiments with c e l l  e x t r a c t s  from t h e  
wild type  and &- mutants showed t h a t  r e p l i c a t i o n  i n i t i a t e s  a t  new s i t e s  t h a t  include 
approximately 10 bp and 25 bp downstream from t h e  unique r e p l i c a t i o n  o r i g i n  seen i n  
t h e  wild-type e x t r a c t .  

REPLICATION OF COLE1 PLASMID UNDER RNase H- CONDITION, Santanu Dasgupta, 
Hisao Masukata and Jun-ichi Tomizawa, NIADDKD, N I H ,  Bethesda, MD, 20892 

RNase  H c l eaves  t h e  primer 

W e  t h e r e f o r e  analyzed r e p l i c a t i o n  of t h e  

Such a s t r a i n  w a s  cons t ruc t ed  by 

In t h e  KmRG-s t r a in ,  t h e  wild type plasmid can s t i l l  

1301 CHARACTERIZATION OF PROTEIN WHICH BINDS SPECIFICALLY TO A PUTATIVE 
ORIGIN OF CELLULAR DNA REPLICATION. John F.X. Diffley and Bruce Stillman. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N Y  11724 

We have developed a rapid and sensitive nitrocellulose fi l ter  binding assay for the detection 
of sequence specific DNA binding proteins in crude cellular extracts  and have applied this 
assay to  the detection of factors  in whole cell extracts  of Saccharomyces cerevislae which 
bind specifically to  a putative origin of replication, ARSl. One such protein, ARSl binding 
factor  I O\BFI) has been detected and partially purified. This partially purified protein 
protects approximately 20bp from DNaseI digestion in footprinting experiments. This region 
of DNaseI protection lies entirely within domain B, a region shown t o  be important in ARS 
function (1) and we suggest that  i t  is this binding site that  defines the functional domain B. 
We are  currently investigating the effects  on ARS activity of point mutations within domain 
B which effect  ABFI binding and furthermore. we are attempting to purify ABFI to 
homogeneity. Our results suggest that  this putative cellular origin of replication may have 
an organization analogous to the organization of the adenovirus and SV40 origins of 
replication in which a si te for a sequence specific DNA binding protein is located adjacent 
to a cri t ical  A+T rich region. 
( 1 )  Celniker, S.E., K .  Sweder, F. Srienc. J.E. Bailey and J.L. Campbell. 1984. Mol. Cell. 
Bid.  4~2455-2466 

1302 PURIFICATION AND CHARACTERIZATION OF THE YEAST DNA POLYMERASE - 
PRIMASE COMPLEX: Russell J. DiGate and David C. Hinkle; Department of Biology, 
University of Rochester, Rochester, New York 14627 

We have purified yeast DNA polymerase I to near homogeneity using procedures designed to 
minimize proteolysis. A DNA primase activity is associated with the DNA polymerase and the ratio of 
primase to polymerase activity remains constant until the last step of the purification. Sedimentation on a 
sucrose gradient reveals two species of DNA polymerase (9.6s and 7.9s). The primase activity is 
associated with the 9.6s form which comprises only 20-30% of the total DNA polymerase activity. Both 
forms of the enzyme have a Stokes radius of about 72 A (measured by gel filtration), which indicates a 
molecular weight of approximately 290,000 fer the 9.6s form and 240,000 for the 7.9s form. 

Analysis of DNA polymerase fractions by SDS-PAGE shows two major polypeptides (175 kDa 
and 70 kDa) associated with both forms of the DNA polymerase. Both of these polypeptides copurify 
with polymerase activity and they probably comprise the 240 kDa form of the enzyme. Two additional 
major polypeptides (52 kDa and 48 kDa) sediment with the 9.6s form of the enzyme. The primase has 
been separated from polymerase by sedimentation in the presence of 2.8M urea. The recovery of primase 
activity is very low hut only the 48 kDa and 52 kDa polypeptides are present in the fractions containing 
primase activity. One or both of these peptides may be required for primase activity. 

We have characterized the RNA primers synthesized by the polymerase-primase complex on a variety 
of synthetic and natural single-stranded DNA templates. On natural DNAs there are preferred sites for 
initiation but no obvious consensus sequence for these sites has been identified. 
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MAPPING THE DNA TEMPLATE CONTACTS OF THE T4 DNA POLYMERASE. Mary K. Dolejsi, 
Mary C. Dasso, Joel W. Hockensmith and Peter H. von Hlppel. Institute of 

1303 
Molecular Biology, University of Oregon, Eugene, Oregon 97403. 
We are studying the enzymatic properties of the T4 DNA polymerase (gene 43 protein) as a 
probe of its structural interactions with DNA primer-templates. m e  gene 43 protein has 
both DNA synthesis and single-stranded exonuclease activities. When the gene 43 protein 
is incubated with an excess of single-stranded oligonucleotides, exonuclease products of 
9-10 nucleotides accumulate (independent of the length of starting oligomer). By 
measuring the rate of hydrolysis as a function of the length of starting oligomer, we can 
determine apparent %Is. There is an increase in & as the template drops below 12 
nucleotides. We conclude that the gene 43 protein needs a DNA oligomer of length 10-11 
for fully functional interactions. A similar analysis i s  being conducted with 
double-stranded primer-template models, and will be expanded with template competition 
studies. Supported by USPHS Raining Grant GM07759 and Research Grant GM-29158. 

1304 
14642 
The dnaA protein of g.* i s  necessary f o r  the  i n i t i a t i o n  of DNA synthesis  and has been 
d e m o z r a t e d  by others t o  bind t o  a nine base pair  sequence between P1 and P2 of the  dnaA 
gene and t o  regulate  i ts  own t ranscr ip t ion .  This nine base pair  sequence (TTATCCACA)- 
occurs with s l i g h t  var ia t ions near t h e  or igin of chromosomal rep l ica t ion  and i n  f ron t  of 
the coding region of other genes. Some of these genes appear t o  have functions re la ted  
t o  D N A  rep l ica t ion ,  repa i r  and c e l l  divis ion;  other genes appear t o  have unrelated 
functions. Two examples of the l a t e r  type a re  the  om F gene with the  sequence TTATCATA 
in the  pranoter and the rrn ribosanal R N A  operons, &re the sequence TTATCAGA occurs. 
I n  order t o  determine whether the dnaA protein mi h t  influence the  t ranscr ip t ion  of the 
9 F  gene, we examined the  t r a n s c r r n i o n  of xi ?ram the  plasmid, ORF 2 ,  (which has the 
anpF promoter cloned i n  f ron t  of the  l a c i  gene) when t h i s  plasmid was resident  in various 
E A  temperature s e n s i t i v e  mutants. T h e r e s u l t s  indicate  t h a t  i n  some %A mutants the 
level of lacZ t r a n s c r i p t s  i s  much hi her a t  permissive temperature as compared w i t h  
nonpermisslve temperature. This wouqd suggest t h a t  ac t ive  *A protein increases the  
level of t ranscr ip t ion  from the  ompF promoter. 
conditions act ive %A protein a150 increases the  level of 16s r R N A  t ranscr ip ts .  The 
essent ia l  sequences in the  2 F  prmoter  necessary f o r  t h i s  regulation i s  cur ren t ly  under 
i nvesti gat i  on. 

THE dnaA PROTEIN AND THE REGULATION OF TRANSCRIPTION IN E .  c o l i ,  H .  Eberle, G. 
Kampo and D. Sporn, University of Rochester School of Mea.,-hester, N.Y.  

Other r e s u l t s  suggest t h a t  under special  

1305 ISOLATION OF A DNA-BINDING PROTEIN SPECIFIC FOR THE REPLICATION ORIGIN OF HERPES 
SIHPLEX VIRUS I, Per Elias, Hichael E. O'Donnell and I. Robert Lehman, Department 
of Biochemistry, Stanford University School of Medicine, Stanford, CA 94305 

As a part of a study of the mechanism of HSV-I DNA replication we are seeking proteins 
that interact with the origin of replication. 
we have identified a protein that specifically recognizes the ORIs sequence of HSV-I. 
This protein has been partially purified and its binding site in the ORIs region has been 
mapped using deletion mutants obtained by site-directed mutagenesis. The influence of this 
protein on in vitro DNA replication assays will be discussed. 

Using a nitrocellulose filter binding assay 

1306 THE GENETIC AND BIOLOGICAL CHARACTERIZATION OF 0105 INDUCI'ION IN BACILLUS SUBTILIS . 
Bradford M. Friedman and Ronald E. Yasbin, University of Rochester, School of 
Medicine and Dentistry, Rochester, NY 14642 

0105 is a temperate bacteriophage of g .  subtilis containing double-stranded DNA with a 
molecular weight of approximately 25Kda. Bacteria lysogenic for 0105 are significantly 
reduced in their ability to be transformed by exogenous DNA due to the induction of the 
prophage in competent cells. Four recombinant plasmids have been generated which render E. 
subtilis resistant to superinfection by 0105~1 , a clear plaque mutant of 0105. The parental 
plasmid is capable of replicating both iE E. & and in 5. subtilis. The cloned DNA 
inserts consist of an g R I  "F" fragment from whole vegative 0105 DNA ca. 3.2%~ and three 
smaller pieces from the "F" fragment (each ca. 700bp). Although these recombinant plasmids 
confer resistance to superinfection by 0105~1 , they differ in their biological activitives 
with to prophage induction and transfhability of lysogenic strains. Specifically, 
one of the fragments (a z 3 A  digest) caused homoimune prophage to be lost from the 
chromosome, while another fragment (an E R I  digest) decreased, beyond the level of 
detection, the abilitiy of lysogenic strains carrying either heteroimune or homoimune 
prophage to be transformed. In addition, there are unique proteins generated from each DNA 
fragment detected in E. subtilis minicells and 5. coli maxicells. The elucidation of the 
activities associated with these cloned DNA fragments are aiding in the understanding of the 
mechanisms that control lysogeny and replication of the g .  subtilis bacteriophage 0105. 

regard 
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1307 0X GENE A PROTEIN CATALYZEb REPLICATION: SEQUENCE REQUIREMENTS AND 
THE 0X A PROTEIN - DNA COMPLEX, George 5. Goetz, Thomas Schmidt-Glenewinkel, 
Yilda Relgado, and Jerard Hurwitz, Memorial  Sloan-Kettering Cancpr Center, New York, NY. 

We have examined t h e  mode of act ion o f  t he  0X 174 gene A protein, t he  site-specific nuclease-ligase 
required f o r  synthesis o f  single strand circular (SS(cl1 0X 174 D N A  f rom supercoiled 0X 174 RFI  
D N A. The A protein in i t ia tes  th is  pathway b y  nicking 0 X 174 4 FI between nucleotide residues 4305 
and 4306 and is  l inked t o  the  dA M P residue a t  position 4306 through a tyrosine-dA M P bond. Protease 
t rea tment  o f  an oligonucleotide-A pro te in  covalent complex suggests t h a t  t he  protein contains t w o  
d is t inc t  ac t i ve  sites. The sequence requirements supporting the  various act iv i tes of t he  0X A p ro te in  
were examined b y  in v i t ro  analysis o f  a series of mutations i n  the  30 nucleotide 0X 174 origin. 
Mutations o r  d e l e t i o n s h i n  the  first th ree  nucleotides a t  the  5' end o f  t he  30 nucleotide or ig in 
sequence do no t  a l te r  t he  nicking react ion by the  A protein, bu t  resu l t  i n  reduced RF+SS(cl synthesis 
due t o  poor reini t iat ion.  A G+A t ransi t ion a t  nucleot ide residue 430' prevents cutting, while an A+G 
transi t ion a t  residue 4306 permi ts  efficient cu t t ing  and a reduced leve l  o f  replication. 3' deletions 
t runcat ing the  or ig in region b y  4 t o  7 nucleotides support  rep l i ca t ion  bu t  are def ic ient  i n  termination, 
producing long l inear products. Through analysis o f  plasmids containing t w o  origins o f  replication, one 
wi ld type  and one mutant, on the  same strand, it appears t h a t  a mutant or ig in unable t o  support i n i t i a l  
cu t t ing  is  also unable t o  support terminat ion and reini t iat ion.  No evidence f o r  uncoupling o f  the 
terminat ion and re in i t ia t ion  react ions has been obtained. 

1308 ASSE~IBLY OF PRIHOSCME COHPLEXES MEDIATED BY TEB BACTERIOPEAGE A o AUD P REPLICATION 
INITIATORS. Bruce  G-8, Jonathan B. LeBwitz and Roger XoHacken, Johna HopklM 

University, Baltimore. MD 21205 
The A 0 and P rep l ica t ion  proteins. in conjunction with several  E. a proteina. 

promote the rep l ica t ion  of single-stranded (8s) DNA templates t h a t  are coated with the as 
DNA binding protein (SSB). This st rand i n i t i a t i o n  8yst.m has recent ly  been established 
with 8 purif ied proteins  (LeBovltz & &., S h o e  each of the  8 
r equ i r ed  proteins  functions in A DNA rep l ica t ion  X&Q, y. ant io ipa te  that thot analysis 
of the 'A ss rep l ica t ion  react ion '  wi l l  yield clues  about the protein-protoin interactions 
t h a t  The rate- 
l imit ing s tep  i n  the  A ss rep l ica t ion  react ion is the ATP-dependent tran8fe.r of the  E. gl2.U 
dnaB protein hel icase onto the  template DNA strand. Our data  suggests (1) t h a t  the A P 
protein mediates the  in te rac t ion  of a P-dnaB protein oomplex with a te rnmy corplax of A 0  
protein. SSB and ss DllA and (11) that ac t ion  by the  S. dnaJ and dnaK heat  shock 
proteins point. 
The template 
s t rand,  pnll p r l n E e .  
I n  re la ted  s tudies  we have discovered t h a t  a funct ional ly  similar pri.osome-llke oorplex 
can b e  formed with just dnaB protein,  priaDse and SSB, but only i f  the dlUB protein 18 
permitted t r a p  
for free dnaB protein, YII have found in t h i s  system t h a t  the dnaB protein a c t s  
processively and does not  d i ssoc ia te  during the  SJVItheISiE of multiple RKA primers. 

PJ&S SZ, 3988-3992, 1985). 

occur pr ior  t o  the i n i t i a t i o n  of DNA chains a t  the  A rep l ica t ion  origin. 

frees the  dnaB protein t o  ac t ive ly  m&rate away frca the  initial MaeMblJ 

as a locus for the  synthesis  of multiple p r d r s  by the  E. 
act ivated daaB protein apparently migrates processively along the  SSB-o0at.d 

serving 

tc b a d  t o  the  8s DNA p r i o r  t o  the  addi t ion of SSB. Using p o l ~  6714 88 a 

1309 CONFORHATIONAL BEHAVIOR OF NUCIEOTIDES REIEVANT TO WA REPLlC4TION FILXLlTY. w r o n  
F. Goodman, John Petruska,  Iawrence C. Sowers. Wchael  Boosalis.  Sandra K. Randal l ,  
I a r ry  Dalton, Dhananjaya N .  Phaskar,  Tasneem Khwaja, G. V ic to r  Fazakerley+, Ramon 
Eri t ja* ,  and Bruce Kaplan*, Universi ty  of Southern Ca l i fo rn ia ,  IDS A n g e l e s .  CA 
90089-1481, +CEN Saclay. Gif sur Yvette ,  France,  *Beckman Research I n s t i t u t e ,  City 
of Hope, Duarte, CA 91010 

lhe s u s c e p t i b i l i t y  of nuc leo t ides  t o  conformational changes profoundly in f luences  the  
f i d e l i t y  of DNA r e p l i c a t i o n .  Disfavored tautomers of common bases  and base analogues a r e  
gene ra l ly  assumed t o  exp la in  base s u b s t i t u t i o n  mutagenesis.  
mutagenic analogue of adenine (A), we provide evidence from NMR and UV s p e c t r a  t h a t  the AP:C 
mispair  e x i s t s  in DNA and forms two hydrogen bonds. We propose t h a t  p ro tona t ion  r a t h e r  than 
t au tomer i za t ion  is  the  most l i k e l y  cause of AP:C mispa i r s .  We a l s o  provide evidence t h a t  
AP:A mispa i r s  e x i s t  i n  DNA and t h a t  DNA polymerases i n s e r t  AP oppos i t e  template  A s i t e s .  We 
suggest  t h a t  AP:A is a wobble base p a i r  v i t h  tvo hydrogen bonds. K ine t i c  d a t a  (KH and Vmx) 
a r e  provided f o r  t h e  formation of s i n g l e  phosphodiester  b n d s  f o r  matched and mismatched 
base p a i r s ,  i nc lud ing  i n s e r t i o n s  oppos i t e  a p u r i n i c  sites on DNA. We present  a model, based 
on v a t e r  exc lus ion  in t he  enzyme c l e f t ,  t o  exp la in  how DNA polymerase ampl i f i e s  (2- t o  5- 
f o l d )  t h e  f r e e  energy d i f f e r e n c e s  between c o r r e c t  and i n c o r r e c t  base p a i r s  measured i n  
aqueous s o l u t i o n ,  without invoking enzyme conformational changes o r  k i n e t i c  proofreading.  

For l-amlnopurine CAP), a 
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1310 I X  VlVO POINTS OF DNA-PROTEIN CONTACT WITHIN THE PROMOTER REGION m m  YEAST HSP82 GENE.  David S. Gross and William T. Carrard,  Dept. 
Biochemistry, University of Texas Health Science Center a t  Dallas, Dallas, TX 75235. 

Saccharomyces cerevisiae is an attractive biological system to dissect the cis-acting 
DNA sequence determinants of gene expression and to s tudy the DNA contact p o i n t s  o f  
trans-acting regulatory proteins. Genetic manipulation of this organism readily permits 
m v e  selection of site-directed integration, making it possible to change any base 
sequence within the normal chromosomal environment of a given gene. We have chosen to 
s tudy the locus encoding an 82 kd heat shock protein, HSP82, and report here  identifica- 
tion of regulatory protein contacts within the promoter o f  this gene. We have exposed 
living haploid yeast cells to dimethyl sulfate (DMS) and have assessed the extent to which 
the N - 7  moiety of guanine, which resides in the major groove of D N A ,  is accessible to 
methylation. Mapping of piperidine-induced cleavage sites along an G O O  bp segment of 
the upstream region was by indirect end-labeling, using a modification of the genomic 
sequencing technique of Church and Gilbert (1984). Strikingly, this method reveals 
substantial reactivity of an A residue a t  -79 on the template s t rand ,  a position opposite 
the  first T of the  TATA box, a s  well a s  unusual reactivities of adenine clusters of 3-4 
residues which flank the TATA box on the  upper  s t rand.  These adenines a r e  presumably 
methylated by DMS a t  the  N-7 position, since they a re  unusually labile to treatment that 
normally results in chain cleavage exclusively at  7-methylguanine. We are  current ly  
constructing M13 clones that contain single base mutations a t  these sites. 

1311 ENZYMOLOGICAL ASPECTS OF DNA REPLICATION IN MAMMALIAN CELLS, 
Frank  G r o s s e ,  U l r i c h  Schomburg, S t e p h a n  S c h o l t i s s e k  and H e i n z - P e t e r  
Nasheuer ,  M a x - P l a n c k - I n s t i t u t  f .  Exp. Med., D-3400 G o t t i n g e n ,  FRG 

S e v e r a l  p r o t e i n s  t h a t  are i n v o l v e d  i n  DNA r e p l i c a t i o n  w e r e  p u r i f i e d  t o  homo- 
g e n e i t y .  These  p r o t e i n s  i n c l u d e  t h e  DNA p o l y m e r a s e  a- p r i m a s e  complex,  a 
s t i m u l a t o r y  p r o t e i n  of t h e  a -polymerase  t h a t  m o s t  p r o b a b l y  is a f u r t h e r  sub-  
u n i t  (SF-35) ,  t h e  s i n g l e - s t r a n d e d  DNA b i n d i n g  p r o t e i n s  UP1 and i t s  unde- 
Traded  form (SSB-38) ,  and  t h e  t y p e  I and  t y p e  I1 t o p o i s o m e r a s e s  f rom c a l f  
thymus.  By employing  i n  v i t r o  DNA s y n t h e s i s  on  s i n g l e - s t r a n d e d  M13-DNA as 
a model  s y s t e m ,  t h e  i n f l u e n c e  of t h e s e  p r o t e i n s  on  t h e  r e a c t i o n  ra te ,  t h e  
p r o c e s s i v i t y  a n d  t h e  a c c u r a c y  o f  DNA p o l y m e r a s e  a w a s  s t u d i e d .  W e  found t h a t  
t h e  s t i m u l a t o r y  p r o t e i n  d i m i n i s h e s  t h e  t i m e  demand f o r  t h e  c o m p l e t e  r e p l i c a t -  
i o n  o f  M13-DNA from 90  min t o  4 0  min.  The a c c u r a c y  of DNA p o l y m e r a s e  a i n -  
creases a t  least  t w o f o l d  i n  t h e  p r e s e n c e  of SF-35. UP1 and  i t s  undegraded  
form SSB-38 i n c r e a s e s  t h e  p r o c e s s i v i t y  o f  p o l - a  f rom 18 t o  a b o u t  30. Both  
S S B - p r o t e i n s  a l low a f a s t e r  r e p l i c a t i o n  t h r o u g h  h a i r p i n  s t r u c t u r e s .  By con- 
t ras t ,  n e i t h e r  t o p o i s o m e r a s e  I n o r  t o p o i s o m e r a s e  I1 s e e m  t o  have  any  i n -  
f l u e n c e  o n  t h e  i n  v i t r o  r e p l i c a t i o n  o f  s i n g l e - s t r a n d e d  M13-DNA by t h e  homo- 
g e n e o u s  DNA n o l y m e r a s e  a- p r i m a s e  complex.  

1312 TERMINAL PROTEIN OF PHAGE 8 2 9 .  SITE OF LINKAGE TO THE DNA AND INTER- 
ACTION WITH THE VIRAL DNA POLYMERASE AND DNA, Jose M. H e r m o s o ,  I g n a c i o  

P r i e t o ,  C r i s t i n a  Garmendia,  L u i s  B l a n c o ,  E n r i q u e  Mendez' and  M a r g a r i t a  S a l a s ,  
C e n t r o  d e  B i o l o g l a  M o l e c u l a r  (CSIC-UAM) U n i v e r s i d a d  Autenoma, 28049 Madr id ,  
and  " C e n t r o  Ram6n y C a j a l ,  Carretera Colmenar  V i e j o ,  28034 Madr id ,  S p a i n .  

Phage  829  h a s  a p r o t e i n ,  p3 ,  c o v a l e n t l y  l i n k e d  t o  t h e  e n d s  of t h e  DNA t h r o u g h  
a p h o s p h o e s t e r  bond be tween a s e r i n e  r e s i d u e  a n d  t h e  5 '  t e r m i n a l  n u c l e o t i d e  
dAMP. W e  h a v e  i d e n t i f i e d  t h e  site o f  l i n k a g e  t o  t h e  DNA as t h e  s e r i n e  r e s i d u e  
232,  by amino a c i d  a n a l y s i s  o f  a p r o t e i n a s e  K r e s i s t a n t  p e p t i d e  l i n k e d  to  t h e  
DNA, t h a t  c o n t a i n s  o n l y  o n e  s e r i n e  r e s i d u e .  T h i s  r e s u l t  h a s  been  c o n f i r m e d  b y  
s e q u e n c e  d e t e r m i n a t i o n  of a t r y p t i c  p e p t i d e ,  c o v a l e n t l y  a t t a c h e d  t o  t h e  DNA, 
t h a t  i n c l u d e s  s e r i n e  r e s i d u e  232. 

P u r i f i e d  free t e r m i n a l  p r o t e i n  forms  a complex w i t h  t h e  829  DNA polymer-  
ase. The f o r m a t i o n  of t h i s  complex r e q u i r e s  NH4+ i o n s .  P r o t e i n  p3  a l s o  b i n d s  
t o  DNA, t h o u g h  t h i s  i n t e r a c t i o n  is  n o t  s e q u e n c e  s p e c i f i c .  P u r i f i e d  p a r e n t a l  
t e r m i n a l  p r o t e i n ,  o b t a i n e d  by n u c l e a s e  d i g e s t i o n  of t h e  8 2 9  DNA-p3 complex,  
d o e s  n o t  i n t e r a c t  e i t h e r  w i t h  t h e  v i r a l  DNA p o l y m e r a s e  o r  w i t h  DNA a n d ,  i n  
c o n t r a s t  t o  free p r o t e i n  p 3 ,  forms  d i m e r s .  The p r e s e n c e  i n  t h e  p a r e n t a l  ter- 
m i n a l  p r o t e i n  of a s h o r t  o l i g o n u c l e o t i d e  c o v a l e n t l y  l i n k e d  may c h a n g e  i t s  
s t r u c t u r e  a n d  e x p l a i n  t h e  d i f f e r e n t  b e h a v i o u r  o f  t h e  t w o  p r o t e i n s ,  r e f l e c t i n g  
t h e i r  d i f f e r e n t  roles i n  t h e  i n i t i a t i o n  o f  r e p l i c a t i o n  of @29 DNA. 
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1314 
Peter H. von Hippel. 
97403. 
Single-pulse (-8 nanosecond) ultraviolet laser excitation of protein-nucleic acid complexes 
can result in efficient and rapid covalent crosslinking of proteins to nucleic acids. The 
reaction produces no nucleic acid-nucleic acid or protein-protein crosslinks, and no 
nucleic acid degradation. Laser lines ranging from 204 nm to 309 nm have been examined to 
determine their ability to induce protein-DNA crosslinks. 
is dependent on the wavelength of exciting radiation, the nucleotide composition of the 
nucleic acid, and the total photon flux. 
protein interactions with oligonucleotides, for which binding constants had been previously 
measured by standard techniques. The method appears to be applicable to all proteins that 
bind to nucleic acids. Cur primary application has been examination of the five gene 
products of T4 phage that are involved in leading-strand DNA synthesis. Our results 
include apparent binding constants for individual proteins to various substrates, as well 
as the way in which binding is altered by addition of cofactors necessary for DNA 
replication (dNTPs, ATP and other proteins). Additionally, laser crosslinking yields 
information on specificity of protein-nucleic acid interactions, including points of 
contact and site sizes. This information allows us to define the protein-protein and 
protein-nucleic acid interactions that take place during DNA replication. 
NIH grants GM-29158. GM-07759 (to PHvH) and M-09353 (to JWH).) 

LASER CROSSLINKING OF BACTERIOPHAGE T4 DNA REPLICATION PROTEINS TO NUCLEIC ACIDS. 
Joel W. Hockensmith, male A. Cross, William L. Kubasek, William R. Vorachek and 

Institute of Molecular Biology, University of Oregon, Eugene, Oregon 

The efficiency of crosslinking 

The method was calibrated using the T4 gene 32 

(Supported by 

1315 REPLICATION AND TRANSCRIPTION OF BACTERIOPHAGE MU IN ESCHERICHIA DNA GYRASE 
HUTANr STRAINS, Martha M. Hove, Scott 8. Shore, and Wilma Ross, University of 

Wisconsin, Madison, WI 53706. 

Mutations in E. coli DNA gyrase genes, =and @, which inhibit the growth of 
bacteriophage Mu but have little or no effect on cell growth or colony morphology were 
isolated. The Mu growth inhibition was reflected by reductions in plaque size, efficiency 
of plating, and burst size and by a delay in the time of lysis. To determine the 
mechanism responsible for Mu growth inhibition, Mu DNA replication and transcription were 
assayed. 
comparable to the delay in lysis t i m e .  Quantitative studies of Mu transcription indicated 
that this delay in Mu DNA replication could not be attributed to reduced transcription of 
the Mu replication and transposition genes &and B. 
isolated at various times after induction showed no difference in Mu transcription pattern 
between the wild-type and gyrase nutant strains other than those attributable to the 
delays observed in the other assays. It is not clear whether the effects of the gyrase 
mutations are indirect, for example by causing an alteration in the level of DNA 
supercoiling, or whether they reflect a direct role for DNA gyrase as an active component 
of the transposition process. 

Analysis of Mn-specific DNA synthesis demonstrated a delay in Mu replication 

Southern blot analysis of Mu RNAs 
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1316 INTERACTION OF MUTANT THIOREDOXIN WITH ?7 DNA POLYMERASE, Hans Huber 
and Charles C. Richardson, Harvard Medical School, Boston, MA 02115 

DNA polymerase activity in Escherichia &.cells infected with bacteriophage 
T 7  resides in a protein complex consisting of the T7 gene 5 protein and s. 
coli thioredoxin in a one-to-one stochiometry. We have analyzed nine 
=tionally altered thioredoxins, both & 2 and in vitro, for their 
ability to interact with the T7 gene 5 protein and stimulate the DNA 
polymerase and exonuclease activities inherent in gene 5 protein. The 
efficiency of plating of T7 on E. coli thioredoxin mutants correlates well 
with the affinity of the purified m u t z p r o t e i n s  for T7 gene 5 protein. The 
observed dissociation Constant Kobs .is increased between 5 and several 
hundred fold compared to wild-type thioredoxin. ?he maximum polymerase and 
exonuclease activities of the gene 5 protein/thioredoxin complex at 
saturating concentrations of mutant thioredoxins, however, are reduced by 
less than 2 0 % .  Consequently, none of the mutant thioredoxins acts as a 
competitive inhibitor of wild-type thioredoxin. The active-site disulfide of 
thioredoxin is, not essential for the activities of the gene 5 protein/ 
thioredoxin complex. Both cysteines can be replaced without significantly 
affecting the maximum polymerase o r  exonuclease activities. Substitution o r  
alkylation of either cysteine, however, reduces the affinity for gene 5 
protein drastically. indicating that the active-site is part of the 
thioredoxin surface involved in the protein-protein interaction. 

1317 A mutation in the 3'-5' exonuclease active site of DNA polymerase I of &. c&. 
Catherine W. Joyce, Vicky Derbyshire and Nigel D.F. Grindley. Yale University, 
New Haven, CT 06510. 

The Klenov fragment of DNA polymerase 1 is the only DNA polymerizing enzyme for 
The 3A structure determined by vhich high resolution structural data are available. 

Steitz and co-vorkers shows the molecule to be folded into tvo domains (1). 
of biochemical and model-building experiments suggest that the tm domains correspond 
to the two enzymatic activities of Klenov fragment: polymerase and 3'-5' (editing) 
exonuclease ( 2 ) .  Since the 3'-5' exonculease reaction is inhibited by deoxynucleoside 
monophoaphates (3). the d" binding site observed crystallographically probably marks 
the 3'-5' exonuclease active site. 
iu the exonuclease reaction, ve are using site-directed mutagenesis to change residues 
that interact with the d W  molecule. 
substitution of Ala for Asp 424 affects the product dissociation step of the reaction. 

(1) Ollis, D.L. & a. (1985) Nature 313:762-766. 
( 2 )  Joyce, C . H .  & a. UCJA Symposium: Protein Structure, Folding and Design, 

( 3 )  Que, B.G. & aJ. (1978) Biochemistry 17:1603-1607. 

A variety 

In order to identify amino acid aide chains involved 

Our preliminary experiments suggest that 

(D. Oxender, editor), in press. 

1318 
Universite Paris 7, France. 
The inhibition of H. halobium DNA replication by aphidicolin observed in our laboratory 
led u s  to isolate frm this bacterium a DNA polymerase sensitive to the drug and similar 
to the alpha DNA polymerase of eucaryotes. 
with a phase partition technique and the resulting DNA free extracts were chrmatoqraphed 
on a column of DEA Sephacel. Two peaks of polymerase activity were found; one in the non 
adsorbed fraction and the other eluted by 0.15 M NaC1. 
purified by successive column chromatographies and by sucrose gradient centrifugation. 
Two DNA polymerases were separated at the last step; one sensitive to aphidicolin and the 
other resistant. The drug-sensitive DNA polymerase having a native molecular weight of 
250 KD was found to be very similar to alpha type of eucaryotic origin; its resistance 
against ddXTP, and sensitivity t o  NEM. The polymerase reaction was high salt dependent 
(5 M NaCl) in the absence of which the enzyme dissociated into subunits. The antiserum 
prepared against this polyerase cross-reacted strongly with the 70 KO subunit of alpha 
DNA polymerase obtained frm rat regenerating liver. 
sensitive to ddXTP but resistant to NEM. 
fraction from DEAE Sephacel was further purified by hydroxyapatite and carboxymethyl 
cellulose column chromatography. It can incorporate either rXTP or dXTP using a 
single-stranded DNA or RNA as template. 
H. halobium, DNA synthesis resumed on the template poly(d(A) when this small enzyme was 
added. The enzyme has both the properties of reverse transcriptase and primase. 

AN ALPHA-LIKE DNA POLYMERASE AND REVERSE TRANSCRIPTASE-PRIMASE FROM H. 
HALOBIUM. M. Nakayama, K.B. Mahrez and M. Kohiyama, Institut J. Monod, 

The cell free extracts were first treated 

The latter activity was further 

The other DNA poljmerase was 
The polymerase found in the non adsorbed 

I n  the presence of DNA polymerase alpha of 
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1319 INTERACTION OF THE B SUBUNIT OF E. COLI DNA POLYMERASE 111 HOLOENZYME 
'JITH THE CATALYTIC CORE. R. LaDuca+, J. Crute*, C. McHenry', and R. 

Bambara*, *Eastman Kodak Company and *University of Rochester, Rochester, 
New York 14642 ,  and +University of Colorado, Denver, Colorado 80262. 

enzyme with the catalytic core of the holoenzyme was demonstrated, resulting 
in a new form of the enzyme with enhanced catalytic and processive capabili- 
ties. The addition of saturating levels Of the 5 subunit to the core DNA 
polymerase I11 enzyme results in as much as a 7-fold stimulation of synthetic 
activity. Two populations of DNA products were generated by DNA polymerase 
111-6 enzyme complex. Short products resulting from the addition of 5 to 10 
nucleotides per primer fragment were generated by DNA polymerase I11 in the 
presence and absence of added 6. A second population of much longer product? 
was generated only in 5-supplemented DNA polymerase I11 reactions. The DNA 
polymerase 111-6 reaction was inhibited by single-stranded DNA binding pro- 
tein and unaffected by ATP, distinguishing it from the holoenzyme reaction. 
Complex formation of DNA polymerase I11 with 6 increased the residence time 
of the enzyme on synthetic DNA templates. Our results demonstrate that the 
6-stimulation of DNA polymerase 111 can be attributed to a more efficient 
and highly processive elongation capability of the DNA polymerase 111-5 com- 
plex. (This work was supported by NIH grants CA11198, CA09363, GM24441 and 
ACS arant F'P 2'72. ) 

A direct interaction between the B subunit of DNA polymerase I11 holo- 

1320 DISSOCIATION OF THE $ SUBUNIT FROM THE c. 
Roger S. Lasken and Arthur Kornberg, Department of Biochemistry. Stanford Uni- 
versity School of Medicine, Stanford, CA 94305 

DNA POLYMERASE 111 HOLOENZME, 

E 3 DNA polymerase I11 holoenzyme (HE) is separable into the nonprocessive polymerase 
subassembly, pol III*, and the j3 subunit. 
sive HE synthesis. 
in an equilibrium state. 
in which $ remains associated. 
dissociates into pol III* + $ as diagramed: 

Mixing of pol III* and @ reconstitutes proces- 
Purified HE fractions contain pol III* and free p subunit, presumably 

However, it appears that HE, when not complexed with DNA, 
HE forms an isolable initiation complex with a primer-template 

pol 111* + $ ~ HE primer-template initiation 
+ pol III* + p + DNA complex 

Consistent with this model, recycling of HE from a replicated template to a second primer- 
template was dependent upon the concentration of free $ subunit. This was true for puri- 
fied HE and also for HE initiation complexes isolated from crude cellular extracts. Also, 
radioactively labeled f3 subunit combined with purified HE in initiation complexes indicat- 
ing that $ is freely exchanged. The results suggest that the p subunit concentration in a 
cell could be a limiting factor in HE formation. 

'321 
Mar ie t ta  Y.W.T.Lee. N. Lan Toomey. Mary  J. Fenna, Universi ty of Miami. Miami, FL 33101. 

DNA polymerase S was iso la ted  f r o m  human placenta and characterized. It was 
Character ized as DNA po lymerase L on the  basis of i t s  association with a 3 t o  5' 
exonuclease act iv i ty.  This associat ion was maintained throughout pur i f icat ion and 
at tempted separations by physical  o r  e lec t rophore t ic  methods. Moreover, ra t ios  of the  
two  ac t iv i t ies  remained constant dur ing the  pur i f i ca t ion  steps. The pur i f ied  enzyme had an 
est imated molecu la r  weight of 172,000, based on a Stokes radius of  53.6 A and a 
sedimentation coeff ic ient  o f  7.8 S. L ike polymerase a. polymerase 8 i s  inhibited by  
aphidicolin. but it can be  distinguished f r o m  DNA po lymerase a by  a number of  propert ies.  
DMSO was found t o  s t imu la te  po lymerase S but t o  inhibi t  polymerase a act iv i ty.  EuPdGTP 
[ NZ-( p- n- but y 1 p h e n y 1 -9- ( 2 -de ox y- D-D- r 1 b o f  u r a nosy 1 ) g u a ni n e 5'-t r ip  h o s p h a t  e 1 and 
EuAdATP [2-(p-n-butylanilino)-9-(2-deoxy-D-D-tibofuranosyl)adenine S'-triphosphatel 
were  found t o  be potent inh ib i to rs  o f  po lymerase a. whereas polymerase L was re la t i ve l y  
insensitlve. In addition, p re l im ina ry  studies using both polyclonal  and monoclonal antibodies 
t o  po lymerase S suggest tha t  It i s  immunochemicallydistinct f r o m  polymerase a. 
(Supported by GM 31973; M.Y.W.T.is an Established Invest igator of the Amer ican Heart 
Association.) 

ISOLATION AND CHARACTERIZATION OF HUMAN PLACENTAL DNA POLYMERASE L. 
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1322 REPLICATION OF W-IRRADIATED SINGLE-STRANDED DNA WITH DNA POLBERASE 111 HOLO- 
ENZYHE: IMPLICATIONS FOR S.0.S.-MUTAGEKESIS, Zvi Livneh, Department of Biochem- 

istry, The Weizmann Institute of Science, 76100 Rehovot, Israel 
-~ In vitro replication of W-irradiated single-stranded DNA with DNA polymerase I11 holo- 
enzyme in the presence of SSB results in a significant fraction of fully replicated DNA 
molecules in addition to termination products. This is the result of bypass of pyrimidine- 
photodimer by the polymerase. Under similar conditions, T4 DNA polymerase, in the pres- 
ence of gene 32 protein, is at least 10-fold less efficient in fully replicating W-irradi- 
ated single-stranded DNA. Inhibition of the 3'+5' exonucleolytic activity of DNA polymer- 
ase I11 holoenzyme or the addition of purified recA protein do not increase bypass, sug- 
gesting that inhibition of proofreading is unlikely to be a rate limiting factor in bypass 
of pyrimidine-photodimers. Based on these results and others, a model for S.O.S. muta- 
genesis is proposed. 

1323 SALT DEPENDENT CHANGES IN THE DNA BINnING COOPERATIVITY OF E. c o l i  SSB PROTEIN. 
Timothy M. Lohan, Les l ie  B. herman 8 Santanu Datta,-tment o f  Biochemistry & 

Biophysics, Texas A&M Universi ty,  College Station, TX 77843 
The cooperative binding o f  E. c o l i  SSB pro te in  t o  S . S .  nucleic acids has been exanined t o  determine 
i f  d i f f e ren t  degrees o f  coopera t iv i t y  are associated w i th  the  tw SSB binding modes recent ly iden- 
t i f i e d  [Lohnan and h e m a n  (1985) J. 8 io l .  Chen., 260, 35941. Ouant i tat ive estimates o f  the  binding 
constant and cooperat iv i ty parmeter, w. t o  S . S .  DNA and RM hanopolynucleotides have been obtained 
f ran  equ i l i b r i un  binding isotherms a t  h igh s a l t  ([NaCl1>0.2M), using fluorescence. lhder these 
conditions, &ere the s i t e  s ize f o r  SSB binding is  6Y5 nucleot ides/ tetrmer.  he f i n d  only moderate 
cooperat iv i ty for SSB binding t o  hoth DNA and RNA, (~=5@10), independent o f  " a C 1 1  and [MgCl2]. 
l h i s  value f o r  w i s  m c h  lmr than most previous estimates. A t  lower s a l t  concentrations, *ere 
the low s i t e  s ize SSB binding mode  ( 3 3 3  nuc?eotides/tetraner) exists, ye have used agarose gel 
electrophoresis t o  qua l i t a t i ve l y  exmine SSB cooperat iv i ty w i th  S.S. MI3 W. The apparent cooper- 
a t i v i t y  increases dramat ical ly belcw n.2CM NaCl as judged by the nonrandan d i s t r i bu t i on  o f  SSB 
among the S . S .  DN4 population a t  low SSB/DN4 rat ios.  Hwever, the  h igh ly  cooperative conplexes are 
not at  equ i l i b r i un  a t  l au  SSR/nNA binding densi t i tes.  but are only foned t rans ien t ly  rhen SSB and 
s.s.DN4 are d i r e c t l y  mixed a t  low [NaCl]. A t  equi l ibr iun.  t he  SSB-s.s.DNA canplexes seen t o  possess 
the sm low degree of cooperat iv i ty (w=5&10) under a l l  conditions tested. The h igh ly  cooperative 
SSB binding mode, although metastable, may be important during nonequi l ibr iun processes such as re- 
p l ica t ion .  The tw  SSB binding modes may be re la ted  t o  the  high and low  cooperat iv i ty canplexes re- 
ported here and aach nay function se lec t ive ly  i n  repl icat ion.  recornbinat ion and repair processes, i n  
vivo. (Supported by NIH grant GM3D498 and Welch grant A-898.) - 

'324 
Site, David C. Mace, Waksman Institute, Rutgers University, Piscataway, NJ 08854 

such a s  d 1 TP and dDAPTP (2.6-d i am i nopur i ne deoxynuc I eos i de-5 ' - t r i phosphate) . Ki net  i c 
analysis of the insertion step during DNA synthesis or idling turnover has shown that 
dGTP i s  used no better than dlTP as a substrate, and dDAPTP is used conslderably more 
poorly than dATP as  a substrate. Yet the bases of both dCTP and dDAPTP make more stable 
base pairs with C and T respectively than do the base of dlTP and dATP. 

proposes a specific, unfavorable interaction of the enzyme active site with the 2-amino 
group (if present) of purines i n  the substrate-template base pair. This mdel also offers 
an explanation of extant data (Clayton, et a l . ,  (1979) J.Biol.Chem. 254, 1902-1912) for 
utilization o f  dAPTP (2-aminopurine deoxynucleoside-5'-triphosphate) as compared to dATP. 
It also accounts for the general observation for DNA polymerases that the Kms for dGTP 
and dCTP are no greater than for dATP and dTTP despite the  much greater stability of the 
G.C base pair. 

Base Pair Specific Interaction of dNTP Substrates and the T4 DNA Polymerase Active 

Recently, studies have been undertaken using T4 DNA polymerase and base analog dNTPs 

A model for the structure of the active site that accounts for this is presented. It 
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1325 RECONSTITUTION OF DNA POLYMERASE I11 HOLOENZYEIE FROM PURIFIED SUBUNITS, Satoko 
Maki and Arthur Kornberg, Department of Biochemistry, Stanford University School 
of Medicine, Stanford, CA 94305 

DNA polymerase I11 holoenzyme of E. G, a multi-polypeptide complex, catalyzes DNA 
synthesis with high processivity. Subunit composition and function in processivity have 
been approached by reconstitution of the holoenzyme from highly purified subunits. The 
dnaX and dnaZ genes, known to serve in chain elongation, are contiguous at 10.4 min and 
produce twopolypeptides (78 kd, 52 kd): m, 

I ' I 78Kd (T) - 52Kd (y) 

These genes were cloned in a P -promoter mediated expression vector and the products 
overproduced. 
menting assay. 
78 kd and 52 kd proteins are related immunologically and correspond to the T and y sub- 
units of the holoenzyme, respectively. 
by combining purified Pol I11 core ( a ,  E and El), p and y proteins. Based on a reconsti- 
tution assay with these subunits, a new component, overproduced in tbe dnaX-Z overproduc- 
ing strain, is being purified and will he characterized. 

The 52 kd protekn was purified to homogeneity using an in vitro dnaZ comple- 
Western-blot analyses with antisera against this protein revealed that the 

The holoenzyme activity could not be reconstituted 

1326 OVERPRODUCTION A N D  PURIFICATION O F  A N  F PLASMID REPLICATION 
PROTEIN, pIFc. L .  Masson and D . S .  Ray,  U . C . L . A . ,  Los A n g e l e s ,  Ca. 

I n  a d d i t i o n  t o  p o s s e s s i n g  a t  l e a s t  two known o r i g i n s  o f  r e p l i c a t i o n ,  
t h e  9 4 . 5  k i l o b a s e  F p l a s m i d  i s  m a i n t a i n e d  i n  v i v o  u n d e r  s t r i n g e n t  
c o n t r o l  ( a p p r o x .  1 - 2  c o p i e s  p e r  c e l l ) .  In  o r d e r  t o  d e v e l o p  an i n  v i t r o  
D N A  r e p l i c a t i o n  s y s t e m  t o  f u r t h e r  i d e n t i f y  b o t h  t h e  c i s  a n d  t r a n s  
a c t i n g  e l e m e n t s  g o v e r n i n g  t h e  i n i t i a t i o n  of  D N A  r e p l i c a t i o n ,  o u r  e f f o r t s  
were d i r e c t e d  t o w a r d s  t h e  p u r i f i c a t i o n  o f  t h e  F e n c o d e d ,  4 0  k i l o d a l t o n  
( k d )  r e p l i c a t i o n  p r o t e i n  pifC. 

r e s t r i c t i o n  e n d o n u c l e a s e  s i t e  was c r e a t e d  i n  o r d e r  t o  s e p a r a t e  t h e  
pifC c o d i n g  s e q u e n c e  from i t s  p r o m o t e r .  The pifC c o d i n g  s e q u e n c e  was 
s u b s e q u e n t l y  c l o n e d  i n t o  t h e  e x p r e s s i o n  v e c t o r  PING 1 b e h i n d  t h e  
s t r o n g ,  i n d u c i b l e  araB p r o m o t e r  and  a t r u n c a t e d  a r a B  g e n e .  Due t o  an 
i n t e r g e n i c  t r a n s l a t i o n a l  s t o p  c o d o n ,  i n d u c t i o n  b y a r a b i n o s e  r e s u l t e d  
i n  t h e  h i g h  l e v e l  e x p r e s s i o n  o f  a n o n - f u s e d  40 kd p r o t e i n  a s  d e t e c t e d  
by S D S - P A G E .  T h i s  o v e r p r o d u c e d  p r o t e i n  was s u b s e q u e n t l y  p u r i f i e d  t o  
n e a r  homogenei t v  by S e p h a c r y l  S - 2 0 0  m o l e c u l a r  s i e v e  c h r o m a t o g r a p h y  
f o l l o w e d  by DEAE-Sepharose column c h r o m a t o g r a p h y .  

Through t h e  use o f  o l i g o n u c l e o t i d e - d i r e c t e d  m u t a g e n e s i s ,  a n  Aha 1 1 1  

1327 THE dnaB GENE OF SALMONELLA TYPHIMURIUM, Russell Maurer, Annette 
Wong, and Leslie Kean, Case Western Reserve University, Cleveland, OH 
44106 

The dnaB gene of Salmonella typhiumurium has been cloned and sequenced and 
compared with the corresponding gene of E. coli, whose sequence has been 
reported by others (Nakayama et al., J. Biol. Chem. 259, 97-101 (1984)). 
The coding sequences are identical in length (1416 base pairs) and 
extensively homologous. The homology is 83% at the nucleotide level and 93% 
at the amino acid level. Most of the amino acid changes are conservative. 
This information readily explains how the E. coli dnaB gene can work in 
Salmonella and vice versa. In connection with the sequencing, we have 
developed a nested set of deletions from each end of -. These deletions 
permit detailed mapping of dnaB mutations that restore growth to -(Ts) 
mutants, using a heteroduplex mismatch repair approach. We will report on 
our mapping and sequence data for the suppressor mutations and discuss the 
implications of this data for the dnaB-dnaC protein interaction. 
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1328 PDSIT!VELY SUPERCOILED DNA E X I S T S  IN V I V O .  Gilles Mirambeau, Marc Nadal, Patrick 
Forterre*, Christine Jaxel, and Michel Duguet, Universite Pierre et Marie Curie, 

96, Bd. Raspail, 75006 Paris, FRANCE. *Instittit de Recherche8 sur le Cancer, BP n"8, 94802 
Vi 1 lej u i f  Cedex , FRANCE. 
The importance of DNA topology in a variety of essential biological events has been 
stressed by a number of reports, in Eubacteria and in Eukaryotes. In Archaebacteria. the 
discovery of "Reverse Gyrase", an enzyme able to convert in vitro relaxed (or negatively 
supercoiled) DNA into pEitive_l_y supercoiled DNA, led us to ask whether t h ! s  activity 
exists in vivo and if it is possible to isplate "natural" DNA in a positively superhelical 
state. The Archaebacterium su!folobus solfataricus can be infected by an UV inducible 
virus, which is called S S V l .  The vira! DNA I S  a covalently cloced circular DNA of 16 KB. By 
using bidimensional agarose gels, we show that this DNA is positively supercoiled when 
extracted either from the infected bacterium, or from the virus particle. This finding 
strongly suggests the existence of positively supercoiled DNP. in vivo. ~- 

1329 "MALIAN ENZYMES CATALYZING HOMOLOGOUS RECOMBINATION. 
Wallace, University of Illinois at Chicago, Box 6998, Chicago, IL 60613. 

Peter L). Moore and Linda 

We are studying a homologous recombination reaction catalyzed by mammalian enzymes 
in vitro. Recombination between mutant plasmids is detected in a biological assay and 
requires co-incubation of homologous substrates with the enzyme preparation. The reac- 
tion carried out in gene conversion, sometimes accompanied by crossing over. Reconstruc- 
tion experiments and co-factor requirements suggest the involvement of the equivalent of 
a - recA-like recombinase and DNA polymerase activities. 
recombination enzymes from other organisms, single-stranded, as well as double-stranded, 
DNA is efficiently utilized in the reaction and activity is largely dependent on the 
presence of strand breaks, single or double, in one of the substrates. Recornbination 
activities have been recovered after partial fractionation of the enzyme preparation. 
Further purification of the enzymes involved is proceeding. 

_ _ _  

As has been found for purified 

1330 PURIFICATION AND CHARACTERIZATION OF GENE PRODUCT 1.2 FROM PHAGE T7. 
J. A. Myers, 8. 8. Beauchamp and C. C. Richardson, Department of 
Biological Chemistry, Harvard Medical School, Boston, MA 02115. 

Gene 1.2 of phage T7, located near the primary origin of DNA replication, 
encodes a protein essential for growth on E. coli outAl strains (H. Saito and 
C. C. Richardson, J. Virol. 37, 343-351, 1981). Phage T7 1.2 mutants grow 
normally on E. coli optA+ as do wild type T7 phage on s.  coli OptAl. 
optAl cells infected with T7 gene 1.2 mutants are defective in T7 DNA fepli- 
cation. DNA synthesis is initiated at the primary origin but ceases prema- 
turely, and unusually high amounts of DNA repair are observed. E. coli OPtA 
also does not support the growth of phage T4 CBl20 having a mutation in gene 
43 (DNA polymerase) that gives rise to an antimutator phenotype. Gene 1.2 
has been cloned into pBR322 under the control of the tac promoter. Both T7 
gene 1.2 mutant and T4 CB120 infections are supported by E .  strains 
harboring the plasmid containing3fhe cloned gene 1.2. The protein has been 
overproduced in the presence of S-methionine and has been purified to homo- 
geneity using radioactivity and gel electrophoresis as assays. Some evidence 
suggests that the gene 1.2 and optA proteins function in the degradation of 
host DNA. 

E. 
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1331 INTERACTIONS INVOLVED IN RNA-PRIMED DNA SYNTHESIS CATALYZED BY T7 GENE 
4 PROTEIN AND DNA POLYMERASE, Hiroshl Nakai and Charles C. Richardson, 
Harvard Medical School, Boston, MA 02115 

The gene 4 protein (primase and helicase) and DNA polymerase of bacteriophage 
T7 catalyze & RNA-primed DNA synthesis on single-stranded DNA 
templates. To study interactions involved in this reaction, complexes 
composed of gene 4 protein, T7 DNA polymerase, and the M13 DNA template were 
formed -, purified by gel filtration, and assayed for enzymatic 
activities. Gene 4 protein-M13 DNA complexes formed only in the presence of 
Mg2+ and dTTP. Tl DNA polymerase-M13 DNA, gene 4 protein-DNA polymerase, and 
gene 4 protein-DNA polymerase-M13 DNA complexes formed in the presence or 
absence of nucleotides. Purified gene 4 protein-Ml3 DNA complexes that were 
formed in the presence of CTP and ATP replicated without rNTPS upon addition 
of T7 DNA polymerase and dNTPs, indicating that RNA primers were associated 
with the complexes. Primer and DNA synthesis in the RNA-primed DNA synthesis 
reaction could be uncoupled by increasing the DNA template concentration 
without a proportionate increase in DNA polymerase. Gene 4 protein-DNA 
polymerase-M13 DNA complexes formed in the presence of dTTP were relatively 
more resistant to challenge by single-stranded DNA templates than complexes 
formed in the absence of nucleotides. The implications of these interactions 
to the mechanism of RNA-primed DNA synthesis at the T7 replication fork are 
discussed. 

1332 PROTEIN-PROTEIN INTERACTIONS OF ESCHERICHIA COLI SINGLE-STRANDED DNA-BINDING PROTEIN 
IDENTIFIED BY SSB-AFFINITY CHROMATOGRAPHY, Fred W. Perrino, Diane C. Rein, Steven M. 

Ruben, Albert M. Bohst and Ralph R. Meyer, University of Cincinnati, Cincinnati, OH 45221 

The single-stranded DNA-binding protein (SSB) of Escherichia coli plays a vital role in DNA 
replication, repair and recombination. SSB must, therefore, interact with many other pro- 
teins required for these processes. 
tified several proteins which interact directly with SSB. 
coupled to Affigel-10. 
column and washed with low salt buffer to elute nonspecifically bound proteins. 
buffer was then used to elute three major proteins of Nr - 25,000, 32,000 and 36,000 plus a 
few minor proteins. All of these proteins were mapped by two-dimensional gel electrophore- 
sis. SSB, itself, binds extremely tightly and can be eluted only with sodium dodecyl sul- 
fate. 
4-fold by addition of DNA polymerase 111 holoenzyme to the extract. The 25K protein appears 
to be an accessory protein interacting with both SSB and holoenzyme. 
determining whether it may be the 25K E-subunit of DNA polymerase I11 holoenzyme. All three 
proteins binding to the SSB column are being purified, and their roles in DNA metabolism are 
currently under investigation. Supported by grant GM31196 from the NIH. 

By using protein affinity chromatography, we have iden- 

A DNA-free, wild-type [35S]-laheled cell extract was passed over the 
Purified SSB has been covalently 

High salt 

The 25K orotein was the most prominent, and retention of this protein was enhanced 

We are currently 

1333 MOUSE PRIMASE AND ASSOCIATION WITH DNA POLYMERASE ALPHA, C. Prussak, M. Almazan, 
B. Tseng ,  Universi ty  of  Ca l i fo rn ia ,  San Diego, La J o l l a .  CA 92093 

Mouse primase c o n s i s t s  of  1 subun i t  each of 56 KDa and 46 KDa polypept ides  that copurify 
i n  a 1 t o  1 stoichiometry wi th  a c t i v i t y .  We have assessed t h e  a n t i g e n i c  r e l a t edness  of 
t h e  two subun i t s  w i th  an t ibod ie s  r a i s e d  against p56 or p46. 
a n a l y s i s  of sepa ra t ed  subun i t s ,  w e  are unable t o  d e t e c t  any c ross - r eac t iv i ty  ((1%) between 
t h e  subunits. We were a l s o  unable t o  d e t e c t  any r e a c t i v i t y  t o  l a r g e r  polypept ides ,  
a l though the  a n a l y s i s  may be reduced i n  s e n s i t i v i t y  due t o  t h e  l a r g e  amount of p r o t e i n  
needed for detect ion.  

Primase from euka ryo t i c  c e l l s  has  been i s o l a t e d  in e i t h e r  a complexed form wi th  DNA 
polymerase alpha or a s  a homogeneous enzyme. To analyze the  r e l a t i o n  between these  forms, 
DNA polymerase alpha was immunoprecipitated from a mouse cel l  e x t r a c t  w i t h  a monoclonal 
ant ibody (SJK 132-20) aga ins t  human DNA pol  a lpha  t h a t  cross-reacts  w i t h  mouse DNA po l  
alpha. The immunoprecipitate when analyzed by Western a n a l y s i s  and immunodetection showed 
the  same s i z e s  and s to i ch iomet ry  of polypept ides  as pur i f i ed  primase. This  i n d i c a t e s  t h a t  
only a single form of primase e x i s t s  i n  mouse cells and can be i s o l a t e d  e i t h e r  i n  a free 
or complexed form w i t h  DNA polymerase alpha. 
29091). 

By Western and do t  b l o t  

(Research w a s  supported by N I H  g r a n t  GM 
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1334 ENHANCED FIDELITY OF DNA SYNTHESIS BY EUCARYOTIC H I G H  MOLECULAR WEIGHT REPLICATING 
COMPLEXES. Mary E.  Reyland and Lawrence A.  Loeb, The Joseph  G o t t s t e i n  Memorial 

Cancer Research  L a b o r a t o r y ,  Dept.  P a t h o l o q y  SM-30, U n i v e r s i t y  o f  Washington, S e a t t l e ,  WA 
98195. 

E r r o r  rates f o r  c o n v e n t i o n a l l y  p u r i f i e d  c o r e  enzyme of c a l f  thymus DNA polymerase-a 
have  been  r e p o r t e d  from o u r  l a b o r a t o r y  and  o t h e r s  t o  b e  1 i n  30,000 n u c l e o t i d e s  i n s e r t e d .  
We have  i s o l a t e d  a h i g h  molecular w e i g h t  r e p l i c a t i n g  complex of c a l f  thymus polymerase-ol by  
monoclonal a n t i b o d y  a f f i n i t y  chromatography u t i l i z i n g  anti-KB c e l l  po lymerase  a n t i b o d i e s  
( S .  Tanaka, g 3.. J B C  257: 8366-8390, 1982) .  DNA s y n t h e s i s  by t h i s  enzyme complex i s  
f i v e -  t o  t e n - f o l d  more a c c u r a t e  when a s s a y e d  by t h e  @X am3 f i d e l i t y  a s s a y ;  t h e  e r r o r  r a t e  is 
1 i n  27G,OOO n u c l e o t i d e s  i n s e r t e d .  T h i s  is  s i m i l a r  t o  t h e  error r a t e  r e p o r t e d  f o r  a h i g h  
m o e l c u l a r  w e i g h t  polymerase-primase r e p l i c a t i n g  complex i s o l a t e d  from D r o s o p h i l a  by conven- 
t i o n a l  methods (L.S. Kaguni,  sg., J B C  259: 9314-9319, 19841, which w e  have  conf i rmed t o  
be  one i n  140,000. L i k e  t h e  D r o s o p h i l a  complex, o u r  a f f i n i t y  p u r i f i e d  complex is n o t  h i g h l y  
p r o c e s s i v e  a s  de te rmined  by p r i m e r  e x t e n s i o n  a n a l y s i s .  P e p t i d e  a n a l y s i s  on SDS-PAGE shows 
a complex o f  s e v e r a l  p e p t i d e s ,  one band of which i s  a p p r o x i m a t e l y  200,000 d a l t o n s ,  c o r r e -  
sponding  t o  t h e  undegraded c a t a l y t i c  c o r e  component of DNA polymerase-a.  A n a l y s i s  is  
underway t o  d e t e r m i n e  i f ,  a s  w i t h  t h e  D r o s o p h i l a  complex, t h i s  h i g h  d e g r e e  of f i d e l i t y  is  
a c h i e v e d  i n  t h e  absence  o f  a n  a s s o c i a t e d  3'+5' e x o n u c l e a s e  a c t i v i t y ,  and i f  t h e  enhanced 
f i d e l i t y  i s  a r e s u l t  of a n  undegraded c a t a l y t i c  c o r e ,  o r  a s s o c i a t i o n  o f  o t h e r  p e p t i d e s  i n  
t h e  complex. 

1335 MAMMALIAN SINGLE STRANDED DNA B I N D I N G  PROTEINS D E R I V E  FROM hnRNP CORE PROTEINS 
S .  Riva ,  G .  B iamont i ,  C .  Morandi,  M .  P a n d o l f o ,  P .  T s o u l f a s ,  X. ShaferO and K .  

'Williams' I s t i t .  Gene-.. Bioch .  Zvoluz.  C N R ,  P a v i a ,  I T A L Y ;  ' U n i v e r s i t y  o f  Bochum., FRG; *Yale 
U n i v e i s i t y ,  (Conn.) U S A .  

A s  w e  p r e v i o u s l y  d e m o n s t r a t e d ,  mammalian s i n g l e  s t r a n d e d  DNA b i n d i n g  p r o t e i n s  (ssDBP) 
and h e t e r o g e n e o u s  n u c l e a r  RNA b i n d i n g  p r o t e i n s  (hnRNP co?e p r o t e i n s )  a r e  a n t i g e n i c a l l y  and 
s t r u c t u r a l l y  r e l a t e d  ( N A R  13, 337, 1 9 8 5 ) .  we a l s o  observed  t h a t  ssDBP a r e  p r o t e o l y t i c  
p r o d u c t s  o f  hnRNP c o r e  p r o t e i n s  (XAR 1985, i n  Q r e s s ) .  P r o t e o l y s i s  c a n  be  observed  i n  c r u d e  
e x ' i r a c t s  of HeLa c e l l s ,  human f i b - o b l a s t s  and c a l f  thymus e x t r a c t s .  A t r y p s i n - l i k e  p r o t e a s e  
t h a t  c l e a v e s  p u - i f i e d  hnRNP p,-oceins t o  g i v e  s s D B P  o f  #r=24-28 Kd was p u r i f i e d  from HeLa 
c e l l s .  A precu.-oso.~--p-oduct r e l a t i o n s h i ?  c a n  be e s t a b l i s h e d  between hnRNP c o r e  p r o t e i n  A 1  
(Mr=34 Kd) and  a ssDBP of 24 Xd (UP1) ( J . B . C .  51, 2124, 1 9 7 6 ) .  I n  f a c t  i t  h a s  been found 
t h a t  t h e  aminoac id  sequence  of a pe?"ide from HeLa c e l l  hnRNP c o r e  p r o t e i n  A 1  p e r f e c t l y  
o v e r l a p s  t h e  COOH-end of UP1 and ex'iends fui-the; w i t h  a sequence  r i c h  i n  g l y c i n e  ( 50%). 
Gene c l o n i n g  and s e q u e n c i n g  s t u d i e s  carL-ied OUT i n  o u r  1aborato:y demonstra.ce t h a t  UP1 gene  
is  p a r t  of a l o n g e r  open r e a d i n g  f-ame c o d i n g  for a g r o t e i n  of a b o u t  34 Kd w i t h  a n  aminoac id  
composis ion  i d e n t i c a l  t o  zha'i o f  hnRNP c o r e  pr 'otein A l .  Unl ike  t h e i r  c l e a v a g e  p r o d u c t s  
( ssDBP) ,  hnRNP coxe p r o i e l n s  do nor s t imu la t e  DNA po lymerase  W i n  v i t r o .  The s i g n i f i c a n c e  of 
c h e s e  f i n d i n e s  i n  r e l a t i o n  t o  D N A  r e p l i c a t i o n  w i l l  be  d i s c u s s e d .  

1336 
Thomas J. Kelly, Department of Holecular Biology and Genetics, The Johns Hopkins University 
School of Hedicine, Baltimore. KD 21205 (*Laboratory of Viral Diseases, NIAID. NIH, 
Bethesda. KD 20205) 

Nuclear Factor I (NFI). a cellular protein that enhances the initiation of adenovirus 
DNA replication in vitro. has been shown to bind a specific nucleotide sequence within the 
viral origin of replication. Using recognition site DUA affinity chromatography. we have 
purified NFI 2400-fold with a 57% recovery of specific binding activity from crude nuclear 
extract. A novel cloning strategy was used to prepare a plasmid that contains 88 copies of 
the NFI binding site for use on the specific DNA affinity matrix. 

The terminal 6 7  bp of the adenovirus genome has been shown to contain the sequence 
required for optimal DNA replication. This sequence includes the minimal origin (1-18) and 
a region that greatly enhances the efficiency of adenovirus replication (19-67). To further 
characterize the correlation between enhanced replication efficiency and the ability of NFI 
to bind between nucleotides 18 and 45 ,  we have constructed plasmid DNAs that contain a 
variety of mutations within the adenovirus origin of replication. Plasmid DNAs containing 
point mutations have been used to identify the optimal NFI recognition sequence as 
TTGGCNNNNNGCCAA. Uoreover, we have altered the spacing between the minimal origin and NFI 
binding site. Analysis of these mutants has shown that optimal replication efficiency 
depends on a precise spatial relationship between these sequences. 

Adenovirus DNA Replication In Vitro: Characterization of the DNA and Protein 
Requirements, Philip Rosenfeld. Ronald Wides. Edward O'Neill,* Hark Challberg, and 
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1337 RAT LIVER DNA LICAK J.M. Rossignol+, M. kzzina+, R. Izzo*, M. Fhil ipp,  U. Eertazzoni* ard A. 
hrasin+. -tDepartrrent of Fblecular Biolcqy and Genetics - IRX. EP N"8 - 94802 Villejuif - France and 

*Istit& di knetica Bicchimica ed Evoluzionistica del CWI - Pavia - Italia. 
I n  prokaryotes and yeast, genetic data have indicated that a single species of DNA ligase is involved in 

replication, repair and recobination processes. In m l i a n  cells, cwrFlictMy results have been reported about 
the existence of one or two different ligases. In the later case, the two species called ligase I and ligase I1 
w l d  be involved i n  CNA replication an3 IN? repair respctively. 

Partial plrificatims of DNA ligase f r m  regenerating ( i n  Khich CNA synthesis occurs) and norm1 adult rat 
liver have been done. The active structure of the DNA ligase has detenrrined by the use of activity gels. 

We shaved that : 1 )  the active plypeptick? of DNA ligase is a 130 Kda polypeptide both i n  -1 w 
regenerating liver. 

into m l l e r  active bands of El- : 110, lW, 85 and 75 Kda. 

ligase activity depending of the pnxtdure used. h M  the active stnrtm of the two peaks is  anal@, w fasld 
only one band with  a El- of 130 Kda. A 12 &s storage of the 2 DNA ligases at 4°C led to the apparition in both 
cases of active bands w i t h  a pattern of 110, 85, 75 and 60 Kda. The 60 Kda band do m t  skw any ligase activity. 

F m  these results we sq@ than in the cytosol extract of rat liver only we CNA ligase is present. 
Purification of DNA ligase f m  w l e i  i s  m Lnder prcgress. 

2) A trypsin treatnmt led to the disparition of the 130 Kda plypeptide vhich is converted 

3) h hydroxrapatite chmtcgraphy it is pssible t o  cbtain either one or bn paks of 

1338 Supercoiling and E. coli single-stranded DNA binding protein are required for N4 
virion tUiA polymerase-promoter recognition. A. Glucksmann, C. Malone, P. Markiewicz, 
*J. Chase and L. B. Rothman-Denes. The University of Chicago, Chicago, Illinois and 

';Albert Einstein College of Medicine, Bronx, N.Y. 

transcription and DNA replication. 
kilobase pair N4 genome unless the DNA is denatured. 
nizes in vivo sites of transcription initiation (promoters) on denatured N4 DNA. These 
sices share extensive sequence homology from -18 to +1 and two sets of inverted repeats 
(Cell g, 597, 1985). 

stranded DNA binding (e) protein. 
single-stranded DNA and is absolutely required for transcription on supercoiled template. 
other single-stranded DNA binding protein tested can substitute for &. 
date the role of supercoiling and on promoter recognition, we have performed footprint- 
ing analysis of the initiation complex on single-stranded DNA. 
specific interaction of ssb at the promoter region. 
tivity is observed at the first inverted repeat. The hypersensitivity is lost when the in- 
verted repeat is destroyed by mutation. 
probe cleavage. 
structure at the first inverted repeat, which is required for virion RNA polymerase activity. 
Footprinting experiments on supercoiled template are in progress. 

Coliphage N4 virion-encapsulated, DNA-dependent FS?A polymerase is required for N4 early 
The enzyme is inactive on the linear double-stranded 72 

We have shown that the enzyme recog- 

-~ In vivo N4 early transcription requires the activities of E. coli DNA gyrase and single- 
Ssb activates N4 virion RNA polymerase transcription on 

In order to eluci- 
No 

To our surprise, we detect 
DNAseI and neocarzinostatin hypersensi- 

KNA polymerase binding protects this region from 
We suggest that ssb binds near the promoter and stabilizes the stem-loop 

1339 DNA POLYMERASE y FROM DROSOPHILA: ISOLATION AND CHARACTERIZATION, 
Kengo Sakaguchi and James B. Boyd, Department of Genetics, University 
of California, Davis CA 95616 

Previous studies in Drosophila have identified two DNA polymerases which are 
analogous to the a and 3 forms found in vertebrates. We have identified a 
third form which is designated polymerase y by virtue of its mitochondria1 
localization. This enzyme has been purified to near homogeneity by frac- 
tionation on DEAE cellulose, phosphocellulose, isoelectric focusing and DNA 
cellulose. A 13,000 fold purification from 16q of embryos produced 126 ug 
of enzyme. The enzyme is stable for several months at -20 degrees C. A 
description of its subunit structure will be reported. Like related verte- 
brate enzymes, Drosophila polymerase y is strongly inhibited by NEM but is 
relatively insensitive to aphidicolin and phosphate. In contrast to 
vertebrates, the Drosophila enzyme exhibits only slight reverse transcriptase 
activity, is strongly inhibited by ethidium bromide and is relatively 
insensitive to ddTTP. Rapid purification of a stable homogeneous enzyme 
should facilitate further analyses of mitochondrial replication. 
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1340 EXPRESSION AND FUNCTIONING IN YEAST OF A BACTERIAL SITE SPECIFIC RECOMBINATION SYS- 
TEM, B r i a n  S a u e r ,  E. I. Du Pont de Nemours S, Co. ,  I n c . ,  C e n t r a l  Research  & Develop- 

ment ,  E3281136, Exper imenta l  S t a t i o n ,  Wilmington, DE 19898 
Phage ?1 of E. co l i  e n c o d e s  a n  e f f i c i e n t  s i t e - s p e c i f i c  recombina t ion  sys tem c o n s i s t i n g  of a 
34 b a s e  p a i r  s i t e  c a l l e d  E P  and a s i n g l e  p r o t e i n  c a l l e d  C r e  which c a t a l y s e s  e f f i c i e n t  DNA 
r e c o m b i n a t i o n  between &? sites.  The gene was p l a c e d  i n t o  t h e  y e a s t  Saccarom c e s  
-~ c e r e v i s i a e  under t h e  c o n t r o l  of t h e  i n d u c i b l e  promoter .  An i n t a c t  E d k e d  by 
- loxP s i tes  was a l s o  i n t e g r a t e d  i n t o  a y e a s t  chromosome. In t h e  absence  of i n d u c t i o n  such  
y e a s t  s t r a i n s  m a i n t a i n  a s t a b l e  Leu' phenotype .  When t h e  gene i s  induced by g a l a c t o s e ,  
all c e l l s  r a p i d l y  become Leu . T h i s  o c c u r s  by t h e  p r e c i s e  d e l e t i o n  of  t h e  9 gene a t  t h e  
f l a n k i n g  &P sites. The a b i l i t y  of t h e  c r e - l o x  sys tem to modula te  t h e  q a c t i o n  of t h e  en- 
dogenous y e a s t  r e c o m b i n a t i o n  sys tem t o  g e n e r a t e  gene c o n v e r s i o n  and r e c i p r o c a l  recombina t ion  
e v e n t s  is b e i n g  examined. 

1341 
TARGETED MJTAGENESIS. 
Bioloqy, University of California, Berkeley, California. 

this response i s  an increased f r e e c y  of nutations, most of which probably occur during 
replication across DNA lesions (targeted nutagenesis). 
pressing LexA-requlated operons, the RecA protein i s  required directly for nutagenesis. 
have suggested tha t  RecA might participate i n  targeted nutagenesis by binding preferentially 
t o  the inducing DNA lesions; DNA polymerase I11 m i g h t  then replicate past the lesion more 
effectively b u t  w i t h  reduced f ide l i ty  (Weigle nutagenesis and reactivation). We have inves- 
tigated two major predictions of t h i s  model. Wi th  respect to  lesion recognition, we have 
shown that RecA will b i n d  preferentially to double-stranded DNA that has been UV irradiated. 
In addition, UV-irradiated, double-stranded DNA effectively activates RecA for cleavage of 
LexA. 
inhibits the 3'-5' exonuclease activity of pol 111 holoenzyme. We have found that RecA i n -  
h ib i t s  the exonuclease activity of the purified editing subunit from pol 111, the E protein. 
T h u s  RecA might serve in targeted nutagenesis by b i n d i n g  to  DNA lesions and inhibiting the 
editing capacity of the pol 111. 

CAPACITY OF RecA PROTEIN TO BIND PREFERENTIALLY TO UV LESIONS AND INHIBIT THE 

R. H. Scheuermann, C. Lu and H. Echols, Department of Molecular 
EDITING SUBUNIT OF DNA POLYMERASE 111: A POSSIBLE MECHANISM FOR SDS-INDUCED 

In response t o  DNA damage, E.  coli undergoes the induced SOS response. One aspect of 

In addition to  i t s  role i n  dere- 
We 

W i t h  respect t o  replication f ide l i ty ,  Fersht and Knill-Jones have found that RecA 

1342 FARLY STAGES IN THE INITIATION OF oriC PLASMID REPLICATION, Kazuhisa Sekimizu, 
Tania A. Baker and Arthur Kornberg, Department of Biochwistry, Stanford U n i -  
versity School of Hedicine, Stanford, CA 94305 

Prior to synthesis of primer RNA, three stages have been defined vith the participation of 
purified proteins: (Stage I) An oriC complex of @DNA, dnaA protein and HU protein, is 
isolable by centrifugation. ATP at low concentration ( < I  pM) is needed to stabilize dnaA 
protein and binds the protein with high affinity. re-prepriming complex is 
formed at an elevated temperature (>2SoC), and requires ATP (>O.: &) and a complex of 
dnaB and dnaC proteins. 
or gel filtration. 
the supercoiled DNA through helicase action of dnaB protein and swivelling action Of 
gyrase (see Baker et al.). 

(Stage XI) A 

The complex can be separated from free proteins by centrifugation 
(Stage 111) A prepriming complex is formed by extensive unwinding Of 
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REPLICATION OF SV40 DNA AND CHROMATIN ASSEMBLY DURING DNA 
SYNTHESIS IN VITRO. Bruce Stillman. Gregory Prelich. Yakov Gluzman. Ronald 
Guggenheimer, Cold Spring Harbor Laboratory, P.O. Box 100, Cold Spring Harbor, N Y  
11724 

'343 

Cell  extracts  prepared from the cytosol of human 293 cells support efficient SV40 DNA 
replication in yiun in the presence of purified SV40 T antigen. The DNA sequences within 
the SV40 origin region have been defined using mutant DNA templates. The T antigen 
functions required for efficient DNA synthesis in Yitra have been examined. Five replication 
defective T antigen proteins have been compared to  the wild type protein for origin binding, 
ATPase activity and DNA replication in YFtm. Three proteins fail  t o  bind to  ori DNA and 
one is defective for ATPase activity. Interestingly. one altered T antigen, C8A. binds to 
ori DNA with wild type efficiency and retains ATPase activity,  but still fails to support any 
DNA synthesis. All five defective T antigens inhibit the replication of SV40 DNA when 
added to  extracts  containing wild type T antigen. These results suggest that  the SV40 T 
antigen has additional functions in DNA replication. 
The products of the replication reaction consist of covalently closed, but relaxed circular 
DNA (form 1'). but addition of an extract  from the nucleus of human cells promotes the 
negative supercoiling of the replicated DNA, but not the bulk of the non-replicated plasmid 
DNA. The negative supercoiling of the replication products is due to the assembly of the 
DNA into chromatin, a process that  only occurs when T antigen is present and when the 
nuclear extract  is present prior t o  the initiation of DNA synthesis. 

1344 MOUSE L CELLS TIIAMSFOWlED WITH EPSTEIN-BAFR VIRUS DNA EXPRESS VIRUS-SPECIFIC 
TIIYMIDINE KINASE, Timothy Stinchcambe and Wendy Clough, Molecular Siolo7y Division, 
Department of Biological Sciences, University of Southern California, Los Angeles, 
CA 90089 

Nouse L cells lacking thymidine kinase (MLTk-) have been transformed to thymidine kinase 
positive (Tk+) phenotypes by transfection with Epstein-Barr virus (EBV) DNA (MLTk+ EBV). 
The viral DNA (obtained from producer B lymphocytes) was transfected intact or fragmented 
prior to transfection by treatment with =I or E I i I  endonuclease. 
selected for by growth in HAT (hypoxanthine/aminopterin/thymidine) medium. Membrane 
hybridization demonstrated that high molecular weight DNA isolated from MLTk+ EBV cells 
hybridized to EBV DNA. Furthermore, cell extract from MLTk+ EBV cells possessed two Tk 
activities which eluted separately from OEAE-cellulose columns. One of these Tk activities 
elutes in a manner identical to the cytosol Tk activity found in Tk+ parental mouse L 
cells. The second Tk activity elutes in a manner similar to herpes simplex virus-encoded TI: 
and Epstein-Barr virus-specific Tk found in producer B lymphocytes. The Epstein-Barr virus- 
specific Tk found in these MLTk' EBV transformed cells shares with the herpes simplex virus- 
encoded Tk the ability to phosphorylate ZT (9-6-D-arabinofuranosylthymine) and acyclovir 
(9-[2-hydroxyethoxy)methyllguanine). 

The Tk+ Dhenotype was 

1345 DNA POLYMERASES A N D  DNA TOPOISOMERASES FROM GERMENAT'ENQ ??FIZE, Jw-ge 
Mzquez-Ramos, Luz Castellanos and Alejandra Vszquez. @to. BhquBnrca Vegetal, 
Fac. QAmica, UNAM, Mxico D.F. 04510. 

DNA metabolism during germination of cereals has been poorly described and the enzymology of 
it is only beginning to be studied. We have been trying to isolate 2 types of enzymes essen- 
tial for DNA replication from germinating maize mbryos: DNA polymerases and DNA topoisome- 
rases 
Our results indicate that 2 types of DNA synthesis might take place during early germination 
of maize. Therefore we have partially isolated and characterized the major DNA polymerase 
activittes f r m  maize embryo axes imbibed for 3 and 24 hours. Bath major activities have been 
purified at least 400 times. &r findings are that both are of the alfa-type of m a l i a n  
cells as shown by their response to substrate, ionic strenght, Mg requirement, temperature, 
pH and effect of inhibitors such as maleimides, AraCTP. aphidicolin and novobiocin. The 
electrophoretic mobility is also similar, with a calculated molecular weight of around 100Kd. 
So far we have no evidence of the presence of a beta-like enzyme, but we are in the search 
of it. 
Additionally, we have partially characterized 2 types of DNA topoisomerases from 24 hours 
imbibed maize embryo axes, differing in their Mg and ATP requirements, ionic strenght and 
molecular weight, possibly equivalent to the type I and type I1 enzymes of m a l s  and we 
are currently trying to find cut the relevance of these enzymes. 
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1346 ZHARACTERIZATION OF DNA POLYMERASE5 ALPHA AN0 DELTA FROM CALF THYMUS, A.F. Wahl-. 

of Rochester, Eioch istry. Rochester, NY 14642. Stanford University, Pathology, 
Stanford, CA 94305,?DNAX Research Institute, Palo Alto. CA 94304. 

We have characterized three highly purified DNA polymerases from calf thymus: Alpha 
polymerase purified by imnunoaffinity, and two forms of DNA polymerase delta. These 
differ in relative activity on activated calf thymus DNA. Both delta polymerase5 have an 
associated 3’-5’ exonuclease which is inhibited by 5’AHP. Both delta polyrnerases are 
bound by columns of AMP-Agarose through their associated nucleases. DNA polymerase 
alpha, devoid of any nuclease activity. is not retained by the AMP resin. At sub-Km 
levels of dNTP substrate, inhibition of the delta polymerase I and I I  nucleases by 5’AMP 
increases the detectable nucleotide incorporation by the polymerase. This apparent 
stimulation by 5’AMP i s  not diminished by increased DNA concentration, suggesting a 
physical link between nuclease and polymerase. Each polymerase shows a similar dose 
response to aphidicolin. with 50% inhibition occuring a 2 . 0 ,  2.5. and 4.0 uM for alpha, 
delta I and delta I 1  respectively, on poiy(dA)’oligo(dT). Aphidicolin i s  a competitive 
inhibitor of dTMP incorporation such that decreasing the [dTTPl increases inhibition by 
the drug. Delta I and delta 1 1  polymerases show intermediate sensitivity to dideoxy-TTP 
compared to alpha polymerase (insensitive) and beta polymerase (sensitive). Both delta 
forms have little sensitivity either to monoclonal IgG directed against alpha polymerase 
or to butyl-phenyi dATP compared to alpha polymerase. Supported by NIH grants GM24441, 
CA11198, CA28322, CAD9151 and ACS grant FRAZZO. 

J.J. Crute’, L.W. Harwelf, R.L. Marraccino,,E.M. Lord and R.A. Eambara, University 

1347 SlWJCrURAL CHARACTERIZATION OF IMMUNOAFFINITY PURIFIED DNA POLYMERASE 
aJDNA PRIMASE COMPLEX FROM KB CELLS. Scott W. Wong. Lisa R. Palmrsky. Taresa S.-P. Wang 
and Dnvid Knrn, Department of Pathology. Stanford University School of Medicine, Stanford. CA 94305. 

We present u deluiled description of the polypeptide structure of u highly purified DNA polymerasealDNA prima* 
complex thutean be prepired from K H  cells by a n  immunoaflinily protocol hased on anti-polymerase a monoclonal 
antilwdies uf uhsolutc bpccilicity On the basis of extensive ininiunuchemical analyses with 5 independent 
nioiiwloiial antibodies. 3 or which arc potent neutralizers of polymerase a activity. peptide mapping studies. and the 
application of’a sensitive iiiiinunonssuy that permits detection ofpolymerniasc a antigens in crude fysates. we have 
cstablishcd that the principal form of catalyticiilly active DNA polymerase a in KB cells is a protein with a 
niolcculor IIIBSS of 180 kilodaltons. Utilizing synchronized cells, we demonstrate that the change in polymerase a 
activity that occurs during the cell cycle is due l o  the biosynthesis of that  peptide. In uiuo. this protein is extremely 
slahlc, with an estimated half life of Z 15 hours In contrast, the polypeptide is extremely fragile to in u i h  
nianipulatiuii. and it readily generates a family of purtial degradation products exemplified by polypeptides p165, 
11140. and p125 that sufficiently explain the “iiiicrohetcrogencity” that is typically exhibited by polymerase a 
Ixpticles in denaturing pnlyucrylaniide gels. In addition tu the catitlyticslly active polymerase a polypeptidelsl. the 
iiiiniunupurified enzyme fraction convains 3 other proteins. p77, p55. and p49, which by peptide inapping have been 
shown to be independent species that a re  unrelated either to the large polymerase 0 peptides or to one another 
1,aheling olcrude lysates with [~zPjorthophosphate reveals that the polypeptides p180 and p77 arc phosphorylated 
Phnsphosurine and phosphnthreonine are identilied iifler partial acid hydrolysis of the imniunoprecipitated 
polypcpticlcs IStiidies blipported by Nlll grant CA- 14835, CA-09302 and George 1). Smith Fund 1 
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