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DNA Repair Mechanisms 

Key Notes on DNA Repair 

0 1  
Some of the  problems and k e y  d i r ec t ions  in  r e s e a r c h  on DNA repair  wil l  be  cons ide red .  Good 
progress  is being made in  the  s tudy  of the endonuc leases  and  o the r  enzymes  needed  for the  
repair  of DNA damaged in  one s t r and  on ly .  In c o n t r a s t ,  g r e a t  diff icul ty  h a s  been  experienced 
in  approaching the problem of recombinat ional  or postrepl icat ion repair  i n  v i t ro .  We have not 
so far s u c c e e d e d  in preparing use fu l  amounts  of s u b s t r a t e ,  s u c h  a s  DNA containing dimers 
and  postrepl icat ion g a p s ,  t ha t  could be  used  in vi t ro .  An a l t e rna t ive  sys t em requiring DNA 
repl icat ion to  make the  subs t r a t e  would be  too complex  to use.  O n e  approach  to the problem 
stems from the  obse rva t ion  tha t  psoralen photocross- l inks i n  phage DNA (1) i n c r e a s e  the  fre- 
quency  of gene t i c  recombinat ion in  X phage-prophage c r o s s e s  i n  E .  c o l i  ( X ) e v e n  in  the 
a b s e n c e  of DNA repl icat ion (2), The inc reased  recombinat ion d e p e n d s  upon t h e  damaged 
phage DNA being inc i sed  b y  t h e  H e n d o n u c l e a s e  and is dependen t  upon &+, but none of 
the  o the r  recombinat ion g e n e s  so fa r  t e s t e d .  
a wild type hos t  cell is i n c i s e d ,  but shows  l i t t l e  s ign  of being subsequen t ly  r epa i r ed .  A s  
gene t i c  recombinat ion and  recombinat ional  repair  a r e  thought  to depend upon cu t t i ng  and 
joining of DNA molecu le s ,  experiments  were performed to t e s t  whether  psoralen-damaged X 
DNA would c a u s e  o the r  X DNA i n  the  s a m e  c e l l  t o  b e  c u t .  

t ion with control  X, but were cu t  i n  r e sponse  to  superinfect ion with psoralen-damaged X 
phages .  This  phenomenon of cut t ing undamaged molecu le s  in r e sponse  to damaged molecules  
- cut t ing in  t r ans  - required the  inc i s ion  of t he  psoralen-damaged DNA and the  r&+ host  
g e n e  funct ion.  It occurred between homologous DNA, wh i l e  nonhomologous DNA w a s  un- 
touched.  Cut t ing in  trans h a s  a l s o  been  obse rved  in  vitro us ing  @'X DNA and crude protein ex-  
t r ac t s  of E .  c o l i  and  i s  spec i f i c  to  homologous DNA. The most a c t i v e  ex t r ac t s  were from & 
c o l i  c a r r y m r = A +  in which the l eve l  of t he  recA+ protein w a s  inc reased  above  the  con- 
s t i t u t i v e  l eve l .  
supe rhe l i ca l  DNA i n  r e s p o n s e  to  interact ion with i n c i s e d  homologous molecules  (4).  

(1) C o l e ,  R .  S,  (1971)  J. Bacteriol. 107: 8 4 6 - 8 5 2 .  
(2) Lin, P . - F . , s & .  (1977) Proc. Nat .  Acad. Sc i .  14: 2 9 1 - 2 9 5 .  
( 3) Ross, P. and P. Howard-Flanders (1977) J .  M o l .  Biol. in p r e s s ;  and th i s  meet ing.  
(4) 

KEY NOTES ON THE FIELD OF DNA REPAIR, Paul Howard-Flanders, Yale Universi ty ,  
New H a v e n ,  Connec t i cu t ,  0 6 5 2 0  

Psoralen cross- l inked X phage  DNA in jec t ed  into 

In E .  c o l i  ( X ) infected with labeled 
p h a g e s ,  t he  cova len t  c i r cu la r  X DNA molecules  so produced were not  a f f ec t ed  by superinfec-  

There appea r s  t o  b e  a n  endonuc lease  ac t iv i ty  in&+ c e l l s  t h a t  c u t s  i n t ac t  

C a s s u t o ,  E . ,  % a h  (1978) P m c .  Na t .  Acad.  S c i . ,  in  p r e s s ;  and th i s  meet ing.  

Enzymatic Recognition of DNA Damage 

002 REPAIRABLE DAMAGE I N  D N A ,  P.  A. C e r u t t i ,  Dept.  o f  Biochemis t ry  and Molecular  Bio logy  
J .  H .  M i l l e r  H e a l t h  C e n t e r ,  U n i v e r s i t y  of r l o r i d a ,  C a i n e s v i l l e ,  F l o r i d a  32610. 

D e t r i m e n t a l  e n v i r o n m e n t a l  a g e n t s  p l a y  a major  r o l e  i n  t h e  h e a l t h  o f  c e l l s  and whole 
organisms.  For many such  a g e n t s  chromosomal DNA r e p r e s e n t s  t h e  most s e n s i t i v e  and c r u c i a l  
t a r p e t .  The l ist  of DNA damaging a g e n t s  i s  l o n g  and t h e  l i s t  o f  DNA l e s i o n s  even l o n g e r  
s i n c e  most a g e n t s  i n d u c e  more t h a n  o n e  t y p e  o f  l e s i o n .  However, c e l l s  p o s s e s s  a l i m i t e d  
number of modes t o  p r o c e s s  and e x p r e s s  DNA damage. T h i s  poses  t h e  f o l l o w i n g  c e n t r a l  q u e s t i o n s .  
How does  t h e  s t r u c t u r e  o f  a s p e c i f i c  c l a s s  o f  l e s i o n s  d e t e r m i n e  t h e i r  r e p a i r a b i l i t y ,  i . e .  t h e  
mode(s) and e f f i c i e n c y  of  l e s i o n  p r o c e s s i n g ?  How d o e s  t h e  r e p a i r a b i l i t y  d e t e r m i n e  t h e  bio- 
l o g i c a l  e f f e c t s ,  i . e .  l e t h a l i t y ,  m u t a g e n i c i t y ,  t r a n s f o r m a t i o n  and d e g e n e r a t i o n ?  

A c l a s s i f i c a t i o n  o f  DNA damaging a g e n t s ,  e .g .  i n t o  p h y s i c a l  and chemica l  a g e n t s ,  i s  
s t r a i g h t f o r w a r d  hut  i t s  u s e f u l n e s s  i s  l i m i t e d  s i n c e  most damaging a g e n t s  induce  a wide 
5pectrum o f  l e s i o n s .  P h y s i c a l  and many chemica l  a g e n t s  may i n  p a r t  induce  s t r u c t u r a l l y  
i d e n t i c a l  l e s i o n s ,  e . g .  bv i n d i r e c t  a c t i o n  v i a  t h e  i n t e r m e d i a c y  of a c t i v e  oxygen r a d i c a l  
s p e c i e s .  C l a s s i f i c a t i o n s  on t h e  h a s i s  o f  t h e  e f f e c t  o f  a p a r t i c u l a r  agent on DNA conforma- 
t i o n .  t h e  p a t c h - s i z e  induced by p r e r e p l i c a t i o n  e x c i s i o n  r e p a i r ,  t h e  e x t e n t  o f  unscheduled 
nMA s v n t l r e s i s  o r  r e p a i r  r e n l i c a t i o n  i n  r e p a i r - p r o f i c i e n t  and - d e f i c i e n t  c e l l s ,  e t c .  a r e  of 
l i m i t e d  v a l u e .  The a p p l i c a t i o n  o f  t h e s e  o r  s i m i l a r  c r i t e r i a  t o  i n d i v i d u a l  l e s i o n s  is  ex- 
n r c t e d  t o  h e  more i n f o r m a t i v e .  

A u s e f u l  c l a s s i f i c a t i o n  of DNA l e s i o n s  may b e s t  he  deve loped  from e x p e r i m e n t a l  d a t a  
r a t h e r  than  t h e o r e t i c a l  c o n s i d e r a t i o n s .  The f o l l o w i n g  p r o p e r t i e s  o f  p r o t o t y p e  l e s i o n s  should  
he measured i n  s t a n d a r d  c e l l  sys tems (1) R e p a i r a b i l i t v  by e r r o r - f r e e  p r e r e p l i c a t i o n  e x c i s i o n  
r e p a i r :  E x c i s i o n  c a p a c i t v  under  s a t u r a t i n g  and n o n - s a t u r a t i n g  c o n d i t i o n s .  ( 2 )  E f f e c t  on 
d e  novo DNA (and RNA) svnt=: I n s t r u c t i v e  l e s i o n s  (normal ly  c o d i n g  or  m i s c o d i n g ) ;  Non- 
i n s t r u c t i v e  l e s i o n s  ( c a u s i n g  a tempornry o r  permanent b l o c k  t o  nNA-repl ica t ion  a n d / o r -  
t r a n s c r i n t i o n )  ( 3 )  Re u l a t o r v  a c t i v i t  : Inducing  l e s i o n s  (pr imary  o r  s e c o n d a r y  l e s i o n s  
inducing  o r  m o d u l a t T n F r e p a i r  pathway:); Non-inducing l e s i o n s .  
o f  r)nI.lA l e s i o n s  which d e t e r m i n e  t h e s e  a s p e c t s  o f  l e s i o n  p r o c e s s i n g  a r e  e s s e n t i a l l y  unknown. 
The f i n a l  g o a l  r e m a i n s ,  of c o u r s e ,  t h e  e l u c i d a t i o n  o f  t h e  r e l a t i o n s h i p  o f  t h e s e  s t r u c t u r a l  
and f u n c t i o n a l  p r o p e r t i e s  o f  p r o t o t y p e  l e s i o n s  t o  t h e  major  b i o l o g i c a l  e n d p o i n t s ,  i . e .  
l e t h a l  i t v ,  mutagenic  i t y ,  t r a n s f o r m a t  i o n  and d e g e n e r a t i o n .  

__. 
.-- 

The s t r u c t u r a l  p r o p e r t i e s  

2 



DNA Rep.& Mechanismr 

003 

The phrase '%base excision repair" is used to define a repair mode in which damaged bases 
in DNA are excised as the free base. This event is apparently the initial step in the base 
excision repair pathway and is catalyzed by a specific DNA N-glycosylase (DNA-nucleosidase) 
that catalyzes hydrolysis of the bond linking the base to the deoxyribose moeity. At least 
two (and possibly three) different DNA glycosylases have been identified in extracts of pro- 
karyote and eukaryote cells. One enzyme (endonuclease I1 of E. coli) is puryted by Gold- 
thwait and his colleagues1 to catalyze the excision of 3-methyladenine and 0 methylguanine 
from alkylated DNA and of arylpurines from arylated DNA. This enzyme is believed to have an 
associated apurinic endonuclease activity, hence its designation as endonuclease IT. 
and his colleague 2 have described a 3-methyladenine DNA glycosylase that does not catalyze 
the excision of Oz-i?ethylguanine from alkylated DNA and which has no detectable associated 
endonuclease activity. The relationship between these two enzymes remains to be determined. 
Uracil DNA glycosylase catalyzes the selective excision of uracil from DNA containing deoxy- 
uridine. This.enzyme is present in extracts of E. coli, B. subtilis and human cells. The 
activity is present both in nuclear and mitochon?JEZTractions of human KEi cells, but we have 
been unable to detect this enzyme activity in extracts of drosophila cells grown in culture. 
ktants of E. coli defective in uracil DNA glycosylase (designated un -) are abnormally sen- 
sitive to t w t  with nitrous acid or sodium bisulfite, both of d c h  promote the deamina- 
tion of cytosine to uracil. This observation supports the postulated role of this enzyme in 
the excision repair of uracil from DNA in living cells. 

Following base excision, the sites of base loss (purines or pyrimidines) are attacked by 
a specific type of enzyme termed apurinic endonuclease. 
have been described in extracts of E. coli (endonuclease IT + VI), but it is not certain that 
all of these are distinct enzymes. Endonucleolytic incision at sites of base loss is presum- 
ably followed by exonucleolytic degradation resulting in excision of the deoxyribose-phosphate 
residue. Repair synthesis and DNA rejoining may then complete base excision repair as in the 
conventional model of nucleotide excision repair. 

References: 
1. Kirtikar, et al. 

2.  Lindahl, T. Personal communication. 
Studies supported by grants from the USPHS and ACS and by contract with the USERDA. 

BASE EXCISION REPAIR, Errol C. Friedberg, Corrie Anderson, Thomas Bonura, Richard 
Cone and Rhona Simns, Laboratory of Experimental Oncology, Department of 
Pathology, Stanford, California 94305. 

Lindahl 

Currently, five such activities 

In "DNA Repair Processes and Cellular Senescence", IV. W. Nichols and D .  
Fkrphy, Eds. Symposium Specialists, Miami, Fla. In Press. 

004 NUCLMTIDE EXCISION REPAIR - Lawrence Grossman, Department of Biochemistry, Johns 
Hopkins University, Baltimore, Maryland 21205. 

The pyrimidine dimer specific endonucleases (PyOPy correndonucleases) isolated from 
act 5'-to T O T ,  COT, or C O C  cyclobutane dimers on 

Two such endonucleases are resolvable 
Micrococcus luteus and Escherichia 
the damaged strand generating 3'-0H and 5'-P groups. 
by phosphocellulose and DNA cellulose chromatography as well as by isoelectric focusing. 
These uniquely different proteins are required to confer UV resistance to bacterial cells. 
PyOPy correndonuclease I and 11, identifiable as the uvrA and uvrB gene products respectively 
act in uniquely different regions of lightly UV irradiated (10-15 J/m2) DNA. The sequence 
specificity of the resolved correndonucleases is being precisely determined with an isolated 
region of the operon containing the RNA polymerase (RNAP) protected site (W 5) and the 
repressor binding site. The potential of this approach for determining correndonuclease and 
restriction endonuclease specificity, "micro" clustering of T O T  and for C O T  + C O C  forma- 
tion, effects of dimerization on RNAP and repressor binding and the protection by these 
proteins against W damage at these sites will be presented. 

The role of bacterial and mammalian correxonucleases in the excision process as well 
as the facilitative effects of DNA binding protein on DNA polymerase I excision will be 
discussed. 
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005 
The d i s t ingu i sh ing  hallmarks of pho to reac t iva t ion  of DNA are t h e  enzyme-mediated, l i g h t -  
dependent monomerization of pyrimidine dimers r e s u l t i n g  i n  r e p a i r  of the  DNA and r e s t o r a t i o n  
of i t s  b i o l o g i c a l  i n t e g r i t y .  Pho to reac t iva t ion  is  d i f f e r e n t i a t e d  from s e n s i t i z e d  dimer 
monomerization by small molecules by the  p a r t i c i p a t i o n  of the  p r o t e i n  macromolecule and from 
dimer monomerization by t ryptophan-conta in ing  pep t ides  and p r o t e i n s  by t h e i r  wavelengthdepen- 
dence. The pho to reac t iva t ing  enzyme shows t h r e e  l e v e l s  of s p e c i f i o t y :  f i r s t ,  f o r  the  length  
and kind of nuc le i c  a c i d ;  second, f o r  c i s - syn  cyc lobuty l  pyrimidine dimers;  and t h i r d ,  f o r  
pho to reac t iva t ing  photons of  wavelength 300-600 nm. Although a l l  pho to reac t iva t ing  enzymes 
cha rac t e r i zed  t o  d a t e  show t h i s  s p e c i f i c i t y  i n  func t ion ,  cu r ren t  r e p o r t s  i n d i c a t e  poss ib l e  
he te rogenie ty  i n  s t r u c t u r e .  
S .  g r i s e u s l  a r e  composed of a s i n g l e  polypept ide  cha in  wi th  a molecular weight of 35,000- 
40,000 d .  However, t he  yeas t  enzyme i s  repor ted  t o  be composed of two d i s s i m i l a r  subun i t s  
w i th  molecular weights 60,000 and 85,000. I n  a d d i t i o n  t o  the  apopro te in  p o r t i o n  photo- 
r e a c t i v a t i n g  enzyme holoenzymes con ta in  a sma l l e r  molecular weight ,  non-pro te in  co fac to rwhich  
is  e s s e n t i a l  f o r  enzyme a c t i v i t y .  
t he  co fac to r  absorbs l i g h t  i n  t h e  s p e c t r a l  reg ion  of a c t i o n  of the enzyme, and may thus  b e t h e  
chromophore respons ib le  f o r  abso rp t ion  of pho to reac t iva t ing  l i g h t .  For t h e  E .  e, yeas t  and 
s i l v e r f i s h  enzymes, however, t he  co fac to r  abso rp t ion  i s  mainly a t  wavelengths less than  300 
m, and thus  cannot mediation pho to reac t iva t ion  abso rp t ion  i n  the  range 300-600 run. I n  t h e  
case  of the  E. & enzyme, t he  pho to reac t iva t ing  abso rp t ion  may we l l  r e s u l t  from a new 
absorp t ion  band i n  the  reg ion  300-500 nm which appears  when a c t i v e  enzyme b inds  t o  dimer- 
conta in ing  DNA. 

t i a l  f o r  use a s  an a n a l y t i c a l  t o o l :  i f  p o t e n t i a l  b i o l o g i c a l  damage i s  r e v e r s i b l e  by a t r u e  
photoenzymatic r eac t ion ,  pyrimidine dimers were important i n  product ion  of t he  b i o l o g i c a l  
damage. Cor re l a t ion  of a l igh t -media ted  recovery event w i th  enzymatic pho to reac t iva t ion  i s  
e s s e n t i a l  be fo re  such a t e s t  can be app l i ed .  Three major approaches t o  such a c o r r e l a t i o n  in  
a b i o l o g i c a l  system a r e :  1. i s o l a t i o n  and c h a r a c t e r i z a t i o n  of  a pho to reac t iva t ing  enzyme from 
the  c e l l s ;  2.  c h a r a c t e r i z a t i o n  of t he  l ight-dependence and a c t i o n  spectrum of t h e  recovery 
event i n  the  c e l l s ;  and 3. c o r r e l a t i o n  of  b i o l o g i c a l  recovery and enzyme a c t i o n  ( e .g .  enzyme 
l e v e l s  and ex ten t  of pho to reac t iva t ion ;  a c t i o n  s p e c t r a ) .  Such c o r r e l a t i o n  of b io logy  and b b  
chemistry w i l l  provide powerful approaches f o r  r e so lv ing  t h e  na tu re  of chemical a l t e r a t i o n  
leading  t o  b io log ica l  damage i n  complex b i o l o g i c a l  systems, e s p e c i a l l y  a t  damage l e v e l s  too  
low t o  be analyzed by usua l  means. [Research supported i n  p a r t  by g r a n t s  from N a t ' l C a c e r  
I n s t .  (CA14005), American Cancer SOC. (NP1546) and Research Career Develop. Award (CA-00009)]. 

ENZYMATIC PHOTOREACTIVATION OF DNA, Betsy M. Su ther land ,  Department of Biology, 
Brookhaven Nat iona l  Labora tory ,  Upton, NY 11973 

Most PR enzymes k. &, r. domestica ( s i l v e r f i s h ) ,  E. s a p i e n s ,  
- 

I n  the  case  of  t he  S .  g r i s e u s  enzyme, Eker r e p o r t s  t h a t  

The s p e c i f i c i t y  of t h e  pho to reac t iva t ing  enzyme f o r  pyr imidine  dimers o f f e r s  g r e a t  poten- 

Distribution and Quantitation of Damage in DNA 

006 NEASURINC THE PYBIMIDINE D I M E R  CONTENT OF UV IRRADIATED DNA WITH T4 ENDONUCLEASBV, 
A . K .  Ganesan, E .C .  F r iedberg  and P . C .  Seawell ,  Department of  B io log ica l  Sc iences  
and Department of Pathology, S tanford  Univers i ty ,  S t an fo rd ,  CA 94305. 

The most s e n s i t i v e  methods cu r ren t ly  a v a i l a b l e  f o r  d e t e c t i n g  and measuring DNA damage employ 
s p e c i f i c  endonucleases.  The accuracy of t h i s  type of  assay  depends upon knowing p rec i se ly  
what l e s ions  are recognized by t h e  endonuclease used and how e f f i c i e n t l y  i t  i n c i s e s  DNA a t  
the  s i t e  of a l e s ion .  Endonuclease V of bac te r iophage  T4 recognizes  pyrimidine d imers ,  and 
is regu la r ly  used t o  e s t ima te  the  dimer conten t  of U V  i r r a d i a t e d  DNA i n  v i t r o  and i n  
permeabilized b a c t e r i a l  and cu l tu red  mammalian c e l l s .  We have used two methods t o  determine 
the  e f f i c i e n c y  with which t h i s  enzyme n icks  DNA a t  pyrimidine dimers.1) Linear  DNA from 
bacteriophage lambda was i r r a d i a t e d  wi th  UV (254 n m ) ,  t r e a t e d  with T4 endonuclease V and 
analysed by sed imenta t ion  ve loc i ty  i n  a l l i a l ine  sucrose  g rad ien t s .  The frequency of n ick ing  
by the  endonuclease was ca l cu la t ed  from the number average molecular weight ( M n ) .  R e s u l t s  
obtained with t h i s  method ind ica t ed  an average of 0.7 n icks  f o r  each thymine converted i n t o  
a pyrimidine dimer (determined by two dimensional t h in - l aye r  chromatography), o r  approximately 
1 nick  per pyrimidine dimer. 2) Supe rhe l i ca l  DNA from c o l E l  and SV40 was i r r a d i a t e d  with U V ,  
t r ea t ed  wi th  T4 endonuclease V and ana lysed  by e l e c t r o p h o r e s i s  i n  agarose  g e l s .  The frequency 
of n ick ing  was ca l cu la t ed  from the  propor t ion  of  unnicked molecules assuming a Poisson 
d i s t r i b u t i o n  of pyrimidine dimers. Resu l t s  ob ta ined  w i t h  t h i s  method ind ica t ed  an  average  
y i e l d  of  1 . 3  n icks  f o r  each thymine converted i n t o  a dimer, o r  approximately 2 n icks  per 
pyrimidine dimer.  The apparent  discrepancy between the  two methods does not appear t o  be due 
to  an a r t i f a c t  of agarose  g e l  e l ec t rophores i s  because s i m i l a r  r e s u l t s  were obta ined  when 
supe rhe l i ca l  co lEl  DNA was analysed by sed imenta t ion  ve loc i ty  i n  a l k a l i n e  suc rose  g rad ien t s  
o r  by sed imenta t ion  equi l ibr ium i n  propidium iodide-CsC1 g rad ien t s .  Nei ther  can the  
discrepancy be a t t r i b u t e d  to  the  confurmation o f  the DNA .it the  time o f  i r r a d i a t i o n ,  s i n c e  
l i n e a r  co lEl  DNA analysed by sed imenta t ion  v e l o c i t y  showed the same p r o f i l e  whether i t  had 
been i r r a d i a t e d  i n  the  l i n e a r  fonn o r  i n  the  supe rhe l i ca l  form. Experiments a r e  cu r ren t ly  
i n  p rogress  t o  determine whether the endonuclease shows d i f f e r e n t  e c f i c i e n c i e s  of n ick ing  
dimers i n  l i n e a r  and supe rhe l i ca l  DNA.  
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DIM c o n t a i n i n g  1951-labeled c y t o s i n e  was p r e p a r e d  by t h e  Commerford method (1). 
p r e f e r e n t i a l l y  i o d i n a t e s  c y t o s i n e ,  a t  t h e  5 p o s i t i o n ,  i n  s i n g l e - s t r a n d e d  DNA. The l o s s  of 
i o d i n e  f o l l o w i n g  e i t h e r  254 m o r  313 nn i r r a d i a t i o n  was n e a s u r e d  by p r e c i p i t a t i n g  t h e  DNA on 
f i l t e r  paper  d i s c s  and t h e n  washing o f f  t h e  unbound i o d i n e .  
254 nm and 3 X lo4 J / m 2  a t  313 nm removes -202  of t h e  i o d i n e .  The r a t e  o f  l o s s  is not  appre-  
c i a b l y  a f f e c t e d  by t h e  p r e s e n c e  o f  e i t h e r  hydrogen donors  o r  oxygen. It  is assumed t h a t  t h e  
l o s s  of i o d i n e  r e s u l t s  i n  t h e  f o r n a t i o n  of c y t o s i n e .  T h i s  assumpt ion  i s  based  on absorbance  
s t u d i e s  done w i t h  i o d i n a t e d  poly-C whose absorbance  spec t rum changes  t o  t h a t  o f  poly-C upon 
p h o t o l y s i s  a t  313 m. A p p a r e n t l y ,  hydrogen is a b s t r a c t e d  from a n e i g h b o r i n g  s u g a r  s i n c e  
c h a i n  b r e a k s  and a l k a l i - l a b i l e  bonds a l s o  occur  i n  i r r a d i a t e d  i o d i n e - l a b e l e d  DNA. Sedimenta- 
t i o n  s t u d i e s  i n  a l k a l i n e  s u c r o s e  g r a d i e n t s  show t h a t  t h e  number oE b r e a k s  is  one per  s i x  
i o d i n e s  l o s t .  In n e u t r a l  g r a d i e n t s  h a l f  as many b r e a k s  a r e  found, i n d i c a t i n g  t h a t  50% o f  t h e  
b r e a k s  found i n  a l k a l i  a r e  a l k a l i - l a b i l e  bonds.  The number o f  b r e a k s  is a p p r o x i n a t e l y  4- fo ld  
less i n  t h e  p r e s e n c e  of e i t h e r  e t h a n o l  o r  cys teamine ,  which a r e  good hydrogen donors .  Breaks 
were also reduced 2-fold i n  renacured  DIlA w i t h  no concomi tan t  change in t h e  loss  o f  i o d i n e .  
A r,ieclianisr.i fo r  t h e s e  r e s u l t s  w i l l  be p r e s e n t e d  and d i s c u s s e d  i n  c o n n e c t i o n  w i t h  t h e  c u r r e n t  
n o d e l  f o r  t h e  p h o t o l y s i s  of DNA c o n t a i n i n g  bromodeoxyuridine.  (Research  sponsored  by t h e  
Depar tnent  of  Energy under c o n t r a c t  w i t h  t h e  Union Carb ide  C o r p o r a t i o n . )  

1. C o m e r f o r d ,  S.  L. (1971) B i o c h e n i s t r y  g, 1993-1399. 

T I E  G ~ I ~ C P L I T I O N  OF CHAIII GRCI\KS MID ALKALI-LABILE EOllDS UPOH PHOTOLYSIS OF DNA COIJ- 
TAIllIliC IODIIIATCD CYTOSIIIE RESIDUES, R. 0. Rahn and R. 5 .  S t a f f o r d ,  Bio logy  D i v i s i o n ,  
Oak [!id e N a t i o n a l  Labora tory ,  iJak Ridge, TI1 37030. 

T h i s  method 

A f l u e n c e  of 3 X l o3  J / m 2  a t  

008 ANALYSIS OF DNA LESIONS DETERMINED BY SUSCEPTIBILITY T O  ALKALI, APURlNlC 
ENDONUCLEASE OR OTHER DNA DAMAGE SPECIFIC ENZYMES FROM HUMAN CELLS, 

Thomas P. Brent, Department of Pharmacology, St. Jude Children's Research Hospital, Memphis, Tennessee 
38101, George W. Teebor, Department of Pathology, New York University Medical Center, New York, N.Y. 
10016, and Nahum J. Duker, Department of Pathology and Fels Research Institute, Temple University Health 
Sciences Center, Philadelphia, Pennsylvania 19140. 
A variety of lesions in damaged DNA may be analyzed by  determining the susceptibility of such DNA t o  the 
strand-breaking action of either alkali, or DNA damage specific enzymes. DNA strand scission has been measured 
by monitoring the conversion of Form 1 PM2 DNA to  Form I I  using alkaline or neutral pH velocity 
sedimentation gradients, or by a filter binding In earlier studies DNA dama ed by ultraviolet light, 
ionizing radiation or heat at pH 5, was studied, while more recently DNA treated with akylating agents has been 
examined. Each mode of damage introduces into DNA a certain number of apurinic or  apyrimidinic (AP) sites 
that are detectable immediately following the treatment. The numbers of these AP sites determined by strand 
scission induced by purified human lymphoblast AP endonuclease corresponds closely, in all cases, with the 
number of strand breaks induced by a brief alkaline treatment 20 min at pH 12.2 at 37"C).2 A more extensive 
alkaline treatment ( 4  hrs at pH 12.8 with 1.0 M glycine at 25 C)3 although giving values that correspond well 
with enzymatically determined AP sites in acid heat depurinated DNA, results in inflated values for DNA 
alkylated with methylmethanesulfonate (MMS). It is well known that depurination of alkylated bases occurs at 
significant rates at physiological pH and temperature, however it has been reported that under alkaline conditions 
such bases are stabilized? Our recent studies, however, show that significant depurination occurs during 
protracted alkaline treatment3 of methylated DNA, leading not only to  the over-estimation of AP sites, but also 
to  the loss of a population of alkylated bases that is initial1 Estimation of initial AP site numbers is 
therefore best made utilizing brief alkaline treatment or puriXed AP-endonuclease.' This approach has led to  the 
enzymatic detection of lesions in alkylated DNA other than AP sites. These lesions are converted to  strand breaks 
by the combined action of a putative N-glycosidase activity, partially purified from human lymphohlasts, together 
with either AP endonuclease or alkaline ~ r e a t m e n t . ~  They represent a minority of the total alkylated bases in 
MMS-treated DNA, suggesting they are not 7-methylpanine. DNA treated with dimcthyl sulfate or 
methylnitrosourea also contains such enzyme sensitive sites, while nitrogen mustard treated DNA docs not. 
Identification of these enzyme susceptible alkylated bases is bang  actively pursued. 
These studies were supported by US. Public Health Service Grants CA-14799, RR-05584, CA-16669 and by 
ALSAC. 
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009 QUANTITATION OF DNA DAMAGES INDUCED BY X-RAYS, Susan S .  Wal lace ,  Pnul R .  Armel, and 
Harold L .  K a t c h e r ,  Department o f  Microhin logy ,  New York Medical C o l l e g e ,  V a l h a l l n ,  
N Y  10595. 

The a b i l i t y  t o  a c c u r a t e l y  d e t e r m i n e  by s e d i m e n t a t i o n  v e l o c i t y ,  t h e  c o n v e r s i o n  o f  PM2 'Type I 
c l o s e d  c i r c u l a r  s u p e r c o i l e d  DNA t o  t h e  open c i r c u l a r  Type I 1  form, h a s  provided  u s  w i t h  a very 
s e n s i t i v e  a s s a y  f o r  s t r a n d  b r e a k s  i n  x - i r r a d i a t e d  DNA. Measurable s t r a n d  b r e a k s  i n c l u d e  t h o s e  
d i r e c t l y  produced by x- rays ,  damages conver ted  t o  s t r a n d  b r e a k s  upon exposure  t o  a l k a l i ,  and 
damages c o n v e r t e d  t o  s t r a n d  b r e a k s  upon i n c u b a t i o n  w i t h  r e p a i r  e n d o n u c l e a s e s .  The p r o d u c t i o n  
of  b o t h  s t r a n d  b r e a k s  and a l k a l i - l a b i l e  l e s i o n s  is g r e a t l y  reduced when PM2 DNA i s  i r r a d i a t e d  
i n  t h e  p r e s e n c e  of t h e  hydroxyl  r a d i c a l  s c a v a n g e r ,  po tass ium i o d i d e .  Thus i t  may be  i n f e r r e d ,  
t h a t  when PM2 DNA i s  i r r a d i a t e d  i n  a i r ,  i n  d i l u t e  aqueous  s o l u t i o n ,  t h a t  b o t h  s t r a n d  b r e a k s  
and a l k a l i - l a b i l e  l e s i o n s  a r e  produced by hydroxyl  r a d i c a l s .  Also ,  when a l k a l i - l a b i l e  l e s i o n s  
a r e  examined i n  DNA x - i r r a d i a t e d  i n  t h e  p r e s e n c e  of  po tass ium i o d i d e ,  two c l a s s e s  can  be  d i s -  
t i n g u i s h e d .  One c l a s s ,  which c o n v e r t s  immediately t o  s t r a n d  b r e a k s  upon exposure  t o  a l k a l i ,  
is  a l s o  demonst rab le  when DNA i s  i r r a d i a t e d  i n  t h e  absence  o f  potass ium i o d i d e .  The second 
c l a s s ,  which i s  n o t  measurable  when DNA i s  i r r a d i a t e d  i n  t h e  absence  of  po tass ium i o d i d e ,  re -  
q u i r e s  4 hours  o f  i n c u b a t i o n  i n  a l k a l i  b e f o r e  comple te ly  c o n v e r t i n g  t o  s t r a n d  b r e a k s .  When 
x - i r r a d i a t e d  PM2 DNA is  i n c u b a t e d  w i t h  p a r t i a l l y  p u r i f i e d  E s c h e r i c h i a  s i  x-ray e n d o n u c l e a s e ,  
a d d i t i o n a l  b r e a k s  a r e  i n t r o d u c e d  i n t o  t h e  DNA, presumably a d j a c e n t  t o  damaged b a s e  r e s i d u e s .  
The number of damages p e r  s i n g l e  s t r a n d  b r e a k  recognized  by t h e  x. x-ray endonuclease  i n  
PM2 DNA x - i r r a d i a t e d  i n  t h e  p r e s e n c e  o f  po tass ium i o d i d e ,  i n c l u d e  0.6 f a s t - c o n v e r t i n g  a l k a l i -  
l a b i l e  l e s i o n s ,  1.1 s low-conver t ing  a l k a l i - l a b i l e  l e s i o n s ,  and 2 . 7  n o n - a l k a l i - l a b i l e  base-  
damaged r e s i d u e s .  The l a t t e r  two c l a s s e s  o f  damages cannot  be  measured i n  PM2 DNA x - i r r a d i a t e d  
i n  t h e  absence  o f  p o t a s s i u m  i o d i d e .  When PM2 DNA is  x - i r r a d i a t e d  i n  potass ium i o d i d e  p l u s  
potass ium n i t r a t e ,  a s c a v a n g e r  of t h e  aqueous e l e c t r o n ,  t h e  n o n - a l k a l i - l a b i l e  base-damaged 
r e s i d u e s  recognized  by t h e  E. & x-ray endonuclease  a r e  a lmost  comple te ly  e l i m i n a t e d .  5. 
c o l i  x-ray endonuclease ,  p u r i f i e d  s e v e r a l  hundred f o l d  s t i l l  e x h i b i t s  t h e  hroad  s p e c i f i c i t y  
d e f i n e d  above. 
f o l d  is  c u r r e n t l y  b e i n g  examined. 
x-ray endonuclease  i n  x - i r r a d i a t e d  PM2 DNA c o u l d  he  o f  t h e  5 , 6  dihydroxy-dihydrothymine t y p e ,  
s i n c e  osmium te t roxide- t rea tedPM2 DNA c o n t a i n i n g  t h e s e  damages, i s  a s u b s t r a t e  f o r  t h e  enzyme. 
An a p u r i n i c  endonuclease ,  p a r t i a l l y  p u r i f i e d  from Saccharomyces c e r e v i s i a e ,  h a s  a l s o  been used 
t o  probe f o r  a p u r i n i c l a p y r i m i d i n i c  damages i n  x - i r r a d i a t e d  PM2 DNA.  
l a b i l e  l e s i o n s  p r e s e n t  i n  t h i s  DNA, b o t h  o f  t h e  s low and f a s t - c o n v e r t i n g  t y p e s ,  a r e  r e c o g n i z e d  
by t h e  y e a s t  a p u r i n i c  enzyme. 

__ 
The s u b s t r a t e  s p e c i f i c i t y  o f  enzyme p r e p a r a t i o n s  p u r i f i e d  s e v e r a l  thousand 

Some o f  t h e  b a s e  damaged r e s i d u e s  recognized  by t h e  g. 

The m a j o r i t y  of  t h e  a l k a l i -  

Mechanism and Diversity of Photoreactivation 

PHOTOSENSITIZED SPLITTING OF THYMINE OIHERS I N  DNA BY PEPTIDES AND PROTEINS CONTAIN- 
I N G  TRYPTOPHAN. Helene, C .  Centre de Biophysique f l o lecu la i re  45045 Orleans - FRANCE 
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Thymine dimers formed i n  DNA by UV i r r a d i a t i o n  can be s p l i t  by i r r a d i a t i o n  a t  300 nm i n  the  
presence o f  pho tosens i t i ze rs  con ta in ing  an i n d o l e  r i n g :  Sero ton in  and 5-methoxytryptamine, an 
o l i gopep t ide  con ta in ing  a t r yp tophy l  res idue (Lys-Trp-Lys),  a p r o t e i n  which e x h i b i t s  a 
s p e c i f i c i t y  f o r  s i n g l e  stranded n u c l e i c  acids ( p r o t e i n  coded f o r  by gene 32 o f  phage T4). The 
mechanism o f  t h i s  photosens i t i zed  r e a c t i o n  has been i n v e s t i g a t e d  us ing  d i f f e r e n t  methods: 
f luorescence a t  room and a t  low temperature, f l a s h  pho to l ys i s ,  e f f e c t  o f  e l e t t r o n  scavengers, 
i o n i c  s t reng th  dependence. I n  o rde r  t o  a c t  as a pho tosens i t i ze r ,  t he  i ndo le -con ta in ing  com- 
pound must be bound t o  UV i r r a d i a t e d  DNA and stacked w i t h  n u c l e i c  a c i d  bases and thymine dim- 
e rs .  D issoc ia t i on  o f  the  complex i n h i b i t s  t he  reac t i on .  
o f  an e l e c t r o n  t r a n s f e r  f rom the  e x c i t e d  i ndo le  r i n g  t o  the  dimer. I n  a l l  cases, t he  s p l i t -  
t i n g  o f  thymine dimers regenerates i n t a c t  thymine bases. 

The s p l i t t i n g  a r i ses  as a consequence 



PHOTOREACTIVATING ENZYME FROM g. B: MECHANISM OF ACTION*, John Clark Sutherland, 
Biology Department, Brookhaven National Laboratory, Upton, NY 11973. 

Purified photoreactivating enzyme (PRE) from E. has an absorption maximum at 257 nm, but 
no well defined absorption band for X > 300 nm, the wavelength region which is required for 
photoreactivation. When PRE is mixed with ultraviolet irradiated DNA (uvDNA), there is an 
increase in absorption for X > 295 nm and a decrease for h < 295 nm compared to the sum of 
the absorptions of the separate components as monitored by absorption difference spectroscopy 
(ADS) (Wun, et al., 1977). These absorbance changes are not observed if PRE is mixed with 
unirradiated DNA nor is the increase for h > 295 nm due to an increase in light scattering 
(ibid.). Irradiated of the PRE:uvDNA mixture with 365 nm radiation reverses the hyperchrom- 
icity at 350 nm and the hypochromicity at 257 nm with identical first order kinetics. The 
slope of the ADS reversal curve yields $ e ,  the product of the molar extinction coefficient of 
the complex at the wavelength of irradiation times the quantum yield for absorption reversal. 
Measurement of + E  for a series of irradiation wavelengths leads to an action spectrum which 
resembles both the ADS (for X > 300 nm) and the action spectrum for photoreactivation. With 
poly dA:dT qualitatively similar results were obtained but the absolute value of $E was lower. 
These results suggest that the long sought "chromophore" is, in fact, a molecular complex 
which exists only when E. & PRE interacts with dimer-dontaining DNA and lead us to ask what 
are the moieties of the dimer and the PRE which interact to produce the new absorption band. 
A preliminary step in identifying the interacting moieties of the dimer is determining 
whether the PRE approaches the dimer from the major or the minor groove of the DNA. 
PRE approaches from the major groove it can interact with the cyclobutyl ring while if it ap- 
proaches from the minor groove, it might interact with the two carbonyl groups at the 2 
positions of the pyrimidine ring which are common features of all photoreactable dimers 
(Sutherland, 1977). Recent data (Duval and Sutherland, in preparation) show that the basic 
peptide antibiotic netropsin, which is known to bind in the minor groove, inhibits binding 
of the PRE to uvDNA. This result supports the hypothesis that the carbonyl at position 2 
of the pyrimidine ring may be key moieties in the interaction between the E. coli PRE and 
uvDNA . 
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CLONING THE GENE FOR ESCHERICHIA PHOTOREACTIVATING ENZYME, Claud S. Rupert 
and Aziz Sancar, Programs in Biology, University of Texas at Dallas, 
Richardson, TX 75080. 
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The gene for photoreactivating enzyme (deoxyribodipyrimidine photolyase, EC 4.1.99.3) of 
- -  coli has been inserted into the & plasmid pMB9 by in vitro recombination. E. 
that cultures can only be enriched in, and not absolutely selected for cells carrying this 
gene in active form, complicates isolation of such recombinant DNA molecules. 
an F' plasmid, carrying a relatively small region of the &chromosome near phr, as the 
gene donor to increase the initial number of recombinant molecules. were frustrated by 
finding the gene is not located between gal and atf 1 as previously believed (1). 
tion with several Hfr strains. deletion mapping, F' transfer and transduction data all 
showed it lies counterclockwise from this location, near 15.7 min, in agreement with indepen- 
dent work of Youngs and Smith (private communication). 
by the F-primes readily available to us, while F153. which does carry it, is too large for 
efficient separation from cellular DNA fragments. Consequently a technique for enriching 
whatever recombinant molecules are present was developed from the photolyase membrane- 
binding assay of Madden &&. ( 2 ) .  DNA from s strain ND24CF153) was W irradiated either 
before or after digestion with EcoRI restriction endonuclease, and mixed with EcoRI-digested, 
unirradiated pMB9 plasmid DNA. 
vating enzyme was added, and the mixture filtered through a nitrocellulose membrane. 
enzyme attached itself to regions of the DNA carrying photoreactivable W damage and bound 
the molecules carrying such regions (i.5. those having coli DNA in them) to the membrane. 
The majority of uncombined pMB9 molecules passed t h r o u g h x e  membrane was then transferred 
to a vial, exposed to light to repair the W damage and release the binding. and competent 
-- uvrA recA phr cells were added for E. coli transformation ( 3 ) .  The cells were grown in 
tetracyclene medium t o  select those which had incorporated a pMB9 plasmid (imparting tetra- 
cyclene resistance). From the resulting cultures PHR+ cells could be isolated. after enrich- 
ment by UV irradiation and phototeactivation, without the Interference from back mutations in 
- uvrA or %A experienced without enrichment. 
when isolated, will transform PHR- cells to PHR+. Increased numbers of photoreactivating 
enzyme molecules accompany the increased numbers of gene copies. 

(1) Sutherland, B . M . .  D. Court and M.J. Chamberlin. 
( 2 )  Madden, J.J., H. Werbin and J.  Denson. Photochem. Photobiol. 441-445 (1973) 
(3) Cohen, S.N., A.C.Y. Chang and C.L. Hsu. Proc. Natl. Acad. Sci. U.S .  69 2110-2114 (1972) 
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This is outside the regions carried 

After annealing and ligating, purified yeast photoreacti- 
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These cells carry a recombinant plasmid which, 

Virology 48 87-93 (1971) 
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DNA Repsir Mechanisms 

013 SOME ROPERTIES OF A DNA PHOTOREACTIVATING ENZYME FROM STREPTOMYCES 
GRISEUS, A.  P. M.Eker, Biochemical ond Biophysical Laboratory, Delft University of 
Technology, Delft, The Netherlands. 

A factor has been isolated from vegetative Streptomyces.griseus cells which accomplished photoreactivotion 
in a H. influenzae transforming system. This factor exhibits t rue  photoreactivating activity i .e.  splitting of 
pyrimidine dimers in  UV-irradiated DNA with the constituent pyrimidines as reactionproduct. It needs blue 
light as a physical cofactor. From its behaviour against proteases and heat-inactivation it was concluded that 
this factor has a proteineous chorocter. Therefore it can be named as a photoreactivating enzyme (RE). 
Same properties are: mot. weight: 43000 (gelfiltration) 

number of protein chains: 1 (SDS-electrophoresis) 
optimum pH: 7.0 
optimum ionic strength: 0.04 
isoelectric point: 4.7 (isoelectric focussing) 

These properties are no t  very different from properties found for PRE's obtained from other sources. 
We believe that this RE contains an intrinsic chromophore, adducing the following evidence: - purified RE has, besides protein absorption, an absorption band in  the visible region, max. 445 sh. 425nm. 
- the action spectrum for photoreactivation resembles the absorption spectrum very well. Bath spectra 

- denaturation of RE causing detachment of the chromaphore is accompanied by a sharp increase of 
coincide with the action spectrum for R in vivo of conidia of S.griseus ( 1  ). 

fluorescence intensity. Stobilisation of RE by addition of UV-DNA prevents the increase of 
fluorescence intensity. 

fluarescence has been observed. 
- in  5 different chromatographic systems ca-chromatography of biological activity and chromophore 

The presence of a chromophoric group in RE from S.griseus is  in contrast with the findings for P I E ' S  
from other sources which seem to lack such a group. However, no absolute proof can be given that our 
RE really carries a chromophare. 
From fluorescence and phosphorescence spectra an estimate can be made for the energy levels of 
excited singlet and triplet state of the chromophare. Comparison with the corresponding assumed levels 
of thymine dimer seems to rule out physical energy transfer either a t  singlet or triplet level. So another 
mechanism of energy transfer, e .g ,  via exciplex formation, has to be considered. 

( 1 )  Jagger, J., H. Takebe and J .M. Snow (1970) hotochem. Photobiol. 12. 185 

014 LOW IIOLECULAR WEIGHT SUBSTANCES I N  CELLS TINT ENHANCE DNA-PHOTOLYASE ACTIVITY,  
H. Werbin and J. J. Madden, Programs i n  Biology, The Universi ty  of Texas a t  Dallas, 
Richardson, TX 75080 

One can enhance the  a c t i v i t y  of DNA photolyase f r equen t ly  by assaying the  enzyme i n  t h e  
presence of reducing agents  such as 2-mercaptoethanol o r  glutathione.  
of a c t i v i t y  r e s u l t s  when e i t h e r  ce l l - f r ee  e x t r a c t s  of Baker 's  yeas t  o r  t he  blue-green a lga ,  
A. nidulans,  i s  added. 
halding the  supernatent  a t  pH 3.0 f o r  3 h r s  a t  room temperature,  n e u t r a l i z i n g ,  l yoph i l i z ing ,  
and dissolving the  dry powder in buffer .  The substances t h a t  enhance the a c t i v i t y  a r e  
r e fe r r ed  t o  a s  ac t iva to r s .  and they can be p a r t i a l l y  p u r i f i e d  by paper chromatography and 
paper e l ec t rophores i s .  

Further  p u r i f i c a t i o n  of t he  a c t i v a t o r s  is  achieved by Dowex 50 chromatography and g e l  
f i l t r a t i o n  on Sephadex G-25. One a c t i v a t o r  p u r i f i e d  t h i s  way had a molecular weight of 450 
by g e l  f i l t r a t i o n  and a maximum a t  248-249 nm i n  i t s  absorpt ion spectrum. 
r e f l e c t e d  i n  t h e  f luo rescen t  spectrum of t h e  ma te r i a l :  e x c i t a t i o n  maxima a t  280 and 358 nm, 
emission maxima a t  350 and 440 nm. The substance gave a t y p i c a l  ninhydrin s t a i n .  
i nd ica t e  t h a t  small  molecular weight substances,  possibly pept ides ,  can mediate photo- 
r eac t iva t ion  i n  vivo. HBlhe  and coworkers found t h a t  the t r i pep r ide ,  lysyl- t ryptophyl- lysine 
m i m i c s  the  ac t ion  of DNA-photolyase when i l luminated with tryptophan absorbing wavelengths. 
Cleaver and coworkers2 raise the  p o s s i b i l i t y  t h a t  such pept ides  may pho tosens i t i ze  dimer 
cleavage i n  marmnalian c e l l s .  

1. 
2. 

Further  enhancement 

Such e x t r a c t s  a r e  prepared by d i s rup t ing  the  c e l l s ,  cen t r i fug ing ,  -- 

They a r e  obtained from both PhR+ and PhR- yeas t  c e l l s .  

This peak w a s  n o t  

These d a t a  

Char l i e r ,  11. and HBlBne, C. Photochemistry and Photobiology (1975), a, 31-37. 
Mortelman, K., Cleaver,  J.E., Friedberg,  E.C., Paterson,  M.C., Smith, B.P., and 

Thomas, G.H. Mut. Research (1977) $$, 443-446. 
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015 DIMER SPECIFIC ENDONUCLEASE FROM CALF THYMUS, Evelyn Waldstein and Shoshana 
Peller, Department of Biochemistry, University of Tel-Aviv, Tel-Aviv, Israel. 

A dimer specific endonucleolytic activity from calf thymus is partially purified and 
characterized. 
phage PM2 DNA containing not more than several dimers per molecule. The enzyme is Mg2+ 
dependent, does not bind to DEAE Sephadex and copurffies with a nonspecific endonuclease 
which has a molecular weight of 80 000. It can be recovered in thymuses, kept frozen for 
at least two weeks. Eoth in crude extracts and column fractions its activity is lost on 
the third day after homogenization of the tissue. 

The enzyme introduces single strand nicks into covalently closed circular 

016 PROPERTIES OF A UV-ENDONUCLEASE CODED FOR BY THE uvr-GENES IN E. coli. 
Erling Seeberg, Norw. Def. Res. Estab., Div. T o x i x . ,  Kjellery N Z  

The products of the uvrA+, *+ and uvrC+ genes in Escherichia coli has 
been partially p u r i f x b y  means of a= vitro complementation assay 
alloying each one of these products to &detected separately. The uvrB+ and 
uvrC gene products co-chromatographed on DEAE-cellulose and were completely 
resolved from the uvrA+ gene product which was further purified by phospho- 
cellulose chromatography of the nonbinding protein fraction from the DEAE- 
cellulose. Neither the uvrA+ nor the uvrB /uvrC+ gene products show appre- 
ciable endonuclease a c t x y  on UV-irradiatmNA when tested separately. 
However, these factors complement to yield an endonuclease activity specific 
for UV-irradiated DNA. This activity is ATP-dependent and neither GTP, AUP, 
nor AMP can substitute for ATP in the endonuclease reaction. The amount of 
breaks induced by the reconstituted endonuclease into DNA irradiated with 
low UV-doses is essentially the same as that induced by purified pyrimidine 
dimer specific endonuclease from Micrococcus luteus. Gel filtration experi- 
ments indicate that the uvrA+ product has a m m a r  weight of about 
100,000. The uvrB+ p r o d u m a s  an apparent molecular weight of about+ 70,000, 
but it is presently unclear wether this represents the size of @ 
or a complex between the *+ and =+products. 

alone 
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017 PARTIAL PURIFICATION, ISOLATION AND CHARACTERIZATION OF THREE NUCLEASE ACTIVITIES 
FROM I I W  KU CELLS WHICII CAN EXCISE TUYMINE-CONTAINING I ' Y K I M I U I ~ j E  D I P l E K S .  Kem. H.  
Cook and E r r o l  C. F r i e d b e r g ,  Labora tory  o f  Exper imenta l  Oncology, Department of 

Pa thology,  S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  CA 94305 
Cytoplasmic e x t r a c t s  prepared  f r o m  KB c e l l s  c o n t a i n  enzyme a c t i v i t y  which p r e f e r e n t i a l l y  
r e n d e r s  thymine-conta in ing  pyr imidine  diniers (d imers)  a c i d  s o l u b l e  from U V  i r r a d i a t e d  E. c o l i  
DNA s p e c i f i c a l l y  i n c i s e d  5 '  t o  t h e  dimer s i t e . l  F r a c t i o n a t i o n  of t h e s e  e x L r a c t s  y i e l d s  t l l ree  
such  a c t i v i t i e s  w i t h  d i s t i n c t  chromatographic  p r o p e r t i e s  on ion-exchange c e l l u l o s e s .  These 
t h r e e  a c t i v i t i e s  have been p a r t i a l l y  p u r i f i e d  and p h y s i c a l l y  and e n z y m a t i c a l l y  c h a r a c t e r i z e d .  
One a c t i v i t y  ( A c t i v i t y  B) i s  c l e a r l y  d i s t i n g u i s h e d  by a s m a l l e r  s e d i m e n t a t i o n  c o e f f i c i e n t  
(2 .6 )  and a n  a l k a l i n e  i s o e l e c t r i c  p o i n t  (9.0) from t h e  remain ing  t w o  a c t i v i t i e s  (A and C) 
which have s i m i l a r  s e d i m e n t a t i o n  c h a r a c t e r i s t i c s  (3.0 - 3.2)  and i s o e l e c t r i c  p o i n t s  (6.0).  
The t h r e e  a c t i v i t i e s  can  a lso be  d i s t i n g u i s h e d  by t h e i r  r e s p o n s e  t o  s u l f h y d r a l  and mono- 
v a l e n t  i o n  i n h i b i t i o n  and d i v a l e n t  c a t i o n  s t i m u l a t i o n .  P r e l i m i n a r y  enzymat ic  c h a r a c t e r i z a t i o n  
s u g g e s t s  t h a t  a c t i v i t i e s  A and C a r e  s i n g l e - s t r a n d  s p e c i f i c  e x o n u c l e a s e s .  
not a c t i v e l y  degrade  n a t i v e  o r  d e n a t u r e d  DNA and may be  s i m i l a r  t o  DNase I V  O K  may be  a 
s i n g l e - s t r a n d  s p e c i f i c  endonuclease .  

d i r e c t i o n .  Thus t h e r e  a r e  m u l t i p l e  a c t i v i t i e s  c a p a b l e  o f  per forming  t h e  dimer e x c i s i o n  s t e p  
i n  human c e l l s  i f  dimer e x c i s i o n  o c c u r s  i n  t h e  manner of t h e  p r o k a r y o t e  n u c l e o t i d e  e x c i s i o n  
model. There is, however, no d i r e c t  ev idence  t h a t  t h e s e  a c t i v i t i e s  per form s u c h  a f u n c t i o n  
i n  v ivo .  

References :  
1. Cook, K. H. and F r i e d b e r g .  E. C . ,  B iochemis t ry  ( I n  p r e s s ) .  

S t u d i e s  suppor ted  by r e s e a r c h  g r a n t s  from t h e  USPIIS and t h e  ACS and by c o n t r a c t  w i t h  t h e  
USERDA. 

A c t i v i t y  B does  

These a c t i v i t i e s  a r e  a l l  c a p a b l e  of e x c i s i n g  thymine-conta in ing  d imers  i n  a 5 '  + 3 '  

-__ 

018 ACTION OF y-ENDONUCLEASE ACTIVITIES IN EXTRACTS OF MICROCOCCUS LUTEUS, 
Ulrich Hagen, Gisela Schafer and Peter Haas, Institut fur Genetik und 
fur Toxikologie von Spaltstoffen, Kernforschungszentrum Karlsruhe, 
D 7500 Karlsruhe 1 ,  Federal Republic of Germany 

Several protein fractions containing endonuclease activity against y-irra- 
diated DNA (y-endonuclease) were isolated from M. luteus. The crude extract 
was chromatographed and purified on TEAE cellulose and subsequently on hy- 
droxyapatite. Tests for endonuclease activity were performed by analysis of 
single-strand breaks in PMZ-DNA or calf thymus DNA as well as by end group 
determination with DNA polymerase I or phosphatase. The protein fractions 
were tested against DNA samples, treated in several ways: v-irradiation, 
ultraviolet irradiation or acid hydrolysis to obtain a limited number of 
apurinic sites in the DNA. In y-irradiated DNA the frequency of single-strand 
breaks, alkali labile lesions and of endonuclease sensitive sites were de- 
termined. The relation of endonuclease sensitive sites to single-strand 
breaks amounts to about 2.5. It will be discussed in detail whether the vari- 
o u s  protein fractions, isolated in respect of activity against y-irradiated 
DNA, contain also activity of an apurinic specific endonuclease, i.e. are 
able to split the alkali labile lesions induced by y-irradiation or apurinic 
sites induced by acid hydrolysis. 
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ON THE NATURE OF THE HUMAN ENDONUCLEASE ACTIVITY DIRECTED AGAINST 
ULTRAVIOLET-IRRADIATED DNA, George W. Teebor and Mindy S. Goldstein. Depart- 
ment of Pathology, New York University Medical Center, New York, N.Y., 10016, 
Nahum J. Duker, Department of Pathology and Pels Research I n s t i t u t e ,  Temple 
University Health Sciences Center, Phi la .  Pa., 19140, and Thomas P .  Brent, 
Department of Pharmacology, S t .  Jude Children's Research Hospital, Memphis. 
Term., 38101. 
The endonuclease a c t i v i t y  i n  human cells directed against  W (254 nm) i r rad-  
ia ted DNA is only evident i f  the  DNA is  heavily i r rad ia ted  ( 1 , 2 ) .  Thus, i t  
is probable that t h i s  a c t i v i t y  i s  not directed against  the pyrimidine dimer. 
Endonucleases against  non-dimer sites have been purif ied from E. c o l i  (3 .4)  
and calf  thymus ( 5 ) .  The nature of t h i s  endonuclease-sensitive damage i s  not  
cer ta in .  It was reported tha t  t h i s  les ion  was not an apurinic  s i t e  s ince 
such heavily i r rad ia ted  DNA w a s  not a lka l i - lab i le  ( 4 ) .  We show tha t  W- 
i r rad ia ted  PM2 DNA contains a lka l i - lab i le  sites which a r e  only detectable  
under the  conditions of a lka l ine  hydrolysis employed by Lindahl and Andersson 
( 6 ) .  One of these sites is formed f o r  every 100-150 pyrimidine dimers. This 
corresponds t o  the number of endonuclease-sensitive sites i n  W-irradiated 
DNA acted on by E. c o l i  endonuclease I11 (4)  and calf  thymus W-endonuclease 
(5) .  
neut ra l  pH for several  hours, a lka l i - lab i le  sites appear which a r e  now detect-  
able  under other conditions of a lka l ine  hydrolysis su i tab le  f o r  the  detect ion 
of apurlnic sites ( 7 ) .  Thus, the  human W-endonuclease a c t i v i t y  present i n  
HeLa c e l l s ,  WI-38 cells, lymphoblasts and skin f ibroblas t s ,  including those of 
Xeroderma pigmentosum individuals  (1 .2 .7)  i s  probably directed against  an 
abnormal. unstable base i n  DNA. This is corroborative of the  model proposed 
by Brent (7) .  
1. B r e n t ,  T.P., Nature New Biology 239: 172-173, 1972. 
2. Duker, N . J .  and Teebor, G.W., Nature 255: 82-84. 1975. 
3. Radman, M., J. Biol. Chem. 251: 1438-1445. 1976. 
4.  Gates, F.T. and Linn, S.. J. Biol. Chem. 252: 2802-2807. 1977. 
5. Bacchetti,  S. and Benne, R., Biochim. Biophys. Acta 390: 285-297, 1975. 
6. Lindahl, T. and Andersson, A.,  Biochemistry 11: 3618-3623. 1972. 
7. Brent, T.P.. Biochim. Biophys. Acta 454: 172-183, 1976. 

*19 

I f  such i r rad ia ted  DNA is  allowed t o  stand a t  room temperature and 

Enzymology of Base Excision Repair 

020 ENZYMES FOR THE REPAIR OF APURINIC/APYRIMIDINIC SITES I N  HUMAN CELLS, 
S t u a r t  L i n n ,  W. S t e p h e n  L i n s l e y ,  U r s  K u h n l e i n ,  Edward E .  P e n h o e t .  and  
Walter A .  D e u t s c h ,  Department  of B i o c h e m i s t r y ,  U n i v e r s i t y  of C a l i f o r -  
n i a ,  B e r k e l e y ,  CA 94720. 

A p u r i n i c / a p y r i m i d i n i c  e n d o d e o x y r i b o n u c l e a s e  h a s  been p u r i f i e d .  from human 
p l a c e n t a  so as  t o  b e  f r e e  of d e t e c t a b l e  DNA p h o s p h a t a s e ,  DNA N - g l y c o s i d a s e ,  
a n d  o t h e r  DNases. The enzyme is found i n  s e v e r a l  forms w i t h  m o l e c u l a r  w e i g h t s  
r a n g i n g  from 2 7 , 0 0 0  t o  3 1 , 0 0 0  and d i s t i n g u i s h a b l e  c a t a l y t i c  p r o p e r t i e s .  The 
enzyme acts  o n l y  upon p h o s p h o d i e s t e r  bonds  t h a t  a r e  a d j a c e n t  t o  a d e o x y r i b o s e  
l a c k i n g  a b a s e .  Such l e s i o n s  c a n  be  formed by t r e a t m e n t  o f  t h e  DNA w i t h  a c i d ,  
a l k y l a t i n g  a g e n t s ,  DNA N - g l y c o s i d a s e ,  X - r a y s ,  or 0,O The i n c i s i o n  is made 
so as  t o  form a d e o x y r i b o s e  5 ' - p h o s p h a t e  and a 3 ' -hy? i roxynucleo t ide .  
When t h e  D N a s e  a c t i v i t y  was s t u d i e d  i n  e x t r a c t s  from c u l t u r e d  human f i b r o -  
b l a s t s ,  it was n o t e d  t h a t  t h e  l i n e s  of t h e  D complementa t ion  group of x e r o -  
derma pigmentosum, XP5BE, XPGBE and XP7BE, had r e d u c e d  a c t i v i t y  and an 
a b n o r m a l l y  h i g h  s u b s t r a t e  K,. Upon p h o s p h o c e l l u l o s e  chromatography i t  was 
o b s e r v e d  t h a t  t h e  D g r o u p  e x t r a c t s  l a c k e d  a m a j o r  enzyme s p e c i e s  t h a t  had a 
r e l a t i v e l y  l o w  s u b s t r a t e  K,. T h i s  s p e c i e s  w a s  p r e s e n t  i n  e x t r a c t s  f r o m  normal  
ce l l  l i n e s ,  o t h e r  xeroderma pigmentosum l i n e s ,  an a t a x i a  t e l a n g i e c t a s i a  l i n e  
and HeLa ce l l s .  
I n  a d d i t i o n  t o  e n d o n u c l e a s e s  w e  have also i s o l a t e d  f r o m  c u l t u r e d  human f i b r o -  
b l a s t s  o t h e r  p r o t e i n s  t h a t  i n t e r a c t  w i t h  DNA a p u r i n i c  l e s i o n s .  The p r o p e r t i e s  
of  t h e s e  p r o t e i n s  s u g g e s t  t h e  e x i s t e n c e  of  o t h e r ,  n o v e l  pa thways  fo r  t h e  
r e p a i r  o f  t h e s e  l e s i o n s .  
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021 DNA GLYCDSYLASES OF ESCIIERICHIA CDLI, T. L indah l ,  P. Karran and S. Riazuddin, k p t .  
o f  fled. Chem. Univ.  o f  Gothenburg, 400 33 Gothenburg, Sweden. 

DNA glycosylases (p rev ious l y  c a l l e d  N-qlycosidases) c leave base-suqar bonds, b u t  n o t  phospho- 
d i e s t e r  bonds, i n  DNA. Two enzymes o f  t h i s  c lass  have so f a r  been p u r i f i e d  and cha rac te r i zed  
from E. c o l i  and evidence f o r  t he  ex is tence o f  a d d i t i o n a l  DNA glycosylases w i l l  be presented. 
One e m f  t h i s  type  releases u r a c i l  f rom DNA con ta in ing  deaminated cy tos ine  residues o r  
u r a c i l  residues n i s inco rpo ra ted  i ns tead  o f  thymine. A second g lycosy lase  re leases  3-methyla- 
denine (and 3-ethyladen'ne) f rom a l k y l a t e d  DNA i n  v i t r o .  
which do n o t  requ i re  M a ' ,  phosphate, o r  o the r  cofactors f o r  a c t i v i t y .  The r e a c t i o n  produc ts  
a re  f ree  bases and DNA con ta in ing  a p u r i n i c  o r  a p y r i m i d i n i c  s i t e s .  
s p e c i f i c  f o r  t he  base which they remove from DNA; thus,  5 -methy lu rac i l  ( thymine) ,  5-bromoura- 
c i l ,  o r  deaminated pur ines  a re  n o t  re leased by the  uraci l -DNA q lycosy lase ,  and 7-methylguanine, 
7-methyladenine, 06-methylguanine, N6-methyladenine, and a r y l a l k y l a t e d  pu r ines  a re  n o t  re leased 
by the  3-methyladenine-DNA g lycosy lase .  Recent s tud ies  i n  severa l  l a b o r a t o r i e s  on E. c o l i  
mutants de fec t i ve  i n  q lycosy lase  a c t i v i t i e s  i n d i c a t e  t h a t  these enzymes par t i c ipa te-  
repa i r .  

Both these enzymes a re  smal l  p ro te ins  

The enzymes a re  h i g h l y  

THE ENDONUCLEASE ACTIVITY OF EXONUCLEASE 111 AND THE REPAIR OF URACIL-CONTAINING 022 

dUTPase mutants of E. coli (dut mutants) display fragmentation of nascent DNA, resulting in 
very short Okazaki pieces (1). They incorporate uracil transiently into their DNA, and its 
excision-repair causes the breakage. A s  a result, the &mutants have increases in gener- 
ation times, in recombinational and mutational frequencies, and in sensitivity to FdUrd. 
their growth is also inhibited by 2 mM uracil. Uracil is removed from DNA largely by 
uracil-DNA glycosylase, leaving apyrimidinic sites to be incised by endonucleases. Exo- 
nuclease 111 has an endonuclease activity specific for apurinic/apyrimidinic sites, repre- 
senting 85-90% of such activity measured in crude extracts. Exonuclease I11 is vital for 
this repair; dut-xth- (exo 111-) double mutants display filamentous growth. 

The endonuclease and exonuclease activities are functions of a monomeric protein 
(Pir-28,000); their relationship has been verified by co-purification, co-mutation, co- 
reversion, and co-transduction (2,3). One site on the enzyme probably catalyzes both types 
of reaction by recognizing either a missing base (endonuclease activity) or an unwound 3'- 
terminal nucleotide (exonuclease activity) and by cleaving on its 5 '  side. As predicted by 
chis model, endonucleolytic cleavage produces base-free deoxyribose-5-phosphate end groups. 
Thus, when d(A-T), containing occasional [5'-'*P]dUMP residues was treated with uracil-DNA 
glycosylase and exonuclease 111, the 3 2 P  could then be released into a Norit-nonadsorbable 
form either by a phosphomonoesterase or by NaOH. 

DNA IN ESCHERICHIA m, B. Weiss, S.G. Rogers, and A.F. Taylor, Department of 
Microbiology, The Johns Hopkins University School of Medicine, Baltimore, ME 21205. 

Nomenclature: We previously referred t o  
Site of the endonuclease activity of exonuclease 
endonucleolyt ic 111 as "endonuclease I1 activity" ( 2 , 3 )  
cleavage by because it was originally assayed and 
exonurlease 111: 

has been recently redefined (4). 

1. 

2 .  
3. 
4 .  

Tye, B-K., Nyman, P-O., Lehman, I.R., Hochhauser, S . ,  and Weiss, B. m. w. m. s., USA 74~154-157 (1977). 
Weiss, B. J .  a. m. 251:1896-1901 (1976). 
Yajko, D.M., and Weiss, E. w. N&. g. s., 72:688-692 (1935). 
Kirtikar, D.M., Cathcart, G.R., and Goldthwait, D.A. 
73:4324-4328 (1976). 

m. Natl. Acad. Sci., g 
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ENWNUCLEASES SPECIFIC FOR APURINIC SITES I N  DNA, Walter G.  Ver ly ,  Se rv ice  d e  023 
An endonuclease s p e c i f i c  f o r  a p u r i n i c  s i tes  i n  DNA was discovered  i n  E.coll by Verly and 
Paquet te  (1970). The enzyme was p u r i f i e d  t o  homogeneity (Ver ly  and R a S S a K t ,  1975);  i t  is a 
monomeric p r o t e i n  of 32,000 which needs Mg++ t o  be a c t i v e  and i s  r a t h e r  thermolabi le .  The 
enzyme was named endonuclease V I  (Gossard and Verly,  1977) to stop t h e  confus ion ,  found 
n e a r l y  everywhere i n  t h e  l i t e r a t u r e ,  w i th  endonuclease 11, an enzyme a c t i v e  on a l k y l a t e d  
sites. An endo V I  p repa ra t ion  devoid of  endo I1 a c t i v i t y  was found t o  con ta in  exanuclease  
111: s i n c e  t h e  p repa ra t ion  conta ined  s e v e r a l  p r o t e i n s ,  w e  cannot dec ide  i f  endo V I  and 
exo 111 are t h e  same enzyme (Gossard and Verly,  1976) .  
P a r t i a l l y  depur ina ted  DNA w a s  r epa i r ed  o n  incubat ion  wi th  endo V I ,  exo 111, DNA polymerase I 
and t h e  4 dNTP, l i g a s e  and i ts  coenzyme (Verly,  Gossard and Cr ine ,  1974) .  Endo V I  hydro lyzes  
a phosphoester bond (which might n o t  be t h e  immediate n e i g h b u r  of t h e  base- f ree  deoxyr ibose)  
on t h e  5' s i d e  of  t h e  a p u r i n i c  s i t e  l eav ing  3'-OH and 5'-phosphate; exo I11 rwnoves a few 
nuc leo t ides  i n  t h e  3'-5' d i r e c t i o n  l eav ing  t h e  a p u r i n i c  site i n  t h e  DNA molecule (prevent ing  
l i g a s e  from c l o s i n g  t h e  n ick)  ; DNA pol I ,  s t a r t i n g  from t h e  3'-OH, f i l l s  t h e  gap  produced 
by exo 111, e x c i s e s  t h e  apur in i c  site i n  a d i -  or t r i n u c l e o t i d e ,  then  c a t a l y z e s  t h e  t r a n s -  
l a t i o n  i n  t h e  5'-3' d i r e c t i o n  of a n ick  which i s  f i n a l l y  c losed  by l i g a s e  (Gossard and 
Verly,  1976) .  
Endo V I  i s  r epons ib l e  f o r  90% of  t h e  a c t i v i t y  toward DNA apur in i c  sites i n  w; t h e  
remaining a c t i v i t y  depends on endonuclease I V  which is more thermostab le  and does no t  need 
Mg++ (Ljungquis t  e t  a l . ,  1976).  W e  have isolated from B a c i l l u s  s teara thermophi lus  an 
endonuclease s p e c i f i c  f o r  apur in i c  si tes wi th  p r o p e r t i e s  r a t h e r  similar to thosc  o f  endo I V  
(Bibor and Ver ly) .  An endonuclease s p e c i f i c  f o r  a p u r i n i c  s i tes  has  been p u r i f i e d  from r a t  
l i v e r  (Verly and Paquet te ,  1973) and a l s o  from p l a n t  embryos (Thibodeau and Verly,  1977) .  
Endonucleases f o r  apur in i c  si tes were found i n  a l l  r a t  t i s s u e s ,  i n  human f i b r o b l a s t s ,  HeLa 
cells ,  DAB ra t  hepatoma (Hardy),  i n  r o o t s  and l eaves  of  h igher  p l a n t s  (a  c h l o r o p l a s t i c  enzyme 
w a s  d i f f e r e n t i a t e d  from t h e  nucleo-cytoplasmic endonuclease) ,  i n  fung i  and a l g a e  (Thibodeau 
and Verly,  1976).  In  eukaryot ic  cells ,  t h e  endonuclease s p e c i f i c  f o r  a p u r i n i c  si tes i s  
loca l i zed  mostly i n  chromatin;  it is  a non-histone p r o t e i n  which, when i n t e g r a t e d  i n  t h e  
chromatin s t r u c t u r e ,  has  l i t t l e  e f f e c t  on exogenous depur ina ted  DNA which sugges t s  an  o r i en -  
t a t i o n  o f . t h e  enzyme t o  work on chromatin DNA (Thibodeau and Verly,  1976) .  

Biochimie d e  l a  Facul t6  des  Sc iences ,  Un ive r s i t e  d e  Liege,  Belgique. 

DNA Repair Pathways 

024 EXCISION-REPAIR PATHWAYS, P h i l i p  C .  Hanawalt, Department of  B io log ica l  Sc iences ,  

A v a r i e t y  of  s t r u c t u r a l  d e f e c t s  i n  DNA a r e  r e p a i r a b l e  i n  most l i v i n g  systems by exc i s ion  
of t he  damaged s e c t i o n  and r e s y n t h e s i s ,  u t i l i z i n g  t h e  i n t a c t  complementary s t r and  a s  template.  
This  process  of exc is ion- repa i r  is  i n i t i a t e d  by a n  endonucleo ly t ic  c leavage  of t he  damaged 
s t r a n d ,  gene ra l ly  followed by the  coupled a c t i v i t i e s  of DNA polymerase and 5'-exonuclease.  
The process  is b e s t  understood i n  Escherichia co l i  i n  which DNA polymerase I and i ts  
as soc ia t ed  5'-exonuclease can e f f i t i e n t l y  remove l e s i o n s  and syn thes i ze  a s h o r t  r e p a i r  pa tch .  
However, o t h e r  polymerases and o the r  exonucleases can a l s o  ope ra t e  i n  exc i s ion - repa i r ,  
sometimes producing longer  pa tches  and perhaps r e s u l t i n g  i n  mutagenesis.  S tud ie s  wi th  
permeabilized cel ls  have a ided  t h e  s tudy  of  precursor  and energy requirements f o r  exc is ion-  
r e p a i r ;  r e s u l t s  with to luenized  E. coZi have shown t h a t  e i t h e r  po l  I1 o r  p o l  I11 can  s u b s t i -  
t u t e  f o r  po l  I i n  r e p a i r  r e p l i c a t i o n  (1 ) .  In vivo s t u d i e s  imp l i ca t e  pol  I11 i n  the  removal 
of pyrimidine dimers and r e p a i r  r e syn thes i s  i n  UV i r r a d i a t e d  b a c t e r i a  (2 ,  3 ) .  I n  b a c t e r i a l  
systems t h e  a v a i l a b i l i t y  of a l a r g e  ca ta logue  of r epa i r -de f i c i en t  mutant s t r a i n s  has a ided  
the  e l u c i d a t i o n  of r e p a i r  pathways and t h e  formula t ion  of models. Deta i led  a n a l y s i s  of t h e  
a l t e r n a t i v e  pathways f o r  exc is ion- repa i r  i n  E. col i  se rves  t o  guide the  s tudy  of t h i s  process  
i n  mammalian systems. 

those  i n  E. coZi. 
of  exc is ion- repa i r  i n  i s o l a t e d  n u c l e i  from human c e l l s .  
r e p a i r  r e p l i c a t i o n  t h a t  is MgCC dependent and s t imu la t ed  by added ATP and deoxyribonucleo- 
s i d e  t r i phospha te s .  This  r e p a i r  s y n t h e s i s  is  no t  seen  in n u c l e i  from xeroderma pigmentosum 
(group A) cells .  However, UV dependent r e p a i r  s y n t h e s i s  is observed when the  bac ter iophage  
T4 endonuclease V is  added t o  the  system. Furthermore,  t h e  enzyme s t i m u l a t e s  r e p a i r  syn- 
t h e s i s  i n  W138 nuc le i .  
(4 ) .  Added panc rea t i c  DNase I. whi le  producing a s imilar  type  of s c i s s i o n  does n o t  promote 
UV dependent r e p a i r  syn thes i s .  
excision-repai 'r  sequence is d e f e c t i v e  i n  xeroderma (group A) and they demonst ra te  t h e  u t i l i t y  
of permeabilized mammalian c e l l s  f o r  probing DNA r e p a i r  w i th  exogenous enzymes and subs t r a t e s .  
Addi t iona l  c l a s s e s  of r e p a i r  d e f i c i e n t  c e l l  l i n e s  a r e  needed t o  h e l p  c l a r i f y  t h e  exc is ion-  
r e p a i r  pathways i n  human c e l l s .  

(1) Masker, W.E.; Simon, T . J . ;  Hanawalt, P.C. I n  Molec. Mech. Repair o f  DNA, Plenum, pp. 
245-254 (1975).  (2) Youngs, D.A.; Smith, K.C. Nature New Biol. 244:240-241 (1973). 
(3) Cooper, P.K.; Hunt, J.G. t hese  a b s t r a c t s .  (4)  Simon, T .J . ;  Smith, C . A . ;  F r iedberg ,  
E.C. J. Biol. &em. 90:237-248 (1975). 

S tanford  Un ive r s i ty ,  S tanford ,  Ca l i fo rn ia  94305. 

I t  is  l i k e l y  t h a t  t he  exc i s ion  r e p a i r  pathways i n  human cells are a t  l e a s t  a s  complex a s  
C. A. Smith in our  l abora to ry  has  developed a system f o r  s tudy ing  d e t a i l s  

WI38 n u c l e i  e x h i b i t  UV dependent 

This  enzyme is  s p e c i f i c  f o r  DNA s t r a n d s  conta in ing  pyr imidine  dimers 

These r e s u l t s  suppor t  t he  view t h a t  t he  i n c i s i o n  s t e p  i n  t h e  
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The first ev idence  t h a t  recombina t ion  might p l a y  a r o l e  i n  t h e  r e p a i r  of  damage t o  DNA came 
from s t u d i e s  of recA. recB and recC mutants  d e f e c t i v e  i n  t h e i r  a b i l i t y  t o  produce  recombinants 
i n  s t a n d a r d  c r o s s e s ( 1 n ) .  
i r r a d i a t i o n  than  wi ld  type ( 1 , 2 , 4 )  i t  seemed l i k e l y  t h a t  t h e  pathways o f  recovery  which had 
been blocked were pathways o f  r e p a i r .  
r e p a i r  o f  gaps i n  newly r e p l i c a t e d  DNA ( 5 , 6 )  was accompanicd by g c n e t i c c h a n g e 7 )  and t h a t  
t h i s  r e p a i r  was blocked by a recA muta t ion  ( 6 ) .  
a l s o  blocked by recF m u t a t i o n s  (8) and i s  slowed by a recL m u t a t i o n  ( 9 ) .  Although t h c s e  
r e s u l t s  might b e i n t e r p r e t e d  t o  i n d i c a t e  t h a t  a l l  r e p a i r o c c u r r i n g  i n  uvrA o r  uvrB mutants  is  
r e c o m b i n a t i o n a l ,  o t h e r  r e s u l t s  i n d i c a t e  t h a t  recA and r e c F  have r e g u l a t o r y  f u n c t i o n s  and t h a t  
enzymes o f  nonrecombina t iona l  pathways may b e u n d e r  t h z c o n t r o l .  These r e s u l t s  stem p a r t l y  
from s t u d i e s  of i n d u c i b l e  c l e a v a g e  of lambda phage r e p r e s s o r  (10) and p a r t l y  from s t u d i e s  of 
i n d u c i b l e  r e a c t i v a t i o n  o f  phages lambda and 9%174 (or S13) damaged by UV i r r a d i a t i o n  
(11,12,13).  
pathways need t o  be i n f e r r e d  from a l l  o f  t h e s e  s t u d i e s  of  t h e  r c c o v c r y  and DNA metabolism i n  
UV-i r rad ia ted  mutants .  An a d d i t i o n a l  q u e s t i o n  is how many of t h e s e  pathways involve  g e n e t i c  
exchange and how many i n v o l v e  enzymes r e g u l a t e d  c o o r d i n a t e l y  w i t h  rccomhina t ion  enzymes. 

PATHWAYS OF RECOMBINATION REPAIR IN E_. 
Department of  Molecular  Biology, U n i v e r s i t y  of  C a l i f o r n i a ,  Berke ley ,  CA 94720 

K12, Alvin  J . C l a r k  and Michael R.Volkert  

S ince  t h e s e  mutants  were more s e n s i t i v e  t o ,  f o r  example, UV 

Then i t  was d i s c o v e r e d  t h a t  i n  uvrA o r  uvrB mutants  

Subsequent work shows t h a t  t h i s  r e p a i r  i s  

A major  q u e s t i o n  which r e q u i r e s  an answer i n  t h e o r y  a t  t h i s  p o i n t  i s  how many 

1. 
2 .  
3.  
4 .  
5. 
6. 
7. 

8.  
9. 

10. 
11. 

12. 
13. 

C l a r k ,  A. .J. G Margul ics ,  A. D. (1965).  Proc .  Nat .  Acad. Sc i .  5 3 ,  451-459. 
Howard-Flanders, P. E T h e r i o t  L. (1966).  G e n e t i c s  5 3 ,  1137-1150: 
Emmerson, P. T. 6 Howard-Flanders, P. ( 1 9 6 7 ) B a c t c r i o l .  23 .  1729-1731. 
W i I l e t t s ,  N .  S. E Mount, D .  W .  (1969).  J. B a c t e r i o l .  !??, 92.3-934. 
Rupp, W. D. 6 Howard-Flanders. P. (1968).  J. Mol. B i o l .  33, 291-304. 
Smith,  K .  C .  E Meun, D. H .  C .  (1970).  J .  Mol. B i o l .  s i ,  459-472. 
Rupp, W. D . ,  Wilde 111, C. E . ,  Reno, D. L.  4 Howard-Flandcrs,  1'. (1971).  J .  Mol. B i o l .  

Rothman, R. H .  E C l a r k ,  A .  J. (1977).  Mol. Gen. Gcnct.  i n  p r c s s .  
Rothman, R .  H .  E C l a r k ,  A. J .  (1977).  Mol. Gcn. Genet.  i n  p r c s s .  
Rober t s ,  .I. W .  E Rober ts ,  C. W. (1975).  Proc .  Nat.  Acad. S c i .  72 ,  147-151. 
D e f a i s ,  M . ,  C a i l l c t - F a u q u c t ,  P . ,  Fox, M. S .  G Radman, M. (197b).  Mol.Gen. ( ;cnct.  

Das-Cupta, C. C .  E Poddar,  R .  K .  (1975).  Mol. Gcn. Gcnct .  U q ,  77-91. 
Tessman, E .  S .  G Ozaki ,  I .  (1960) .  Vi ro logy  U ,  431-449. ' 

fi!, 25-44. 

!'I@, 125-130. 

(M6 MAKING AND CORRECTING ERRORS I N  DNA SYNTHESIS : I N  V I T R O  AND SEMI-IN V I V D  STUDIES 
OF MJTAGENESIS, Miros lav  Radman, Serge  Boi teux ,  O l i v e r  Doubleday, Giuseppe 
V i l l a n i  G S i l v i o  S p a d a r i r  Department o f  Molecular Bio logy ,  U n i v e r s i t i :  L i b r e  de 
B r u x e l l e s ,  B 1WO Rhode-St-Genkse, Belgium. 

Mutagenesis was s t u d i e d  by c o n s t r u c t i o n  o f  presumed molecular  i n t e r m e d i a t e s  i n  spontaneous  
and u l t r a v i o l e t  l igh t - induced  mutagenes is  u s i n g  A and OX174 phage D N A s  and homopolymers. 
Phage D N A s  were used f o r  both  i n  v i t r o  r e a c t i o n s  wi th  a v a r i e t y  o f  e x t r a c t s  and p u r i f i e d  
DNA polymerases,  and i n  v i v o  a s s a y s  by t r a n s f e c t i o n  o f  m. Polypyr imidine  homopolymers 
and t e r m i n a l l y  mismatched homopolymers were used t o  estimate t h e  f i d e l i t y  and t h e  3 '  t o  5' 
exonuclease  ("proof- reading")  a c t i v i t y  o f  DNA polymerases.  Mutagenesis was found t o  o c c u r  
through two p r i n c i p l e  pathways. (i) Direct Mutagenesis i n v o l v e s  i n c o r p o r a t i o n ,  u s u a l l y  from 
t r i p h o s p h a t e  p r e c u r s o r s ,  o f  t h e  modi f ied  m i s p a i r i n g  DKA b a s e s  e .g .  t a u t o m e r s  and isomErs of 
normal bases ,  2-aminopurine, 5-bromouracil ,  deaminated c y t o s i n e ,  O-&alkyl-guanine, and i s  
g r e a t l y  suppressed  by DNA methyla t ion- i&ructed ,  mismatch e x c i s i o n  r e p a i r  which e l i m i n a t e s  
e r r o r s  from t h e  newly-synthesised (unmethyla ted)  DNA. The a b s e n c e  o f  t h i s  repair a c c o u n t s  
f o r  t h e  muta tor  p r o p e r t i e s  of E . c o l i  uvrE ( r e p a i r - d e f i c i e n t )  and dam ( s t r a n d  d i s c r i m i n a t i o n  
' d e f i c i e n t )  mutants .  ( i i )  I n d i r & t t a g e n e s i s  is caused  by no;-pairing l e s f o n s ,  such  as 
pyr imidine  d imers ,  i n t e r s t r a n d  c r o s s - l i n k s  and bulky  a d d u c t s  e.g. a f l a t o x l n  81, benzo-(a)- 
pyrenef i n  p a r e n t a l  DNA. These l e s i o n s  a r r e s t  DNA s y n t h e s i s  and i n d u c e  SOS-repair, which 
i n  5 . s  i s  c o n t r o l l e d  by t h e  B, & fi and @ genes .  An e x t e n s i v e  s t u d y  o f  E.* 
and mammalian DNA polymerases which vary  g r e a t l y  i n  t h e i r  r e s p e c t i v e  base  s e l e c t i o n  and 
3 t o  5' exonuclease  a c t i v i t i e s  s u g g e s t s  t h a t  t h e  la t ter ,  "proof-reading",  a c t i v i t y  b l o c k s  
DNA s y n t h e s i s  a t  pyr imidine  d imers  by c a u s i n g  polymerase " i d l i n g "  ( a b o r t i v e  t u r n o v e r  o f  
t r i p h o s p h a t e s  t o  monophosphates). It is l i k e l y  t h a t  t h i s  proof - reading  a c t i v i t y  is 
suppressed  as of consequence of SOS-induction. Evidence w i l l  a l so  be p r e s e n t e d  f o r  t h e  
e x i s t e n c e  of a f u n c t i o n a l  3 '  t o  5 '  exonuclease ,  p roof - reading ,  a c t i v i t y  i n  mammalian c e l l s .  

* L a b o r a t o r i o  d i  Genet ica  Biochimica ed E v o l u z i o n i s t i c a ,  U n i v e r s i t a  d i  Pavia ,  27100 P a v i a ,  
I t a l y .  

14 



DNA R q m t  Mechanisms 

027 

Repair pathways a re  commonly discussed as a t r i u m v i r a t e :  
r e p a i r  and Dos t rep l i ca t i on  r e p a i r .  
ma t i c  c e l l s  cons i s t s  o f  a mu l t ib ranched s e t  o f  pathways under the  one t i t l e  o f  exc i s ion  re -  
p a i r .  
b u t  t he re  may be common i n i t i a l  steps i n v o l v i n g  fac to rs  med ia t ins  the  access o f  r e p a i r  en- 
zymes t o  damaged s i t e s  i n  chromat in and common f i n a l  steps i n v o l v i n s  polvmerases and l i gases .  
Some fea tu res  o f  chromat in s t ruc tu re ,  such as nucleosomes, and h ighe r  o rders  o f  s t r u c t u r e  and 
con t ro l ,  may exerc ise  a dominant i n f l u e n c e  on the  i n i t i a l  steps, r a t e s  and s i t e s  o f  r e p a i r ,  
pa tch  s i zes  e tc . ,  and some o f  t he  de fec ts  i n  xe rodena  pigmentosum may i n v o l v e  d e f e c t i v e  ac- 
cess t o  damaged s i t e s .  PR apDears t o  be f u n c t i o n a l l y  v e s t i q i a l  desp i te  the  presence o f  a 
p r o t e i n  w i t h  PR a c t i v i t y  i n  mamnalian c e l l s ,  b u t  t he  r o l e  o f  medium-dependent f a c t o r s  and DNA 
damage caused by PR l i g h t  remain t o  be evaluated. P o s t - r e p l i c a t i o n  r e p a i r  should perhaps n o t  
be considered as a d i s c r e t e  r e p a i r  process, b u t  r a t h e r  one aspect o f  complex Per tu rba t i ons  
induced by damage and by r e p a i r i n g  s i t e s  when c e l l s  undergo semiconservat ive DNA r e p l i c a t i o n .  
The pe r tu rba t i ons  seem t o  be a consequence o f  damaged s i t e s  t h a t  b lock  DNA cha in  qrowth, de- 
layed r e p l i c a t i o n  around damaged s i t e s ,  and exc i s ion  r e p a i r  breaks which b lock  r e p l i c o n  i n i -  
t i a t i o n .  
r e p a i r  events w i t h  the  c o n t r o l  o f  r e n l i c o n  syn thes is ;  and a l t e r a t i o n s  i n  e i t h e r  cou ld  change 
the  response. 
c e l l s  may be the  consequence o f  exc i s ion  r e p a i r  de fec ts ;  chanqes i n  c o n t r o l  o f  r e p l i c o n  syn- 
thes i s  i n  o the r  diseases (Bloom's) may a l t e r  r a d i a t i o n  resDonse even though e x c i s i o n  r e p a i r  
i s  normal. DNA double s t rand  exchanges have been observed a t  t he  chromosome l e v e l  ( s i s t e r  
chromat id exchanges) b u t  s i n g l e  s t rand  recombinat ion has n o t  been c l e a r l y  demonstrated and 
the  supposed exchange o f  py r im id ine  dimers may a c t u a l l y  be a r t e f a c t s  o f  end a d d i t i o n  du r ing  
recovery  o f  DNA synthes is .  
apoears t o  be a concept n o t  y e t  f o rced  upon us by any data f o r  mammalian c e l l s  and the  l i n -  
e a r i t y  o f  most recen t  mu ta t i on  f requency curves imp l i es  t h a t  t he  systems which r e s u l t  i n  
e r r o r s  dur ing  r e p l i c a t i o n  o r  r e p a i r  may be c o n s t i t u t i v e .  
Energy. 

REPAIR PATHNAYS I N  IWMMALIAN SYSTEMS, James E. Cleaver, The Un ivers i t . v  o f  
C a l i f o r n i a ,  San Francisco, Lab0rator.v o f  Radiobioloqy, San Francisco, CA 94143 

pho to reac t i va t i on  ( P R ) ,  e x c i s i o n  
Fly cu r ren t  v iew i s  t h a t  reDa i r  i n  c u l t u r e d  mammalian so- 

D i f f e r e n t  branches a re  i nvo l ved  i n  nuc leo t ide ,  base, c r o s s l i n k  and s t rand  break r e p a i r ,  

The observed pe r tu rba t i ons  may there fore  be the  r e s u l t  o f  a coup l i ng  o f  e x c i s i o n  

Thus SupDOSed changes i n  p o s t r e p l i c a t i o n  r e p a i r  seen i n  XP and XP v a r i a n t  

Induc ib le ,  e r ro r -p rone r e p a i r ,  analosous t o  b a c t e r i a l  SOS r e p a i r ,  

Work supported by Department o f  

Replicatim Bypass Mechanisms in Eukaryotes 

028 DNA REPLICATION I N  NORMAL AND DEFECTIVE HUMAN CELLS AFTW UV-IRRADIATION, 
A .  R. Lehmann, MRC C e l l  Mutation U n i t ,  U n i v e r s i t y  of Sussex, Fa lmer ,  Br ighton  
BNl 9 W ,  England. 

Normal human cells  can  r e p a i r  t h e i r  DNA a f t e r  UV-i r rad ia t ion  by e x c i s i o n - r e p a i r  or pos t -  
r e p l i c a t i o n  r e p a i r .  In c e l l s  f r m  p a t i e n t s  w i t h  Xeroderma pigmentosum (XP), e i t h e r  or both  
o f  t h e s e  p r o c e s s e s  is d e f e c t i v e .  F x c i s i o n - d e f e c t i v e  XP cells are h y p e r s e n s i t i v e  t o  t h e  let- 
h a l  e f f e c t s  of UV. XP v a r i a n t s  a r e  n o t .  C e l l s  from a s u n - s e n s i t i v e  c h i l d ,  11961, and from 
p a t i e n t s  w i t h  Cockayne's syndrome (Co) a r e  s e n s i t i v e  t o  t h e  l e t h a l  e f f e c t s  of UV, but  appear  
t o  have n o  g r o s s  d e f e c t  i n  e i t h e r  e x c i s i o n  or p o s t - r e p l i c a t i o n  r e p a i r .  

a t  d i f f e r e n t  t i m e s  a f t e r  UV i r r a d i a t i o n ,  have  been e s t i m a t e d  i n  t h e s e  d i f f e r e n t  cell s t r a i n s .  
In normal c e l l s ,  DNA s y n t h e s i s  is f i r s t  i n h i b i t e d  b u t  then  r e c o v e r s  a t  5-8 hours  af ter  
i r r a d i a t i o n .  I n  XP, Co and 11961 c e l l s ,  t h e  i n i t i a l  i n h i b i t i o n  of  DNA s y n t h e s i s  is  s i m i l a r  
t o  t h a t  i n  normal c e l l s ,  but t h e  subsequent recovery  of  normal r a t e s  of DNA s y n t h e s i s  d o e s  
n o t  occur. I n s t e a d  t h e  r a t e  o f  s y n t h e s i s  g r a d u a l l y  d e c l i n e s .  Thus t h i s  f a i l u r e  t o  r e c o v e r  
normal r a t e s  of DNA s y n t h e s i s  seems t o  c o r r e l a t e  w e l l  w i t h  h y p e r s e n s i t i v i t y  t o  t h e  l e t h a l  
effects o f  DNA, b u t  it does  seem t o  be a s imple  consequence of a f a i l u r e  t o  e x c i s e  pyr imidine  
d imers .  

The o v e r a l l  rates of DNA s y n t h e s i s ,  measured a s  i n c o r p o r a t i o n  o f  'H-thymidine i n t o  DNA 
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M9 
Rogerio Meneghini, Carlos F.M. Menck, R. Ivan Schumacher and M. Cordeiro-Stone, Depatment 

Biochemistry. Univers i ty  o f  SBo Paulo, CP 20780, Szo Paulo, B ras i l .  
Evidence has been obtained tha t  the pyrimidine dimers cause a h a l t  i n  the r e p l i c a t i o n  f o r k  mo 
vement i n  mammalian c e l l s .  I f  UV i r r a d i a t e d  c e l l s  are pulse-labeled w i t h  H-bromodeoxyuridlne 

(3H-Brdu) and the ext racted DNA i s  cent r i fuged i n  neutra l  CsCl densi ty  gradfent, a band o f  d e i  
s i t y  intermediate between the hybr id  and the unsubsti tuted DNA I s  formed. The amount of DNA 
i n  t h i s  band i s  much la rge r  i n  the case o f  i r r a d i a t e d  than i n  un i r rad ia ted  c e l l s ,  when both 
arealbwed t o  incorporate the same amount of H-Brdu. Since the physical cha rac te r i s t i cs  of 
t h i s  intermediate densi ty  band have been assigned t o  a Brdu-containing DNA i n  the v i c i n i t i e s  
of the r e p l i c a t i o n  fo rk ,  the large amount found i n  i r r a d i a t e d  c e l l s  should be r e f l e c t i n g  an 
accumulation o f  ha l ted forks.  I t  thus appears t h a t  t h i s  accumulation together w i t h  some gap 
formation accounts f o r  the small s i ze  o f  the DNA synthesized a f t e r  UV- i r rad iat ion.  I t has 
a lso been shown tha t  some o f  the pyrimidine dimers are t ransferred from parental t o  daughter 
strands a f t e r  resumption o f  DNA rep l i ca t i on .  Adequate protocoles have been devised i n  order 
t o  r u l e  out other possible i n t e r p r e t a t i o n  f o r  the detect ion o f  dimers l i n k e d  t o  DNA pulse-la- 
beled a f t e r  i r r a d i a t i o n .  It thus seems p laus ib le  t h a t  a small propor t ion o f  the dimers are 
coped w i t h  by a recombinational mechanism which involves an exchange o f  the parental strand 
containing the dimer w i t h  the homologous daughter strand. 
wi th  by t h i s  mechanism seems t o  be lower than 20 percent, and other  bypass processes should 
opperate i n  the c e l l .  
This work i s  supported by a Grant from Bioq/Fapesp Pro ject .  

DNA REPLICATION HALT B Y  PYRIMIDINEDIMERS AND ITS RESUMPTION I N  MAMMALIAN CELLS, 
of 

3 

However the amount of dimers dea l t  

030 DNA REPLICATION I N  UL’iR4VIOL?T-IW(PDIATED MAMMALIAN CELLS. h a r d  J. Edenberg, 

Ultraviolet l ight (W) inhibits DNA synthesis in mnlmlian cells, and leads to  a decrease in 
the lengths of DNA synthesized. 
sial. 
lesions) leaving gaps of about 1,000 nucleotides which are later f i l l ed  by de now DNA syn- 
thesis (1) and B) the replication apparatus halts (pauses for  relatively 1e times) when St 
encounters lesions (2 ,3 ) ,  and as .yet unknown mechanisms eventually allow bypass. 
analyses of DNA synthesis a f t e r  W irradiation are consistent with nude1 B ( 2 , 3 , 4 ) .  Studies 
on mamMlian mitochondria (which cannot excise dimers) show t h a t  replication continues only 
up t o  d h r s  and then stops (5); the arrested replication intermediates acnmnulate and re- 
min for at least 48 h. Replication forks accumulate i n  W-irradiated (6) and methyl meth- 
ane sulfomte treated (7)  cells also. 
dicted by model B, and not consistent with replication skipping quickly past d h r s .  
synthesis of DNA in shorter segmnts canparable t o  the interdimer distance is predicted by 
3 nudels (1,2,3). h- 
ever, such gaps opposite dimers have not been detected (8,9). 
with replication halting at  lesions such as d h r s  unt i l  ei ther the lesions are repaired or 
sane unknown process allows bypass (model B). This analysis raises questions a b u t  the de- 
sign and interpretation of experiments. 
cells ( to  allow IN4 synthesis t o  equal that i n  control cells) w o t  avoid artifacts arising 
fmn end labeling, since the inhibition of DNA synthesis is not due t o  slower fork progres- 
sion, but rather to  long pauses of the replication forks (3,lO). 

Department of Biochemistry, Indiana Univ. school of %d., Indianapolis, IN. 46202. 

The interpretation of these phenomena is s t i l l  controver- 
k models are A) the replication appamtus skips past pyrimidine diners (or other 

Kinetic 

DNA fiber autoradiopphy (3)  yielded results pre- 
The 

Model A predicts that gaps w i l l  be located opposite dimers (1); 
These data are consistent 

Simply increasing labeling times for  irradiated 

1) Lehnmn, A. R. (1972) J. Mol. Biol. 66, 319-337 
2 )  Edenberg, H. J. ( 1 9 7 5 ) m  

4) RIA&, J. M . ,  and Friedberg, E. C. 

6) Edenberg, H. J. (1973) Ph.D. Thesis, Stanford University 
7) Scudiero, D., and Strauss, 9. (1974) J. Mol. Biol. 83, 17-34 
8) Clarkson, J. M. and H e w i t t ,  R. R. (1976) Biopys. .JFl6,  1155-1164 
9) Meneghini, R., and Hanawalt, P. (1976) Biochm. BiophF. Acta 425, 428-437 
10) Pwirk,  L. F. and Pa in te r ,  R. 9. (1976) Biophys. 3. l&, 883-889  
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031 THE KINETICS OF POSTREPLICATION REPAIR IN MAMMALIAN CELLS AS STUDIED BY THE ALKA- 
LINE ELUTION TECHNIQUE, Raymond E. Meyn and Susan E .  F le tche r ,  Department 
o f  Physics,  The U n i v e r s i t y  o f  Texas System Cancer Center, M. 0. Anderson 
Hosp i ta l  and Tumor I n s t i t u t e ,  Houston, Texas 77030 

The a l k a l i n e  e l u t i o n  technique developed by Kohn e t  a1 ( 1 )  has been used t o  s tudy  the  k i n e t i o  
o f  p o s t r e p l i c a t i o n  r e p a i r  (PRR) i n  Chinese h a m s t e r c f i l s .  
l ysed on p o l y v i n y l c h l o r i d e  f i l t e r s  and t h e  DNA i s  then s low ly  e l u t e d  through the  f i l t e r s  w i t h  
EDTA-tetrapropylamnonium hydrox ide  (pH 12.1). The r a t e  o f  e l u t i o n  o f  t he  DNA increases  w i th  
decreasing s ing le -s t rand  leng th .  Al though t h i s  technique i s  more q u a l i t a t i v e  than quan t i t a -  
t i v e  i n  t h a t  i t  does n o t  y i e l d  mo lecu la r  we igh t  values, i t  does have several  advantages over 
a l k a l i n e  sucrose grad ien ts .  
s tud ies  o f  PRR was tes ted  by con f i rm ing  severa l  known aspects o f  t h i s  r e p a i r  mode. 
example, i t  has been shown p rev ious l y  ( 2 ) ,  us ing  a l k a l i n e  sucrose grad ien ts ,  t h a t  t ho  s i z e  
o f  t he  DNA synthesized i n  c e l l s  imned ia te ly  a f t e r  exposure t o  u l t r a v i o l e t  l i g h t  (UVL) was 
smal le r  than t h a t  syn thes ized i n  u n i r r a d i a t e d  c e l l s .  aowever, w i t h i n  6 hours a f t e r  UVL, the  
c e l l s  began syn thes i z ing  normal -s ize  DNA. These observa t ions ,  and severa l  o the rs  concern ing  
PRR, have been q u a l i t a t i v e l y  reproduced us ing  a l k a l i n e  e l u t i o n .  
subsequently t o  i n v e s t i g a t e  the  t ime course o f  t he  r e t u r n  t o  normal DNA syn thes is  charac ter -  
i s t i c s  f o l l o w i n g  exposure t o  UVL. P re l im ina ry  r e s u l t s  show t h a t  t he  r a t e s  o f  e l u t i o n  o f  t he  
DNA made a t  2 and 4 hours a f t e r  UVL were t h e  same as t h a t  made imned ia te ly  a f t e r  UVL, w h i l e  
t h e  r a t e  o f  e l u t i o n  o f  t he  DNA made 6 hours a f t e r  UVL was s i m i l a r  t o  t h a t  i n  t h e  u n i r r a d i a t e d  
c o n t r o l .  Th i s  r e t u r n  o f  normal syn thes is  between 4 and 6 hours cou ld  n o t  be i n h i b i t e d  by cy- 
c loheximide. One poss ib le  exp lana t ion  which has been proposed t o  account f o r  t h i s  phenomenon 
i s  t h a t  PRR i s  enhanced a t  l a t e  t imes a f t e r  UVL exposure, r e s u l t i n g  i n  an inc reased r a t e  o f  
r e p a i r  (3 ) .  Enhancement o f  PRR has a l s o  been observed by D'Ambrosio and Set low us ing  s p l i t  
doses o f  UVL (4) .  
w i t h i n  2 hours and i t  was i n h i b i t e d  by cycloheximide. We conclude, on the  bas i s  o f  our  r e -  
s u l t s ,  t h a t  i f  the  a b i l i t y  t o  syn thes ize  normal-s ize DNA a t  l a t e  t imes f o l l o w i n g  UVL- 
i r r a d i a t i o n  represents  an enhancement o f  PRR, then t h i s  enhancement may be s i g n i f i c a n t l y  d i f -  
f e ren t  f rom t h a t  observed by D'Ambrosio and Setlow. 

I n  t h i s  method, the  c e l l s  a re  

The v a l i d i t y  o f  t he  a l k a l i n e  e l u t i o n  technique f o r  use i n  
For  

Th is  technique has been used 

I n  t h e i r  i n v e s t i g a t i o n ,  however, s i g n i f i c a n t  enhancement was observed 

1. K. W. Kohn a., Biochemis t r  13, 4134 (1976). 
2. R. E. Meyn and R. M. H u m d B Z p h y s i c a l  J. 11, 295 (1971).  
3. A. R. Lehmann and S. K i r k - B e l l ,  Eur.  J. BiocheK3J, 438 (1972).  
4. S. M. D'Ambrosio and R. B.  Setlow, Proc. N a t l .  Acad. Sc i .  73, 2396 (1976). 

032 POSTREPLICATION DNA REPAIR (PRR) IN UV-IRRADIATED XERODERMA PIGMENTOSUM (XP) 
AND XP VARIANT CELLS. Yoshisodo Fujiwora, Department of Radiation Biophysics, 
Kobe University School of Medicine, Kobe, Japan. 

We have put forward a replicative repair model as mammalian PRR for uncoding lesion: branch migration at 
temporarily blacked growing DNA paint may allow copy of the sequences opposite a lesion to circumvent it 
using a new strandasonalternative template, followed by bronch reaneoling. PRR after UV irradiotion of 
human cells involves at least caffeine-sensitive and i t s  resistant pathways. We studied molecular and bio- 
logical significances of these two pathways i n  XP and XP variant strains. A l l  the XP variant strains (10 lines) 
showed nearly 1Wh unscheduled DNA synthesis and a l i t t le higher UV sensitivity compared to normal human 
cells. Caffeine potentiation of UV ki l l ing i n  terms of the first-order Do reduction by caffeine [S(Do) = 
e-C/co: C, caffeine dose; Co, mean Do-inactivation caffeine dose] varied greotly among the XP voriant 
strains, and i t s  extents enobled us to divide them into three subgroups. Subgroup I (with cancers) was chara- 
cterized by the mast drostic potentiation (Co = 1.5 mM), Subgroup I I  (with concers) by on interrnediote 
potentiation (Co = 2.7 mM), and Subgroup Ill (without cancers) by no potentiation. In  addition, complemen- 
tation g rwp  A XP cells exhibited a 9-fold higher UV sensitivity, but no obvious caffeine potentiation. 
In g a d  correspondence with the above survival data, sedimentation rate of DNA in  alkaline sucrose gradient 
revealed that in  Subgroup I strains, elongation of [3Hlthymidine-pulsed DNA of ini t ial ly lower molecular 
weight synthesized after 10 J/m2 was retarded and inhibited most drastically by 2 mM caffeine. Further, 
we observed 
neither defect nor caffeine inhibition at a11 in  the Subgroup 111 strains of XP variants, as found i n  normal 
cells. Thus, an interpretation may be that XP variants from Subgroups I and II patients possessing skin cancm 
do concomitantly manifest both defect i n  and caffeine-sensitive pathway of PRR, whilethe cells from Sub- 
group Ill patients without cancers do only the caffeine-resistant pathway. In addition to defective excision 
repair, Groups A and D XP strains also manifested a recognizable, but slightly defective and caffeine- 
sensitive PRR pathway. Moreover, of particular interest i s  the cellular, but not hereditary control of moni- 
festation of either PRR pathway which i s  suggested by the focts thot an elder sister XP voriont patient with 
cancer falls i n  Subgroup I while a younger sister patient without cancer yet possesses the characteristics of 
Subgroup 111, and that SV 40-transformed group A XP cells manifests only the caffeine-sensitive PRR pathway. 
Thus, w r  results may indicate a possible classification of at least three Subgroups of XP variants and a 
striking coincidence between manifestation of a defective and caffeine-sensitive PRR pathway and the 
incidence of skin cancers i n  XP variants, including such a possibility i n  XPs with skin cancers already or 
highly carcinogenic potential. [Supported by Grants from the Japan Ministry of Education, ScienceMuIture] 

intermediate defect and caffeine suppression in  the Subgroup II strains, and surprisingly 
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DNA Strand Break Repair in Eukaryotes 

033 REPAIR OF.DNA WUBLE-STRAND BREAKS, Franklin Hutchinson, Department of 
Molecular Biophysics and Biochemistry, Yale Universi ty ,  New Haven, Conn. 06520. 

Our present knowledge concerning DNA double-strand breaks and  their  repair  c a n  be summarized 
a s  follows. (a) Double-strand breaks a re  def ini te ly  repaired in  bacteria: repair  in  y e a s t s  is 
fairly wel l  documented. However, repair in mammalian c e l l s  is l e s s  wel l  es tab l i shed .  (b) Re- 
pair of double-strand breaks in E .  co l i  is much reduced in  r e -  s t ra ins  (1). 
break repair was  not detected in E.  co l i  wild type c e l l s  with l e s s  than 1 .5  genomes/cel l ,  sug- 
gest ing the need for a n  intact  double hel ix  having the same b a s e  sequence (1). 
double-strand breaks in  E .  co l i  wild type c e l l s  is limited, and not observed a t  gamma ray 
d o s e s  several  times tha t  required to decrease  colony forming abi l i ty  to 37%, even though single- 
strand bre k repair was  s t i l l  extensive.  
breaks/lO 
fold l e s s  in anoxic c e l l s .  
measure nat ive DNA s i z e s  greater  than (1 t o  3) x l o 9  da l tons .  

mammalian c e l l s  to  s i tuat ions in which there a re  several  thousand double-strand breaks per 
6 x 1 0 l 2  dalton DNA complement. This compares with about  100 breaks a t ,  for example,  the  
200 rads  of X-rays needed to reduce colony forming abi l i ty  to 37%. There a r e  complications - 
i .e.,  point (d) above - i n  extrapolating measurements made a t  the high level  of DNA damage to 
levels  relevant to  relating DNA lesions with biologically important quant i t ies  such  a s  colony 
forming abi l i ty .  We are  using a method of measuring DNA s i z e  by fluctuation f luorescence 
spectroscopy (2) , which c a n  measure the  s i z e  of DNA of molecular weight l o *  to 1 0 l 2  da l tons .  
The major problem probably lies in devising gent le  techniques which wil l  allow broken DNA to 
separate  without introducing new breaks in  the  extremely large DNA molecules .  

( 1) 
(2) 

(c) Double-strand 

(d) Repair of 

(e) Gamma rays produce 0 . 1  to 0.2 double-strand 8 dal tons per kilorad i n  oxygenated bacter ia l  and mammalian c e l l s ,  and two to three- 
(fJ Neutral sucrose  gradient sedimentation cannot  be used to 

Thus, sedimentation currently limits measurements of DNA double-strand breaks in  

Krasin, F .  and F. Hutchinson. J. Mol. Biol.,  in press .  
Weissman,  M . ,  H .  Schindler and G. Feher ( 1976 ) .  Proc. Nat .  Acad. S c i . ,  Wash. 
- 73: 2776-2780. 

034 REJOINING OF DNA STRAND BREAKS IN NONDIVIDING CELLS IRRADIATED IN SITU, J. T. 
P. C. Keng and C. Sun, Department of Radiology and Radiation Biology, Colorado State 

Lett, 

University, Fort Collins, CO. 80523. 
Despite extensive investigation over the past few decades, little is actually known about the 
efficacy with which normal mammalian cells repair DNP strand breaks induced by ionizing 
radiation. Questions such as "is rejoining complete, is the rejoining process accurate and 
if it is inaccurate how is that inaccuracy expressed", remain unanswered. Data obtained in 
attempts to answer the complementary but perhaps more fundamental questions "does nuclear DNA 
degrade with age and do DNA repair mechanisms deteriorate with age", are the subject of 
controversy. 
For the past five years we have attempted to address the above questions with investigations 
of the differentiated, non-dividing and non-replenishible cell populations of the central 
nervous systems of the rabbit. Those investigations are not complete (the median life-spdnof 
the rabbit is % 7 years), but at the time of writing the following generalized picture ~ e e m ~  
to be emerging with respect to the photoreceptors of the retina: 

a) DNA strand breaks accummulate with age. 
b )  DNA strand breaks effected by y-irradiation are rejoined (>99.5%) throughout the 

life-span of the rabbit following doses which do not cause degeneration of the 
photoreceptor cells (<go00 rads), but the rejoining process takes several days to 
reach completion. Except for c), below, the subsequent fate of the rejoined breaks 
is not known. 
Following a dose of 1000 rads of 6o Co y-rays the "fully rejoined" DNA starts to 
degrade after 3-4 years. 
Breaks induced by doses of radiatiGn delivered at LET_'s of 0.3 keV/um and 35 keV/pm 
are "fully rejoined" if those doses do not cause degeneration of photoreceptor cells. 

c )  

d) 
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DNA DAMAGE AND MAMMALIAN CELL KILLING, 
M. M. Elkind, Division of Biological and Medical Research, 
Argonne National Laboratory, Argonne, IL 60439. 

035 

The innovative technique of using alkaline cell lysis and sedimentation to 
quantitate single-strand DNA break induction (1) led to new insights and 
several expectations including the possibility-of explaining how DNA-inter- 
active agents alter cell function. In some instances, ualitative correla- 
tions between changed function (e.g., cell killing) and9DNA damage--and how 
these are modified by factors that affect them both--support the likelihood 
that cause-effect relations are involved. Even when such is the case, how- 
ever, the situations are few (if any) where good quantitative agreement 
obtains between the dose dependence of altered cell function, and the dose 
dependence of DNA damage registration and/or incomplete repair. Examples of 
.qualitative correlations the quantitative bases for which are not readily 
apparent, or do not readily support a cause-effect relationship, are: 
1) lethal damage due to the exposure of cells containing BUdR to fluorescent 
light (2); 2) UV-induced sublethal X-ray damage ( 2 ) ;  and 3 )  lethal and sub- 
lethal X-ray damage (4). 
In respect to the third example, the inventory of DNA breaks was examined in 
the progeny of surviving cells that had received repeated doses of 1000 rads. 
Even after a total accumulated dose of 50,800 rads, breaks were not evident 
when DNA of 2 X 10' daltons was examined. (Per 2 X lo* daltons, a dose of 
50,800 rads would have registered 21 single-strand and -8.5 double-strand 
breaks.) From the kinetics of break production, a I+, dose (i.e., a "one-hit'' 
dose producing a survival reduction by a factor of 0.37), registers -1000 
single-strand and d 4 0  double-strand breaks per cell. Taken together, these 
data suggest that lethality results from: 1) the lack of repair in a target 
corresponding to a small fraction of the genome; or 2) an infrequent misrepair 
of one of the supernumerary breaks registered by a dose that produces one 
lethal hit- (Work supported by the U.S.  department of energy.) 

1. McGrath, R.A. and R. W. Williams, Nature 212, 534 (1966). 
2. Ben-flur, E. and M. M. Elkind, Bioph. J .  12, 636 (1972). 
3 .  Han, A. and M. M. Elkind, Int. J .  Radiat. Biol. 21, 275 (1977). 
4. Elkind, M. M. and J. L. Redpath, in "Cancer: A Comprehensive Treatise" 

vol. 6 (ed. by F. F. Becker), Plenum Press (in press). 

036 ALKALINE ELUTION STUDIES OF DNA SINGLE-STRAND BREAKS, INTERSTRAND CROSSLINKS AND 
DNA-PROTEIN CROSSLINKS I N  MAMMALIAN CELLS, Kurt W.  Kohn, Regina A. G. Ewig, and 
Warren E. Ross, Laboratory of Molecular Pharmacology, Na t iona l  Cancer I n s t i t u t e ,  
Bethesda, MD 20014. 

The k i n e t i c s  of a l k a l i n e  e l u t i o n  of DNA from f i l t e r s  are a f f e c t e d  by i n t e r s t r a n d  and DNA- 
p r o t e i n  c r o s s l i n k s  as w e l l  as by s ing le - s t r and  breaks  (1, 2 ) .  
damaging agen t s  have shown how t h e s e  l e s i o n s  can  be  cha rac t e r i zed .  S ingle-s t rand  breakage by 
X-ray is  complicated by the  product ion  of DNA-protein c r o s s l i n k s  which reduce  DNA e l u t i o n  due  
t o  abso rp t ion  of p r o t e i n  t o  t h e  f i l t e r .  DNA-protein c r o s s l i n k s  a r e  d i s t ingu i shed  from i n t e r -  
s t r and  c r o s s l i n k s  by t h e i r  r e v e r s a l  by p r o t e o l y t i c  t rea tment  (?>. 
DNA-protein c r o s s l i n k s  was f a c i l i t a t e d  by t h e  u s e  of trans-Pt(II)(NH3)2C12 which w a s  found t o  
gene ra t e  t h i s  type  of l e s i o n  almost exc lus ive ly .  
random l e s i o n  d i s t r i b u t i o n s ,  and suggested t h a t  X-ray produces 1 DNA-protein c r o s s l i n k  per  30 
s ing le - s t r and  b reaks  in L1210 c e l l s .  
in cells t r e a t e d  wi th  methyln i t rosourea  OK methylmethanesulfonate were cha rac t e r i zed  by an  
acce le ra t ed  a l k a l i n e  e l u t i o n  k i n e t i c s ,  d i f f e r i n g  from t h e  nea r ly  1s t -order  k i n e t i c s  produced 
by X-ray ( 2 ) .  
l i g h t ,  which produced only  t h i s  type  of l e s ion .  A unique r e l a t i o n s h i p  between s ing le - s t r and  
breaks  and DNA-protein l i n k s  was observed i n  c e l l s  t r e a t e d  wi th  DNA i n t e r c a l a t i n g  agen t s .  
sugges t ive  of  p r o t e i n  l i n k s  loca l i zed  a t  t h e  break  sites. 
s t u d i e s  of t h e  r e p a i r  of va r ious  macromolecular DNA l e s ions  in mammalian c e l l s .  

(1) Kohn, K .  W . ,  Erickson, L. C . ,  Ewig, R. A.  G . ,  and Friedman, C .  A. Biochemistry 15: 4629 
(1976). 
(2)  Ewig, R. A. G., and Kohn, K .  W . ,  Cancer R e s .  2: 2114 (1977). 

S tud ie s  wi th  a v a r i e t y  of DNA 

The c h a r a c t e r i z a t i o n  of 

The r e s u l t s  obeyed a s imple  model based on 

Single-s t rand  b reaks  secondary t o  a l k a l i - l a b i l e  s i tes  

The e f f e c t s  of i n t e r s t r a n d  c r o s s l i n k s  w e r e  most c l e a r l y  seen wi th  pso ra l en  p l u s  

The f i n d i n g s  provide  a b a s i s  f o r  



037 REPAIR OF DNA-BREAKS INDUCED BY G A " A  RAYS AND FAST NEUTRONS IN 
CHINESE HNISTER CELLS, Gunnar Ahnstrijm and Karl-Anders Edvardsson, 
Wallenberg Laboratory, University of Stockholm, S-10691 Stockholm. 

Fast neutrons induce a higher proportion of slow- or non-rejoining DNA-breaks 
than gamma rays in Chinese hamster cells (1). Ritter et. al. have shown that 
non-rejioning breaks have the same relative LET dependence as cell killing 
and suggested that non-rejoining breaks cause single-hit irreversible cell 
death. There are however objections to this interpretation. The amount Of 
non-rejoining breaks after massive doses of gamma or X-rays is found to be in 
the order of 1 per cent. Assuming that all non-rejoining breaks are double- 
strand breaks we obtain for a D -dose,(ca 140 rads) 10 double-strand breaks 
per diploid genom. There are a180 indication from experiments by Cole et. al. 
that non-rejoining breaks are not linearly dependent on dose. We have similar 
experiences. To elucidate this problem we have employed a method for determi- 
nation of DNA-breaks which is more sensitive and reproducible than sedimenta- 
in sucrose gradients (1). V-79 hamster cells were irradiated with gamma rays 
or fast neutrons. Reapair times up to 30 hours were given. RESULTS: The num- 
ber of strand-breaks found in unirradiated cells were doubled by algamma dose 
of 120-150 rads. This corresponds to 3 single-strand breaks per 10 daltons. 
Analysing 10 cell samples for each dose we could detect a 15 per cent increa- 
se in strand-breaks over the control i.e. 20 rads. We would then be able to 
detect a 1 per cent level of non-rejoining breaks after a gamma dose of 2000 
rads. Up to 10 hours of repair we obtained linear dose relationships for 
slow-rejoining breaks. 20 hours of repair gave a minimum in remaining strand- 
breaks and at this time no breaks could be detected below 10 krads of gamma 
rays or fast neutrons. At 30 hours of repair an increase in breaks compared 
to 20 hours was recorded. This could indicate that degradative processes had 
started to take over repair. Conclusions: The experiments performed by Ritter 
et. al. clearly show that non-rejoining breaks are important events with re- 
gard to cell killing. We feel, however, that mammalian cells,irradiated with 
doses relevant for studies of cell killing, are capable of rejoining in prac- 
tice all strand-break damage. Mistake in the reconstruction work, in propor- 
tion to the number of slow-rejoining breaks, occur however.These mistakes may 
then lead to chromosome aberrations. 
1. Ahnstr6m,G. and Edvardsson K., Int. J. Radiat. Biol. 26(1974) 493. 
2. Ritter, tl., Cleaver, J. and Tobias, C., Nature 266(1977) 653. 
3 .  Cole, A., Shonka, F. Corry, P. and Cooper. G .  t l o l .  tlech. Repair DNA, 1975. 

Excision Repair Pathways in Prokaryotes 
038 STL'DIES ON ALTERIIATE PATHWAYS OF D I N E R  EXCISION .AND REPAIR RESYNTHESIS I N  ESCHERICHIA 

__ COl.1, li 'orren E. Plasker and Nancy 8. Kuemmerle, B io logy  D i v i s i o n ,  Oak Ridge N a t i o n a l  
Lahnrn tu ry ,  Oak Ridge,  TN 37830, and John  W. Chase, Department  of Molecu la r  B io logy ,  

A l b e r t  E i n s t e i n  C o l l e g e  of Pledicine,  Bronx, IN 104bL. 
Althou[;h tlic b a s i c  s t e p s  invo lved  i n  t h e  e x c i s i o n  r e p a i r  o f  p y r i m i d i n e  d i m e r s  a r e  w e l l  e s t a b -  
l i s h e d ,  t h e d e t a i l s  o f  t h i s  r e p a i r  mechanism a r e  n o t  f u l l y  unde r s tood  and  t h e  enzymes r e spons -  
i b l e  for some o f .  t h e  s t e p s  have n o t  been i d e n t i f i e d .  Apparen t ly  Esche r>ch ia  g m a i n t a i n s  
a l t e r n a t e  patiiwass used t o  comple t e  e x c i s i o n  r e p a i r  and c a n  draw upon a numher of  enzymes w i t h  
s i m i l a r  p r o p e r t i e s  for a p p l i c a t i o n  t o  t h e  r e p a i r  ~ K O C C S S .  To examlnc t h e  roles o f  s p e c i f i c  
enzymes i n  a l t e r n a t e  r e p a i r  pathways w e  have measured r e p a i r  r e s y n t h e s i s  and p y r i m i d i n e  dimer 
e x c i s i o n  i n  UV- i r r ad ia t ed  E. c o l i  m u t a n t s  wiLh d e f i c i e n c i e s  i n  DNA po lymerases  and i n  5'-3' 
exonuc leases .  I n  one  a s p e c t  o f  o u r  s t u d y  we a t t e m p t e d  q u a n t i t a t i v e  measurements  of  r e p a i r  
i n  v i t r o ,  u s i n g  g e n t l y  l y s e d  e x t r a c t s  of g.  foli t o  r e p a i r  exogenous DNA i r r a d i a t e d  and in -  
c i s e d  wi th  a damage- spec i f i c  endonuc lease .  T h i s  sys t em is c a p a b l e  of removing d i m e r s  from 
damaged DNA and r e s t o r i n g  t h a t  DNA t o  i t s  o r i g i n a l  m o l e c u l a r  weig1it.l  
T7 D:JA w i t h  t h i s  system and packag ing  t h e  DNA i n  v i t r o  i t  was a l s o  found t h a t  t h e  b i o l o g i c a l  
a c t i v i t y  o f  t h e  DNA cou ld  be r e s t o r e d . 2  
S t r a i n s  perform abou t  t w i c e  as  much r e p a i r  r e s y n t h e s i s  p e r  p y r i m i d i n e  dimer as do  e x t r a c t s  
from wild- type s t r a i n s .  
i n  t h i s  system a s  w e l l  a s  i n v e s t i g a t i o n s  o f  t h e  e f f e c t  of m u t a t i o n s  such  as  p o l B ,  EC and 
- uvrD a r e  underway. 
- t ecC ,  =A, and &546ex ( d e f i c i e n t  i n  t h e  5'-3' exonuc lease  of  DNA polymerase I )  on W s u r -  
v i v a 1  and on t h e  r a t e  and e x t e n t  o f  d imer  e x c i s i o n .  
s t r a i n s  a f t e r  h igh  UV dose ,  b u t  a n  a d d i t i o n a l  d e f i c i e n c y  i n  e x o n u c l e a s e  V I I  (which c a n  e x c i s e  
d imers  i n  v i t r o )  d i d  n o t  measu rab ly  a f f e c t  i n  v i v o  dimer e x c i s i o n . 3  
c o n p l i c a t e d  by a h i g h  l e v e l  o f  p o s t i r r a d i a t i o n  DNA d e g r a d a t i o n  i n  polA546ex s t r a i n s  a t  h i g h  
UV dose.  
Hovever, by i n t r o d u c i n g  t e m p e r a t u r e - s e n s i t i v e  m u t a t i o n s  i n  recB and recC i n t o  &A546ex 
s t r a i n s ,  c o n d i t i o n a l l y  l e t h a l  s t r a i n s  t h a t  show no s e r l o u s  p o s t i r r a d i a t i o n  DNA d e g r a d a t i o n  
were consc ruc ted .  It was found t h a t  t h e  polA546ex r e c B t s  X C t s  xseA m u t a n t s  show reduced 
s u r v i v a l  a f t e r  W exposure  a s  w e l l  a s  a reduced  r a t e o f  dimer e x c z o n .  we a r e  c o n t i n u i n g  
t h e s e  s t u d i e s  w i t h  o t h e r  combina t ions  o f  d e f i c i e n c i e s  i n  exonuc leases .  (Resea rch  sponsored  
by t h e  Department  of  Energy unde r  c o n t r a c t  w i t h  t h e  Union Carb ide  Corpora t ion . )  

$asker ,  W. E. (1977) .I. B a c t e r i o l .  m:1415-1423 .  
3Kuemer le ,  IJ. B. and W. E. Masker (1977) J. V i r o l .  z :509-516 .  

By t r e a t i n g  i r r a d i a t e d  

U n d e r T u G a y  c o n d i t i o n s  e x t r a c t s  from &A1 

F u r t h e r  s t u d i e s  on t h e  n u c l e o s i d e  t r i p h o s p h a t e  dependence o f  r e p a i r  

I n  a p a r a l l e l  s t u d y  w e  examined t h e  effect  of combined m u t a t i o n s  i n  EB, 

Dimer e x c i s i o n  is  reduced  i n  polA54bex 

OUT measurements  were 

It was found t h a t  t h e  %B21 m u t a t i o n  w a s  i n c o m p a t i b l e  w i t h  polA546ex m u t a t i o n .  

Chase, J. W. and W. E. Masker (1977) J. B a c t e r i o l .  u : b b 7 - 6 7 5 .  
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039 ALTERNATIVE PATHWAYS FOR EXCISION AND RESYNTHESIS: DNA POL 111 ROLE? P r i s c i l l a  K .  
Cooper and Joyce  G .  Hunt,  Department o f  B i o l o g i c a l  S c i e n c e s ,  S t a n f o r d ,  Ca. 94305 

P r e v i o u s  work h a s  shown t h a t  E. c o l i  polAex2 m u t a n t s  d e f i c i e n t  i n  t h e  p o l  I 5 ' -exonuclease  are 
n o t  g r e a t l y  a l t e r e d  i n  dimer e x c i s i o n  a f t e r  UV d o s e s  o f  50 J / m  O K  'less (1). We f i n d  t h a t  
p o l A l  i s  more d e f i c i e n t  i n  dimer e x c i s i o n  than  polAex2, e x p e c i a l l y  a t  h i g h e r  d o s e s .  
in ts = B , C p o l A l  is  i d e n t i c a l  t o  t h a t  i n  p o l A l ,  s o  t h e  e x c i s i o n  d e f i c i e n c y  is n o t  mere ly  a n  
a r t i f a c t  o f  d e g r a d a t i o n  ( c f  r e f .  1). We have  examined t h e  p o s s i b l e  p a r t i c i p a t i o n  o f  p o l  111 
i n  e x c i s i o n .  I t  i s  n o t  known whether any &C m u t a n t s  a r e  d e f i c i e n t  i n  t h e  5 ' -exonuclease  of 
p o l  111. However, s i n c e  p o l  I polymerase seems t o  b e  more i m p o r t a n t  f o r  e x c i s i o n  khan t h e  
e x o n u c l e a s e ,  i t  is o f  i n t e r e s t  t o  l o o k  f o r  a n  e f f e c t  o f  d e f i c i e n c y  i n  p o l  111, e s p e c i a l l y  
i n  a p o l A  background. 
p o l A l .  
o r  above. 
e f f i c i e n t l y .  Our r e s u l t s  i m p l i c a t e  p o l  I11 i n  dimer e x c i s i o n  i n  v i v o .  

d u r i n g  e x c i s i o n  r e p a i r  a t  s i tes where c lose ly-spaced  l e s i o n s  g i v e  r ise t o  o v e r l a p p i n g  double  
s t r a n d  gaps (2). 
a s  judged  by a common reqyi rement  f o r  p r o t e i q  s y n t h e s i s  and t h e  %A lexA 
l ier  work i m p l i c a t e d  =A 
m a n i f e s t a t i o n  o f  i n d u c i b l e  r e p a i r .  
a c i d  s t a r v a t i o n  o r  ch loramphenicol  r e d u c e s  r e p a i r  s y n t h e s i s  i n  w i l d  t y p e ,  t s  r'ecB,C and  dnaB 
t o  t h e  same e x t e n t .  
C s C l  g r a d i e n t s  a f t e r  s o n i c a t i o n )  is  s p e c i f i c a l l y  reduced .  
p o l A  (4)  and can  i n v o l v e  p o l  111 ( 5 ) ,  as can comple t ion  o f  gap f i l l i n g  ( 6 ) .  We found t h a t  
post-UV p r o t e i n  s y n t h e s i s  i n h i b i t i o n  g i v e s  a g r e a t e r  r e d u c t i o n  of r e p a i r  i n  &A t h a n  i n  w i l d  
t y p e ,  a s  p r e d i c t e d  i f  more l e s i o n s  a r e  r e p a i r e d  by t h e  l o n g  p a t c h  pathway i n  @A. These re- 
s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  i n t e r p r e t a t i o n  t h a t  long  p a t c h  r e p a i r  i s  i n d u c i b l e ,  perhaps  per- 
formed by a n  a l t e r e d  p o l  111. 
t r e a t m e n t s  on long p a t c h  r e p a i r  and t e s t i n g  mutants  known t o  b e  a l t e r e d  i n  t h e  e x p r e s s i o n  o f  
i n d u c i b l e  r e p a i r  f u n c t i o n s .  

(1)  Cooper,  P.K. Mol.Gen.Genetics 15O:l-12 (1977);  (2)  Sedgwick, S .G.  Mut.Res. 41:185-200, 
(1976) ;  ( 3 )  Youngs, D.A. ,  Van d e r  Schueren ,  E . ,  Smith,  K . C .  J.W. &-17-72571974) ; 
(4)  Cooper,  P .K. ,  Hanawalt ,  P . C .  Pr0c .Nat .Acad .Sc i .U.~ .  ~ : 1 1 5 6 - 1 1 6 0  (1972) ;  (5) Masker, W . E . ,  
Simon, T.J. .  Hanawalt ,  P.C. In Mol. Mechs. f o r  Repair o f  D N A ,  Plenum P r e s s ,  pp. 245-254 (1975) ;  
(6)  Youngs, D . A . ,  Smith,  K . C .  N a t u r e z B i X  2 4 4 : 2 4 0 3 4 1 1 9 7 3 )  
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E x c i s i o n  

We compared dimer e x c i s i o n  i n  t h e  polAlpolClO26 s t r a i n  HS434 t o  t h a t  i n  
We found HS434 t o  be  very  d e f i c i e n t ,  removing o n l y  30% o f  d imers  a t  d o s e s  o f  20 J / m 2  

T h i s  d e f i c i e n c y  was e s p e c i a l l y  pronounced a t  low d o s e s  where &A1 removes d imers  

I t  has  been proposed  t h a t  e r r o r - p r o n e  r e p a i r  O C C U K S  bo th  d u r i n g  p o s t - r e p l i c a t i o n  r e p a i r  and 

One r e p a i r  pathway f o r  e x c i s i o n  gaps may i n v o l v e  tt+e i n g u c i b l e  r e p a i r  s y s t e m  
Ear- genotype  ( 3 ) .  

i n  l o n g  p a t c h  r e p a i r  (41 ,  which h a s  hence G n  proposed t o  be  a 
I n  t e s t i n g  t h i s  h y p o t h e s i s ,  w e  f i n d  t h a t  post-UV amino 

The r e p a i r  l a b e l  i n  l o n g  p a t c h e s  ( d e f i n e d  by d e n s i t y  s h i f t i n  a l k a l i n e  
R e p a i r  s y n t h e s i s  is  i n c r e a s e d  in 

We a r e  c u r r e n t l y  examining  t h e  e f f e c t s  o f  v a r i o u s  i n d u c i n g  

040 THE recA AND 

Protein x, molecular wei ht % 40 kD, a protein which is synthesised 

been identifie= the recA+ gene product ( 1 ) .  
synthesis on functional=A+ and lexA+ genes can be accounted for by assuming 
that the lexA+ gene code-r a repressor which binds to the operator of the 
recA+ g e n e m  whence it can normally only be removed by the co-ordinated 
interaction of an effector and protein X. In this model, protein X controls 
its own synthesis in a positive way. One possible positive role for 
protein X would be that of an endopeptidase which cleaves the =+-coded 
repressor (2). Protein X may also cleave the X repressor. Proteolytic 
cleavage of the X repressor by temperature step-up in a = ( A )  lysogen 
does not require de novo protein synthesis 1 3 ) .  Since tif-l is a 
temperature s e n s i m t a t i o n  of the recA gene ( 4 )  it is possible that 
protein X is modified by temperature shift-up to a form which can cleave 
the repressor without the aid of an effector. Another role of the =+ 
product may be to bind to single-stranded DNA regions generated by excision 
repair ( 2 ) .  When protein synthesis is inhibited by chloramphenicol after 
UV irradiation the excessive DNA degradation, normally associated with recA 
and lexA mutants, occurs in wild-type cells ( 5 ) .  
prodz(protein X) may have at least two roles (a) when modified by an 
effector it may act as an endopeptidase and (b) at high concentrations it may 
act as a DNA binding protein. Since protein X is induced in large 
quantities in the cell it can be readily isolated and its properties 
investigated in vitro. 
(1) Emnerson, P. T. and West, S. C. Mlec. gen. Genet. 155, 77 (1977) 
( 2 )  cudas; L. J. and Pardee, A. B. Proc. Nat. k a d .  Sci. (Wash.) 72, 2330 (1975) 
(3) Shinagam, H., Mizuuchi, K. and Emnerscn, P. T. Mlec. gen. Genet. 155, 87 (1977) 
(4) Castellazzi, M., &brand, P., George, J. and Euttin, G. Mlec. gen. Genet. 153, 297 (1977) 
(5) West, S. C. and hmerson, P. T. %let. gen. Genet. 151, 57 (1977). 

GENES OF E. Coli, Peter T. Emerson, Stephen C. 
West and Keith A. Powell, Department of Biochemistry, University of 
Newcastle upon Tyne, NE1 7RU, U.K. 

abundantly in recA+ 4 cells following inhibition of DNA synthesis has 
The dependence of protein X 

Thus the *+ gene 

21 



R P A I R  OF CROSS-LINKED DNA IN E. a. Ronald S. Cole, George 
041 
Removal o f  psoralen cross- l inks from DNA was examined i n  g.  m. permeabil ized ce l l s ,  and 
i n  v i t r o .  
c g x a n i s m .  In an ATP- and Mgtt-dependent reaction. the uvrA and uvrB gene products make 
a strand c u t  on the 5 '  s ide o f  one arm o f  the cross- l ink,  producing a3';OH terminus. DNA 
polymerase (5 ' -3 '  exonuclease) makes a second st rand c u t  on the 3 '  side o f  the c ross - l i nk  i n  
the same DNA strand. The second react ion d i d  no t  occur i n  uvrD- s t ra ins ,  b u t  could be com- 
p le ted  i n  v i t r o  w i t h  DNA polymerase I ac t ing  on the p r o d u c t F t h e  f i r s t  reaction. Strand 
c u t t i n g  and cross- l ink removal i n  v i t r o  were completed by tandem reactions us ing f i r s t  the 
UV-endonuclease from e i t h e r  M. r s r  phage T4-infected E .  c o l i ,  and then DNA polymerase 
I o f  c. c o l i .  A f t e r  cross-lTnk remva l  i n  whole c e l l s ,  a s T n g E t r a n d e d  reg ion o f  about 
700 n u c l a d e s  i s  then produced near the s i t e  of remved cross-l inks, and the l a t t e r  was 
no t  detected i n  a M- s t r a i n .  
j o i n i n g  o f  DNA strands cu t  dur ing cross- l ink removal. 
a l l  o f  the genes involved i n  genetic reconbination, p a r t i c u l a r l y  the recA gene. 
on the k i n e t i c s  of s t rand r e j o i n i n g  and on completion i n  i nd i v idua l  c m o f  r e p a i r  depen- 
dent on RecAt, suggest t h a t  r e p a i r  events i nvo l v ing  recombination occur s/ngly. 
the molecular weight d i s t r i b u t i o n s  o f  DNA dur ing r e p a i r  suggest t h a t  successive recombination 
events occur i n  a sequential o r  progressive fashion around the chromosome, o r  i n  c lus te rs  
comprising a t  l e a s t  2-3% o f  the genome. 

H. Yoakum and Richard R. Sinden, Departments o f  BTochemistry and Microbiology, 
Univers i ty  o f  Georgia, Athens, Georgia 30602. 

Genetical, physical,  and biochemical analysis o f  t h i s  reac t i on  suggest the fo l low-  

Completion o f  r e p a i r  can be judaed by the ex ten t  o f  re -  

Studies 
This react ion i s  in f luenced by near ly  

Analysis o f  

042 
Department o f  Radiology, Stanford Un ive rs i t y  School o f  Medicine, Stanford, CA 94305. 
Excision repa i r  has been d i v ided  i n t o  two major pathways: 
dependent pathway, and a growth medium. recA , Mt, TexA', a, uvrD -dependent pathway 
(1). 
patches o f  r e p a i r  r e p l i c a t i o n  (2). 
a uvrD+-dependent branch t h a t  i s  d i v i s i b l e  i n t o  chloramphenicol (CAP) sens i t i ve  and insensi -  
t i x r a n c h e s ,  and a d - i n d e p e n d e n t  branch t h a t  i s  CAP sens i t ive.  Long patch r e p a i r  
r e  l i c a t l o n  ap ears t o  occur v ia  t h i s  l a t t e r  branch, i t  i s  &+, +-dependent, i t  requi res 
poyp ,  i s  i n h i p i t e d  i n  buffer or.by CAP, and is.enhanced i n  llvrp s m n s .  i q u i d  ho ld ing 
VXOVery (LHR), an exc is ion r e p a i r  process t h a t  i s  observed i n  recA s t r a i n s  \3), i s  blocked 
by a uvrD mutation, bu t  is enhanced by lexA and recB muta t i onsTresumab ly ,  LHR proceeds 
v i a  t h e A P - i n s e n s i t i v e  uvrD+-dependent-way o f x c i s i o n  repa i r .  A recB uvrD s t r a i n  t h a t  
i s  recA+lexA+has no d e t e m l e  UV-mutability, suggesting t h a t  current  theor iesn error-prone 
r e p a i r  need t o  be revised. 

1. D.A. Youngs, E. Van der Schueren and K.C. Smith, J. Bacter io l . .  117, 717-725, 1974. 
2. P.K. Cooper and P.C. Hanawalt, Proc. Nat. Acad. Sci.  USA, 69, 1156-1160, 1972. 
3. A.K. Ganesan and K.C. Smith, J. Bacter io l . .  97, 1129-1133, 1969. 

E X C I S I O N  REPAIR AND MUTAGENESIS ARE COMPLEX PROCESSES, Kendric C. Smith, David A. 
Youngs. Emnanuel Van der Schueren, Kenneth M. Carlson, and Ne i l  J .  Sargentini.  

a growih mediym-independent, 

The former pathway handles most o f e  U V - i n d u c a e s i o n s  ( 1 ) X d  produces shor t  
The l a t t e r  pathway can be subdfvided i n t o  three branches: 

GROWTH 
M E D I U M  
DE PENOE .rJ T 
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Conditmned Repair Responses 

043 THE INVOLVQIENT OF DNA POLYMERASE 111 I N  CONSTITUTIVE AND INDUCIBLE MANIFESTATIONS 
OF MUTAGENIC DNA REPAIR I N  ESXERICHM C s ,  8 .  A.  Bridges and R .  P. Mottershead, 
MRC C e l l  Mutation Unit ,  Universi ty  of a s s e x ,  Falmer, Brighton BN1 9 W ,  h g l a n d  

Incubation of E.coli WPZ i n  t he  presence of chloramphenicol (CAP) f o r  90 min be fo re  and 60 min 
a f t e r  gamma i r r a d i a t i m  had no e f f e c t  on t h e  induct ion of Trp+ mutations.  Bac te r i a  t h a t  had. 
been t r e a t e d  with CAP for 90 min p r i o r  t o  UV i r r a d i a t i o n  showed normal or near  normal y i e l d s  
of induced mutations t o  streptomycin or c o l i c i n  E2 r e s i s t a n c e .  Most of t hese  mutations l o s t  
t h e i r  pho to reve r s ib i l i t y  ( ind ica t ing  "f ixat ion")  during continued incubation wi th  CAP f o r  a 
f u r t h e r  60 min a f t e r  i r r a d i a t i o n .  I t  i s  concluded t h a t  CAP-sensitive p ro te in  syn thes i s  is  
not  required for mutagenic (error-prone) r e p a i r  of l e s i o n s  in  pre-exis t ing DNA, arguing 
aga ins t  an inducible  component i n  t h i s  r epa i r .  

In c o n t r a s t  t h e  frequency of UV-induced mutations t o  Trp+ ( l a r g e l y  a t  suppressor l o c i )  
w a s  d r a s t i c a l l y  reduced by CAP pre-treatment,  confirming the need fo r  an a c t i v e  r e p l i c a t i o n  
fo rk  for UV mutagenesis a t  t h e s e  l o c i .  I t  is know from t h e  work of o t h e r s  t h a t  CAP given 
a f t e r  UV abo l i shes  mutagenesis a t  t h e s e  l o c i .  W e  conclude tha t  p r o t e i n  syn thes i s  (consis- 
t e n t  with a requirement for an inducible  funct ion)  i s  necessary for mutagenic r e p a i r  only in  
newly-replicated DNA(presurnab1y a t  daughter s t rand gaps) and no t  i n  p re -ex i s t ing  DNA. 

Following t h e  demonstration t h a t  DNA polymerase 111 a c t i v i t y  is required fo r  mutagenic 
r e p a i r  t o  occur fol lowing U V  i r r ad ia t ion ( ! )  w e  have s tud ied  a dnaE temperature-resis tant  
r eve r t an t  which appears to be d e f i c i e n t  i n  t h e  inducible  but  not i n  the c o n s t i t u t i v e  compo- 
nent of mutagenic r e p a i r .  The spontaneous mutation r a t e  of t h e  r eve r t an t  is  normal suggest-  
ing that base s e l e c t i o n  and proof-reading funct ions a r e  normal in t h e  absence of DNA damage. 
If  an inducible  f a c t o r  is involved in  i n h i b i t i n g  e i t h e r  t h e  base s e l e c t i o n  or (perhaps more 
l i k e l y )  t h e  proof-reading funct ion of polymerase 111 i n  inducible  r e p a i r ,  t h e  p rope r t i e s  of 
t he  r eve r t an t  a r e  c o n s i s t e n t  with an i n a b i l i t y  of t he  polymerase complex t o  i n t e r a c t  with the  
inducible  f ac to r .  

1 Bridges,  B. A . ,  Mottershead. R. P. and Sedguick. S. G . ,  Molec. gen. Genet. ,  144, 53-58 
(1976). 

CmcEXITy I N  TRI REGULATION OF INOUCIBLE SOS FUNCTIONS I N  ESCHERICHIA m, 
Evelyn M. Witkin, Oepartment of 3iological  Sciences,  Oouglass College.  Rutgers 044 

Universi ty ,  New Brunswick, N. J. 08903. 

In wild type g. w, treatment with many mutagens and carcinogens r e s u l t s  i n  the induct ion 
of numerous funct ions (SOS funct ions)  t h a t  a r e  repressed i n  i n t a c t  c e l l s  (11. Expression 
of these funct ions (e.g.. prophage induct ion,  error-prone DNA r e p a i r  a c t i v i t y ,  con t ro l  of  
DNA degradat ion)  r equ i r e s  the  &+ -+ genotype. 
tory and o the r s  i nd ica t e  t h a t  r egu la t ion  of SOS funct ions does not depend qo le ly  upon 
the products of t he  & and @ g e n e s ,  and t h a t  expression of these funct ions can 
be a l t e r e d  d i f f e r e n t i a l l y  and/or  r a d i c a l l y  by mutations known t o  map elsewhere.  
implicat ions of these observat ions fo r  models of SOS r egu la t ion  w i l l  be explored. 

1. Witkin, Evelyn M., U l t r a v i o l e t  mutagenesis and inducible  DNA r e p a i r  in Escherichia  

Recent observat ions i n  t h i s  labnra-  

The 

- c o l i .  Bacter lol .  Rev. 40.869-907 (1976). 
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045 CONSTITUTIVE AND INDUCIBLE de novo DNA SYNTHESIS PATHUAYS OF EXCISION AND POSTRE- 
PLICATION REPAIR IN E .  A i ,  R. Ben-Ishai, E. Pugravitsky and R. Sharon, Department 
of Biology, Israel Institute Technology, Haifa, Israel. 

A semi in vitro system (toluenized E. coli) was used to study constitutive and inducible gap 
filling of excision and postreplication repair. 
cells under conditions that induce formation of protein X(1). Alternate pathways for the 
short and large patch gap filling steps of excision repair have been postulated. It will be 
shown that in toluene treated and UV irradiated E. coli only DNA polymerase I mediated short 
patch repair results in complete filling in of all the gaps generated at the sites of incision. 
On the average 13-17 nucleotides are reinserted per dimer excised and the base composition of 
the repaired stretches adjacent to the dimers is similar to that of total E. coli DNA. 
In polA mutants, DNA polymerase I1 andfor I11 mediated repair synthesis takes place. 
thiwnthesis results in filling in of only a small number of gaps. To test if large patch 
repair is inducible cells were exposed to various treatments that damage DNA or inhibit DNA 
synthesis. Some of these treatments enhanced the extent of rejoining of gaps whereas others 
inhibited it. 

The gap filling step of postreplication repair was studied in induced and noninduced toluene 
treatedXA mutants in which DNA synthesis on a damaged template had occurred in vivo. 
Induction was performed by preirradiating cells with a low dose of W light 30 minutes before 
exposure to a higher dose. Filling in of gaps in daughter DNA was analyzed by alkaline 
sucrose gradient sedimentation, BN cellulose chromatography and incorporation of dNTP's. 
Gap filling in vitro was observed only in induced cells; approximately 10-15 percent of gaps 
were rejoined by a process that is dependent on ATP and involves dNTP incorporation. Induction 
of gap filling was inhibited by chloramphenicol and antipain. 

1. Gudas L.J. and Pardee A. (1975) Proc. Natl. Acad. Sci. 72, 2330-2334. 

Induction was performed in vivo by incubating 

However, 

046 UV INDUCIBILITY OF P32 SYNTHESIS, H.M. KRISCH, Dept. Of Molecular Biology, Univ. of 
Geneva, Switzerland. 

The product of bacteriophage T4D gene 32 (P32) is essential for Viral DNA replication, 
recombination, and repair. P32 binds tightly and co-operatively to single stranded DNA and 
catalyzes DNA denaturation and renaturation. We have previously described an additional 
function of P32; that of regulation of its own synthesis. Using phage mutant in gene 32 it 
was found that the expression of gene 32 was 5 to 10 times greater than in a wild type irifec- 
tion. We have also demonstrated that gene 32 expression is increased by UV irradiation and 
that P32 seems to be the only T4 protein which exhibits such UV inducibility. This induc- 
ibility is dependent on the function of genes 46 and 47 (exonucleases) and to a lesser extent 
on several other T4 genes thought to be involved in repair (e.g. P43 DNA polymerase). An 
infection defective in both P43 and P46 shows essentially no stimulation of the rate of P32 
synthesis after irradiation. In the absence of DNA replication the parental DNA is degraded 
after irradiation in a dose dependent manner. The extent of P32 induction in such an infection 
is also proportional to dose. 

It is suggested that the production of gaps during repair of irradiated DNA is 
responsible for the stimulation of P32 synthesis. A model is proposed in which such regions 
of single stranded DNA compete for P32 by binding it non specifically, thus reducing the 
amount of P32 free to block the expression gene 32. Because the eipression of gene 32 is 
self-regulatory this would result in increased P32 synthesis. Additional experiments 
demonstrate that the rate of P32 synthesis can increase substantially in situations where new 
RNA synthesis is blocked and also that 932 mRNA is extremely stable. These observations as 
well as determination of 932 mRNA levels in various situations suggest strongly that gene 32 
self-regulation operates at the level of translation, and that P32 can inhibit the translation 
of 932 mRNA. Such a regulatory mechanism may be particularly well suited to the important 
role of P32 in repair of radiation damage. 
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047 AN INDUCIBLE ERROR-FREE REPAIR PATHWAY INVOLVED I N  THE REPAIR OF ALKYLATION DAMAGE 
IN E. COLI. P. Schendel, f4. Defais, P. Jeggo, L. Samson and J .  Cairns. 

We have been studying a r e p a i r  pathway o f  E. c o l i  which i s  induced upon growth o f  c e l l s  i n  
sub-lethal concentrat ions of a l k y l a t i n g  mutagens. This pathway, which we c a l l  adaptation, 
renders the c e l l  r es i s tan t  t o  both the t o x i c  and mutagenic e f f e c t s  o f  f u r t h e r  a l ky la t i on .  It 
i s  d i s t i n c t  from any o f  the prev ious ly  known r e p a i r  pathways o f  E. c o l i .  
Adaptation i s  a useful t o o l  f o r  studying the mechanism o f  a l k y l a t i o n  induced mutagenesis. 
The a b i l i t y  o f  t h i s  r e p a i r  system t o  remove speci f ic  chemical les ions f r o m  the DNA o f  adapted 
c e l l s  can be co r re la ted  with the reduced mutation frequency observed i n  these cu l tures.  
t h i s  way the p o t e n t i a l l y  mutagenic nature o f  these les ions can be establ ished. Studies o f  
t h i s  type w i l l  be discussed. 
A1 k y l a t i n g  agents induce the lex-recA dependent SDS response. Adaptation a l t e r s  the pa t te rn  
o f  SOS induct ion wi thout  dire-ecting the c e l l s  capacity t o  express SOS. This has a l -  
lowed us t o  d issect  pa r t  of the SOS response and t o  gather in format ion on the nature o f  the 
s ignal  which causes SOS induct ion subsequent t o  a t tack  by a l k y l a t i n g  agents. 

I n  

048 
Biochemistry, Stanford University, Stanford, CA 94305 
The lexA gene of E. c o l i  regulates  expression of the  recA gene a s  well a s  the  induction of 
SOS funct ions fo l iowFDNA damage or a r r e s t  of DNA synthesis (1). phage carrying the  - lexA genetic region ha$ been isolated i n  order  t o  study t h i s  gene and ident i fy  its product. 
Genetic mapping data  indicate  t h a t  the  ubiA gene (coding f o r  octaptenyl t ransferase  which 
i s  required f o r  ubiquinone b i o s y n t h e s i s m )  i s  92% cotransduced with E- and 96% linked 
t o  the  UV-resistant rever tant  of s-, =. The gene order i n  t h i s  region of the  linkage 
map has been establ ished by two f a c t o r  Plkc t ransduct ional  crosses  t o  be 

SPECIALIZED TRAASDUCTION OF THE LMA GENE OF E. COLI BY PHAGE LAMBDA. Kevin HcEntee, 
Dept . of Biochemistry. U n i v e r s i t x  Chicago,-ChFo,  I L  60637 (Presently8 Dept . of 

A 

,. . ... malF male malK la= ubiA lexA(ts1) dnaB.. . .. . .. . 
Bacteriophage Xhas been inser ted i n  the  malF c i s t ron  of both lexA+ and l e d -  s t r a i n s  by the  
method of Shimada e t  a1 (3). From these secondary s i t e  insert=, t r a n x i n g  phages have 
been i so la ted  which carry d i f fe ren t  ex ten ts  of bac te r ia l  DNA. 
been obtained ( 2 p m m )  which c a r r i e s  the  malE and a genes (and preSuInably 
ubiA or l e d .  
malE. m a m l a m B )  and ubiA g e n e s t  not 
transducing var ian ts  (ZG). 
phages selected f o r  the  a b i l i t y  t o  transduce *+. 
transduce ubiA a l s o  transduce lexA, a r e s u l t  which i s  consis tent  with the  extremely high 
linkage o f t h e  two genes. 
duce malE, malK ( lamB) ,  ubiA a s  = a s  ts1 and =. 
s t i t u z  s p r o e e i n  synthesis  i n  = mutant s t r a i n s .  
t o  UV i r rad ia t ion  t o  =+ hosts. a r e s u l t  which i s  consis tent  with the  dominance of the  
lexA- mutation. 

eleCtKOphOKeSiS. The x d s  and ad- protein pat terns  d i f f e r  by a 85,000 molecular 
weight protein.  These r e s u l t s  suggest t h a t  t h i s  high molecular weight protein is t h e  pro- 
duct of the lexA (tsl,  =) gene. 

A plaque-forming phage has 
but not 

Two independent ubiA+ transducing phages have been i so la ted  which car ry  the  
These phages are defect ive &-type 

Approximately 30% of a l l  phages which 

- 
o r  z. --- 

Three independent g phages have been ident i f ied  among 

B o t h x A +  (1 i s o l a t e )  and E- (2 independent i s o l a t e s )  t rans-  
Both XdlexA+ and AdlexA- prevent con- 

The =- p h a g e s z f e r  s e n s i t i v i t y  

- 
The proteins  coded by these transducing phages have been analyzed by polyacrylamide gel  

1) Radmn, M. (1974) I n  Molecular and Environmental Aspects of Mutagenesis 
Prakash.L.. Sherman, F., Miller, M.. Laurence, C. and H.W. Tabor, eds. 
C.  Thomas Publisher, Springfield,  IL 

2)Young. I., Leppik, R.A., Hamilton. J . A .  & F. Gibson (1972). 3.  Bact. 110. 18-25. 
3) Shimada,K., Weisberg, R.A. and M.E. Gottesman (1972). J. Mol. Biol. 2, 

483-503. 



Genetic Defes in DNA Re& 
XERODERMA PIGMENTOSUM; 0. Bootsma, Department of Cell Biology and 
Genetics, Erasmus University, Rotterdam. The Netherlands. 

Cleaver discovered In 

049 
Xeroderm pigmentosum (XP) is an autosomal recessive disorder in man charac- 
terized by a hypersensitivity of the skin to sunlight. 
1968 that XP cells are defective in the repair of ultraviolet light induced 
DNA lesions. This findin has been extended in a large number of studies 
involving clinical, (cytoqqenetical and biochemical characteristics of the 
disease. 
Clinicall the differences in expression of the sylnptoms in XP patients sug- 
gest a he:erogeneity which is difficult to be explained by variable exposure 
to environmental factors only. Of interest is the occurrence of mental abnor- 
malities and retardation of growth in some of the patients. 
The development of cancers in the skin of XP patients suggests a relationship 
between defective DtiA repair and carcinogenesis. Therefore elucidation of the 
genetic defect in XP may provide clues to understanding of mechanisms of 
chemical and physical carcinogenesis. 
Genetic studies have revealed the presence o f  at least 6 different comple- 
mentation groups in the excision deficient class of XP patients. 
mutations are present in the same or in different genes has to be shown. 
Gene transfer systems established in somatic cell genetics (those mediated by 
isolated chromosomes and micro cells) may provlde new tools for the genetic 
analysis of XP. 
Complementation analysis of a postreplicative repair defect in socalled XP 
variants has not yet resulted in the demonstration of genetic heterogenei- 
ty in this class of XP patients. 
Biochemical and enrymological studies of XP cells have sofar not resulted in 
the identification of the affected primwy gene product(s). The effect o f  the 
XP mutation(s) on DNA repair is clearly demonstrated. However, even within 
one complementation group different repair systems seem to be involved. 
These observations suggest that the primary genetic defect in XP affects an 
as yet unknown cellular mechanism, that secondary interfers with different 
pathways of DNA repair. Experiments with extracts of normal and XP cells in- 
dicate that this mechanism is involved in the functions of chromatin struc- 
tures in eukaryotic cells. 

Whether these 

0% 

Humans afflicted with ataxia telangiectasia (AT), a rare autosomal recessive disorder charac- 
terized by neurovascular, imnune. and hepatic dysfunctions, are predisposed to lymphoreticular 
malignancy and respond fatally to radiotherapy. Dermal fibroblasts from AT donors alsolexhib- 
it hypersensitivity to ionizing radiation, as judged by impaired colony forming ability . 
This has inspired numerous i n  vitro studies designed to identify the molecular basis of the 
disease. While their rates of sister chromatid exchange and transformation by SV4D virus are 
normal, AT strains display spontaneous chromosomal instability'. The cytogenetic and molecular 
properties of AT cells are in keeping with a defect in the enzymatic repair of radiogenic DNA 
damage: ( i )  X-rays produce chronusomal breaks and exchanges in excess of normal levels and 
the general pattern of chromosomal aberrations sugaests defective repair of both one- and two- 
strand leswns ; most strains are impaired in executing DNA repair replication induced by an- 
oxic y-rays, apparently due to defective excision o f  putative base defects . (AT strains are 
proficient both in removing lesions of the 5,6-dihydroxydihydrothymine type5 and in rejoining 
single- and double-strand breakslSk.) Preliminary data based on the use of Aspergitzus oryzae 
endonuclease S 1  as a lesion probe suggest that a class of Y radioproducts which causes gross 
distortions in the double helix remains in the DNA of AT cells for protracted periods. Thus, 
certain AT cells may be defective in a "UV-like. long patch" excision-repair process. Genetic 
heterogeneity in the disease is indicated by: the discovery of at least two complemen- 
tation groups among repair-replication-deficient strains6 and ( i i )  the finding that certain 
AT strains, although radiosensitive in Colony forming ability. execute y-ray-induced repair 
replication normally6. 
their y-ray survival and repair-replication levels are intermediate between those observed in 
normal and AT cells. 
cancer. It can also be estimated that '4.5% of the general population may be at increased 
risk to radiation exposure due to the inheritance of a single AT gene. 
clues into the pathogenesis o f  this complex disease and elucidating basic DNA repair mech- 
anisms in man, future laboratory studies on cultured AT cells promise to provide new insight 
into the interplay between environmental and genetic factors in human carcinogenesis. 

'Taylor, A.H.R.. e t  aZ. (1975) Nature 258, 427. 'Webb. T., e t  al. (1977) Cancer Res. 37, 997. 
'Taylor, A.H.R.. e t  aZ. (1976) Nature 260, 441. *Paterson. M.C.. e t  aZ: (1976) Nature 260, 444. 
'Remsen. J.F., and Cerutti. P.A. (1977) Mutation Res. 83, 139. 6Paterson, M.C.. e t  az .  (1977) 

ATAXIA TELANGIECTASIA: 
RAOIOSENSITIVITY AND CANCER PRONENESS. W.C. Paterson, Biology and Health Physics 
Division, Atomic Energy of. Canada Limited, Chalk River; Ontario, KOJ IJD. Canada. 

A MODEL GENETIC S'YNDROtlE LINKING DEFECTIVE DNA REPAIR WITH 

(1) 

Some. but not all, heterorygous strains are radiosensitive, i.e., 

This may explain why blood relatives of AT patients tend to develop 

Besides offering 

In Research i n  Photobiology (A. Castellanl, ed.). p.  207. Plenum, Ucw York. 



051 FANCONI'S ANEMIA: A HUMAN MUTATION POSSIBLY ASSOCIATED WITH A DEFECTIVE DNA REPAIR, 
Masao S. Sasaki, Department of Cytogenetics. Medical Research I n s t i t u t e ,  
Tokyo Medical and Dental Universi ty ,  Yushima, Bunkyo-ku. Tokyo 113, Japan 

Among many o the r  con t ro l  systems r e s i d e  i n  DNA metabolism, we have a wealth of evidence that 
human c e l l s  possess exce l l en t  r e p a i r  mechanisms t o  t o l e r a t e  t h e  damage introduced i n t o  t h e i r  
DNA. Studies  i n  xeroderma pigmentosum, a human analogue of uvr- mutant s t r a i n  of bac te r i a ,  
have demonstrated t h a t  i t s  impairment w a s  causa l ly  r e l a t e d  t o  many pathological  changes inclu-  
ding cancer development. Moreover, evidence has  been accumulated t o  i n d i c a t e  t h a t  human r e p a i r  
systems are complex r e l a t ed  w i t h  t h e  s p e c i f i c  i n t r anuc lea r  organizat ion as w e l l  as Chemical 
d i f f e r e n t i a t i o n  of the genome and con t r a s t  i n  many r e spec t s  with those modeled a f t e r  t h e  works 
w i t h  b a c t e r i a  and t h e i r  viruses .  Fanconi's anemia (FA) is  another  r a r e  he red i t a ry  d i sease  
which is  transmited a s  an autosomal r eces s ive  t r a i t .  The FA homzygote is i den t i f ced  by the 
combination of growth r e t a rda t ion .  pigment anomalies of t he  skin.  hypogonadism, d ive r se  
congeni ta l  anomalies and progressive hypoplast ic  pancytopenia. The condi t lgn has  won a s p e c i a l  
i n t e r e s t ,  s ince  the  FA gene predisposes the a f f ec t ed  persons t o  the  development of leukemiaand 
other  malignant neoplasms, and an increased chromosomal f r a g i l i t y  has  been noted i n  cul tured 
lymphocytes, bone marrow c e l l s  and cul tured skin f i b r o b l a s t s .  I n  c e l l  c u l t u r e  assay of t rans-  
formation by oncogenic v i r u s  SV40, t he  FA c e l l s  can be transformed much more r ead i ly  than 
normal c e l l s .  Many s tud ie s  have focussed on a possible  metabolic de fec t ,  such a s  abnormal 
carbohydrate metabolism, a l t e r e d  level of ATP, changed s t a b i l i t y  of lysosome, etc. 
more recent  s tud ie s  ind ica t e  t h a t  t he  FA i s  a condi t ion asaociated with the  de fec t  i n  a 
b io log ica l  process r e l a t i n g  t o  the r e p a i r  of c e r t a i n  types of DNA damage. Of s i g n i f i c a n t  
f inding is  tha t  t h e  FA c e l l s  a r e  s p e c i f i c a l l v  highly suscep t ib l e  t o  k i l l i n g  and chrpmosome 
breakage by b i func t iona l  a lky la t ing  agents. In  cytogenet ic  assay of t he  r e p a i r  of l e s i o n s  
leading t o  chromosome breakage, pre-aberration l e s ions  induced by b i func t iona l  a lky la t ingagen t  
a r e  not l o s t  i n  the FA c e l l s .  The long l a s t i n g  pre-aberration l e s i o n s  and pe r s i s t ence  of the 
r e n a t u r a b i l i t y  of DNA i n  mitomycin C-treated FA c e l l s  i nd ica t e  the l e s i o n s  i r r epa rab le  i n  t h e  
FA cells are DNA in t e r s t r and  cross-links. Other works show e defec t  i n  the cxcis ion of s i n g l e  
s t rand l e s ions  only when the  FA c e l l s  a r e  t r ea t ed  with r e l a t i v e l y  high dose of mutagens. These 
l i n e s  of experimental evidence suggests  t h a t  t h e  FA c e l l s  a r e  de fec t ive  i n  a mechanism of t h e  
r e p a i r  of overlapping damage including in t e r s t r and  cross- l inks.  A process  of recombinational 
character  might be a possible  candidate. 
cytogenet ic  and biochemical works i n  Fanconi's anemia c e l l s  w i t h  pogsible  inherent  de fec t  
associated w i t h  t h i s  unhappy gene. 
of Education, Science and Culture ,  Japan. 

However, 

This review w i l l  attempt t o  cover and i n t e g r a t e  

Work supported by Cancer Research Grants from theMin i s t ry  

052 
Study of the responses made to environmentally-indued DNA damage by cells from three human genetic 
disorders-xeroderma, the Louis-Bar syndrome, and f%nconi's a n e m i a i s  yielding highly interesting results. 
Are there not additional disorders, possibly including 10ms not usually classiff ed as genetic. which mani- 
fest defective repoir of genetic material in their patkegonesis, as either a major factor or  a secondary fea- 
ture? The two manifestotions of disease which so far hove stimulated successful searches for repair defec- 
tiveness are sensitivity to some environmental agent and spontaneous chromosome "breakage" in cultured 
cells; tumor proneness olso has figured prominently in the matter, but because dozens of disorders manifest 
this, it alone is not especially helpful. Additional instawes of repair defectiveness in humans very pos- 
sibly will be discovered if  selected additional clinical features are used as clues. Chromosome instability 
should remain a valuable indicator, but this sometimes moy be "conditional," i.e.. occult or elusive until 
brought out by some special treatment or condition of culture; thus, xeroderma cells display no excessive 
chromosome instability until treated with UV. Rare conditions viewed by some 01 promising candidates for 
DNA repair defectiveness include Bloom's syndrome, Cockayne's syndrome, dyskeratosis congenita, Roth- 
mund's syndrome, Thornson's syndrome, Werner's Syndrome, the Wiskott-Aldrich syndrome. Bloom's 
syndrome, the prototype of the "&rotnosome breakage syndromes, " h a  failed to display DNA-repair de- 
fectiveness, despite on extensive search. Although the search should be  continued, this observation of 
apporently normal repair in the face of dramatic chromosome instability moy signal the existence of a pro- 
viously unrecognized class of disorders not themselves defective in a DNA repair mechanism but in which 
some "proximal" defect, different and specific in e a h  disorder, allows the accumulation of substrates upon 
which repair systems will be invoked to act. Such substrates might themselves result from accumulation in 
the cell of some metabolite, or perhaps from the malfunctioning of some enzyme concerned with an aspect 
of DNA metabolism other than repair. This burden would in turn moke unusual demands on repair mecha- 
nisms-themselves normal and intact-including error-prone mechanisms. Conceivably many of the human 
genetic disorders which feature premature aging or cancer will in  time b e  h w n  to do 90 via chronic over- 
loading of the DNA-repair mechanisms, thereby acquiring mutations at an abnormally rapid mte. Con- 
ditions falling into this presently theoretical class would not be disorders of repair sensu stricto: but repair, 
specifically erroneous repair, would be the proceu of paramount importance in theirpathoG&ir ,  at least 
of their lethal "complications." Persons with such genetic disorders w u l d ,  with respect to their cancer 
proneness, be comparable to those chronically exposed to  a mutagenic environment. 

DNA REPAIR DEFECTS AND HUMAN DISEASE, J a m  German, New York Blood Center, New 
York, N;Y. 10021. 

n 



DNA Repair Mechanisms 

053 RELATION BETWEEN DNA REPAIR, CHROMOSOME ABERRATIONS, AND SISTER CHROMATID EXCHANGES. 
Sheldon Wolt'f'*' and Judy Bodycote', Laboratory o f  Radiobiology' and Department Of 
Anatomy', Un ive rs i t y  o f  Ca l i f o rn ia ,  San Francisco, San Francisco, CA 94143 

Ordinary chromosome aberrat ions and s i s t e r  chranat id  exchanges (SCEs), which are two types of 
cytogenetic endpoints tha t  are cu r ren t l y  being used t o  determine the e f f e c t s  o f  mutagens and 
carcinogens on chromosomes, d i f f e r  i n  several aspects. 
t ha t  are induced by u l t r a v i o l e t  l i g h t  are photoreact ivable (Griggs 8 Bender, 1973), whereas 
we now have found i n  ch ick embryo c e l l s  t h a t  even though thymine dimers a re  removed by PR 
l i g h t ,  the y i e l d  o f  UV-induced SCEs i s  unaffected. 
al. ,  1976) o r  "UV-like" (Sasaki 1973), but  n o t  "X-ray-l ike" (Wol f f  e t  a l . ,  1977). mutagens 
are higher i n  XP c e l l s  than i n  nonnal c e l l s ,  whereas SCEs are h igher  i n  XP c e l l s  a f t e r  t rea t -  
ment w i t h  a l l  three types o f  mutagens (Wolff  e t  a l . ,  1977). C)  The aberrat ion y i e l d s  are re-  
l a t e d  to  the amount o f  exc is ion r e p a i r  as measured by unscheduled DNA synthesis o r  r e p a i r  
r e p l i c a t i o n  whereas SCE y i e l d s  are not .  D) Aberrat ions are increased by app l i ca t i on  o f  caf -  
f e ine  a f t e r  treatment w i t h  UV l i g h t  o r  chemical mutagens (Kihlman e t  a l . ,  1977) b u t  SCEs a r e  
no t  ( P a l i t t i  8 Becchett i ,  1977). and i n  pos t - rep l i ca t i on  de fec t i ve  XP va r ian t  c e l l s ,  UV- 
induced SCE l eve l s  are as i n  normal c e l l s  (de Weerd-Kastelein e t  a l . ,  1977). 

Taken as a whole these data i nd i ca te  t h a t  although aberrat ions are dependent upon exc is ion 
repa i r  and pos t - rep l i ca t i on  r e p a i r  as measured i n  ord inary experiments, SCEs a re  not .  The 
les ions tha t  r e s u l t  i n  SCEs do no t  seem t o  be thymine dimers o r  a l k y l a t i o n  products a t  the 
N-7 p o s i t i o n  o f  guanine. Since SCEs are induced by long- l ived les ions t h a t  disappear w i t h  
time, minor photoproducts, o r  a l k y l a t i o n  products, t h a t  are no t  measured i n  exc i s ion  r e p a i r  
o r  post - rep l icat ion r e p a i r  experiments seem to  be the les ions responsible f o r  SCE formation, 
which i s  cont rary  t o  the f i nd ings  f o r  chranosome aberrat ions. 

Bartram, C.R.. Koske-Westphal. T., & Passarge, E., Ann. Hum. Genet. 2:79-86. 1976. 
Griggs. H.G. 8 M. A Bender, Science 179:86-88, 1973. 
Kihlman, B.A., Sture l id ,  S., P a l i t t i T . ,  8 Becchett i ,  A., Mutation Res. 5:130-131, 1977. 
P a l i t t i ,  F. & Becchett i ,  A., Mutation Res. 45:157-159, 1977. 
Sasaki. M.S.. Mutation Res. 20:291-293, 1 9 7 r  
de Weerd-Kastelein, E.A., Kegzer ,  W., Rainaldi,  G., & Bootsma, D., k t a t i o n  Res. fi:253-261. 

Wolff, S., Rodin, 6.. 8 Cleaver, J.E., Nature 265:347-349, 1977. 
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Xeroderma P&mntosum 

A) Ordinary chromosome aberrat ions 

B )  Aberrat ions induced by UV (Bartram e t  

1977. 

0% EVIDENCE THAT DNA REPAIR PROCESSES PROTECT NORMAL HUMANS FROM PREMATURE SOLAR SKIN 
DAMAGE AND FROM PRPUTURE NEURONAL DEATH, Jay H. Robbine, Alan D. Andrews and 
Alan N. Moshell. Dermatology Branch, NCI. MIH, Bethesda MD 20014. 

XerodermP pigmentosum (XP) is a rare autosomal recessive disease in which all patients 
develop at a relatively early age excessive epidermal solar degeneration characterized by 
atrophy, pigmentation abnormalities, and maliRnancies on sunlight-exposed skin. At least 
6 genetic forms of XP have bean confirmed, 5 of which (designated complementation Droups 
A,B,C,D and E) are characterized by defective excision repair of ultraviolet(W)-induced 
pyrimidine dimers in their DNA. The sixth form of XP has a defect in S-phase DNA synthesis 
after IN-irradiation. It has not yet been possible to relate the degrees of the. premature, 
chronic solar damaRe present in XP patients' skin to the degrees of impairment s h a m  by the 
patiento' cell strains in in vitro tests of DNA repair. 
obscured by the absence of quantitation of the patients' previous sun exposure. 
theless, since no humsn without clinical evidence of premature, chronic, solar skin damage 
has yet been shown to have abnormalities in the DNA repair processes defective In XP patients, 
it is probable that the nonnal function of each of these DNA repair processes is required to 
protect normal humans from such premature solar damage. Some XP patients develop neurological 
abnormalities (NA) which first appear in infancy, childhood, or as late as the third decade 
of life, ueually continue to worsen, and are due to death of nerve cells. 
of these NA have been found in eeveral group A patients (representing 4 kindreds) and in 
patients from all 5 confirmed group D kindreds, to indicata that the nucleotide sequences 
defining the groups A and D, respectively, determine the occurrence of the NA of XP in thase 
patients, all of whom have very low post-llV colony-forminR ability (CFA) in their skin 
fibroblasts. We have recently found that fibroblasts from a 17-year old black woman with W ,  
who is reported to us to have mental retardation, microcephaly, and short stature. have poet- 
W CFA below that of all previously studied strains in group C (none of whose patients has 
XP NA) but above that of the 4 Rroup A kindreds and the 5 group D kindrede. We have assigned 
this woman's fibroblast strains to group C, since fusion of her cells with known group C 
strains showed no complementation, while heterokaryons formsd by fusing her cells with either 
group A or group D cells have fully restored 1lV-induced unscheduled DNA synthesis. Develop- 
ment of further XP-type NA in thio patient would indicate that her present NA are in fact 
related to her XP (and not simply coincidental), and it could then be concluded that the 
nucleotide sequence defining group C, as well as the sequences defining groups A and D. must 
bffect a certain level of functionally adequate DNA repair to prevent premature neuronal 
death in normal humans. 

Such a correlation would be 
Never- 

Sufficient numbers 



055 THE ACUTE AND CHRONIC EFFECTS OF ULTRAVIOLET ENERGY ON MAMMALIAN SKIN, John H. 
Epstein, Department of Dermatology, university of California, San Francisco,CA94143 

Cutaneous epidermal cancers, basal.cel1 epitheliomas and squamous cell carcinomas are by far 
the most comon of all human malignancies. The primary stimuli for the formation of these 
tumors are the ultraviolet rays (W) from the sun. Experimental studies in mice suggest that 
W carcinogenesis starts with the first exposure. However a definitive correlation of any 
specific acute W effects with cancer formation has not been accomplished as yet. Acute W 
Effects: These include inhibition of DNA, RNA and protein synthesis and mitosis formation, 
and labilization of lysosomal membranes. Recovery and acceleration of these functions occurs 
24 to 72 hours post-irradiation associated with epidermal hyperplasia. A relationship between 
acute DNA damage and carcinogenesis has been suggested. Pyrimidine dimer formation and repair 
by photoreactivation, postreplication, and excision mechanisms have been described in a vari- 
ety of mammalian cell types. However the excision repair process has received the greatest 
emphasis in epidermal W injury to date. The possible relationship to cancer formation was 
emphasized by the discovery of a defect in this enzyme system in patients with xeroderma pig- 
mentosum (XP). XP is characterized by an Pnordinate susceptibility to form sunlight-induced 
skin cancers. Chronic Effects: In human skin chronic sun exposure results in a characteris- 
tic weather beaten, leathery appearance frequently associated with actinic keratoses and at 
times cancer formation. especially in light complexioned individuals. Using the hairless 
mouse model and repeated UV exposures it has been. possible to examine the progressive epider- 
mal changes induced by such chronic injury ranging from benign hyperplasia to premalignancy 
and frank invasive squamous cell cancer. Examination of the epidermal kinetics revealed a 
progressive increase in mitoses, and premitotic DNA synthesis ( " S " )  in the germinative cells 
with a shortening of the G2 and "S"  phase. 
the transit time from the basal layer into the stratum corneum. However cell production was 
greater than cell loss resulting in epidermal hyperplasia. When malignancy and invasion 
occurred it appeared to develop from the basal cells. However as the tumors grew and became 
more anaplastic the whole cell mass became abnormal and the germinative cells were no longer 
identifiable. Profound dermal changes associated with chronic sun exposure occur in human 
skin. Progressive degeneration occurs in the upper dermis. Specific findings include 
dilated blood vessels, the accumulation of acid mucopolysaccharides and abnormal appearing 
fibrocytes. the loss of mature collagen (but an increase in the soluble component) and a 
marked increase and degeneration in elastic tissue referred to as actinic elastosis. Actinic 
elastosis is the most prominent and obvious dermal change due to chronic solar damage. The 
action spectrum for the experimental induction of elastosis falls in the W B  range. The 
mechanism may relate to fibrocyte damage and altered function. 

In addition, there was a progressive reduction of 

056 THE RELATIONSHIP BETWEEN NEUROLOGIC DISEASE, ACUTE SUN SENSITIVITY, AND POST-ULTRA- 
VIOLET COLONY-FORMING ABILITY IN XERODERHA PIGMENTOSUM, Alan D. Andrcvs, Susanna F. 
Barrett, and Jay H. Robbina, Dermatology Branch, NCI. NIH, Bethesda, MD 20014. 

Xeroderma pigmentosum (XP) is an autosomal recessive disease in which DNA repair processes 
are defective. All W patients develop prmmture aging of sun-exposed skin, some have 
histories of acute sun sensitivity. and aome develop neurological abnormalities dua to 
premature death of nerve cells (1). 
strains was studied in vitro by measuring each atrain's ability to divide and form colonies 
after irradiation. 
colony-forming efficiency retained after irradiation in vitro with different doses of 254 nm 
W light. The most 
sensitive strains were derived from patients who had an early onset of neurological abnor- 
malities, less sensitive strains were from patients with a later onset. and the most 
resistant strains were from patients without neurological abnormalities. 
histories of 13 W patients revealed that only 7 hnd ever experienced ecute sun senritivity. 
the latter defined as skin blistering and/or severe erythema after a sun exposure which would 
not have produced such results in normal individuals. 
these 7 patients who had histories of acute sun sensitivity had the lowest post-W CFA of the 
13 strains tented. Post-W CPA of the saventh strain was sliphtly higher than that of the 
lowest of the 6 strains from the patients without histories of acute sun sensitivity. The 
other 5 strains from these latter 6 patients had the highest post-W CFA of the 13 strains. 
The W sensitivities of strains from each member of a sibling pair with W were identical, 
indicating that W sensitivity of W atrains is determined by the patient's inherited DNA 
repair defect. The reeults indicate that effective DNA repair is required to maintain the 
functional integrity of tha human nervous system by preventing premature death of neurons 
and that acute sun sensitivity in W patients may be caused by the lack of functionally 
adequate DNA repair in vivo. 

1. Robbins, J .H. ,  Kraamer, K.H., Lutzner. M.L.. et. al. Ann. Int. Had. 80, 221-248. 1974. 
2. Andrews, A.D., Barrett, S . F .  and Robbins, J.H. Lancet 1. 1318-1320, 1976. 

Sensitivity to ultraviolet radiation of 24 W fibroblast 

X c m t - W  colony-forming ability (CFA) is a mersura of the strain'a 

Details of these procedures have been d e s c ~ b ~ e v i o u s l y  (2). 

Tha clinical 

The fibroblast strain. from 6 of 

29 



057 RELATIONSHIP BETWEEN DNA REPAIR DEFECTS AND SKIN CANCERS IN XERODEWIA 
PIGMENTOSUM, Hiraku Takebe, Radiation Biology Center, Kyoto University 
Kyoto 606, JAPAN 

More than 70 cases of xeroderma pigmentosum (XP) in Japan have been examined 
clinically, and the DNA repair characteristics of their cells have been identi- 
fied. As reported previously by Takebe et al., more then half of the patients 
belonged to a "low repair" group as measurerby the relative amount of unsche- 
duled DNA synthesis (UDS) after UV irradiation. Most of the patients belong- 
ing to this group were children who developed XP symptoms early and have had 
neurological. disorders. Twenty three cases in this group have been identified 
to belong the complementation group A by the cell hybridization methods. 
One case, XP23OS, showed UDS level of 10 % of normal level but no neurological 
disorder has developed and the skin lesions were moderate. Such cases may be 
classified as a "classical XP" and the patients belonging to the complementa- 
tion group C often show such symptoms. XP23OS. however, has been identified 
to belong a new complementation group, or group F. Although the cells of 
XP23OS showed low (10 % )  UDS level, the host-cell reactivation capacity as 
measured by comparing survival curves of UV-irradiated herpes simplex virus 
was considerably higher than the cells belonging to the complementation group 
A,  B, C and D. The apparant low DNA repair demonstrated by the relative 
amount of UDS may not represent the true capacity of the DNA repair. Host- 
cell reactivation, we believe, represents the total capacity of the excision 
repair of UV damage more accurately than other methods. 
With the exception of XP23OS and a few other cases, XP patienfs in Japan are 
roughly divided into t w o  groups, "severe" and "moderate", which correspond to 
UDS levels Of less than 10 % and more than 25 % respectively. There are about 
10 "variants" (Fujiwara, this meeting). Essentially all the patients belong- 
ing to .'severe" group will eventually develop skin cancers by the age of 15, 
while approximately half of the "moderate" patients will survive without being 
affected by cancer. So far no patient belonging to the complementation group 
C, most frequent in other countries, has been found in Japan. (Supported, in 
part, by the Research Funds from the Ministry of Education, Science and cul- 
ture, and from the Ministry of Health and Welfare) 
Takebe, g g . ,  Cancer Research, 3 7 ,  490-495, 1 9 7 7 .  

DNA Repair in Lower Eukaryotes 

058 
The discovery of liquid-holding recovery and of radiosensitive mutants in the yeast 
Sacchmomyces cerevisiae provided early indications for the existence in a simple eucaryote 
of processes analogous to DNA repeir in bacteria. Subsequently both excision of W-induced 
pyrimidine dimers and repair replication as detected by the Pettijohn-Hanawalt technique 
(non-conservative incorporation of labelled d B W  in W-irradi- p W o i d  dTMP auxo- 
trophs - 0. Goldberg and J. G. Little, personal communication 1977) Rave been detected. The 
difference between the shouldered W survival curve of an excision proficient strain and the 
corresponding exponential curve of an excision-geficient mutant has been accounted for 
quantitatively on the basisof the decline in dimer excision efficiency with increasing dose. 
A nuclear endonuclease capable of hydrolysing double stranded DNA (and whose activity is 
stimulated by W-irradiation of the substrate) is present, in reduced amounts, in an 
excision-deficient mutant (radl). 
in bacteria, as early indicated by the absence of any repair-mediated synergism between W 
and X-rays even though a strong synergism of this kind is present in several species of 
bacteria. 
which affect radiation sensitivity; 22 further complementation groups, 17 of which show 
cross-sensitivities to radiation, have been identified among mutants selected for their 
sensitivity to MMS. No one knows how many further loci affect sensitivity to other mutagens. 
Some of these loci are pleiotropic and it is unlikely that all of them exist solely for 
the control of DNA repah. Measurements of the sensitivity of various double %mutants 
have revealed the existence of three epistatic groups of loci which affect three pathways 
for repair: - radfil pathway appears to control the repair of DNA strand breaks; the &6 pathway is 
highly pleiotropic and controls some mode of error-prone repair. Wild-type genes &6 and 
9 are required for mutagenesis by all agents tested, including NTG and EMS. Heteroduplex 
repair is believed to be essential for pure mutant clone formation after W; it is related 
to, but not identical with excision repsir. Finally, the kinetics of W-induced mutation 
differ betvcen E.coli and yeast: 
mutagdnesis follows square-law kinetics in &whereas in yeast such kinetics are biphasic 
(linear-quadratic). Mathemstical analysis of the yeast reversion data indicates that 
there must exist a significant constitutive level of error-prone repair as well as an 
inducible component that can be blocked by cycloheximide treatment. 
that bacterial models for repair and mutagenesis cannot be extrapolated in a straight- 
forward way to yeast. 

DNA REPAIR IN YEAST, Robert H. Haynes, Department of Biology, York University, 
Toronto, Ontario, Canada. M3J 1P3. 

However, repair in yeast is not identical with that 

The genetic control of repair is more complex: there are at least 32 loci (rad) 

the &3 pathway controls the error-free excision of pyrimidine dimers; the 

for reversion of various nutritional awotrophies, W 

Thus it appears 
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059 DNA REPAIR I N  DROSOPHILA, James B. Boyd, Department of Genetics, 

Putative repair-deficient mutants have been obtained b selection for an 
elevated sensitivity to radiation or chemical mutagens1*r2 I 3. 
have been associated with over 20 different genetic loci, at least five of 
which also influence female meiosis3f4. This latter class of mutants, there- 
fore, provides an opportunity for studying. meiotic recombination functions in 
somatic cells. With the aid of procedures adopted from mammalian tissue 
culture, it has proven possible to analyze the major known forms of DNA 
repair in these mutants. -- Photore air of uv damage has been documented b 
analysis of pyrimidine dimers3 ,'J and'through analysis of repair replication?. 
No mutants affecting this process have yet been identified. -- Excision 
re air of pyrimidine dimers is strongly reduced by mutation at the mei-9 h. 
uv and x-ray exposure4n8. 

chemical mutagens4# 8. Mutants at this locus also increase mitotic recombina- 
tion and spontaneous chromosome breakagel. -- Mutants at four loci have been 

University of California, Davis, CA 95616 

These mutants 

These mutants are also deficient in repair replication following both 
The rnei-9 mutants reduce meiotic recombination by 

and increase the sensitivity of larvae to uv, x-rays and six diverse 

associated-with reduced postreplication repair following uv irradiation 
41, mus(l)lOl, mus(1)104, and mus(3)30219. Of these only the mus(l)l04 
mutant has no apparent effect on meiosis4. Caffeine produces a greater 

[mr, 

inhibition of the residual postreplication repair in the mus(l)l04 mutant than 
it does in the others. These mutants are all sensitive to nitrogen mustard 
as well as methyl methanesulfonate9,10. The mei-41 mutants dramatically in- 
crease the frequency of spontaneous somatic chromosome breakage4. -- Mutants 
tested thus far all exhibit a normal capacity to repair single strand breaks 
introduced by x-ray exposureg. 
1. Baker et al., 1976 Ann. Rev. Genet. 3: 53-134; 2. Snyder and Smith, 1977 
Genetics E: Supp., S60;  3. Boyd et al., unpublished data; 4. Baker et al., 
1976 Proc. Natl. Acad. Sci. 73: 4140-4144; 5. Trosko and Wilder 1973 Genetics 
- 73: 297-302; 6. Boyd et al.,i976 Genetics 8 4 :  527-544; 7. Boyd and Presley 
1974 Genetics z: 687-700; 8. Nguyen and B o g  in press or unpublished; 9. 
Boyd and Setlow 1976 Genetics 84: 507-526; 10. Boyd et al., 1976 Genetics 84: 
485-506. 

060 PATHWAYS OF DNA REPAIR I N  SACCHAROMYCES CEREVISIAE, Louise Prakash, Department of 
Radia t ion  Biology and Biophysics,  Un ive r s i ty  of Rochester School of Medicine, 
Rochester,  NY 14642, and Satya Prakash, Department of Biology, Un ive r s i ty  of 
Rochester,  Rochester,  NY 14627. 

I n  t h e  euca ryo t i c  microorganism, t h e  yeas t  Saccharanyces cerevisiae, t h e r e  seem t o  be  t h r e e  
pathways involved i n  t h e  r e p a i r  of W-induced damage i n  DNA; a l l  t h e  r a d i a t i o n - s e n s i t i v e  (pad) 
mutants analyzed so f a r  f a l l  i n t o  t h r e e  e p i s t a t i c  groups.  About one dimer is  s u f f i c i e n t  t o  
reduce  s u r v i v a l  t o  37% i n  a t r i p l e  mutant conta in ing  one member of each e p i s t a t i c  group. The 
f i r s t  of t h e  t h r e e  groups con ta ins  mutants which a l l  enhance UV-induced muta t ions  compared t o  
RAB s t r a i n s .  I n  a d d i t i o n  t o  t h e  two members of t h i s  e p i s t a t i c  group, RADI and RADB. prev i -  
ous ly  shown t o  be involved i n  exc i s ion  of UV-induced pyr imidine  dimers,  w e  have demonstrated 
t h a t  mutants i n  seven a d d i t i o n a l  genes are d e f e c t i v e  i n  exc is ion- repa i r .  The a s say  w e  have 
used measures t h e  s u s c e p t i b i l i t y  of dimer-containing DNA t o  n ick ing  by e i t h e r  T4 UV-endonu- 
c l e a s e  V o r  a n  a c t i v i t y  s p e c i f i c  f o r  W - i r r a d i a t e d  DNA, p a r t i a l l y  p u r i f i e d  from Micrococcus 
luteus. Six of t h e  genes,  R4D3, 12404, R A M ,  RADIO, RAD14 and RAD16 are previous ly  i d e n t i f i e d  
r a d i a t i o n - s e n s i t i v e  mutants,  whereas t h e  seventh ,  MMsI9. w a s  i s o l a t e d  as a s t r a i n  s e n s i t i v e  
t o  the  monofunctional a l k y l a t i n g  agent  methyl methanesul fona te  (MMS) and complements a l l  t h e  
o the r  rad mutants.  
hanced UV-induced muta t ions .  Thus, t h e  t o t a l  number of genes involved i n  exc i s ion  r e p a i r  i n  
y e a s t  so f a r  is nine.  

The second e p i s t a t i c  group c o n s i s t s  of genes involved i n  e r ror -prone  r e p a i r  and inc lude  t h e  
RAD6, RAD8, RAD9, RADIB, REVl ,  REV2 and REV3 l o c i .  A muta t ion  a t  any one of t h e s e  l o c i  re- 
duces UV-induced muta t ions  a t  many si tes,  and i n  t h e  c a s e  of RADG and REV3, a t  all si tes  
t e s t e d .  RAD6 and RAD9 func t ions  are a l s o  r equ i r ed  f o r  muta t ions  induced by a wide v a r i e t y  of 
un re l a t ed  chemical agen t s  and thus  appear t o  be  necessary  f o r  induced muta t ions  i n  yeas t .  Two 
o the r  genes,  when mutant,  reduce  UV-induced muta t ions .  One is  cdcb, a c e l l  d i v i s i o n  c y c l e  
mutant which is  tempera ture-sens i t ive  f o r  DNA syn thes i s .  However. ou r  r e s u l t s  sugges t  that 
t h e  cdc8 gene appa ren t ly  f a l l s  i n  a l l  t h r e e  r e p a i r  pathways. 
i ts  e f f e c t  i n  d i p l o i d s ,  where lowered W-induced r eve r s ion  is observed f o r  a l l  l o c i  t e s t e d ,  
bu t  no t  i n  haplo ids ,  where UV-induced r eve r s ions  occur  a t  l e v e l s  found i n  MW+ haplo ids .  

The t h i r d  pathway c o n s i s t s  of genes i s o l a t e d  as mutants  s e n s i t i v e  t o  X-rays. RAD50, RAD51, 
RAD52, RAD53, R4D54. RAD55, RAD56 and RAD57; t hese  mutants p lay  a r o l e  i n  r e p a i r  of UV- 
induced damage when t h e  exc i s ion  pathway i s  de fec t ive .  These e i g h t  genes are not  involved i n  
e r ror -prone  r e p a i r  of e i t h e r  UV- OK X-ray-induced damage bu t  many of t h e s e  p lay  a n  important 
r o l e  i n  error-prone r e p a i r  of EMS-induced damage. The molecular n a t u r e  of t h e  r e p a i r  path- 
ways con t ro l l ed  by these  la t ter  two groups is c u r r e n t l y  being inves t iga t ed .  

Like  t h e  o the r  members of t h i s  e p i s t a t i c  group, m s 2 9  mutants show en- 

The o ther  is m s 3 ,  which e x e r t s  
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In yeast and other fungi the genetic control of repair has been extensively inves- 
tigated and for the case of W correlations have been made between the repair of 
pyrimidine dimers and specific pathways. 
genic lesions following UV treatment are pyrimidine dimers, the counterpart for 
ionizing radiation appears to be double-strand breaks. Unlike the situation in 
bacteria fungi generally possess an efficient mechanism for the repair of this 
damage based on biochemical and genetic evidence. 
on the duplicated state of the chromosome (either as homologous chromosomes or as 
sister chromatids) and based on cell-cycle studies does not require semi-conserva- 
tive replication. Cells are most resistent in the G-2 phase of the cell cycle and 
this corresponds to a period of very efficient repair of double-strand breaks. 
The pathway for the repair of double-strand breaks is Important in recombination 
and meiosis but apparently not in mutation. 
The responses of fungi to ionizing radiation are in several ways similar to those 
obtained with cell lines from a variety of vertebrates. While the mechanism of 
inactivation is not known the data is consistent with unrepaired double-strand 
breaks acting in a dominant lethal fashion. 

THE REPAIR OF IONIZING RADIATION DAMAGE IN FUNGI, Michael A. Resnick. Department 
of Biochemistry, College of Medicine, East Tennessee State University, Johnson 
City, TN 37601 

Whereas the major lethal and recombino- 

This repair appears to depend 

062 THE FATE OF YEAST MITOCHONDRIAL DNA AND OF MITDCHONDRIAL GENETIC MARKERS AFTER ULTRA- 
VIOLET IRRADIATION. E. Moustacchi, M. Heude and S. Hixon,* I n s t i t u t  du Radium, 
Bio log ie,  Bat. 110, ORSAY (91405) France and Department o f  Biochemistry, Un ive rs i t y  

o f  Alabama, Birmingham, Alabama, U.S.A. 
It i s  now we l l  establ ished t h a t  the p e t i t e  ( o r  p-) mutation i n  yeast r e s u l t s  from more o r  
less extended delet ions o f  mitochondrial DNA (mDNA) sequences which can be accompanied by 
r e p e t i t i o n s  o f  the reta ined segments. 
an t  l o c i  and a v a r i e t y  o f  l o c i  designated m i t  have been mapped on mDNA and i t  has been shown 
t h a t  i nd i v idua l  p- clones can r e t a i n  any o n h e s e  genes. 

l i q u i d  holding (LH) o f  UV t reated c e l l s .  On the contrary, i n  
frequency i s  enhanced. 
both cases t o  a dramatic increase i n  p -  accompanied by an enhancement i n  su rv i va l .  A de novo 
p ro te in  synthesis which aggravates the mitochondrial damage i s  l i k e l y  t o  occur between %e= 
doses since the increase i n  p- and i n  su rv i va l  i s  prevented by incubat ion w i t h  cyclohemimide 
a f t e r  the f i r s t  dose. 

Primary p- clones analysed i n d i v i d u a l l y  f o r  the presence o r  loss o f  seven mitochondrial 
genetic markers immediately a f t e r  i r r a d i a t i o n  o r  a f t e r  LH show t h a t  a) thgre i s  a cons t ra in t  
i n  the genotypes fosnd i n  p- clones, the reg ion carry ing the mi t l4D and 0, markers i s  pre- 
f e r e n t i a l l y  l o s t ,  b)  p- clones derived from t reated s ta t i ona ry  phase c e l l s  conta in  less 
genetic in format ion a f t e r  LH whereas a rescue o f  markers occurs f o r  p- mutants derived from 
i r r a d i a t e d  exponential phase ce l l s .  I n  t h i s  l a s t  case a complex dose response i s  observed. 
c )  
simultaneous loss o f  adjacent markers i n  p- derived from s ta t i ona ry  phase UV t reated c e l l s  
and t o  an increase o f  simultaneous re ten t i on  i n  p- derived from UV i r r a d i a t e d  growing c e l l s ,  
d) a d i rec t i ona l  pat tern i s  found i n  the f a t e  o f  markers. 

i r r a d i a t e d  s tat ionary phase c e l l s  whereas the degradation i s  l i m i t e d  and reaches a plateau 
dur ing LH o f  exponential phase ce l l s .  
densi ty  i n  cesium ch lo r i de  gradients i s  seen, i n d i c a t i n g  a poss ib le  se lec t i ve  degradation o f  
A-T r i c h  regions. 
step i n  the fa te of the i r r a d i a t e d  mitochondrial genome appear t o  be mDNA degradation i n  a l l  
growth stages. 
events revealed by recovery o f  w i l d  type genotypes o r  p a r t i a l  rescue o f  markers i n  p- take 
p lace l a t e r  i n  i r r a d i a t e d  exponential phase c e l l s .  
dur ing LH i n  non n u t r i e n t  medium, these events, probably o f  the recombination type are l i k e l y  
t o  take place only  when an energy source i s  added and growth resu l t s .  

A number o f  mitochondrial genes i nc lud ing  drug r e s i s t -  

I n  exponential phase c e l l s  a reduct ion i n  frequency o f  induced p- i s  observed a f t e r  dark 
s ta t i ona ry  phase c e l l s  t h i s  

Compared t o  a s ing le  total-dose, s p l i t t i n g  of the UV dose leads i n  

the classes w i t h  l a rge  delet ions increase w i t h  dose. LH r e s u l t s  i n  an increase o f  

I n  p a r a l l e l  w i t h  these f i nd ings  i t  can be shown t h a t  mDNA i s  extens ive ly  degraded i n  

I n  t h i s  case a s l i g h t  s h i f t  t o  a heavier buoyant 

Although pyr imid ine dimers are no t  s e l e c t i v e l y  removed from mDNA, the f i r s t  

This step i s  by f a r  predominant i n  s ta t i ona ry  phase c e l l s  whereas other  r e p a i r  

Since no new synthesis o f  mDNA occurs 
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EVIDENCE OF RECOMBINATION REPAIR, RECOMBINATION-PRONE REPAIR AND 
INDUCED RECOMBINATION IN SIMPLE EUKARYOTES, B. S. Cox, Botany School, 
South Parks Road, Oxford, U.K. 
UV ionising radiation and many chemical mutapens induce mitotic 
recombination in cells. The effect has been observed in nearly a 
dozen species of simple eukaryotes (fungi and protozoa). 
mutants have been isolated which are deficient in both recombination 
and resistance to radiation damage. These correlations are taken 
to infer the existence of repair processes which involve recombina- 
tion. The evidence that any of these mutants are involved in a 
repair process will be reviewed. The evidence on which it is 
possible to discriminate between a repair process which involves 
recombination, broadly defined as the exchange of segments of DNA 
between homologous molecules (rec-repair) and repair processes 
which merely increase the likelihood of recombination (rec-prone 
repair) will be presented. The evidence f o r  the existence of 
inducible repair systems will be reviewed. 

063 

Many 

Viral Probes of DNA Repair in Mammalian Cells 

064 

We have measured the e f f e c t  o f  u l t r a v i o l e t  l i g h t  on reversion o f  adenovirus 5 temperature- 
sens i t i ve  mutants (obtained through D r .  Ph i l  Sharp, M.I.T., from D r .  J i m  W i l  lams, Glasgow) 

i s  an i n i t i a l  study i n  the detection o f  d i f ferences i n  m u t a b i l i t y  o f  the v i r u s  ( a t  various 
genetic s i t e s )  i n  human c e l l s  varying i n  t h e i r  genetic backgrbund. 
p u r i f i e d ,  i r r a d i a t e d  w i t h  0-8000 ergs/mm2 o f  254 nm u l t r a v i o l e t  l i g h t ,  and used t o  i n f e c t  
monolayers o f  human c e l l s  a t  an m.0.i .  o f  between 1 and 10. 
a t  32' u n t i l  cytopathic e f f e c t s  were maximal (about 4 days). Ce l l s  were scraped, freeze- 
thawed 2 o r  3 times, and t ' t e r e d  on A498 c e l l s 2  a t  32" and 39.3".3 (The use o f  the human 
kidney carcinoma c e l l  l i n e 3  f o r  t h i s  f i n a l  t i t r a t i o n  a t  39.3' obviated problems we encountered 
whi le  attempting t o  use other human c e l l  l i n e s  f o r  t h i s  purpose. Unl ike these l a t t e r ,  the 
A498 l i n e  both adheres wel l  t o  the p l a s t i c  and can crowd t i g h t l y  whi le  mainta in ing good 
v i a b i l i t y  over a 2-3 week per iod a t  39.3"). 
The revers io  r a t e  o f  Ad5ts2 t o  temperature independence increased from 
t o  about 10-l a t  8000 e r g s / n 2  del ivered t o  the v i r u s  i n  experiments i n  which i r r a d i a t e d  
viruses were passed through the A498 l i n e  a$ 32". 
o r  not  these A498 Ce l l s  received 50 ergs/mn o f  254 nm UV 24 hours before being in fected.  

'Cleaver, J .  Mutation Res. 9, 291-298, 1977. 
'Giard, 0. J., Aaronson, S .  A., Todaro, G. J., Arnstein, P., Kersey, J. H., Dosik, H., and 
Park, W. D. J. Nat l .  Cancer Inst .  51, 1417, 1977. 

%ay, R. S . ,  111. Photochem. Photobc l .  2, 9, 1974. 

UV-INIIUCED REVEKSIUN UF ADENUVIKUS T E i ~ I ~ E R H T L I ~ E - S E N S I T I V E  PIUTANTS, Rufus S. Day and 
Chuck Ziolkowski, Nucleic Acids Section, Chemistry Hranch, Carcinogenesis, DCCP, N C I ,  
N IH,  Bethesda, MD 20014. 

t o  temperature independence i n  a manner s i m i l a r  t o  t h a t  developed by Cleaver 1. f o r  SV40. This 

Adenovirus 5ts2 was 

In fected p la tes  were incubated 

a t  zero UV dose 

This behavior was independent o f  whether 
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065 REPAIR OF D&y\GI: FKWI ULTKAVIOLLT IIUWIATICN IN SINIAX VIlWS 40 (SV4U) UNA UbIULG 
LYTIC INFLLTION OF AFllICAN G R K Y  EKkUfiY LV-1 CLLLS by Jon I .  Willians and Jams L. 
Cleaver, Laboratory of Radiobiolom, University of California a t  San Francisco, San -. 

Francisco, CA 94118. 
The su i tab i l i ty  of the DNA tmor  virus Simian V i r u s  40 (SV40) replicating permissively i n  
monkey CV-1 ce l l s  for U M  repair studies in  mannialian ce l l s  was investigated. 
meters of nucleotide excision repair and DliA replication of  W-irradiated v i ra l  U I U  were 
measured during ly t i c  infection. 

Several para- 

Loss of T4 endonuclease V-sensitive (TES) s i t e s  from vi ra l  
EW occurred in a complex, dose dependent fashion. 
vivo by ultraviolet (W) light was repaired by enzymes! p re smbly  from the host c e l l  nuxco- 

ce l l s  for comparative purposes. 
neutral sucrose gradient velocity sedimentation and agarose gel electrophoresis of v i ra l  DiU 
i n  H i r t  supernatants from pulse and pulse-"chase" labelling experiments. Total labcl uptahe 
and uptake into Form I (sq>ercoiled) DNA w a s  found t o  be greatly suppressed by W radiation. 
The failure of UV irradiation t o  appreciably suppress label uptake into replicative in te r -  
mediate (RI) o r  Form I1 (open circle) molecules is  consistent with the concept that W 
photoproducts selectively inhibited nascent DNA strand elongation. Label i n  I11 o r  F o p  I1 
molecules "chased" effectively into Form I molecules even a f t e r  UV fluences of 40 J / m  
(2.0 - 3.4 pyrimidine dimers per SV40 genome). 
interpretation of host ce l l  reactivation experiments with 9'40 and v i ra l  mutagenesis w i l l  be 
discussed as w i l l  the adequacy of t h i s  v i ra l  system for future DIM repair experiments. 

Studies supported by NIli graduate training grant No. 51010K)0829 and the U.S. Department of 
Finergy . 

lhe  data suggests v i ra l  DM damaged in 

excision repair system. Nucleotide excision repair was carefully studied in  host LV-1 
Viral replication on W-dmged tenplates was follmed by 

The significance of thesc experiments for 

066 PROTEASE INHIBITORS PREVENT UV ENHANCED VIRUS REACTIVATION IN E. COLI BUT NOT IN 
MONKEY KIDNEY CELLS, C. D. Lytle, F. L. Buchta, and J. C. Goddard, Bureau of 
Radiological Health, Food and Drug Administration, DHEW, Rockville, MD 20857 

Treatment of CV-1 monkey kidney cells with radiation (W o r  x rays) or certain chemicals 
results in enhanced survival of UV-irradiated herpes simplex virus. Current evidence 
indicates that this enhanced reactivation of UV-irradiated virus may be analogous to Weigle 
reactivation, an SOS function, in bacteria'. It has been posutlated that proteases play an 
important role in the regulation of SOS functions'. 
been shown t o  inhibit UV mutagenesis, filamentous growth and induction of A phage, providing 
evidence for the role of proteases in bacterial SOS functions3. 
further evidence by demonstrating that antipain (1 mM) inhibits UV-enhanced reactivation of 
W-irradiated h phage in E. coli C600. However, neither antipain nor leupeptin, another 
protease inhibitor, had an appreciable effect on enhanced survival of UV-irradiated herpes 
virus in UV-irradiated CV-1 cells, even at concentrations as high as 5 mM. Both inhibitors 
changed the capacity of the host cells to support viral plaque formation and caused 
decreased plaque size, suggesting that the compounds entered the CV-1 cells. Thus a protease 
inhibitor prevented UV-enhanced reactivation of a UV-irradiated virus in g .  & hut not in 
CV-1 cells. These data provide evidence that enhanced virus reactivation in mammalian cells 
may not be analogous to Weigle reactivation in bacteria. Furthermore, they indicate that 
proteases may not have a role in radiation-enhanced virus reactivation in mammalian cells. 
1. Lytle, C. D. J Natl Cancer Inst. Monograph (in press, 1978). 
2. Witkin, E. M. Bacteriol. Rev. 40: 869-907 (1976) 
3 .  Meyn, M. S., T. Rossman, W. Troll Proc. Natl. @. x. 2, 1152-1156 (1977). 

Antipain, a protease inhibitor, has 

This report provides 
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067 SIMIAN VIRUS 40 AS A PROBE FOR STUDYING DNA REPAIR PATHWAYS IN MAMMALIAN CELLS. 
Alain R. Sarasin* and Philip C. Hanawalt, Department of Biological Sciences, 
Stanford University, Stanford, California 94305. 

The fate of ultraviolet-irradiated SV40 DNA in monkey kidney cells has been examined as a 
model to study DNA repair in eucaryotic cells. 
been carried out: 

The following two types of experiments have 

Treatment of host 
cells with low concentrations of various carcinogens such as aflatoxin B1 , acetoxy-acetyl- 
aminofluorene, methylmethanesulfonate of ethylmethanesulfonate, strongly enhances survival 
of W-irradiated SV4O (1). The carcinogen-induced enhancement is correlated with the 
inhibition of host cell DNA synthesis suggesting that the inhibition is an inducing agent. 
We have hypothesized that the carcinogen treatment induces a new recovery pathway, by-passing 
lesions in viral DNA to result in higher survival. By analogy with bacteria this phenomenon 
may represent some "SOS function" induced in eucaryotic cells by carcinogens. 
be determined whether the recovery 

UV-irradiation (100 J/m2) of monkey 
(MA134) cells during a lytic infection by SV40, dramatically inhibits the synthesis of Form I 
(supercoiled) SV40 DNA. Using the temperature sensitive mutant ts A-58 to synchronize viral 
DNA replication prior to irradiation we find that the first pyrimidine dimer is a block to 
DNA synthesis. The size of the newly-synthesized DNA is equal to or smaller than the inter- 
dimer distance on "parental" DNA. 
presumably passing the dimer and going on to the next one. 
DNA increases. The replication intermediates obtained after UV-irradiation possess two 
unusual properties: a) The DNA is no longer in a supercoiled configuration, like during 
normal SV40 DNA replication, but contains at least one single strand nick. 
dine dimers present i n  these intermediates seem to be insensitive to the T4 endonuclease V 
which normally nicks DNA strands containing pyrimidine dimers. 
synthesized DNA after W-irradiation on the SV40 genome using the restriction endonuclease 
Hind 111. 
the origin of SV40 DNA replication confirming the model described above. We find no 
evidence that DNA replication starts again after each dimer, leaving gaps opposite the dimers 
and replicating all of the molecule rapidly. 
(1) Sarasin, A. and Hanawalt, P. Proc. Nut. Acad. S c i .  U. S. A .  (in press). 

Enchanced surv i va l  of UV-irradiated SV40 i n  carcinogen-treated c e l l s .  

It remains to 
process is error-prone. 

DNA r e p l i c a t i o n  on UV-irradiated SV40 templates .  

After a lag period (about 40-60 min) DNA synthesis resumes, 
The size of the newly-synthesized 

b) 

We are mapping the newly- 

The pyrimi- 

Preliminary experiments show that the newly-synthesized DNA maps essentially near 

* 
Now at Institut de Recherches Scientifiques sur le Cancer, Villejuif, France. 

PRODUCTION OF V I R A L  STRUCTURAL ANTIGENS BY IRRADIATED ADENOVIRUS AS 
AN ASSAY FOR DMA REPAIR I N  HUMAN FIBROBLASTS, Andrew J .  Rainbow, 

Depar tment  of R a d i o l o g y ,  McMaster U n i v e r s i t y ,  Hami l ton ,  O n t a r i o ,  Canada 
L8S 459.  
S e v e r a l  d i f f e r e n t  f i b r o b l a s t  s t r a i n s  were u s e d  as h o s t s  f o r  t h e  p r o d u c t i o n  
of v i r a l  s t r u c t u r a l  a n t i g e n s  (Vag)  f o l l o w i n g  i n f e c t i o n  w i t h  i r r a d i a t e d  
a d e n o v i r u s .  Monolayer  c u l t u r e s  were i n f e c t e d  w i t h  e i t h e r  i r r a d i a t e d  or non- 
i r r a d i a t e d  a d e n o v i r u s  and  a t  a n  a p p r o p r i a t e  t i m e  a f t e r  i n f e c t i o n ,  c e l l s  were  
examined f o r  t h e  p r e s e n c e  o f  Vag u s i n g  immunof luorescent  s t a i n i n g .  
A r e d u c e d  HCR o f  t h i s  v i r a l  f u n c t i o n  was d e t e c t e d  f o r  UV i r r a d i a t e d  adeno-  
v i r u s  f o l l o w i n g  t h e  i n f e c t i o n  of f i b r o b l a s t s  f rom s e v e r a l  p a t i e n t s  s u f f e r i n g  
f rom F a n c o n i ' s  Anaemia (FA) (l), a t a x i a  t e l a n p i e c t a s i a  (AT) a n d  Xeroderma 
Pigmentosum (XP) as compared t o  normal  f i b r o b l a s t s .  A r e d u c e d  HCR fo r  gamma 
i r r a d i a t e d  v i r u s  was a lso d e t e c t e d  i n  f i b r o b l a s t s  f rom s e v e r a l  p a t i e n t s  w i t h  
FA (11, AT, XP'and P r o g e r i a  ( 2 ) .  These  r e s u l t s  i n d i c a t e  some d e f i c i e n c y  
i n  t h e  r e p a i r  o f  r a d i a t i o n  i n d u c e d  DNA l e s i o n s  f o r  t h e s e  syndromes.  By a n  
e x a m i n a t i o n  o f  Vag p r o d u c t i o n  a t  s e v e r a l  d i f f e r e n t  t i m e s  a f t e r  i n f e c t i o n  
w i t h  i r r a d i a t e d  a d e n o v i r u s ,  t h i s  t e c h n i q u e  was c a p a b l e  o f  d e t e c t i n g  
d i f f e r e n c e s  i n  t h e  r a t e  o f  DNA r e p a i r  for some o f  t h e  f i b r o b l a s t  s t r a i n s .  
( S u p p o r t e d  by t h e  N a t i o n a l  Cancer  I n s t i t u t e  of Canada . )  
1. Rainbow, A . J .  and  Howes, M . ,  I n t .  J .  R a d i a t .  B i o l . ,  31, 191-195 ( 1 9 7 7 ) .  
2 .  Rainbow, A . J .  and Howes, M . ,  Biochem. Biophys .  Res. Commun. 2, 714-719 

( 1 9 7 7 ) .  
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069 DEFECTIVE HOST-CELL REACTIVPTION OF W-IRRADIATED HERPES SIMPLEX VIRUS BY A 
BLOOM'S SYNDROME SKIN FIBROBLAST CELL. STRAIN, C l i f f o r d  A.  S e l s k y ,  Department of 
Phys io logy ,  Harvard U n i v e r s i t y  School  of P u b l i c  t l e a l t ! ~ ,  r joston, MA" 0?115 

The a b i l i t y  of a Bloom's Syndrome f i b r o b l a s t  s t r a i n  d e s i g n a t e d  CM1492 ( o b t a i n e d  from IFR, 
Camden, New J e r s e y )  t o  s u p p o r t  t h e  growth o f  u l t r a v i o l e t - i r r a d i a t e d  Herpes s implex  v i r u s  
t y p c  1 a t r a i n  M P  waa de termined  u t i l i z i n g  a n  i n f e c t i o u s  c e n t e r s  assay .  The r e s u l t s  were 
compared t o  the  a b i l i t y  of normal human s k i n  f i b r o b l a s t s  and c l a s s i c a l  xeroderma pigmentosum 
s k i n  f i b r o b l a s t  c e l l  s t r a i n s  t o  s u p p o r t  t h e  growth of t h e  same u l t r a v i o l e t - i r r a d i a t e d  v i r u s .  
The d a t a  i n d i c a t e  d e f e c t i v e  h o s t - c e l l  r e a c t i v a t i o n  of W - i r r a d i a t e d  HSV-1 Mp in t h i s  s t r a i n  
o f  Bloom's Syndrome s k i n  f i b r o b l a s t s .  C l o n a l  s u r v i v a l  of t h i s  Bloom's s t r a i n  f o l l o w i n g  
u l t r a v i o l e t - i r r a d i a t i o n  appeared normal over  t h e  J o s e  r a n g e  s t u d i e d .  These d i s c r e p a n t  
r e s u l t s  i n d i c a t e  t h e  impor tance  of e x t e n s i v e  phenotypic  c h a r a c t e r i z a t i o n  of c e l l s  s u s p e c t e d  
of b e i n g  d e f e c t i v e  in aome r e p a i r  f u n c t i o n .  

Comparative Aspects of DNA Repair 

EXCISION REPAIR I N  CULTURED CELLS, Michael W .  Lieberman, Department o f  
Pathology, Washington U n i v e r s i t y ,  S t .  Louis,  M issour i ,  63110. 

The purpose o f  t h i s  workshop i s  t o  d iscuss  d i f f e r e n t  assays f o r  DNA r e p a i r  i n  c u l t u r e d  c e l l s .  
Al though exc i s ion  r e p a i r  i n  u l t r a v i o l e t  r a d i a t i o n  (UV)-damaged mammalian c e l l s  i s  one o f  the  
bes t  s tud ied  DNA r e p a i r  processes, impor tan t  d isc repanc ies  e x i s t  among pub l ished da ta .  
Whi le there  i s  general  agreement on the  broad o u t l i n e s  o f  t he  exc i s ion  r e p a i r  scheme, the  
ac tua l  data used t o  support  t he  model have o f t e n  d i f f e r e d  q u a n t i t a t i v e l y  f rom one another 
and have a t  t imes even appeared incons is tan t .  Thus, f o r  t h e  e x c i s i o n  o f  py r im id ine  dimers, 
d i f f e r e n t  l a b o r a t o r i e s  have repo r ted  d i f f e r e n t  r a t e s  o f  removal, and, f o r  r e p a i r  syn thes is ,  
d i f f e r e n t  ex ten ts  and du ra t i ons  have been repo r ted  a f t e r  t he  same UV dose. Not  sur-  
p r i s i n g l y ,  i n  some ins tances  r a t e s  o f  d imer removal and r e p a i r  syn thes is  have n o t  agreed. 
I n  add i t i on ,  r e l a t i v e l y  l i t t l e  a t t e n t i o n  has been pa id  t o  removal o f  non-dimer UV photo- 
products and t h e i r  c o n t r i b u t i o n  t o  r e p a i r  syn thes is .  
r e l a t e  t o  the  v a r i e t y  o f  methods a v a i l a b l e  t o  measure va r ious  aspects o f  t he  exc i s ion - repa i r  
process, inaccurac ies  i nhe ren t  i n  some o f  them, and d i f f e rences  i n  dose o r  s h i e l d i n g  due t o  
c e l l  overgrowth. Add i t i ona l  d isc repanc ies  may a r i s e  f rom u n c e r t a i n t i e s  r e l a t e d  t o  o the r  
aspects o f  t he  r e p a i r  process such as pa tch  s i z e  du r ing  the  r e p a i r  o f  d i f f e r e n t  types o f  
UV-induced damage and the  r e l a t i v e  d i s t r i b u t i o n  o f  UV photoproducts i n  d i f f e r e n t  reg ions  
o f  DNA and chromat in.  
some o f  t he  d isc repanc ies  o r  apparent d isc repanc ies  and t h a t  f rom t h i s  workshop w i l l  come 
some new approaches t o  the  problem o f  measuring e x c i s i o n  r e p a i r .  
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Par t  o f  these d isc repanc ies  may 

I t  i s  hoped t h a t  a d i scuss ion  o f  these issues  w i l l  he lp  reso lve  



UV ENOONUCLEASE-SENSITIVE SITE LOSS I N  CHINESE HAMSTER OVARY CELLS IRRADIATED WITH 07' LOW DOSES OF FAR- AN0 OF NEAR-UV RADIATIONS. 
Lohman, Medical  B i o l o g i c a l  Laboratory,'TNO, R i j s w i j k ,  Z. H., The Nether lands. 
*Current address: 
U n i v e r s i t y ,  Stanford,  C a l i f o r n i a  94305. 

R ichard  J. Reynolds* and Paul H. M. 

Labora tory  of Exper imental  Oncology, Oept. o f  Pathology, S tan ford  

A s e n s i t i v e  procedure f o r  t he  de tec t i on  and q u a n t i t a t i o n  o f  cyc lobu ty l  p ry im id ine  dimers i n  
mammalian c e l l  DNA has been repo r ted  by Paterson, e t  a l .  (1973).  The i r  assay r e l i e s  on the  
s p e c i f i c i t y  o f  endonuclease a c t i v i t i e s  f rom Micrococcus l u teus  and makes use o f  DNA sedimen- 
t a t i o n  through c a l i b r a t e d  a1 k a l i n e  sucrose g rad ien ts  f o r t h e e t e c t i o n  o f  s ing le -s t rand  breaks 
r e s u l t i n g  f rom endonuc leo ly t i c  i n c i s i o n s .  Through minor mod i f i ca t i ons  t h a t  a l l ow  t h e  i s o l a -  
t i o n  o f  l a r g e r  mo lecu la r  we igh t  DNA we have f u r t h e r  inc reased the  s e n s i t i v i t y  o f  t h i s  assay. 
The subs t ra te  s p e c i f i c i t y  o f  t he  mod i f i ed  assay was v e r i f i e d  by i n  v i t r o  pho to reac t i va t i on  
us ing  pho to reac t i va t i ng  enzyme p u r i f i e d  f rom Streptomyces g r i s e u c  More than 95:: o f  t he  UV 
endonuclease-sensi t ive s i t e s  induced e i t h e r  by f a r -  o r  by near-UV r a d i a t i o n s  were rendered 
i n s e n s i t i v e  t o  subsequent UV endonuclease a t tack  by p r i o r  pho to reac t i va t i on  t rea tment  in 
v i t r o .  

The mod i f ied  UV endonuclease-sensi t ive s i t e  assay has proven use fu l  f o r  s tud ies  on UV 
endonuclease-sensi t ive s i t e  l oss  i n  Chinese hamster ovary  c e l l s  i n  t i s s u e  c u l t u r e .  
i r r a d i a t i o n  o f  c e l l s  w i th  e i t h e r  1.2 o r  2.9 J m-' a t  254 nm the  numbers o f  UV endonuclease- 
s e n s i t i v e  s i t e s  were found t o  decrease a t  s low bu t  measurable r a t e s  f o r  up  t o  30 hours s f t e r  
i r r a d i a t i o n .  
a f t e r  i r r a d i a t i o n ,  reduc t ions  of  30 and 202 were found 24 hours a f t e r  i r r a d i a t i o n  w i t h  doses 
o f  1.2 and 2.9 J m-* a t  254 nm, respec t i ve l y .  
numbers of s i t e s ,  s i t e  l oss  was comparable bo th  i n  near- and i n  far-UV i r r a d i a t e d  c e l l s .  

REFERENCES: 

M. C. Paterson, P .  H. M. Lohman, M. L. S luy te r  (1973). 

A f t e r  t he  

R e l a t i v e  t o  the  numbers o f  UV endonuclease-sensi t ive s i t e s  de tec ted  immediately 

When compared a f t e r  t he  i n d u c t i o n  o f  s i m i l a r  

Muta t ion  Res. 19: 245-256. 

072 INTRODUCTION OF T4 EN00 V INTO FROZEN-THAI4EO MAMHALIAN CELLS FOR DETERMINATION OF 
REMOVAL OF UV INDUCE0 PHOTOPROOUCTS. A.A. van Zeeland* & C.A. Smith, Oept. o f  

B i o l o g i c a l  Sciences, S tan fo r  Univ., Stanfore.  CA 94305. The reduc t i on  o f  DNA s i n g l e  s t r a n d  
molecu la r  we igh t  by T4 endounuclease V has been used t o  eva lu te  removal o f  py r im id ine  dimers 
i n  b a c t e r i a l  systems i n  which the  endonuclease i s  in t roduced d i r e c t l y  i n t o  de tergent  permeab- 
i l i r e d  c e l l s  (1 ) .  
DNA, where it i s  l i m i t e d  by the  d i f f i c u l t y  o f  s i m i l a r  t o  t h a t  used w i t h  bac te r ia ,  i n  which 
c e l l s  a re  made permeable t o  T4 endo V by f reez ing  and thawing. 
enzyme a t  room temperature i n  the  presence o f  EOTA, c e l l s  a re  l y s e d  d i r e c t l y  a top  a l k a l i n e  
sucrose grad ien ts  which a re  cen t r i f uged  a f t e r  s tand ing  f o r  3 h r .  The r a d i o a c t i v i t y  p r o f i l e s  
o f  these grad ien ts  a l l o w  c a l c u l a t i o n  o f  s ing le -s t rand  number average molecu la r  we igh t  (Mn) 
o f  t he  DNA o f  c e l l s  l a b e l l e d  p r i o r  o r  sub equent t o  UV i r r a d i a t i o n .  I n  p r e l a b e l l e d  c e l l s ,  

c e l l s ,  frozen-thawed c e l l s ,  o r  u n i r r a d i a t e d  c e l l s  which a re  frozen-thawed and exposed t o  T4 
endo V. 
and exposed t o  adequate amounts o f  14  endo V. 
I n  V79 Chinese hamster c e l l s  t he  c a l c u  a ted  number o f  n i c k s  in t roduced by T4 endo V i s  a 

number o f  py r im id ine  dimers induced, determined by chromatographic a n a l y s i s  o f  a c i d  hydro lyzed 
DNA o f  c e l l s  exposed t o  25 and 50 J / d ,  leads t o  the  es t imate  t h a t  about 50% o f  t he  dimers a re  
endo s e n s i t i v e  s i t e s  i n  t h i s  assay. 
V was shown t o  con ta in  rough ly  the  expected number o f  a d d i t i o n a l  s i t e s .  
s i t i v e  s i t e  assay t o  f o l l o w  exc i s ion ,  V79 c e l l s  exposed t o  5 J/m2 UV showed a smal l  b u t  repro-  
duc ib le  l o s s  o f  s i t e s  (26% i n  24 h rs ) .  Ilt 5.5 h r .  a f t e r  UV, endo s e n t i t i v e  s i t e s  were de tec t -  
ed i n  newly-synthesized DNA, bu t  n o t  a t  23 h r  pos t  UV, suggest ing t h a t  t r a n s f e r  o f  endo sens i -  
t i v e  s i t e s  t o  daughter DNA occurs o n l y  a t  e a r l y  t i n e s  pos t  UV o r  t h a t  these observa t ions  r e -  
s u l t  f rom the  i nduc t i on  o f  endo s e n s i t i v e  s i t e s  i n  pa ren ta l  DNA o f  un f i n i shed  rep l i cons .  
system has a l s o  been employed t o  examine p o s t - r e p l i c a t i o n  r e p a i r  a f t e r  " induc ing"  UV doses. 
( 1 )  Ganesan, A Proc. Nat. Acad. Sc i .  U.S.A. 70:2756 (1973). 
* Now a t  t he  Oept. o f  Rad ia t ion  Genet ics and Chemical h t a g e n e s i s ,  S t  Univ.  o f  Leiden, THE 
NETHERLANDS. 

I n  s tud ies  wi th m a m l i a n  c e l l s ,  t he  technique has been app l i ed  t o  i s o l a t e d  

A f t e r  t rea tment  w i t h  t h e  

the  p r o f i l e s  yea ld  Mn's o f  about 2.5 x 10 B . The p r o f i l e s  a re  n o t  a l t e r e d  i n  UV i r r a d i a t e d  

l i n e a r  f u n c t i o n  o f  UV dose up t o  5 J/m 1 . Comparison o f  mo lecu la r  weights so ob ta ined  w i t h  the  

The p r o f i l e s  a re  a l t e r e d  and Mn's reduced when UV i r r a d i a t e d  c e l l s  a r e  f rozen-thawed 

DNA i s o l a t e d  from frozen-thawed c e l l s  exposed t o  T4 endo 
Using t h i s  endo sen- 

The 



073 REMOVAL OF T4 ENDONUCLEASE V SENSITIVE SITES AND PYRIMIDINE DIMERS FROM HUMAN CELLS 
EXPOSED TO LOW DOSES OF UV IRRADIATION. C .  A. Smith and A. A. van Zeeland*, Dept. 
of B io log ica l  Sc iences ,  S tanford  Univers i ty ,  S t an fo rd ,  C a l i f o r n i a  94305. 

T4 endonuclease V ,  in t roduced  i n t o  frozen-thawed mammalian c e l l 5  ( s e e  accompaning a b s t r a c t )  
recognizes  only about ha l f  t he  endonuclease s e n s i t i v e  si tes p resen t  i n  DNA p u r i f i e d  from 
i r r a d i a t e d  c e l l s .  To ensure  t h a t  loss of these  s i t e s  c o r r e l a t e s  w i th  pyrimidine dimer removal 
and not  changing f requencies  of s i tes  a c c e s s i b l e  t o  the  enzyme, and t o  provide  a p o s i t i v e  
con t ro l  f o r  t h e  r e s u l t s  w i th  V79 c e l l s ,  s imilar  s t u d i e s  were undertaken wi th  human c e l l s .  I n  
WI-38 d ip lo id  f i b r o b l a s t s  i r r a d i a t e d  wi th  5 J / m 2  UV, 33% o f  the  endo s e n s i t i v e  s i t e s  were 
removed a f t e r  6 h r  and 76% removed af ter  24 h r  incubat ion  pos t  U V .  To measure pyrimidine 
dimer removal d i r e c t l y ,  DNA from c e l l s  t r e a t e d  i d e n t i c a l l y  t o  those  used f o r  t he  assay  f o r  
endo s e n s i t i v e  s i t e s  was pu r i f i ed  by ve loc i ty  c e n t r i f u g a t i o n  through C s C l  of d e n s i t y  1 .4  g / m l  
t o  a she l f  of C s C l  of dens i ty  1 . 8  glml.  This removed contaminat ing  smal l  molecules and any 
s h o r t  o l igonuc leo t ides  s t i l l  con ta in ing  pyrimidine dimers,  i f  p re sen t .  Acid d i g e s t s  of  t h e  
p u r i f i e d  DNA were then analyzed by a modi f ica t ion  o f t h e  chromatographic system of Cook and 
Friedberg ( I )  i n  q u a n t i t i e s  g r e a t  enough t o  ensure  r e l i a b l e  de te rmina t ion  of  pyrimidine dimer 
conten t  a t  t hese  low dimer f r equenc ie s .  The r e s u l t s  showed t h a t  38% of the  pyr imidine  dimers 
were removed a f t e r  b h r  and 72% a f t e r  24 h r .  XPl2BE c e l l s  (complementation group A) showed 
l i t t l e  o r  no pyrimidine dimer removal i n  24 h r  fo l lowing  i r r a d i a t i o n  wi th  5 J/m2. 
The correspondence of t hese  r e s u l t s  i n d i c a t e s  t h a t  t he  assay  f o r  T4 endo s e n s i t i v e  s i t e s  does 
g ive  an  accu ra t e  r e f l e c t i o n  of t he  removal of pyrimidine dimers and a l s o  demonstrates t h a t  
those  endo s e n s i t i v e  si tes not  recognized by the  endonuclease i n  frozen-thawed c e l l s  do not  
r ep resen t  a s p e c i a l  class wi th  r e s p e c t  t o  k i n e t i c s  of removal. 
I t  should be noted t h a t  t he  r e s u l t s  from the  assay  f o r  endo s e n s i t i v e  si tes a l s o  demonstrates 
t h a t ,  a t  l e a s t  f o r  WI-38 and V79 c e l l s ,  s t a b l e  n i cks  a r e  not  put i n t o  the  DNA nea r  most o r  
a l l  of the  pyrimidine dimers immediately fo l lowing  t h e i r  format ion ,  s i n c e  t h i s  would have 
reduced the  molecular weight in i r r a d i a t e d  cells no t  t r e a t e d  wi th  the  endonuclease.  

( 1 )  Cook, K. H .  and Fr iedberg ,  E. C . ,  Anuly .  Biochern. 73:411-418 (1976).  

*Now a t  t he  Dept. of Radia t ion  Genet ics  and Chemical Mutagenesis,  S t a t e  Un ive r s i ty  of  Leiden, 
The Netherlands.  

b74 STUDIES ON THE M3LEcuLAR EEWISZS OF NUCLFOTIDE EXCISION REPATR IN W-TRRADIATED 
HUMAN CELLS. 
Laboratory of Experimental' Oncology, Department of Pathology, Stanford University, 
Stanford, California 94305. 

Ursula K. Ehmann, K e m  H. Cook, Jon I .  Williams and Errol C. Friedberg, 

In nonnal human diploid cells most unscheduled DNA synthesis occurred within the first 4 - 5  
hours after inadiation with W light. The loss of thymine-containing pyrimidine dimers from 
the acid precipitable DNA of these cells did not occur until later; little, if any, taking 
place within the first 6 hours after irradiation. The discrepancy of the timlng of these two 
events is the subject of our investigation. This apparently late removal of dimers is not an 
artifact of measuring TCA precipitates of cells which might include excised, dimer-containing 
oligonucleotides which are long enough to tie ,acid precipitable. 
thymine dimer excision on high molecular weight DNA from which short, supposed dimer-contain- 
ing excised oligonucleotides would have been excluded. 
such high molecular weight DNA were the same as the kinetics measured with whole cell precipi- 
tates. Furthermore, the kinetics of removal of pyrimidine dimers measured by dimer assays of 
isolated celllilar chromatin was the same as measured in whole cell precipates. We are pre- 
sently testing the hypothesis that, after endonucleolytic incision, repair replication fills 
in the gaps at the sites of dimers before exonucleolytic excision of the dimers actually takes 
place. Other possible explanations for the discrepancy etween the times of unscheduled DNA 
synthesis and dimer removal are that the high levels of &-thymidine prelabel necessary for 
measuring the dimer loss kinetics interfere with the removal of dimers from the DNA, or that 
unscheduled DNA synthesis is not related to the cellular process of dimer removal. The kin- 
etics of the loss of thymine dimers from the acid-insoluble fraction of xerodenna pigmentosum 
variant cells is indistinguishable from that of nonnal cells. No significant loss of dimers 
was detected following W irradiation of xerodenna pigmentosum cells from complementation 
groups A or D. 

We tested this by measuring 

The kinetics of dimer removal from 
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075 BIOLOGiCAL AND BIOCHEMICAL kVIUENCE THAT DNA REPAIR PROCESSES I N  NORMAL HUMAN CELLS 
ACT TO RtDUCE THE LtTHAL AND MUTAGENIC EFFECTS OF EXPOSURE TO CARCINOGENS. V.  M. 
Maher, 0. J. Dorney. H. H. Hc f l i ch .  J. W. Levinson, A. Mendrala and J. J. McCormick. 
Carcinogenesis Laboratory,. C.O.M. Michigan State Univers i ty .  Lansing, M I  48824. 

Our studies comparinq the c y t o t o x i c i t y  and mutagenicity o f  UV i n  c e l l s  from normal persons o r  
from c lass i ca l  XP na t i en ts  demonstrate t h a t  normal c e l l s  possess a remarkable capaci ty  f o r  ex- 
c i s i o n  o f  UV-induced damage which can reduce the p o t e n t i a l l y  l e t h a l  and mutagenic e f f e c t s  o f  
UV. The r e l a t i v e  slopes o f  the su rv i va l  and induced mutation frequency curves as a func t i on  
o f  dose r e f l e c t  the exc is ion canaci ty  o f  the d i f f e r e n t  s t ra ins .  When the frequency o f  muta- 
t i o n s  i s  analyzed as a func t i on  o f  the cy to tox i c  e f f e c t  i n  these s t ra ins ,  i t  i s  approximately 
the same f o r  a l l ,  suqgesting t h a t  they handle les ions remaining unexcised i n  t h e i r  DNA i n  a 
comnarable manner. We compared the c y t o t o x i c i t y  o f  a se r ies  of reac t i ve  de r i va t i ves  o f  chemi- 
ca l  carcinoqens i n  these s t r a i n s  t o  determine which show a greater  cy to tox i c  e f f e c t  i n  XP than 
i n  normal. 
observed f o r  N-acetoxy-2-acetytaminoflourene. -biphenyl, -phenanthrene, and - s t i  lbene; "K- 
reqion" epoxides o f  benzo(a)pyrene(BP 1, benz(a)anthracene(BA), 7.12-dimethybenz(a)anthracene, 
and dibenzanthracene; two isomers o f  8P 7.8-dlol-9,lO-oxide and two 7-bromomethyl de r i va t i ves .  
No such d i f f e r e n t i a l  was observed w i t h  N-methyl-N'-nitro-N-nitrosoguanidine, N-methy1-N'- 
nitrosourea, o r  methyl methanesulfonate. Each agent which caused d i f f e r e n t i a l  su rv i va l  a l so  
Droduced s i t e s  i n  DNA suscept ib le  t o  the ac t i on  o f  s ing le-s t rand s o e c i f i c  endonuclease S1. 
These data suggest t h a t  each produced loca l i zed  d i s t o r t i o n s  i n  the h e l i x  which are recognized 
by the exc is ion process. 
9-10-oxide caused no decrease i n  surv iva l .  A t  h igher  doses, the c y t o t o x i c i t y  o f  the d i o l -  
epoxide increased sharply. t h a t  o f  the Bp 4.5-oxide m r e  gradually. 
tested f o r  mutaaenicity, ne i the r  induced mutations a t  non-toxic doses. A t  h iqher  doses, the 
mutation frequency o f  the diol-epoxide increased rap id l y ,  t h a t  o f  the 4.5-oxide l ess  r a p i d l y .  
However, when the frequencies induced i n  normal c e l l s  and i n  XP c e l l s  by these compounds, as 
wel l  as the "K-region" eooxides o f  DHBA and DBA. were analyzed as a f unc t i on  o f  the cy to tox i c  
e f f e c t ,  a l l  were comparable. 
aotency and produce d i f f e r e n t  carcinoqen-DNA adducts, the c e l l u l a r  processes u l t i m a t e l y  res- 
ponsible f o r  the c y t o t o x i c i t y  and mutagenicity o f  these agents handle them i n  a comparable 
manner. To measure exc is ion repai r .  we exnosed conf luent  cu l tu res  o f  normal c e l l s  t o  N-AcO- 
AAF (2.2 - 71.4uM), BP 4.5-oxide 8-280ut!), Bp 7,8-diol-9.1O-oxide (2-70uM) f o r  2 h r  o r  t o  
UV (0.5-40 J/H2) 
Exc is ion could be detected f o r  N-AcO-AAF as low as 2.2uM (37% s u r v i v a l )  bu t  f o r  BP4,5-ox;de 
not u n t i l  extremely t o x i c  doses (70uM). 
(Supported by N C I  Grants CA 21247 and 21253). 

D i f f e r e n t i a l  c e l l  k i l l i n g  r e f l e c t i n g  the  UV-excision capaci ty  o f  the s t r a i n s  was 

Exposure o f  n o m l  c e l l s  t o  low doses o f  BP 4,5-oxide o r  BP 7,E-diol- 

When these compounds were 

This suggests t h a t  although these metaboli tes d i f f e r  i n  t h e i r  

fol lowed by SH-TdR-BrdUrd incorporat ion and a l k a l i n e  CsCl gradients  

076 DNA REPAIR I N  DIFFERENTIATION Chev Kidson, Llepartment o f  Biochemis t ry ,  

There are t w o  sense's  i n  which,DNA r e p a i r  sys tems cou ld  be  r e l a t e d  to c e l l  
d i f f e r e n t i a t i o n :  a l t e r a t i o n s  i n  r e p a i r  c a p a c i t i e s  concomi tan t  w i t h  changing  
developmental  state and direct dependence o f  d i f f e r e n t i a t i o n  on r e p a i r  as such  
t o  e f f e c t  or s t a b i l i z e  p a r t i c u l a r  p a t t e r n s  o f  gene e x p r e s s i o n .  
Some d a t a  have been i n t e r p r e t e d  a8 p r o v i d i n g  ev idence  f o r  t h e  f i r s t  o f  t h e s e .  
Thus t h e r e  are r e p o r t s  o f  reduced  a b i l i t y  to  r e p a i r  some types  o f  DNA damage 
i n  t e r m i n a l l y  d i f f e r e n t i a t e d  cells such  as myotubes and  neurons  compared w i t h  
p r o l i f e r a t i n g  cel l  popu la t ions .  Here, however, t h e  c e s s a t i o n  o f  DNA 
r e p l i c a t i o n  c l e a r l y  c o n s t r a i n s  b o t h  t h e  nunber o f  p o s s i b l e  r e p a i r  modes and 
t h e  t e c h n i c a l  f e a s i b i l i t y  o f  t h e i r  measurement. I n  neuroblas toma cells which 
have a c a p a c i t y  f o r  r e v e r s i b l e  d i f f e r e n t i a t i o n  t h e r e  is a s u g g e s t i o n  t h a t  t h e  
i n d u c t i o n  o f  some r e p a i r  modes is l i n k e d  t o  t h e  o v e r a l l  d i f f e r e n t i a t i o n  
p a t t e r n s .  The anomal ies  s e e n  in t h e  nervous  and immune sys t ems  i n  some human 
r e p a i r  mutants  s u g g e s t  t h a t  t h e r e  may b e  e s s e n t i a l  roles f o r  c e r t a i n  r e p a i r  
enzymes i n  normal embryonic development q u i t e  a p a r t  from t h e i r  roles i n  coping  
wi th  e x t r i n s i c a l l y  g e n e r a t e d  DNA damage. 
The e x t e n s i v e  chopping of DNA i n t o  f ragments  which o c c u r s  i n  c e r t a i n  c i l i a t e  
p ro tozoa  d u r i n g  macronucleus format ion  c o n s t i t u t e s  a major r equ i r emen t  f o r  
r e p a i r  r e l a t e d  sys tems.  F u r t h e r ,  ev idence  o f  gene t r a n s p o s i t i o n  d u r i n g  
d i f f e r e n t i a t i o n  s u c h  as o c c u r s  a t  immunoglobulin and o t h e r  l oc i ,  i n d i c a t e s  
t h a t  i n c i s i o n  and  recombina t ion  phenomena are e s s e n t i a l  f o r  t h e  p roduc t ion  and 
s t a b i l i z a t i o n  o f  some developmenta l  c h a r a c t e r i s t i c s .  I t  seems l i k e l y  t h a t  
c u r r e n t l y  a v a i l a b l e  ev idence  r e p r e s e n t s  o n l y  t h e  t i p  o f  t h e  i c e b e r g  w i t h  
r e s p e c t  to  t h e  impor tance  o f  gene movement and  t h e  a s s o c i a t e d  r equ i r emen t  f o r  
a p p r o p r i a t e  r e p a i r  sys tems i n  r e l a t i o n  t o  some f a c e t s  o f  development and 
d i f f e r e n t i a t i o n .  J u s t  how ub iqu i tous  such  e v e n t s  are and t h e  n a t u r e  o f  t h e  
gene f u n c t i o n s  concerned  i s  o f  g r e a t  i n t e r e s t  i n  r e l a t i o n  t o  t h e  
consequences o f  mutant r e p a i r  sys tems concerned  t h e r e w i t h .  

U n i v e r s i t y  o f  Queens land ,  Br i sbane  4067 ,  A u s t t a l i a  
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England. 

The growth o f  human d i p l o i d  f i b rob las ts  through numerous sub-cultures i s  i nva r iab l y  fol lowed 
by senescence, degeneration and f i n a l l y  death o f  the whole c e l l  populat ion. 
t ha t  the senescent phase o f  growth i s  associated w i th  a number o f  genetic changes, i nc lud ing  
a r i s e  i n  po lyp lo idy and chromosome abnormali t ies, an increase i n  somatic mutation frequency, 
a reduction i n  repa i r  capacity and a dec l ine i n  the a c t i v i t y  and f i d e l i t y  o f  DNA polymerase. 
It i s  u n l i k e l y  t h a t  these changes are the r e s u l t  o f  a gradual accumulation o f  recessive gene- 
t i c  defects throughout the l i fespan,  since t e t r a p l o i d  f i b rob las ts  have the same longevi ty  as 
d i p l o i d  ones. Moreover, rad ia t i on  treatment has n o t  been shown t o  have any dramatic l i f e -  
shortening e f f e c t .  I t  i s  m r e  l i k e l y  tha t  the accumulation o f  genetic damage dur ing sene- 
scence i s  the f i n a l  consequence o f  o ther  changes which occur over a long per iod o f  f i b r o b l a s t  
growth. 
i n t o  the major pathways o f  macromolecular synthesis, leading f i n a l l y  t o  a breakdown i n  the 
accuracy o f  information t rans fe r  between such molecules. According t o  t h i s  hypothesis, gene- 
t i c  damage can be a major cause o f  c e l l  death, but  i t  i s  not  the underlying cause o f  the 
process o f  ageing. 

THE RELATIONSHIP BETWEEN CELLULAR AGEING AND GENETIC DEFECTS. R. Ho l l  i day, 
Genetics Div.,  National I n s t i t u t e  f o r  Medical Research, M i l l  H i l l ,  London NW7 I A A ,  

I t  has been shown 

One p o s s i b i l i t y  i s  t ha t  spontaneous errors  i n  the synthesis o f  prote ins feedback 

Chemical Damap and Mutapnesis in Mammalian Systems 

078 CELL KILLING AND WTAGWESIS I N  REPAIR DEFECTIVE CULTURED HUWN CELLS, 
C o l i n  F. A r l e t t ,  MRC C e l l  M t a t i o n  U n i t ,  U n i v e r s i t y  of %ssex, P a l m e r ,  B r i g h t o n  
EN1 990, Eng land .  

C e l l s  f rom xe rode rma  pigmentosum p a t i e n t s  are S e n s i t i v e  t o  254 nm U V  l i g h t  when a s s a y e d  i n  
terms o f  ce l l  k i l l i n g  or t h e  i n d u c t i o n  o f  6 - t h i o g u a n i n e  r e s i s t a n t  m u t a n t s .  Such cells  are 
d e f e c t i v e  i n  e i t h e r  e x c i s i o n  or p o s t - r e p l i c a t i o n  r e p a i r ( 1 )  a n d  t h u s  s u p p o r t  t h e  c o n c e p t  t h a t  
m u t a n t s  and  cancer arise as a c o n s e q u e n c e  o f  m i s t a k e s  m i r i n g  repair. C e l l s  f rom Bloom’s syn-  
d rome(2 )  and  Cockaynes  s y n d r o m e ( 3 )  are a l s o  s e n s i t i v e  to  W l i g h t  for c e l l  k i l l i n g  b u t  h a v e  
no known d e f e c t s  i n  r e p a i r ,  t h u s  t h e  e x i s t e n c e  of  u n d e f i n e d  repair p r o c e s s  m u s t  b e  arknow- 
l e d g e d .  No d a t a  are a v a i l a b l e  f o r  m u t a g e n e s i s  w i t h  t h e s e  syndromes  h u t  in c e l l s  f rom a n  
u n c l a s s i f i e d  s u n - s e n s i t i v e  c h i l d ( 4 )  w i t h  similar s e n s i t i v i t y  f o r  c e l l  k i l l i n g  a n d  a g a i n  no 
d e f e c t s  i n  repair p r o c e s s e s ,  enhanced  m u t a t i o n  f r e q u e n c i e s  are o b s e r v e d .  

examined to d a t e  have  e x h i b i t e d  enhanced  s e n s i t i v i t y  for ce l l  k i l l i n g  by i o n i z i n g  r a d i a t i o n ( 5 1  
Some b u t  n o t  a l l  o f  t h e s e  s t r a i n s  are d e f e c t i v e  i n  a n  e n d o n u c l e a s e  s p e c i f i c  f o r  Y-ray i n d u c e d  
b a s e  damage(6) .  C e l l s  from 110th classes are hypomutab le  when a s s a y e d  f o r  6 - t h i o g u a n i n e  
resistant m u t a n t s  a f t e r  Y i r r a d i a t i o n .  T h i s  r e s u l t  may mean t h a t  t h e s e  cells are l a c k i n g  a n  
e r r o r  prone repair process. An a l t e r n a t i v e  e x p l a n a t i o n  is that Y r a y  muta t  i o n s  a t  t h e  
HGPRT l o c u s  r e p r e s e n t  d e l e t i o n  e v e n t s  w h i r h  p r o v e  to  he l e t h a l  m u t a t i o n s  in  AT r e l l n .  

1 Lehmann, A. R., K i r k - B e l l ,  S., Arlett ,  C. F. .  P a t e r s o n .  M. C.. Lohman, P. H. Y. ,  d e  Weerd- 

2 G i a n n e l l i  F. Benson ,  P. F . ,  Pawsey,  S. A., and P o l a n i ,  P. E. Nature. 3 6 5 .  166-469 ( 1 9 7 7 ) .  
3 k l i m i c k e l ,  R. D., Chu ,  E. H. Y .  and  T r o s k o ,  J .  P e d i a t r i c s .  60, 135-330 (1977) .  
4 A r l e t t ,  C. F.. Lehmann, A .  R . ,  G l a n n e l l i ,  F .  a n d  Ramsay, C. A .  J ”  I n v e s t .  Dern la to l .  

6 T a y l o r ,  A. Y. R., H a r n d e n ,  D. G. ,  A r l e t t ,  C. F., H a r c o u r t ,  S. A , ,  Lehmann, A ,  R . ,  S t e v e n s ,  

6 P a t e r s o n ,  M. C., S u l t h .  8 .  P., K n i g h t ,  P. A. a n d  A n d e r s o n ,  A .  K. P r o c e e d i n g s  01‘ t h e  

I n  t h e  r a d i a t i o n - s e n s i t i v e  syndrome ,  a t a x i a  t e l a n g i e c t a s i a  (AT), a l l  cel l  s t r a i n s  

K a s t e l e i n ,  E. A .  a n d  Rootsma, D. Proc.. Nat l .  Acad.  Sc i .  U.S., 72,  239-223 (1975) .  

( i n  p r e s s ) .  

S. and B r i d g e s ,  8. A. Nature 258, 427-429 (1975) .  

S e v e n t h  I n t e r n a t i o n a l  C o n g r e s s  o f  P h o t o h i o l o g y .  London, Academic Prpss ( i n  p r p s s ) .  
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Young, I n s t i t u t e  o f  Cancer Research, Pol lards Wood Research Station, Chalfont S t .  Giles, 
Bucks., U.K., "NCI  Frederick Cancer Research Center, Frederick, M., USA. 
H a m l i a n  c e l l s  survive treatment w i t h  7-MBA both by exc is ing lesions in  DNA and by circum- 
venting unexcised lesions dur ing DNA r e p l i c a t i o n  by a caf fe ine-sensi t ive mechanism. 
are several ind icat ions that  the exc is ion repa i r  process(es) t h a t  remove(s) a r y l a l k y l  
fesidues from mamnalian c e l l  DNA d i f f e r s  from that  which removes UV i r r a d i a t i o n  induced 
thymine dimers. F i r s t l y .  a r y l a l k y l  residues un l i ke  thymine dirners are excised w i t h  near ly  
equal e f f ic iency f ran both rodent and human c e l l s  (1). Secondly an enzyme ext ract  from M. 
luteus t h a t  incises DNA fran UV-irradiated c e l l s  does not s i m i l a r l y  i nc i se  DNA from 7-BHm 
treated ce l l s .  
exhibited r e l a t i v e l y  d i f f e ren t  exc is ion repa i r  and surv iva l  responses fo l lowing UV i r r a d i a t -  
ion on the one hand o r  treatment w i t h  7-bromomethylbenz(a)anthracene on the other. 
w h i l s t  i n  the normal foeta l  lung c e l l s  and var iant  XP c e l l s  the r a t i o  o f  hydrocarbon adenine 
adduct t o  hydrocarbon guanine adduct remaining i n  DNA decreased notably  w i t h  excision, t h i s  
r a t i o  d i d  not change s i g n i f i c a n t l y  w i t h  exc is ion i n  t h i s  p a r t i c u l a r  XP c e l l  l i ne .  The pre- 
f e r e n t i a l  loss o f  adenine damaged residues i n  normal and XP va r ian t  c e l l s  was s i m i l a r  t o  that  
observed i n  Chinese hamster and HeLa c e l l s  (1). This same select ive exc is ion has been ob- 
served i n  v i t r o  by an endonuclease I I  preparation which remves t h i s  type o f  damage through 
an 1-glycosidase a c t i v i t y  (2). This suggests t h a t  7-BHBA induced damage may be excised in  
mamnalian c e l l s  by an N-glycosidase rather  than a UV endonuclease. 
The r a t e  o f  DNA synthe7is and the r a t e  of elongation o f  DNA molecules was reduced i n  7-BMBA- 
t reated Chinese hamster c e l l s  r e l a t i v e  t o  those i n  untreated o r  caffeine-only t reated c e l l s  
(3 ) .  Post treatment incubation i n  the presence of caf fe ine p a r t i a l l y  reversed the decreased 
ra te  of DNA synthesis i n  7-BMBA t reated c e l l s  but had a marked fu r the r  decrease in  the r a t e o f  
elongation o f  DNA molecules. The s ize of nascent DNA synthesised during 3 hours under these 
condit ions approximated t o  the distance between a ry la l ky la t i ons  i n  the template DNA, suggest- 
ing that  a l l  adducts are circumvented by a caf fe ine sens i t i ve  so-called post r e p l i c a t i o n  
repai r  process ( 3 ) .  I n  add i t i on  t o  these e f f e c t s  on newly-synthesised DNA, ca f fe ine  a l so  in-  
duces the slow formation o f  breaks i n  template DNA (4). I t  i s  proposed that  a combination o f  
these e f f e c t s  o f  caffeine accounts fo r  i t s  a b i l i t y  t o  potent ia te the  cy to tox i c  and chromosune 
damaging e f f e c t s  o f  7-BHBA. 
1. 
2. D.H. K i r t i k a r .  A. Dipple t D.A. Goldthwait, Biochemistry.14, 5548 (1975). 
3. 
4. 

REPAIR OF 7-BROHD~ETHYLBENZ(a)ANTHRACENE (7-BHBA) DANAGED DNA I N  MAMMALIAN CELLS, 
John J. Roberts, Anthony Dipple, Frank Friedlos, " B i l l i e  A. HcCaw, and Susan 

There 

- 
Thirdly ,  a l i n e  o f  Xeroderma pigmentosum c e l l s  from complementation group C 

Moreover, 

Anthony Dipple t John J. Roberts, Biochemistry, l6, 1499 (1977). 

J.J. Roberts, F.Friedlos,H.W.van den Berg 6 D.J.Kirkland.i%m.-Biol.lnt.,x.265 (1977). 
Frank Fr ied ios & John J. Roberts, Mutation Res. ( in  press). 

080 L4CK OF EFFECT OF CAFFEINE POST TRUTWT ON UV AND Ms INDUCED MUTATION TO PURINE 
ANALOGUE RESISTANCE I N  V79 CHINESE HAMSTER CELLS, Margaret Fox and S. McMillan, 

Paterson Laborator ies ,  C h r i s t i e  Hospi ta l  and Holt Radium I n s t i t u t e ,  Manchester M20 9BX, U.K. 
Two d i f f e r e n t  experimental  p ro toco l s  have been used t o  measure k i n e t i c s  of mutation induc t ion  
a f t e r  EMS treatment and UV i r r a d i a t i o n .  
s e l e c t i v e  agents.  Se l ec t ion  o f  c e l l s  as minicolonies  using t h e  i n  s i t u  technique r e s u l t e d  i n  
c u r v i l i n e a r  dose response r e l a t i o n s h i p s  whereas when a respA.ezdhg technique w a s  used i .e.  
t h e  s e l e c t i v e  agents  were app l i ed  t o  s i n g l e  c e l l s ,  l i n e a r  induct ion k i n e t i c s  were observed. 
A number o f  a r t e f a c t s  con t r ibu t ing  t o  the  non-linear response obtained with t h e  i n  s i t u  
technique have now been i d e n t i f i e d .  

The hypothesis  that mutants a r i s i n g  i n  heterogeneous co lon ie s  would be l o s t  as a r e s u l t  of 
metabolic co-operation when i n  s i t u  s e l e c t i o n  is used, was t e s t e d  by comparing i n  s i t u  
and r ep la t ed  frequencies  wit- same experiment a f t e r  mutagenising s i n g l e  c e l l s .  
Contrary t o  expectat ion,  i n  s i t u  f requencies  exceeded r e p l a t e d  frequencies .  Thus, t h e  
majori ty  of mutants must a r i s e  i n  homogeneous colonies ,  i.e. they must be t h e  r e s u l t ,  as 
a r e  chromatid and chromosome abe r ra t ions ,  of damage t o  both s t r a n d s  of t h e  DNA hel ix .  
account f o r  l i n e a r  induct ion k i n e t i c s  however i n i t i a l l y  s i n g l e  s t r and  even t s  must be 
cohvcrted t o  double s t r a n d  events  at a constant  p r o b a b i l i t y  wi th  inc reas ing  dose. 

Post-treatment exposure t o  ca f f e ine ,  markedly po ten t i a t ed  c e l l  k i l l i n g  by both mutagens, 
but  had no e f f e c t  on t h e  frequency of induced mutants i n  t h e  presence of e i t h e r  s e l e c t i v e  
agent  using e i t h e r  protocol .  
t o  double s t r a n d  events  (by slowing post-treatment gap f i l l i n g )  ca f f e ine  enhences 
chromosome damage and c e l l  k i l l i n g .  
f requencies  the re fo re  suggests  that t h e  l e s i o n s  r e s u l t i n g  i n  mutat ions d i f f e r  e i t h e r  i n  
t h e i r  na tu re  o r  mode of r e p a i r  from those  r e s u l t i n g  i n  l e t h a l  damage. 

Both 8-amguanine and 6-thioguanine were used a s  

To 

I n  al lowing a higher  frequency of conversion of s i n g l e  s t r a n d  

The l ack  of a ca f f e ine  e f f e c t  on induced mutant 
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m1 
I : .  Lansing, hlichigan 48824. 
The role of DNA damage in mutation fixation and carcinogenesis is well documented.' 
cally, many non-mutagenic chemicals, known to mpdify carcinogenesis, can modify (a) the 
amount o f  UNA damage; (b) the repair of that molecular damage; and (cj the expression of the 
genetic consequences of the DNA damage and its repair. Various non-mutagenic, tumor-modifying 
chemicals were tested for their effects on IJV-induced ouabain-resistant (oua') mutations. 
Those tested were shown to modify the frequency of mutations by affecting DNA repair pro- 
cesses o r  the expression of induced mutations. 

Treatment of  caffeine, harmane, o r  norharman immediately following IN irradiation signi- 
ficantly reduced the cell survival. The mutation frequency was increased with caffeine treat- 
ment hut reduced with harmane or  norharman treatment. Fractionation of UV-irradiation always 
increased the survival frequencies, but the mutation frequencies were either unaffected o r  
reduced. Treatment with cycloheximide between fractionated UV-irradiations resulted in two 
types of effects. Long exposure to cycloheximide (i.e., > 6 hr) always resulted in reduced 
survival and enhanced or unchanged mutation frequency. 
short fractionation regime (i.e., 4 hr) tended to give the opposite effects. The results 
suggest the presence of an error-free and error-prone post replication repair mechanisms in 
mammalian cells. 

TPA, a powerful tumor promoter, increased the recovery of UV-induced ouar mutants. 
Similar effects were observed with papaverine or  insulin treatments. 
fluocinolone acetonide, dexamethasone, retinoic acid, caffeine and dibutyryl CAMP o n  the 
other hand. reduced the recovery of UV-induced oua' mutants when present on or after the inuta- 
tion expression time. These results suggest that many induced mutations can either be re- 
pressed o r  derepressed by agents which can alter cyclic AMP levels. The results also support 
the hypothesis that tumor initiation i s  due to a mutagenic event, while tumor promotion is 
the result of an epigenetic process involving cyclic nucleotide modulation of gene expression. 
Research was supported by grants from the National Cancer Institute (CA 13048-05, CA 21107-01). 

1. J . E .  Trosko and C.C. Chang, The role of mutagenesis in carcinogenesis, In Photochemical 

CHEMICAL J.fOUIFlCATION OF RADIATION-INDUCED MUTAGENESIS AND ITS ROLL: IN CARCINO- 
GENESIS, James E .  Trosko  and Chia-cheng Chang, Departpent of Human Development, 

Theoreti- 

Exposure to cycloheximide in the 

Antipromoters, such as 

and Photobiological Reviews, Vol. 3 ,  (K.C. Smith, ed.), Plenum Press, in press. 

082 
Microbiology, University of Chicago, Chicago, Illinois 60637. 
DNA excision repair occurs by both nucleotide excision and base excision (apurinic) 
pathways. Only the apurinic repair pathway is characterized by the appearance of 
numerous breaks in the DNA, indicating that there are different limiting steps in 
the two pathways. We have reconstructed the apurinic repair pathway with enzymes 
from a human lymphoma cell line plus T4 DNA Iigase. This system repairs apurinic 
sites in T7 bacteriophage DNA and it appears that the limiting step is a reaction 
catalyzed by a 5'-3' exonuclease which removes dinucleotides and other products from 
incised DNA. 

The two excision repair pathways operate independently and a given cell type may 
be efficient for one but not the other. Since single compounds may react with DNA t o  
give lesions which are repaired by different pathways, it is not always possible to 
judge the nature of the pathway from the compound inducing repair. Furthermore, it 
is still not clear which pathway is followed in the removal of certain kinds of damaae. 
For example, it is not known which pathway is responsible for the removal of 0-6  
methyl guanine adducts from DNA nor is it understood why xeroderma cells are deficient 
in this reaction. 

Organisms need not remove lesions but rather may bypass the adducts. Benzpyrene 
residues are reported as absolute blocks to DNA polymerase I .  However, we find 
that cells treated with 3H-anti benzpyrene diolepoxide can replicate their DNA and 
that the 3H is found in the light strand of the resulting hybrid DNA. We think 
that this represents a bypass of the lesions and we suppose that the bypass occurs 
by a mechanism involving branch migration and not single strand gaps. However, 
most o f  the branch migration previously observed occurs in vitro in bromodeoxyuridine- 
containing DNA. 

This work was supported in part by grants from the NIH (GM 07816; CA 14599) and the 
ODE (EY-76-5-02-2040). 

RESPONSE OF MAMMALIAN CELLS TO CHEMICAL DAMAGE. Bernard Strauss, Kallol Bose, 
Manuel Altamirano-Dimas, Peter Karran and Kouichi Tatsumi. Department of 
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083 MAMMALIAN CELL MUTAGENESIS AS A BIOLOGICAL CONSEQUENCE OF DNA DAMAGE, J.  Justin 
McCormick and Veronica M. Maher, Carcinogenesis Laboratory, College of Osteopathic 
Medicine, Michigan State University. East Lansing, MI 48824. 

There i s  abundant evidence from studies canparing repair proficient ce l l s  with repair defi- 
cient ce l l s  that  DNA excision repair processes in bacteria can decrease the cytotoxic and 
mutagenic effect  of exposure to  U V ,  X-rays, 4NQO. alkylating agents, polycyclic aromatic corn 
pounds, mitomycin C. etc.  We have recently demonstrated that this i s  also true of excision 
repair in diploid human cells exposed to UV or t o  reactive metabolites of polycyclic hydro- 
carbons and aromatic amide carcinogens. We compared the percent survival (cloning ab i l i ty )  
and the frequency of mutations induced by UV in normal cells and in a series of xeroderma 
pigmentosun strains with different capacities for excision of UV damage. A d i s t inc t  shoulder 
was observed on the survival curve for the normally-excising ce l l s  which was absent for  the 
XP's and the relative slopes of the XP curves reflected the i r  capacity for  excision repair. A 
similar relationship was found for the frequency of mutations induced in these cells.  When 
the irradiated cells were prevented from dividing, b u t  allowed t o  excise for  various times 
post-irradiation, the lethal and mutagenic effects of UV were gradually eliminated not only 
in the normal cells b u t  also inXP's w i t h  residual excision capacity. This is  evidence tha t  
excision i s  not responsible for causing mutations. Rather, they result  from unexcised lesions 
in MIA. Whenhe mutation frequency was analysed as a function of the cytotoxic effect ,  there 
was no significant difference between the strains,  suggesting that they a l l  handle lesions 
remaining unexcised in a similar fashion. 
ble for -ce l l  kil l ing and for mutation induction are the same or , i f  different,  remain in a con- 
stant ratio in the MA even as excision i s  taking place. 

Evidence that i n  E. coli particular gene products are responsible for the induction of mu- 
tations caused by u n e x c m  lesions comes from elegant biochemical and biological experiments 
using a battery o f  repair deficient mutants. No such series i s  ye t  available in mmal ian  
cells.  The l a t t e r  may handle unexcised damage in a number of ways during DNA replication. e.g. 
by somehow inserting nucleotides across from non-instructive bases; by temporarily stopping 
replication on the damaged strand before reaching the lesion while continuing i t  on the oppo- 
s i t e  strand and then, by means of strand displacement, using the newly-replicated strand as a 
template; by physically exchanging the damaged portion of the parental strand fo r  part of a 
daughter strand; or by interrupting synthesis near the lesion and re-init iating i t  a t  a subse- 
quent s i t e ,  leaving a gap i n  the daughter strand t o  be f i l l ed  by de novo synthesis o r  by re- 
co&ination. We w i l l  review the supporting data for  the possible mechanisms and discuss the 
evidence for  and against each process being involved i n  the &chanism(s) of mamnalian cell  
mutagenesis. (Supported by Natl. Cancer Institute Grants CA 21247 and CA 21253.) 

Environmental Mutagens and Carcinogens 

The data also indicate that the lesions responsi- 

084 ENVIRONMENTAL CHEMICALS CAUSING CANCER AND GENETIC BIRTH DEFECTS: 
STRATEGY FOR MINIMIZING HUHRN EXPOSURE, Bruce N. Ams, Department o f  Biochemistry, 
Univevsi ty o f  Cdl i fornia.  Berkeley. CA 94720. 

DEVELOPING A 

Damage t o  OW appears t o  be the  cause o f  most cancer and genetic b i r t h  defects and may con- 
t r i b u t e  t o  aging and h a r t  disease as we l l .  A major p a r t  o f  t h i s  DNA damage i s  caused by 
env i romenta l  chemicals, both n a t u m l  and man made. k n y  m r e  chemicals w i l l  be added t o  the 
cur ren t  l i s t  of human carcinogens and mutagens. Since the  l a t e  1950s we have been exposed t o  
a f lood o f  chemicals-- f rm flame retardants i n  our ch i ld ren 's  pajamas t o  pes t ic ides  accumu- 
l a t i n g  i n  our body fa t - - tha t  were not tested f o r  carc inogen ic i ty  o r  mutagenic i ty before t h e i r  
use. I n  the past t h i s  problem has been la rge ly  ignored; even high-production chemicals, w i t h  
extensive humn exposure, have been produced f o r  decades without adequate carc inogen ic i ty  o r  
mutagenic i ty tests.  
them the  human populat ion i s  serving as the t e s t  animal. Because the 20- t o  30-year l a g  t ime 
fo r  chemical carcinogenesis i n  humans i s  almost over, the  incidence o f  cancer may increase 
steeply if too many of the thousands of new chemicals to which humans have been exposed t u r n  
o u t  t o  be [lowerful mutagens and carcinogens. 
cancer and genet ic b i r t h  defects o f  today (many o f  these are natural  conpounds present i n  our 
d i e t  as canplex mixtures) and t e s t  the many man-made chemicals t h a t  have been introduced i n t o  
the  environment i n  the l a s t  few decades. Ex is t ing  animal t e s t s  and human epidemiology alone 
are inadequate procedures fo r  t h i s  task fo r  a number o f  reasons inc lud ing  time, expense, and 
the d i f f i c u l t y  o f  deal ing w i t h  complex mixtures. 

and we have shown t h a t  almst a11 chemical carcinogens are mutagens. 
p e t r i  p l a t e  special  s t ra ins  o f  S o h e Z t n  bacter ia  (as ind ica tors  o f  reverse mutation) and 
nmmnalian I l v e r  hmmgenates (rodent o r  human autopsy--to provide m a m l i a n  metabolism). 
have va l ida ted  the  t e s t  fo r  detect ion o f  carcinogens as mutagens by t e s t i n g  over 300 chemicals 
and have reported t h a t  almost a l l  chemical carcinogens tested are mutagenic i n  t h i s  t e s t  
(1571175) and most "non-carcinogens" (95/108) are negative. A nunber o f  the  ' " fa lse pos i t i ves"  
generated by t h i s  study appear t o  be explainable as consequences o f  s t a t i s t i c a l  l i m i t a t i o n s  o f  
animal carc inogen ic i ty  tests.  
carcinogenv i n  complex mixtures (such as c i g a r e t t e  smke, water, a i r  po l lu t ion ,  food, and 
ur ine).  I t  i s  a lso  useful  i n  the  development o f  drugs and i n d u s t r i a l  chemicals where la rge  
numbers o f  chemicals must k screened. Most of the major drug and chemical c w a n i e s  i n  the 
w r l d  are now using the  t e s t  system. 

of them q u i t e  useful  f o r  society. and i t  i x  c l e a r l y  imprac t ica l  t o  ban thew a l l ,  y e t  f o o l i s h  
t o  ignore t h e i r  po ten t ia l  danger. 
of these chmica ls .  and t h i s  requires an assessmnt o f  human r i s k .  We have shown by the  
quant i ta t i ve  analysis of animal cancer t e s t s  t h a t  there i s  over a m i l l i o n - f o l d  range i n  the  
strength of carcinogens, and t h i s  knowledge. combined w i t h  knowledge on human exposure, may 
enable an assesrnent of humn r i s k  t o  be done i n  a more r a t i o n a l  .manner. Because few chemi- 
ca ls  (or mixtures) i n  the environment have been tested i n  animal cancer tests,  we need addi- 
t i o n a l  ways of obtaining informat ion as t o  the mutagenic and carcinogenic danger o f  chemicals. 
There appears t o  be a cor re la t ion  between mutagenic potency i n  SatmonelZa (and other short-  
t e r n  tes ts )  and carcinogenic potency. 
short- tern t e s t s  (many good ones have now been developed) k i l l  be able t o  be used as an a i d  
i n  hunan r i s k  assessment. 

A few o f  these chemicals are now being tested i n  animals, bu t  f o r  most o f  

We must i d e n t i f y  the agents t h a t  have caused the 

Over the l a s t  14 years we have developed a simple method f o r  iden t i f y ing  chemical mutagens. 
This t e s t  combines on a 

We 

The t e s t  i s  p a r t i c u l a r l y  useful  fa r  the detect ion of mutagens1 

we are exposed t o  a very la rge  number o f  chemicals t h a t  are mutagens and carcinogens, many 

We must have some way of s e t t i n g  p r i o r i t i e s  fo r  regu la t ion  

Thus i t  appears l i k e l y  t h a t  potency i n  a ba t te ry  of 
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Repairable Damage in DNA 
SEROLOGIC ASSAY OF DNA BASE DAMAGE, Hazel L. Lewis and John F. Ward, Lab. of 
Nuclear Medicine and Radiation Biology, Univ. of Calif., Los Angeles, 90024. 085 

We have developed assays for several ionizing radiation products, W induced pyrimidine 
dimers, and ethylnitrosourea produced 06-ethylguanosine. 
hydroxymethyluracil (HMU), an ionizing radiation product of thymine, has been used to detect 
product within single stranded DNA at relatively low doses. 
after enzymatic hydrolysis of DNA to demonstrate the validity of the method for quantitatlon 
wlthin the polymer. 
HMUdR decreased cross reaction with thymidine relative to HMUdR from a 4 x 10' fold to 10 
fold difference. 
An assay for 8.5' cycloadenosine, an irradiation product of 5 '  AMP has enabled us to 

quantitate product in irradfated solutions of adenosine, deoxyadenosine, and DNA. 
product formed in these materials was not feasible by chemical procedure. 
Whiteshell Nuclear Research EstabJfehed Canada). 

UV lesions. (With L. McConlogue, UCLA). Kinetics of removal uf.lesions by this method 
agrees with published rezults in HeLa cell excision repalr studies. 

Berkeley) which are extremely sensitive and specific. 
guanosine or N'ethylguanosine . 

A phage neutralization assay for 

Product was also determined 

A "competitive" method i n  which antiserum was absorbed In the presen e of E 

Assay of 
(With J.A. Raleigh, 

4 radioimmune assay utilizing 

We have recently prepared antibodies to 06ethyl guanosine. 

I labeled DNA has been developcd for the quantithtion of 

(With R. Goth-Goldsrein, UC 
There is no cross reaction with 

This work was supported by USPH Grant lkA13437 and U.S.  Dept. of Energy. 

086 
A number of  chemical carclnogens i n t e r a c t  w i t h  DNA t o  y i e l d  m u l t i p l e  reac t i on  products, some 
o f  which are more l i k e l y  t o  induce mutagenic o r  carcinogenic events. 
r e p a i r  processes se lec t i ve l y  remove c e r t a i n  adducts. techniques which can quan t i t a te  spec i f i c  
react ion products and assqy t h e i r  removal must be developed. 
( R I A )  has been u t i l i z e d  t o  study the i n te rac t i ons  of  the carcinogen N-acetoxy-2-acetylamino- 
f luorene (N-Ac-AAF) w i t h  DNA. Previous studies have shown t h a t  the major fi v i vo  and i n  v l t r o  
adducts formed are N-(deoxyguanosln-8-yl)-2-acetylami no f l  uorene (dG-8-AAF) andJ;(deoxEu= 
sin-N2-yl )-2-acetylaminofluorene (dG-N2-AAF) which occur i n  about 80% and 20% incidences 
respectively. I n  v i vo  a substant ia l  amount o f  the C-8-substi tuted adduct i s  i n  the deacety- 
l a ted  form. dG-FAT;-;ind both C-8 adducts can be removed, presumably by DNA repai r .  wh i l e  
the N2-derivative pers is ts .  I n  the present study rabb i t s  were immunized w i t h  dG-8-AAF 
conjugated t o  bovine serum albumin. The r e s u l t i n g  antiserum contained antibodies t o  both IS- 
8-AAF and dG-8-AF wtrich cross-reacted t o  a l low detect ion o f  0.5 pmoles o f  t o t a l  C-8 adduct by 
R I A  using 3H-dG-8-AAF. As l i t t l e  as 0.15 pmoles of  dG-8-AF could be determined alone using 
3H-dG-8-AF i n  the R I A .  The whole antiserum recognized ind i v idua l  nucleosides o r  AAF-deriva- 
t i v e s  only above 2000 pmoles. and dG-N2-AAF above 200 pmoles. When cu l tu red  c e l l s  were ex- 
posed t o  
OM. This l eve l  i s  s u f f i c i e n t l y  h igh t o  a l low f o r  assqy of  spec i f i c  removal o f  C-8 adducts 
w i  t h  time a f t e r  exposure t o  the carcinogen, and preparat ion o f  m u l t i p l e  s p e c i f i c  antibodies 
should al low f o r  the study o f  the removal o r  persistence of  each reac t i on  product. 

A RADIOIMMUNOASSAY FOR CARCINOGEN-DNA AODUCTS. P o i r i e r ,  M.C.. Oubin, M.A. and Yuspa, 
S.H. National I n s t i t u t e s  o f  Health, Bethesda, MD 20014 

To determine whether 

To t h i s  end radioinnunoassay 

M N-Ac-AAF f o r  1 h r ,  7-16 pmoles o f  C-8 adduct were detected per  100 pgm o f  

087 ENDONUCLEASE PROBES OF NON-S-DEPENDENT CLASTOGEN-DNA INTERACTION PRODUCTS, J .E .T .  
Kalley and M.A Bender, Medical Research Center, Brookhaven National Laboratory, 
Upton, NY 11973 

Characterization of the products of interaction of DNA with chemical clastogens can be used 
t o  test models of chromosome aberration production. 
action are assayed by agarose gel electrophoresis of PM2 DNA which allows strand breakage to  
be detected. Bleomycin (BLM) , streptonigrin (STN) , neocarzlnostatin (NCZ), adriamycin (ADM) 
and 8-ethoxycaffeine (E0C)were selected for study on the basis of evidence that they could 
produce clastogenic effects independently of DNA synthesis, whereas most chemical clastogens 
appear t o  act in an S-dependent manner. Current models of chromosome aberration formation 
by non-S-dependent clastogens predict that these compounds act: 1) directly on DNA t o  pro- 
duce strand breaks; 2) by producing structural alterations in DNA which are unstable and 
which generate strand breaks by secondary, nonenzymatic processes; or 3) by forming lnter- 
action products with DNA which are endonuclease-sensitive sites. Direct DNA strand scission 
by BLM. STN and NCZ has been reported and these compounds produce strand breaks in DNA in 
this assay whereas, ADM, EOC and Ara-C do not. These unnicked Interaction products could 
contain endonuclease-sensitive sites and preliminary results Indicate that ADM treated PM2 
DNA is nicked by Hicrococcus lureus extract (MLE). Data pertaining t o  EOC treated DNA 
assayed with MLE, partially purified Micrococcus endonucleases and S1 nuclease will also be 
presented. 

The effects of clastogen-DNA inter- 
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088 
T4 endonuclease V has become an important biochemical probe for identifying and quantifying 
UV-induced pyrimidine dimers in DNA because it produces single strand nicks adjacent to dimers. 
To complement studies that have characterized the incising properties of T4 endo 8 ,  we have 
developed a nitrocellulose filter assay to investigate the DNA binding properties of the en- 
zyme. In our standard incubation conditions of 3 minutes at O°C in a 0.3011 reaction volume 
containing lOOmM NaC1, IOmM Tris. lOmM EDTA (pH 8) and 25-200ng radioactive DNA, T4 endo V 
rapidly forms a specific complex with W-irradiated DNA which can be partially stabilized with 
concentrated saline citrate. the stop buffer. That the binding activity we observe is due to 
T4 endo V is supported by two lines of evidence: (1) Mg-independent, W-specific DNA binding 
activity is present in crude lysates of E. 
type), T4amN82 and T4arnNB2-rPTB-nd28~6 (both endo V+), but this activity is absent in lysates 
of uninfected cells or cells infected with T4Vl (endo V-1.  (2 )  The binding activity co-chro- 
matographs with Mg-independent, pyrimidine dimer-specific nicking activity through DEAE cel- 
lulose and phosphocellulose. The amount of DNA-enzyme complex retained on filters is propor- 
tional to W dose, DNA and enzyme concentration, and concentration of the saline citrate stop 
buffer. Sodium cyanide added to the stop buffer reduces the rate of dissociation of the fil- 
ter bound complex. Because of its specificity and simplicity, the bindine assay has been used 
to detect T4 endo V activity in crude lysates and to monitor its purification. 
association and dissociation constants obtained from the binding assay may help elucidate the 
mechanism by which T4 endonuclease V recognizes and binds to pyrimidine dimers. 

DNA BINDING PROPERTIES OF T4 ENDONUCLEASE V. P. C. Seawell, T. J. Simon and A. K. 
Ganesan, Dept. of Biological Sciences, Stanford University, Stanford, CA 94305 

infected with the bacteriophages T4D (wild 

Furthermore, 

089 
Radiation and chemical can alter DNA structure by producing DNA strand breaks, base damage, 
or distorting the conformation of the helix. 
phoretic or sedimentation procedures and damage specific endoONases are useful tools for iden- 
tifying some types of base damage. We are attempting to develop a more general assay to iden- 
tify structural damage, which might be recognized as distortions in helical structure. Gray, 
et al. (Nucleic Acid ReS. 2: 1459, 1975) have characterized an extracellular DNase from 
Pseudomonas BAL 3 1 ,  which may be a useful probe for distortion damage. Superhelical covalent 
circular (cc) PM2 DNA i s  a substrate for this enzyme, whereas relaxed ccDNA is not. Relaxed 
ccDNA that has been exposed to ultraviolet light or some chemicals is recognized by the BAL 
endoDNase as a substrate (Gray, personal comnunication). Using untreated supercoi led DNA and 
UV irradlated relaxed DNA as substrates, reaction conditions were selected which give maximm 
activity on irradiated DNA with minimal activity on untreated relaxed DNA. The enzyme has a 
pH optimum in the neutral range, an absolute requirement for calcium. and is stimulated bymag- 
nesium. Temperatures between 30 and 37C allow activity on irradiated DNA; above 40C, relaxed 
DNA is also a substrate. Salt concentrations above 500mH allow activity only on irradiated 
DNA; below this, relaxed DNA is also cleaved. Superhelical DNA shows the same requirements 
and optima as irradlated DNA. The efficiency of the BAL endoDNase on UV-irradiated DNA was 
compared to the T4 UV-endoDNase. 
endo on the same substrate. The BAL enzyme may be less efficient in recognizing pyrimidine 
dimers. or it may be incisins at the site of a d i f f e r e n t  nhn*----A.,-c 

THE SENSITIVITY OF UV DAMAGE0 DNA TO BAL SINGLE STRAND SPECIFIC ENDODNASE. Julie 
Harless and Roger Hewitt, M. 0. Anderson Hosp. G Tumor Inst., Houston, TX 77030 

DNA strand breakage can be measured by electro- 

-- 

The BAL enzyme has less than 50% of the activity of the UV- 

090 APPLICATION OF ALKALINE SUCROSE GRADIENT SEDIMENTATION TO THE STUDY OF DNA DAMAGE AND 
ITS REPAIR IN MAMMALIAN CELLS TREATED WITH METHYLMETHANESULFONATE AND 4-NITROQUINOLINE 

1-OXIDE, Ian G. Walker and Robert Pavlis, Dept of Biochem, llniv Western Ontario, London,Canada 
KB cells and L cells were treated with MMS or 4NQO and the resulting damage to DNA and its 
repair were examined by sedimentation in an alkaline sucrose gradient. The sedimentation pro- 
files obtained were found to be the resultant of a complex interaction between drug dosage, 
duration of the lysis period and the repair capacity of the cells. A systematic study of these 
variables was made. DNA with sedimentation coefficient of 1655 is formed after various combin- 
ations of drug dosage and lysis time. 1655 DNA appears to 
arise as a natural consequence of the shearing forces at play 
during the lytic process that precedes centrifugation. DNA 
smaller than 165s is formed when the drug-lysis time combin- 
ation exceeds a critical value. The effect of these variables 5 o . ~  
can be displayed in the form of a phase diagram. Both drugs E 
produce two kinds of DNA modifications which show up as single' o n  
strand breaks but affect the sedimentation profile in charac- 2 
teristic ways. One of these modifications which is quite I O.' 
alkali-labile can be studied using a 30 min lysis period. The 
other modification is less alkali-labile and can be studied a2 

using a long lysis period. Both KB cells and L cells can re- 
pair the former type of damage but only KB cells can repair 00 2 4 6 8 10 12 14 

the latter type of damage. LYSIS TIME (HOURS) 

46 



DNA Repair Mechanisms 

091 
Pharmacology, Nat ional  Cancer I n s t i t u t e ,  Nat ional  I n s t i t u t e s  of Heal th ,  Bethesda, MD 20014 
Fluorescent l i g h t  i s  both tox ic  and mutagenic t o  V-79 Chinese hamster lung c e l l s  (Bradley, M. 
0.. and Sharkey, N .  A. ,  Nature (1977) 266, 724-726). The e f f e c t s  appeared t o  b e  mainly due 
t o  an  i n t e r a c t i o n  of l i g h t  with t h e  cells themselves r a t h e r  than t o  photochemical r e a c t i o n s  
with components of t h e  medium. I n  t h i s  work we have attempted t q  c o r r e l a t e  i n  a mammalian 
c e l l  t h e  mutagenici ty  and t o x i c i t y  Of f luo res sen t  l i g h t  with t h e  DNA damage t h a t  i t  produces. 
We have found t h a t  f l uo rescen t  l i g h t  (3.6 J /m /sec)  induces 0.041 s ing le - s t r and  breaks per  , 

lo8 da l tons  per  h r  i n  t h e  DNA of cu l tu red  Chinese hamster c e l l s .  
1'C and hence are not  l i k e l y  t o  be t h e  r e s u l t  of endonuclease inc i s ion .  
ing t h e  breaks do not  appear t o  be a l k a l i n e  s e n s i t i v e .  
t h e  breaks a r e  r e jo ined  wi th in  2 hours.  A t  least two l e s i o n s  a r e  r e spons ib l e  f o r  t h e  
observed e f f e c t s .  One l e s i o n  has t h e  a b i l i t y  t o  break DNA subsequently t r e a t e d  wi th  a l k a l i  
but i s  n e i t h e r  t o x i c  nor mutagenic. This  l e s i o n  is produced by l i g h t  of wavelength g r e a t e r  
than approximately 350 nm. The o t h e r  l e s ion ( s )  produce mutagenici ty  and/or  t o x i c i t y ,  but  do 
not necessa r i ly  produce s t r and  breaks.  These l e s i o n ( s )  a r e  produced by l i g h t  of wavelength 
l e s s  than 350 nm. Incandescent l i g h t  is  n e i t h e r  t ox ic  nor mutagenic t o  V-79 c e l l s ,  however, 
i t  does produce DNA s t r and  breaks.  
e f f e c t s  of va r ious  wavelengths of l i g h t  may al low us t o  c l a s s i f y  DNA l e s i o n s  on t h e  b a s i s  of 
t h e i r  b io log ica l  e f f e c t s .  

NON-ENZYMATIC DNA STRAND BREAKS INDUCED I N  MAMMALIAN CELLS BY FLUORESCENT LIGHT, 
Matthews 0. Bradley, Leonard C .  Erickson, and Kurt W. Kohn, Laboratory of Molecular 

The breaks are induced a t  
The l e s i o n s  produc- 

When t h e  c e l l s  a r e  incubated a t  37OC, 

Further  ana lys i s  of t h e  b i o l o g i c a l  and biochemical 

092 
Many new "short-term" tests are being reported for screening chemicals for carcinogenic and 
mutagenic potential. With few exceptions, these assays have been evaluated on small numbers 
of chemicals, most of which do not require metabolic activation. The alkaline elution assay, 
which measures single strand breaks, alkali-labile sites, and cross-linking in DNA, has been 
coupled with an S-9 metabolic activation system to evaluate the ability of over 100 chemicals 
to induce DNA damage in V-79 cells. Carcinogenicity data was available on 68 of these com- 
pounds. All proximate, ultimate, and non-carcinogens gave elution patterns consistent with 
the theory that carcinogens cause DNA damage, while non-carcinogens don't. 
HMPA. which has given negative results in most mutagenesis assays, did not cause an increase 
in DNA elution. When coupled with activation, HMPA induced cross-linking of DNA, resulting 
in dose-related decreases in DNA elution. Nine other procarcinogens failed to cause an in- 
crease in elution. 
Since one of the primary concerns in testing procarcinogens is metabolic activation, we modi- 
fied the assay so that DNA damage could be measured i n  homogenates of 10 tissues from animals 
treated in viva. 
target organs for tumor induction, whereas in vivo exposure to several direct acting alkyla- 
ting agents caused significant DNA damage iii-tZFjFt and non-target tissues. DNA repair time, 
as measured by the return to a normal elution pattern, varied from as little as 24 hours for 
4NQO to as long as 7 days with DMN. 

DETECTION OF DNA DAMAGE AND REPAIR INDUCED IN VITRO AND IN VIVO USING THE ALKALINE 
ELUTION ASSAY, J. Swenberg and G. Petzold, R e m h n  C o z a C K a l a m a z o o ,  MI 49001 

The carcinogen 

Most of these same compounds have been negative in mutagenesis assays. 

Procarcinogens were found to induce the greatest extent of DNA damage in 

093 DOUBLE AND SINGLE DNA STRAND BREAKAGE AND REPAIR I N  ESCHERICHIA COLI MEASURED I N  
SUPERINFECTING PHAGE h DNA'. E r ik  Boye ' s 3  and Robert E.Krisch zY4T 
DNA double-strand breaks (DSBs) a r e  usua l ly  measured by sedimentation of chromosomal 

DNA i n  neu t r a l  sucrose dens i ty  g rad ien t s .  
of shear  degradat ion of t he  DNA, speed a r t i f a c t s  during sedimentation. and a s s o c i a t i o n  of 
DNA with o the r  c e l l  components. The r e p a r a b i l i t y  of DSBs i n  E.& i s  d i spu ted ,  mainly 
because of t h e  t echn ica l  d i f f i c u l t i e s  c i t e d .  
phage X DNA t o  measure DSBs. s ingle-s t rand breaks (SSBs), and t h e i r  r e p a i r .  I n t r a c e l l u l a r  
phage A DNA with e i t h e r  a DSB, a SSB, or no breaks can be separated i n  n e u t r a l  sucrose 
gradients .  Thus the  number of DSBs and SSBs i n  a h DNA populat ion can be assayed i n  t h e  
same gradient .  
tysogens of E.col i  have been superinfected with 'Z51-label led phage X DNA and t h e  c e l l s  were 
s to red  i n  1 i ; u n i t r o g e n .  Decays of '"I were found t o  induce breaks a t  a r a t i o  of 0.4 SSBs 
pe r  DSB. and no evidence f o r  r e p a i r  of e i t h e r  type of break was obtained.  
incorporated i n t o  the  DNA c rea t ed  mainly SSBs, which were r ap id ly  r epa i r ed  on incubat ion.  
Preliminary experiments with ex te rna l  i on iz ing  r a d i a t i o n  i n d i c a t e  that t h e  SSBlDSB r a t i o  
is about 10. 

Work supported by U.S. Energy Research and Development Adminis t ra t ion.  '' Div of Biol and Med Research. Argonne National Laboratory,  Argonne, IL 60439 
Dept of Med Physics,  The Norwegian Radium Hospi ta l ,  Oslo 3. Norway (present  address) .  

4r Dept of Radiat ion Therapy, Harvard Medical School, Boston, MA 02115 (present  ad res s ) .  

The r e s o l u t i o n  of t h i s  method i s  l imi t ed  because 

We have used t h e  shear  r e s i s t a n t  supe r in fec t ing  

Decays of 'H 

The SSBs a r e  e f f i c i e n t l y  r epa i r ed ,  while  t h e  DSBs seem t o  remain unrepaired.  

3 .  
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VISCOELASTIC MEASUREMENT OF DNA DAMAGE, Elliott L.  Uhlenhopp, Grinnell 
College, Grinnell, Iowa 50112. 

Recent application of the technique of viscoelastometry has shown that this 
method is capable of measuring the molecular weight of chromosome-sized DNA 
molecules from simple eucaryotes. The technique should therefore be useful 
for detecting small amounts of DNA damage and its subsequent repair by measur- 
ing double- and single-strand molecular weights before and after irradiation. 
Previous experiments on mouse 3T3 cells have already revealed drastic changes 
in ss  MW resulting from biologically-significant doses of x-rays (1). We are 
currently conducting viscoelastic radiation studies on the protozoan Tetrah 
mena (2), an organism which is sensitive to uv irradiation but remark&: 
m a n e  to x-irradiation, in an attempt to discover whether its DNA is uniq- 
uely resistant to breakage by x-rays ( 3 ) .  whether it possesses a particularly 
active repair system, or whether some other factor unique to Tetrahymena is 
operating. 
1. E.L .  Uhlenhopp "Viscoelastic Analysis of High Molecular Weight, Alkali- 

Denatured DNA from Mouse Cells" Bio h s J. 15. 233 (1975). 
2. J.B. Williams, E.W. Fleck, L.E.  d - a i i d  n. Uhlenhopp "Viscoelastic 

Studies on Tetrah mena Macromolecular DNA" submitted for publication. 
3.  K. P a s u p a t h d r a w a l i .  D.S. Pradhan, A. Sreenivasan "Repair of Radi- 

ation-Induced Strand Sessions in Nuclear and Mitochondria1 DNAs in Tetra- 
hymena pyriformis Rad. Res. %, 147 (1976). 

095 AN ACTION SPECTFilJM FOR CELL KILLIXG AND PYRlMIDINE DIMER FORMATION I N  CHINESE HAM- 
STER V-79 CELLS, R. H. Rothman and R. B. Setlow, Dept. Biology, Brookhaven National 

Laboratory, Upton, L . I .  , N.Y., 11973. 
There i s  a close correlat ion i n  bacter ia  and phage between the absorption spectrum of DNA, 

the  formation of pyrimidine dimers, and biological  measurements such as  W survival  and mut- 
agenesis. For mammalian ce l l s ,  however, the correlat ion between the DNA absorption spectrum, 
cel l  deeth, and chromosome damage is pmr. 
molecules other than DNA play an important ro le  i n  causing c e l l  death and chromosomal damage. 
Due t o  the scanty amounts of data for mammalian c e l l s ,  we have pursued the matter fur ther  by 
determining an act ion spectrum for  pyrimidine dimer production and c e l l  death. 
marized i n  the tab le  below, are  experessed a s  percentage of radioact ive thine converted t o  
pyrimidine dimers per quantum m-2, and the inverse of the quanta m-2 causing 10% survival ,  
and have been normalized t o  1 a t  265 nm. 
tween pyrimidine dimer production and c e l l  death. 

These observations have been used to  argue tha t  

The data, sum- 

It i s  c lear  tha t  there  i s  a close correlat ion be- 

Wavelength (nmA: 254 265 280 290 297 302 31: 
$ Dimers/@antum m- : 1.26 1 0.78 0.51 0.11 0.027 0.0005 

l/Quanta m-210: 0.86 1 0.67 0.44 0.09 0.021 O.OOO? 

This research was sponsored by the United States  Department of Energy. R . H . R .  Was supported 
by National Ins t i tu tes  of Health National Research Service Award cM05643-02. 

096 

Using a DNA-binding protein i so la ted  from human placenta and spec i f ic  f o r  some form of 
non-pyrimidine d iner  W damage, w e  have begun t o  explore the propert ies  and nature of t h i s  
DNA darnage. 
t o  protein in a filter binding assay at  a fluence of 13 J/&) and is s t a b l e  t o  mild heat. 
This non dimer damage is a l s o  introduced i n t o  poly d(A-T) a t  low fluences of 254 nm l i g h t .  
Heating poly d(A-T) . to  temperatures s l i g h t l y  below its T, (ca. 55OC) r e s u l t s  i n  a l o s s  of 
the damage. Concomitant with t h i s  loss, there  is a decwase i n  'the s i z e  of the polymer 
upon alkal ine sucrose densi ty  gradient centrifugation. These r e s u l t s  allow us t o  estimate 
a rate of this non-diner d a p e  introduction i n t o  poly d(A-T) t o  be about 0.8 sites per  
1 x lo7 daltons per  100 J/n . Heating at  a lka l ipe  pH does not r e s u l t  i n  a loss of t h i s  
damage. 
that the damage is  not due t o  t r i p l e t  state thymine photoproducts, but can be formed 
from t r i p l e t  state adenine. 
of an A-T excimer i n  the formation of a thymine photoproduct. 

Non-dimer UV Damage i n  DNA and Synthetic Polydeoxyribonucleotides, 
Feldberg, Dept. Biology, Tufts University, Medford, Mass 02155 

Ross S.  

This damage is introduced i n t o  T7 DNA at low fluences (6% of the  DNA is  bound 

Experiments with the t r i p l e t  s t a t e  sens i t izers  acetone and acetophenone suggest 

This  may suggest an adenine photoproduct or the  involvement 
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097 PHOTOREACTIVATION OF E~chsrichia cot i  IRRADIATED BY IONIZING RADIATION, Tzu-chien V. 
Wang and Kendric C. Smith, Department o f  Radiology, Stanford Un ive rs i t y  School o f  

Medicine, Stanford, CA 94305. 
Photoreactivation has been observed i n  y - i r rad ia ted  c e l l s  o f  uurA recA and uurB Z e d  o f  E.coti 
K-12 (1). By comparing the r e s u l t s  f o r  a uurA recA and a uurA uurB recA p h r  st ra in ,  we con- 
clude t h a t  t h i s  photoreact ivat ion invo lves the  same enzyme t h a t  i s  responsible f o r  t h e  photo- 
reac t i va t i on  o f  UV- i  nduced cyc l  obutadi pyrimi d i  nes . Comparison o f  photoreacti  vabl e sectors 
i n  a uurA red s t r a i n  a f t e r  UV and I3’Cs y - i r r a d i a t i o n  ind icates t h a t  10 krads o f  y- 
i r r a d i a t i o n  produces about 0.07 Jm-2-equivalents o f  254 nm-induced photoreactivable damage. 
A f te r  400 krads. an acid-hydrolysate o f  t he  i so la ted  DNA revealed the presence o f  thymine- 
containing cyclobutadlpyrimidines as evidenced from t h e i r  chromatographic propert ies, and 
t h e i r  s u s c e p t i b i l i t y  t o  UV-reversal. Thus, the photoreactlvatton observed a f t e r  i o n i z i n g  
rad ia t i on  i n  s t ra ins  t h a t  are blocked i n  exc is ion r e p a i r  and a t  l e a s t  p a r t i a l l y  blocked i n  
postrepl i c a t i o n  repa i r  i s  due t o  the production of t race amounts o f  cyclabutadipyrimidines. 

1. M.N. Myasnik and 1.1. Morozov, I n t .  J. Radiat. Biol. .  31, 95-98, 1977. 

098 REPAIR OF NEAR-ULTRAVIOLET (365nm) DAMAGE TO BACTERIOPHAGE, Rex M. 

Damage t o  DNA by near -u l t rav io le t  (UV) r a d i a t i o n  has been measured both i n  
vivo i n  b a c t e r i a l  cells and i n  i n t a c t  and ex t rac ted  DNA of bacteriophage, 
E € Z c t  bacteriophage have been i r r a d i a t e d  a t  365nm and then i n f e c t e d  i n t o  
t h e i r  b a c t e r i a l  host  t o  tes t  s u s c e p t i b i l i t y  of t h e  damage t o  both phage and 
hos t -ce l l  mediated r e p a i r  systems. Near-UV damage induced i n  T4 is suscept i -  
b l e  t o  x-gene r e a c t i v a t i o n  t o  approximately t h e  same e x t e n t  a s  254nm r a d i a t i o n  
( r e p a i r  s e c t o r ,  approximately 0.5). V-gene r e a c t i v a t i o n  acts on an even =eater 
f r a c t i o n  of t h e  near-UV damage ( r e p a i r  s e c t o r  of 0.82 a t  365nm a s  a g a i n s t  0.66 
a t  254nm). The hos t -ce l l  mediated photoreact ivat ion system is  only s l i g h t l y  
less e f f e c t i v e  f o r  near-W damage. Host-cell r e a c t i v a t i o n  (as measured by 
comparing surv iva l  of phage on a & and a uvr hos t )  i s  e f f e c t i v e  aga ins t  
a f a r  smaller s e c t o r  of near-UV damage (0.35) t h a n  f a r - W  damage (0.85).Weigle 
reac t iva t ion  of near-W damage t o  phage X does not  occur and pre- i r rad ia t ion  
of the  hos t -ce l l  with far-UV, under condi t ions which favour a l a r g e  
sec tor  of r e p a i r  of f a r - W  damaged phage, completely e l imina tes  hos t -ce l l  
reac t iva t ion  of t h e  near-UV l e t h a l  damage. It  is concluded t h a t  unless  t h e  
phage damage is  repaired immediately a f t e r  i n f e c t i o n ,  t h e  l e s i o r s r a p i d l y  l o s e  
t h e i r  s u s c e p t i b i l i t y  t o  r e p a i r  with consequent l o s s  of a c t i v i t y  of t h e  phage 
p a r t i c l e s .  

T y r r e l l ,  I n s t .  de B i o f i s i c a ,  UFRJ, R i o  de Jane i ro ,  ERAZIL. 

099 DNA POLYMERASE I-MEDIATED REPAIR OF 365 NM-INDUCED SINGLE-STRAND 
BREAKS I N  THE DNA OF E S C H E R I C H I A  C O L I ,  Ronald D. pey, B. Ann S e d i t a ,  
and Erik Boye. 

I r r a d i a t i o n  of c losed c i r c u l a r  phage F DNA i n  vivo a t  365 nm r e s u l t s  i n  t h e  
induction of s ingle-s t rand breaks and a l k a l i - l a b i l e  l e s i o n s  a t  r a t e s  of 
1.1 x 10-14 and 0.2 x per  da l ton  per  J /m2 ,  r espec t ive ly .  The sum of 
t h e  i n d u c t i o n . r a t e s  is  similar t o  the  rate of induct ion of s ing le-s t rand  
breaks plus  a l k a l i - l a b i l e  l e s i o n s  (1 x 10-14 per  da l ton  per  J / m 2 )  observed 
i n  t h e  Escherichia c o l i  genome. P o s t i r r a d i a t i o n  incubation of wild-type 
cells  i n  buf fer  r e s z  i n  rapid r e p a i r  of t h e  breaks (up to 80% repa i red  i n  
1 0  min). No r e p a i r  was observed i n  a DNA polymerase I -def ic ien t  mutant of 
E. C O l i .  -- 
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100 
UV irradiation of DNA isolated from 6.  subtilis phage SPOZcl resulted in a simple logarithmic 
inactivation curve. 
or 0.04 SSC, D37 was 81 ergs/&. 
The UV sensitivity of SPOZcl DNA in SSC was increased when irradiation was performed in 
solutions containing tryptophan amide, calf thymus histone type VII or 6 lactoglobin. For 
DNA in 0.1 SSC, the sensitivity was increased in solutions containing Iysozyme, but was 
decreased in solutions of tryptophan, phenylalanine amide, tyrosine amide, or lysine. 
When DNA in 0.1 SSC was irradiated in the presence of both calf thymus histone and tryptophan, 
the effects of these components were not additive. Instead, the observed sensitivity was 
significantly increased over that predicted for .the mixture. 
for DNA in mixtures of tryptophan and lysine and tryptophan and cysteine. These results 
indicate: I)  
the sensitivity of DNA to biological inactivation by UV, 2 )  SPOZcl transfection might be 
useful in searching for an enzyme system capable of repairing DNA crosslinked to proteins. 

UV INACTIVATION OF DNA IN SOLUTIONS CONTAINING AMINO ACIDS AND PROTEINS, Lyndon L.  
Larcom and William F. HcNeiII, Clemson University, Clemson, SC 29631 

When irradiation was done in SSC the 037 was 114 ergs/mn2. In 0.1 SSC 

A similar effect was obtained 

tryptophan might act to enhance a DNA-amino acfd interaction which increases 

101 
Production o f  single-strand breaks, double-strand breaks. a1 k a l i - l a b i l e  bonds and released 
f ree bases was examined quan t i t a t i ve l y .  A t  low doses, formation o f  a l l  les ions was d i r e c t l y  
propor t ional  t o  b lemyc in  concentration. A l l  four  bases were released, but  pyrimidines were 
s t rongly  preferred. The r a t i o  o f  single- t o  double-strand breaks was 9:l over a wide range 
of bleomycin concentrations and under a va r ie t y  o f  condit ions, suggesting t h a t  the double- 
strand breaks are not  coincidences o f  single-strand breaks, but  are independent events, 
probably i nvo l v ing  on ly  one bleomycin molecule. Fett i s  apparently a cofactor  i n  these 
reactions, and a l l  bleomycin-induced les ions except the  double-strand breaks could be 
produced by h igh concentrations o f  Fe++ i n  the absence o f  bleomycin. A t  pH 5.5, bleomycin 
d i d  not  break MA. but bleomycin binding relaxed supe co i l ed  DNA, suggesting i n te rca la t i on .  
Bleomycin b ind ing lengthened l i n e a r  DNA by about 2.7 
(315 nm) of bleOnlyCi8 bound t o  DNA ind icated the presence o f  a chromophore which makes an 
angle o f  a t  l e a s t  60 w i t h  the h e l l x  axis, r e s u l t s  a lso consis tent  w i t h  i n te rca la t i on .  

MOLECULAR MECHANISMS OF BLEOMYCIN DAMAGE TO DNA, Lawrence Povirk, Wolfgang Kohnlein 
and Frank i ln  Hutchinson, Yale University, New Haven, CT 06520 

per bleomycin m lecu le .  and dichroism 

REPAIR RESPONSE M BLF.0MYCIN-INDUCED DAMAGE, Robb E. Moses and Steven L. Ross, 
Department of Cell Biology, Baylor College of Medicine, Houston, Texas 77030 lo2 

Bleomycin (BLM) is a glycopeptide antibiotic effective in the treatment of 
lymphomas. BLM has been reported to interact with DNA causing base loss and 
strand breakage. With 9 x 1 7 4  RFI DNA we have observed two stages of reaction 
with BLM: creation of alkali-sensitive sites, or, in the presence of sulfhy- 
dryls, strand cleavage. Thus ELM represents an agent of interest for exploring 
repair capability. We have investigated the response of E .  fi to BLM. We 
find that in the toluene-treated cell system there are two categories of re- 
sponse to BLM: 1) in polAt strains we observe an increase in DNA synthesis, 
independent of ATP and replication, and nonconservative in nature. Replication 
con'tinues at normal levels in the presence of the drug. 2 )  in polA- strains we 
observe an ATP-dependent nonconservative DNA synthesis independent of replica- 
tion, but dependent on DNA polymerase 111. Again replication is spared. In 
intact E .  we find increased sensitivity to BLM in polA-, a t s ,  or e- 
mutants. Toluene-treated -- mutants do not respond to BLM with repair syn- 
thesis. Therefore the in vivo and in vitro data agree and suggest that BLM 
induces repair at apurinic/apyrimidinic sites, requiring strand cleavage, re- 
synthesis and ligation. This response is of interest in that replication is 
spared in the face of numerous DNA strand cleavages. Supported by grants from 
the U.S.P.H.S. and Q543 from the Robert A. Welch Foundation. 
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103 BLEOMYCIN-INDUCED DNA DAMAGE, REPA!R, RECOMBINATION AND MUTATION IN SACCHAROMYCES 
CEREVISIAE, Carol W .  Moore, Oept Biol, University of Rochester, Rochester, NY 1462 7 

Alkaline sucrose qradient sedimentation profiles o f  yeast DNA from cells treated with 1 ,  10. 
50 and 100 ug/ml bleomycin (BM) demonstrate dose-dependent induction o f  single-strand breaks. 
Killing of yeast cells by the antitumor glycopeptide is also dose-dependent. 
ulated that the DNA breaks induced in yeast are the primary cause of cell killing by 
bleomycins. Preliminary results suggest at least part o f  the induced damage is repairable. 

ultraviolet light (UV), or both, were characterized for their relative sensitivities to BM 
and the structurally similar antibiotic, phleomycin (PM), with one exception. all rad mutants 
found very sensitive to BM and PM were sensitive to X-rays. This suggests some aspect of the 
repair of BM-, PM- and X-ray-induced damages may be similar. All rud mutants with resistance 
to BM and PM similar to normal (!?Am) strains were sensitive to UV. 
mutants are defective in excision of UV-induced pyrimidine dimers from nuclear DNA, it is 
concluded the excision-repair system is not required for repair of BM- and PM-induced damages. 

In contrast to the finding that BM was not mutagenic in the SuhaeZZu/mamnalian micro- 
some mutagenicity test, BM has been found recombinogenic and mutagenic in yeast. The amount 
of EM-induced mutation and recombination depended on the specific genetic markers assayed. 
The genetic effects of the drug might be predicted if, for example, mutagenesis and recom- 
binogenesis accompany repair replication by introducing mismatched bases opposite DNA 
lesions. 

It is post- 

When mutant strains of Saccharomyces containing genes conferring sensitivity to X-rays, 

Since several of these 

1W THE EFFECTS OF ACETOXYACETYLAMINOFLUORENE AND NEAR-uv ON THE INFECTIVITY OF 9x174 
RF DNA William D. Taylor, Reginald A. Deering and Chun-Lei Tsai. Biochemistry and 
Biophysics Department, The Pennsylvania State University. 

Acetoxyacetylaminofluorene and near uv (303 nm) inactivate the transfecting activity of 9x174 
RF DNA on Ca treated E coli at carcinogen concentrations in the range 1-10 !.Igm/ml and doses in 
the range 1-2 x lo5 ergs/m2, and the combined treatments have a synergistic effect. 
single or double strand breaks are observed by neutral sucrose sedimentation. 
bonds and S 1  nuclease sensitive sites are found but much 1ess.frequently than inactivating 
nucleotide damage. Using E coli repair mutants, it was found that the UVKA gene is partially 
involved in the repair of this damage. 

No 
Alkali-labile 

Enzymes in DNA Repair 

105 ISOLATION AND GENETIC CHARACTERIZATION OF x P&+ AND x PUS+ TRANS- 
DUCING PIEAGES, Jeffrey Auerbach and Paul Howard-Flanders, Yale University, 
Department of Molecular Biophysics and Biochemistry, New Haven, Conn. 06520 

By means of a selection procedure involving cycl ic  growth and irradiation, X transducing 
phages, bearing the excis ion repair genes uxA+ and ULI’, were isolated from an unfrac- 
tionated pool of X phages carrying Eco RI fragments of the E. coli chromosome. The phages 
transduced =A- or u s -  host  c e l l s  to the wild type level  of ultraviolet res is tance and host 
ce l l  reactivation. The phages a re  specific in their ability to restore a wild type phenotype 
only to host cells bearing uvrA- or ULC- respectively. These obsewations suggest  that  the 
phages c a n y  “LA+ and u s r a t h e r  than a suppressor mutation. Lysis defective derivatives 
of these phages have been isolated. We are  examining the possibility that  the gene ampli- 
fication obtained with these phages may resul t  in a n  overproduction of the ultraviolet 
endonuclease activity. 
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106 CLONING OF c. 
We an t i c ipa te  t h a t  the a v a i l a b i l i t y  of DNA repa i r  gmneo on plaamida w i l l  be useful n o t  on ly  
for amp l i f i ca t i on  of the appropriate gene products bu t  w i l l  alm P s i l i t a t e  etudfee 
e luc idat ing the i d e n t i t y  and func t i on  of these gene products, and w i l l  provide DNA f o r  the 
c e l l - f r e e  t ransc r ip t i on  and t rens le t i on  of DNA repa i r  genes. Plaemids carry ing tho  =A 
gene have boen reported previously and are umoful for incrmaaing tho  amunt  of =A gene 
product i n  ca l la .  We hare obtained ColEl plaemida carry ing genes of g. since 
the product8 o f  these genes and t h e i r  axmct r o l e s  i n  exc is ion repa i r  are under a c t i v e  
invest igat ion,  
by ex t r sc t i ng  the  plasmid ONA and then transforming the  appropriate s t r a i n  t o  UV- 
raaietancm. One plasmid carry ing 
o f  a report i n  the  l i t e r a t u r e  c la iming t h a t  t he  b& gmee could not  be s tab l y  cloned using 
ColEl. an ameertion t h a t  is contradicted by the  proper t ieo of tho p loes id  we have studied. 
A t  p r e s a t  we are f u r t h e r  cha rsc te r f t i ng  the plaenida wo have obtained and are also 
attempting t o  decrease the  amunt  o f  DNA on the plaamids t h a t  is f l ank ing  the DNA repa i r  
genes. 
w i t h  ferar  complicationm. 

DNA REPAIR GENES ON PLASAIDS, W. D. Rupp. A. Sancar. W. J. 
Kennedy, J. Ayers and J. Griauold. Yale un i ve rs i t y  School of mad., ~ n r  Haven. CT 06510 

The presence of the =A and ~8 genes on tha hyb r id  plsemida mas confirmed 

end tha bio operon i a  of p a r t i c u l a r  i n t e r e s t  because 

By reducing the "extra" DNA on theee plaamids, we expect to ob ta in  c lea re r  r e s u l t s  
(Supported by Grant No. CA 06519 f rom the  Nat ional  Cancer Inat.) 

107 CHARACTERIZATION OF PHAGE XpuvrC. E.Seeberg, A.L. Steinum and O.R. 

A plaque-forming bacteriophageA carrying the uvrC gene of E. & was iso- 
lated from in vitro constructed transducing phagestocks kilidly provided by 
K. Murray, Fainburgh, Scotland. These phages have bacterial DNA inserted at 
cleavage site 3 of Hind111 restriction enzyme to the left of the phage att 
region, in a vector deleted for akout 20% of the original phage genome p r c k  
et al., MGG m, 199). The XpuvrC was selected by its ability to complement 
Wrrhost cells in restoring -ility of UV-irradiated phages. The isolated 
G s d u c i n g  phage has an intermediate UV-survival on uvrC relative to uvr' 
and uvrA, uvrB host cells. Lysogens of uvrC cells carrying ApuvrC+ arenearly 
as' resistanto UV as wild type cells, m c a t i n g  that the uv-gene function 
is being expressed from the phage in the prophage state. UV7Zhction curves 
for XpuvrC in UVT+ and uvrC lysogens show the same optimal dose for induction, 
but t h e a g e  -1d is m i m e s  lower from uvrC than from uvr+ lysogens. 
Pyrophosphate inactivation experiments show-t the size Xbacterial DNA 
present in ApuvrC is equivalent to about 10% of the phage genome. SDS gel 
electrophoresisfollowed by autoradiogarphy of radioactively labelled phage 
coded proteins show two protein bands of molecular weight 30,000 and 70,000 
specific for the transducing phage. 

Blingsmo, NDRE, Kjelker, and=et. Dep., Univ. Oslo, Norway. 

108 PLASMIDS CARRYING E.COL1 K12 GENES FOR EXCISION REPAIR: 
CONSTRUCTION AND PROPERTIES. 
Cornelis A.  van S lu is  and Hans Pannekoek, Lab.Molec.Genetics. S t a t e  Univ. of Leiden, 
t h e  Netherlands. 

UvrB plasmid pNP5 has been constructed by inser t ion  of a 1 . 5  Mdal EcoRI fragment from Xbio uvrB 
phage i n t o  pMB9. The expression of the  &B gene is dependent both on t h e  plasmid and t h e  
i n t r a c e l l u l a r  rho fac tor  concentration. UvrB- bacter ia  carrying plasmid have a repair capaci ty  
comparable t o  t h e  wild type,  but no increase i n  W-endonucleolytic a c t i v i t y  could be detected 
i n  c e l l  ex t rac ts .  
A search of t h e  Clarke-Carbon E.coli K12 colony bank, yielded plasmids pLC7-18 and 13-12 with 
t h e  entire uvrC gene and several  having a p a r t  of t h e  uvrA gene (pLC44-14 and o thers ) .  
Complementaxn analysis  shogeed t h a t  p a r t i c u l a r  p l a s m i d n l y  increased t h e  repa i r  capaci ty  of 
t h e  corresponding mutant. R e s t r k t i o n  analysis  was used t o  l o c a l i z e  a =-loci more prec ise ly  
on t h e  inser ted DNA fragment. Plasmid programmed pro te in  synthesis  i n  minice l l s  resu l ted  i n  
t h e  formation of a number Of new polypeptides, which have been invest igated f o r  a r o l e  in e a r l y  
s teps  i n  excision repa i r .  
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109 €LONiNG OF A GENE THAT CONTROLS RADIATION SENSITIVITY. C E L L  DIVISION AND CAPSULAR POLY- 
SACCHARIDE SYNTHESIS, THE lon(ca R) GENE,Aivin Markovitz & Barbara Zehnbauer, 
Unlversity of Chicago, Chlqo+l. 60637. 

Mutants i n  the ion(-) gene of E.coif K-12 are pleiotropic; i.e. 1)they form nonseptate fila- 
mnts(long formcfter UV or nitrofurantoin treatment; 2) in the absence of such treatments they 
overprace capsular polysaccharide and synthesis of I0 enzymes involved in polysaccharide pro- 
duction i s  depressed. Such clones appear mucoid. The & gene product has been hypothesized to 
be a repressor. 
the Ion gene. An F '  episome containing the Ion+ and prot+ genes was obtained by crossin 
Hfr =ain(with proC+ as an early m r k e r ) w l G  proC recA strain and selecting for proC and 
scoring for lon+(nonmucoid phenotype). One such clonecontained an F'episome designated F ' B Z I O S .  
The episomc had a M.W. of 1 . 2 ~ 1 0 8  and could readily be isolated from CsC1-EtBr gradients. F ' B Z  
105 DNA was mixed with pHAI2I DNA(a plasmid that confers tetracycline resistance(TcR) and coli- 
cin El immunity and contains pSClOl and pHAIOS(a 1.6 MD minicol El)joined at EcoRl sites),cut 
with EcoRl and ligated. A Ion(*) strain was transformed wlth the DNA and TcR clones were 
selected followed by replicaplating onto minimal medium where nonmucoid(lon+(&)) clones 
could be distlnguished. Three clones(out of 6000 screened)yielded p l a s m i d s i c h  could also 
transform lon(capl)strains to Tc, UV,  and nitrofurantoin resistance and made them nonmucoid as 
well. UDP-glucose dehydrogenase, an enzyme that is elevated in the mucoid recipient, was re- 
pressed in the nonmucold transformant. Two of these plasmids, designated pBZ2Ol and pB.7203, 
when cut with EcoRl each yielded a 6 .1  MD fragFnt(pSC101) and a second fra ment of 8MD. pBZZOl 
and pBZ203 have been transformed Into ion strains that also produce minicelgs in order to iden- 
tifv the polypeptides specified by theT(AD fraqment. 

The 

i n  order to identify and Isolate this product it appeared necessary to clone 

9 an 

110 PHOTOREACTIVATING ENZYME FROM g.m,PHYSICAL & CHEMICAL PROPERTIES, R.M.Snapka & B.M. 
Sutherland,Univ.of Calif.,Irvine,CA 92650 & Brookhaven Nat'l Lab,Upton.NY 11973 

DNA photoreactivating enzyme fromg. & has been purified to homogeneity and charac- 
terized. 
electrophoresis and molecular sieving in guanidinium hydrochloride. 
an Sq0,w of 3.72 S. 
molecular weight from amino acid analysis is 5,830 daltons (roughly one sixth of the 
experimental molecular weight). 
terminal residue is arginine. 
measured by anthrone reaction and GLC analysis. 
can vary, the same monosaccharide components are always found and always in the same 
relative proportions. These mnosaccharidea are: N-aCetyl-D-glucOSamine, D-mannose, 
D-galactose, and D-glucose. The alkaline 5-elimination tests for 0-glycosidic linkage 
to serine and threonine were negative, thus an N-acylglycosylamine linkage between the 
N-acetyl-D-glucosaminyl residue and an amide nitrogen of an L-asparaginyl residue is 
likely. 

The apoprotein has a molecular weight of 35,200 daltons as estimated by SDS gel 
The holoenzyme has 

The amino acid composition has been determined. The minimal 

The enzyme is low in aromatic amino acids and the N- 
The carbohydrate composition of this enzyme has been 

Although the total carbohydrate content 

111 

UVSl  

ULTRAVIOLET-LIGHT TRIGGERED DISAPPEARANCE OF PHOTOREACTIYATING ENZYME, Gary 0. Small, 
Section on Biochemistry, D iv i s ion  o f  Biochemistry, Physiology (1. Pharmacology, The 
Un ive rs i t y  o f  South Dakota School o f  Medicine, V e n i l l i o n ,  SD 57069. 

i s  a mutant o f  ChZmydomnas reinhardi de fec t i ve  i n  the dark- repai r  (presumably excision- 
repa i r )  o f  pyrimidine dimers from nuclear DNA [Small and Greimann, Photochem. Photobiol.  
(1977) 25, 183-1871. 
sure t o  photoreact ivat ing l i g h t  imnediately a f t e r  i r r a d i a t i o n .  However, none o f  the dimers 
are photoreactivable i f  the c e l l s  are incubated f o r  24 h r  i n  the dark i n  growth medium. 
Pyrimidine dimers induced i n  ch lo rop las t  DNA can be photoreactivated even a f t e r  24 h r  incur 
bat ion i n  the dark. 
whole c e l l s  shows t h a t  about 80 percent o f  the photoreact ivat ing enzyme a c t i v i t y  disappears 
a f t e r  incubat ing UV-irradiated c e l l s  i n  the dark f o r  24 hr. 
o f  enzyme a c t i v i t y  occurs i n  the case o f  un i r rad ia ted  c e l l s .  
res idual  photoreact ivat ing enzyme a c t i v i t y  found i n  incubated, i r r a d i a t e d  c e l l s  represents 
ch loroplast  enzyme and t h a t  UV- i r rad iat ion t r i g g e r s  the disappearance o f  nuclear photoreact i -  
vat ing enzyme. 

A l l  o f  the pyr imid ine dimers i n  nuclear DNA can be repai red upon expo- 

Assay f o r  photoreact ivat ing enzyme i n  ex t rac ts  prepared by sonicat ing 

No s i g n i f i c a n t  disappearance 
I t  i s  hypothesized t h a t  the 

This p r o j e c t  was supported by N I H  Grant GH 21095 from the USPHS. 
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112 EFFECTS OF PHAGE INFECTION ON E. COLI EXCISION REPAIR MEASURED I N  VITRO, Pe te r  S t r i k e ,  
Department of Genetics, Univerzit- Liverpool, Liverpool L69 F X x l a n d .  

The e f f e c t s  of phage infec t ion  on the  processes of excision repa i r  i n  E. fi have been meas- 
ured using cel l  f r e e  lysa tes  and toluene t rea ted  ce l l s .  Measurement of t h e  ATP-dependent W 
s p e c i f i c  endonuclease determined by t h e  =+, =+ and =+ genes has been car r ied  out i n  
c e l l  f r e e  lysa tes  prepared from c e l l s  in fec ted  with a var ie ty  of bacteriophages. 
with the  haet-cell react ivable  phages lambda and T7 has l i t t l e  e f fec t  on the  W s p e c i f i c  ac t -  
i v i t y ;  i t  remains at uninfected levels .  Infec t ion  with t h e  non-reactivable phages T4v and T5 
r e s u l t s  in a rap id  inac t iva t ion  of ATP-dependent a c t i v i t y ,  which can be prevented i f  chloram- 
phenicol is present during infec t ion .  Infec t ion  with the  react ivable  phage T3 r e s u l t s  i n  the  
appearance of an Am-independent W s p e c i f i c  endonuclease, which again is prevented i f  chlor- 
amphenicol is present during infect ion.  Measurements of W-induced DNA repair synthes is  i n  
toluene t rea ted  c e l l s  ind ica te  that the  W endonuclease coded by the  T4 v gene is capable of 
replacing t h e  a c t i v i t i e s  defect ive i n  uvrA-, uvrB’ and uvrC- mutated c e l i e ,  while t h e  ATP- 
independent a c t i v i t y  seen i n  T3 i n f e c t e d e l l x  not. Sindlar s tudies  i n  toluene t r e a t e d  - uvr+ c e l l s  confirm the  reduced a b i l i t y  of in fec ted  c e l l s  t o  carry out DNA repa i r  synthesis ,  
presumably due t o  endonuclease inact ivat ion.  

Infec t ion  

113 
The UV-sensitivity of Schizophyilum s t r a i n s  was examined. 
show t o  be Ca. 270 J.m-’. 
exis tence of b o t h  l i g h t  and dark DNA repair  mechanisms i n  t h i s  organism-Endonuciease 
a c t i v i t y  spec i f ic  f o r  UV-induced dimers was measured i n  crude e x t r a c t s  from vegetat ive 
mycelium in assays on phage PM2 DNA i r radiated with low UV-doses (30 J.m-2). The a c t i v i t y  
In t h e  crude ex t rac ts  is impaired and increased a c t i v i t y  is detected a f t e r  p a r t i a l  p u r i f i -  
cation achleved by the a i d  of DEAE Sephadex ASO. Optimal conditions f o r  the  assay of the 
UV-specific endonuclease a re :  10 n+! Tris-HCI pH 8.0, 10 d MgC12 and 10 mH NaCI. Dithio- 
th re i to l  and ATP have no e f f e c t  on i ts  ac t iv i ty .  Mutants sensitive to UV i r rad ia t ion  were 
Isolated. 
d i f f e r  i n  the i r  liquid holding recwery patterns. 
nuclease in these nutants  is current ly  under exarninatlon. 

UV-SPECIFIC ENWNUCLEASE I N  SCHIZOPHYLLUM COMMUNE, Evelyn Waldstein. Pnina Hundert 
and Yigal Koltln, Tei Aviv University, Ramat Aviv, Israel .  

The D37 of wild type s t r a i n s  is 
Photoreactlvatlon and recovery a f t e r  l iquid holding suggest the 

The m u t a n t s  re ta in  normal photoreactivation propert ies ,  a r e  r e s i s t a n t  t o  MMS but 
The a c t i v i t y  of t h e  UV-specific endo- 

114 DAMAGE SPECIFIC ENDONUCLEOLYTIC ACTIVITIES IN MOUSE CELLS. 
Ingolf F. Nes,University of Bergen,Dept.Biochem., N-5000 Bergen,Norway. 

W damage specific endonuclease activity has been localized in the nucleus 
of mouse cells (plasmacytoma and L cells). When W irradiated gXl74 RFI DNA 
is used as a substrate, the endonuclease recogIi2zes one lesion per 35 thymine 
dimers. This fact suggests that the thymine dimer is n o t  the lesion which 
is detected by the enzyme. Furthermore, the same nuclear extract also 
posesses endonucleolytic activities that act on depurinated DNA and osmium 
tatroxide treated DNA. The W endonuclease activity and the activity which 
acts on osmium tetroxide treated DNA respond similarly to KC1 and &C12 and 
differ from that observed for the activity on depurinated DNA. 
We postulate that the endonuclease activity that recognize W and osmium 
tetroxide induced damages on DNA are one and the same,distinct from that 
which recognizes depurinated lesions on DNA. Currently,attempts are being 
made to separate these activities by standard protein purification technics 
to further substantiate this proposition. 
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Excision Repair of DNA in Human Cells. L. Hamilton, A.M. Pedrini and L. Grossman. 
The Johns Hopkins University, Baltimore, Maryland 21205. '15 

Exonuclease and DNA polymerase activities have been shown present in the nuclei Of 
human placental cells, which after separation on phosphocellulose act sequentially to remove 
and replace damaged nucleotides in the DNA strand. 
quired initiation by a bacterial correndonuclease providing a break 5' to the pyrimidine 
dimer. and for an apurinic site in the DNA (e.g. after N-glycosidase removal of an altered 
base), incision by an apurinic endonuclease. 
exchange and DNA iellulose affinity chromatography gave three 'groups of enzyme: 
ferring single stranded DNA, one acting 3'+5' (DNase I11 like) and the other releasing 
nucleotides in both 3'+5' and 5'+3' directions (correxonuclease) and an exonuclease 
acting 5'+3' on duplex DNA (DNase IV like). 
exonucleases acting in tKe specific repair pathways of nucleotide removal initiated by a 
break in the DNA strand, and base removal which requires clean up of the ends after in- 
cision of the resulting apurinic site. 
is primarily the action of exonucleases active against single stranded DNA, (2) to examine 
factors necessary for efficient excision of damage. 

For ultraviolet irradiated DNA this re- 

Resolution of the exonuclease fraction by ion 
two pre- 

In progress are experiments (1) to identify the 

For example, excision of pyrimidine dimers "in vitro" 

Interaction between individual exonucleases and the endogenous DNA polymerase (6) will 
be discussed. 

116 DNA GYRASE: THE TARGET FOR NALIDIXIC A C I D  I N  CELLULAR DNA REPLICATION, N. Pa t r i ck  

N a l i d i x i c  ac id  i n h i b i t s  DNA synthesis and induces the SOS r e p a i r  system and the synthesis o f  
the recA gene product. 
product) from Escherichia c o l i  t o  homogeneity. 
complex i s  formed t h a t  n icks and closes DNA causing the re laxa t i on  o f  e i t h e r  p o s i t i v e  o r  
negative supertwists i n  the absence o f  ATP; 
negative supertwists i n t o  covalent ly  closed DNA. 
gyrase; i t s  e f f e c t  on t h i s  complex i s  t o  i n h i b i t  super twis t ing b u t  n o t  n i ck ing  c los ing.  
e f f e c t s  o f  n a l i d i x i c  ac id  and o x o l i n i c  ac id  are t o  1)  i n h i b i t  n i ck ing  and c los ing  a c t i v i t y .  
2 )  i n h i b i t  super twis t ing a c t i v i t y ,  and 3 )  induce a s i t e  s p e c i f i c  covalent attachment o f  the 
gyrase complex t o  DNA. Addi t ion o f  SDS t o  the covalent complex r e s u l t s  i n  double s t rand 
cleavage w i t h  a p ro te in  attached t o  each fragment o f  DNA. 
by ATP and novobiocin and are mapped on ColEl DNA. 

Higgins, Kenneth N. Kreuzer, Alan Morrison, Akio Sugino, Craig L. Peebles, Pa t r i ck  
Brown, and Nicholas R. Cozzare l l i .  The Un ive rs i t y  o f  Chicago, Chicago, I L  60637. 

We have p u r i f i e d  the n a l i d i x i c  ac id  ta rge t  p r o t e i n  ( t h e  nalA gene 
Together w i t h  a second p u r i f i e d  p r o t e i n  a 

i n  the presence o f  ATP the complex introduces 
Novobiocin i s  a s p e c i f i c  i n h i b i t o r  o f  DNA 

The 

The s i t e s  o f  cleavage are a f fec ted  

117 INHIBITORS OF DNA GYRASE INHIBIT REPAIR AND RECOMBINATION OF W-IRRADIATED PHAGE 
LAMBDA, John Hays and Sieghild BGhma, University of Md., Catonsville, Md., 21228. 

Phage A a106-19 b538 red3 contains 8 tandem duplication (18%). 
converted into the "single-copy'' phage A b538 red3 (length 0.84 A', 
EDTA-resistant) by generalized recombination. Lytic infection of -- rec+ E. coli yields recombinant (EDTA-resistant) phages at a fre- 

cells, and subsequent transfection of rec A-B- spheroplasts) gives 

It is EDTA-sensitive, but is 

quency of 5-15%. An indirect assay (extraction of DNA from infectec '' 
~ ~~ 

the same results. 
repressor (m) or chloramphenicol and/or rifampin, recombination 
(scored by the transfection assay) is 0.1-0.2% or less. Infection 
with W-irradiated phage under either blockage condition results in 
a time-dependent repair (increase in infectivity of DNA) and a W 
dose-dependent stimulation of recombination (to 5-50%). Repair is 
reduced by 40% in a- infections, 4-fold in H-, and &fold in 
recA-B- cells. Recombination frequency is negligible in recA- and 
B-. but normal in H-. Both coumennycin and oxolixacid. 
inhibitors of different subunits of DNA gyrase, block repair and 
recombination (at concentrations above 5 pg/ml). 
recombination in a coumermycin-resistant strain are unaffected by 
the drug. 

When phage gene expression is blocked by phage 

Repair and 
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118 
Spontaneous mutation t o  n a l i d i x i c  a c i d  o r  r i f a m p i c i n  res is tance i s  5 - fo ld  increased i n  
uracil-DNA glycosylase (w) mutants. By tr A revers ion analys is  we observe a 15- fo ld  
increase i n  the frequency o f  spontaneous G*+-A:T t r a n s i t i o n  mutations wh i l e  o the r  
t r a n s i t i o n  and transversion frequencies are no t  a f fected.  Duncan and Warner have pre- 
v ious l y  found t h a t  u rac i l - con ta in ing  DNA (30% U) funct ions normally i n  9- bacte r ia  
( i n  A:U base pa i r s ) ,  and the u r a c i l  i s  no t  removed from the DNA. 
cosylase appears t o  have evolved n o t  t o  prevent u r a c i l  mis incorporat ion i n t o  DNA (as 
A:U), bu t  ra the r  t o  e d i t  f o r  and repa i r  (mutagenic) deaminated cytos ine residues. 
mechanism precludes the use o f  u r a c i l  as a "normal" DNA const i tuent .  (Supported by 
NSF fe l lowship #SMI77-12327.) 

URACIL-DNA GLYCOSYLASE MUTANTS ARE MUTATDRS, Bruce Duncan and Bernard Weiss, 
Johns Hopkins Un ive rs i t y  School o f  Medicine, Baltimore, Maryland 21205 

Thus, uracil-DNA g l y -  

This 

119 
physics, Univers i ty  o f  Ca l i f o rn ia ,  San Francisco, C a l i f o r n i a  
chemistry, College o f  B io log i ca l  Sciences, Un ive rs i t y  o f  Minnesota, S t .  Paul, Minnesota 
551 08 
Stra ins o f  E. c o l i  d e f i c i e n t  i n  the enzymes deoxyuridine tr iphosphate hydrolase (%) o r  
uracil-DNA glycosidase (w) have been invest igated f o r  t h e i r  s e n s i t i v i t y  t o  thymine s ta r -  
vation. Treatment o f  dut  mutants w i t h  FdUrd, a potent i n h i b i t o r  o f  thymidylate synthetase, 
resul ted i n  a s t r i k i n g T s s  o f  v i a b i l i t y ,  w i t h  k i l l  r a tes  up t o  three times t h a t  o f  the 
wi ld- type congenic s t ra in .  
mutation. I n  addi t ion,  un mutants themselves were s i g n i f i c a n t l y  m r e  r e s i s t a n t  than w d -  
type c e l l s  t o  FdUrd ( k i d a t e  ca. 0.6). When thymine-requir ing 
of an exogenous source of the pyr imid ine there was a va r iab le  e f f e c t ,  w i t h  one s t r a i n  some- 
what protected by the mutation and one not. Thymine s ta rva t i on  would be expected t o  r e s u l t  
i n  a g r e a t l y  increased i n t r a c e l l u l a r  r a t i o  o f  dUTP t o  dTTP. 
suggest t h a t  under these condi t ions the incorporat ion o f  u r a c i l  residues i n t o  DNA i n  place 
of thymine and the consequent damage t o  DNA dur ing t h e i r  removal may be a s i g n i f i c a n t  f ac to r  
i n  the loss of v i a b i l i t y  observed dur ing thymine s tarvat ion.  

METABOLISM OF URACIL-CONTAINING DNA DURING THYMINE STARVATION, Charlef Garret t ,  Bruce 
K. Duncan, Daniel V. Santi  and Huber R. Warner, Department o f  Biochemistry and 610- 

94143, and Department o f  Bio- 

This e f f e c t  was completely reversed by i n t roduc t i on  o f  the un 

s t r a i n s  were deprived 

The r e s u l t s  described here 

120 THE ROLE OF EXONUCLEASE I 1 1  I N  THE REPAIR OF URACIL-CONTAINING DNA I N  ESCHERICHIA - COLI, Andrew F. Taylor and Bernard Weiss, Department o f  Microbiology, Johns Hopkins 
Un ive rs i t y  School o f  Medicine, Balt imore, Plaryland 21205 

Mutants o f  E. c o l i  l ack ing  dUTPase (dut  mutants) misincorporate u r a c i l  i n t o  DNA. 
u r a c i l  i s  rsmovedby uracil-DNA glycosylase ( the  a gene product),  leav ing apyr imid in ic  
s i t e s  t h a t  are then cleaved by endonucleases. I n  ex t rac ts  o f  E. c o l i ,  the cleavage o f  
apu r in i c lapy r im id in i c  s i t e s  i s  catalyzed predominantly by the F n d K l e o l y t i c  a c t i v i t y  o f  

The 

exonuclease 111. 
conta in ing DNA i s  supported by the fo l l ow ing  observations: 
exo 111-) double mutants wow Doorlv and form f i laments a t  o r  aboZ3jDOT whereas the cor-  

The importance o f  exonuclease I 1 1  i n  the r e p a i r  i n  v i v o o f  u r a c i l -  
(a) d z  x t h ( i . e . ,  dUTPase- 

responding s ing le  mutants-do not; and (b)  the growth defect  o f  a du t  x th  double mutant can 
be corrected by the add i t i on  o f  an These r e s u l t s  suggest t h a t  the dut  x th  
double mutants grow poor ly  because they accumulate apyr imid in ic  s i t e s  through the removal 
o f  misincorporated u r a c i l  and t h a t  exonuclease I11 is essent ia l  f o r  t h e i r  subsequent 
repa i r .  

0x174 has a 50% reduced bu rs t  s i z e  when grown on dut mutants, and the DNA o f  the 
progeny p a r t i c l e s  contains an average o f  about one break per  strand. When maturation of 
the v i rus  i s  blocked by chloramphenicol, however, the RFI DNA t h a t  accumulates i n t r a -  
c e l l u l a r l y  i n  the dut mutants contains no measurable u r a c i l  o r  apyr imid in ic  s i t e s  (<1 per  
20 DNA mo lecu les ) .The  repa i r  i s ,  therefore, q u i t e  rap id.  (Supported by USPHS grant 
CA16519). 

mutation. 
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ENDONUCLEASES AND N-GLYCOSIDASES FOR DNA REPAIR, Mutsuo Sekiguchi,  Hiroshi  Hayakawa, 
Kenji  Oeda and Kenji  Shimizu, Kyushu Universi ty ,  Fukuoka 812, Japan 12’ 

Therea re  two c l a s s e s  of enzymes t h a t  a c t  on damaged por t ions  of DNA. 
ages,  such as Tjr imidine dimers. a r e  recognized by s p e c i f i c  endonucleases.  
t he  enzymes has  been shown most c l e a r l y  with TO endonuclease V,  a bacter iophage TO-induced 
r e p a i r  enzyme. 
is a l s o  a c t i v e  i n  r e s t o r i n g  r e p a i r  a b i l i t i e s  of human xeroderma pigmentosum c e l l s  and 
Escherichia c o l i  uvrA mutants when introduced i n t o  whole c e l l s  with t h e  a i d  of Sendai v i r u s  
(HVJ) and con t ro l l ed  plasmolysis,  r e spec t ive ly .  N-glycosidases. which l i b e r a t e  f r e e  bases  
from DNA, appear t o  be involved i n  r e p a i r  of unimolecular base damages, such as deaminated 
cytosine o r  a lky la t ed  adenine.  
contains  u r a c i l  i n  place of thymine, whether t h e  DNA i s  n a t i v e  o r  heat-denatured. 
is  a l s o  a c t i v e  on 4x174 DNA which has  been t r e a t e d  with sodium b i s u l f i t e  t o  deaminate cy tos ine  
t o  u r a c i l ;  number of the  enzyme-susceptible s i t e s ,  namely u r a c i l ,  was p ropor t iona l  t o  the times 
of treatment of DNA with b i s u l f i t e .  Evidence f o r  i n  vivo p a r t i c i p a t i o n  of uracil-DNA glycosi-  
dase i n  r e p a i r  of bisulf i te- induced damages has  been obtained with the  use of Bac i l lu s  s u b t i l i s  
mutants de fec t ive  i n  t h e  enzyme a c t i v i t y .  On the  o t h e r  hand, primary l e s i o n s  induced by 
n i t r o u s  ac id  appear t o  be recognized by an enzyme o the r  than uracil-DNA glycosidase;  n i t r o u s  
acid- t reated DNA w a s  no t  a t tacked by a p u r i f i e d  preparat ion of uracil-DNA glycosidase,  and an 
a c t i v i t y  t o  a c t  on n i t r o u s  ac id - t r ea t ed  DNA was  p re sen t  i n  an e x t r a c t  of mutant d e f i c i e n t  i n  
the N-glycosidase a c t i v i t y .  

Bimolecular base dam- 
I n  vivo r o l e  of 

The enzyme is no t  only capable of r e a c t i v a t i n g  u l t r a v i o l e t - i r r a d i a t e d  T4, bu t  

Uracil-DNA glycosidase r e l eases  u r a c i l  from PBSl DNA, which 
The enzyme 

122 THE EFFECTS OF dUTP MISINCORPORATION ON I N  VITRO DNA SYNTHESIS,R.H. Grafstrom, B.Y. 
Tseng. and M. Goulian. Universi ty  of Ca l i fo rn ia ,  San Diego, La J o l l a ,  CA 92093 

The e f f e c t s  of dUTP misincorporat ion on DNA syn thes i s  i n  human lymphocytes have been inves t i -  
gated using an  i n  v i t r o  system. 
increased amount of low molecular weight DNA fragments,  which a r e  approximately t h e  s i z e  of 
Okazaki p i eces  but  a r e  no t  elongated i n t o  higher  molecular weight DNA. That t hese  fragments 
a r e  produced by a r e p a i r  process  i n i t i a t e d  by the  a c t i o n  of uracil-DNA-N-glycosidase was 
demonstrated both by t h e  dependence of u r a c i l  formation on DNA syn thes i s  and a l s o  by t h e  in- 
h i b i t i o n  of u r a c i l  removal by t h e  presence i n  the  inco rpora t ion  mixture  of 6mM u r a c i l ,  a known 
i n h i b i t o r  of uracil-DNA-N-glycosidase. The high l e v e l s  of deoxyuridinetriphosphatase found 
i n  our system preclude the  p o s s i b i l i t y  of t h i s  mechanism(uraci1 misincorporat ion and subse- 
quent removal) being a s u b s t a n t i a l  con t r ibu to r  t o  the  appearance of Okazaki-size fragments 
found during normal DNA synthesis .  (Supported by USPHS Grant CA11705 and Nat ional  Research 
Service Award CA05364 from t h e  National Cancer I n s t i t u t e  and Research Grant NP102 from t h e  
American Cancer Society) .  

dUTP w a s  found t o  i n h i b i t  DNA syn thes i s  and t o  produce an  

123 EXONUCLEASE I 1 1  OF E. COLI AND H. INFLUENZAE: CLEAVAGE AT A P U R I N I C / A P Y R I M I D I N I C  
SITES. SteDhen G. R g a e F n d  Bernard Weiss, Department o f  Microbiology, Johns .. 
Hopkins Un ive rs i t y  School o f  Medicine, Baltimore, Maryland 21205 

Epnuclease 11! from k. coli or E. inf luenzae is.a,monomeric p ro te in  (M =28,000-29,000) 
w i t h  fou r  Dhvs ica l lv  inseoarable c a t a i v t i c  a c t i v i t i e s .  It i s  ( i )  a d o d l e  s t rand-speci f ic  
3’+5’ exonuciease, i i i )  an endonuclease f o r  apur in ic /apyr imid in ic  s i t e s  i n  DNA, ( i i i )  
a DNA-3’-phosphatase9 and ( i v )  an RNase H. The proper t ies o f  the enzymes from the two 
s t ra ins  are ind is t inguishable.  I n  each s t r a i n ,  exonuclease I11 i s  the predominant endo- 
nuclease f o r  apur in ic /apyr imid in ic  s i t es .  The endonuclease a c t i v i t y ,  as detected by the 
n i ck ing  o f  p a r t i a l l y  depurinated (ac id- t reated)  0x174 RFI DNA, cannot be separated from 
the exonuclease dur ing enzyme p u r i f i c a t i o n  o r  subsequently by gel f i l t r a t i o n  o r  e lec t ro -  
phoresis. 
E. c o l i  gene f o r  exonuclease I 1 1  has been cloned w i t h  phage A and ColEl vectors. A 30- 
Told-%crease i n  exonuclease 111 (and i n  i t s  associated endonuclease a c t i v i t y )  appears 

Both a c t i v i t i e s  are a f fec ted  simultaneously by mutation i n  each organism. The 

no t  t o  a f f e c t  c e l l  v i a b i l i t y .  
(Supported by American Cancer Society grant NP-126 and USPHS t r a i n i n g  grant 

5 T32 CA09139). 
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124 ENZYMATIC DEGRADATION OF SINGLE STRANDED DNA CONTAINING SITES OF BASE LOSS BY EXTRACTS 
.OF Escherichia c o l i .  Thomas Bonura and Er ro l  C. Friedberg. 
Oncology, Department o f  Pathology, Stanford Univers i ty ,  Stanford, CA. 94305. 

Laboratory o f  Experimental 

F ive endonuclease a c t i v i t i e s  (designated endonucleases I1 + V I )  have been described i n  ex- 
t r a c t s  o f  E. c o l i  which can catalyze the hydro lys is  of phosphodiester bonds a t  o r  near s i t e s  
o f  base l o m r i n i c / a p y r i m i d i n i c  s i t e s )  i n  double stranded DNA. 
n o t  f i r m l y  establ ished t h a t  these represent 5 d i s t i n c t  enzymes. Furthermore, none o f  those 
a c t i v i t i e s  have been shown t o  degrade s i n g l e  stranded DNA conta in ing s i t e s  o f  bake loss. 

a c t i v i t y  (endonuclease a c t i v i t y  of-lease 111; endonuclease V I )  as we l l  as endonuclease 
I1 and have detected an a c t i v i t y  t ha t  catalyzes the degradation o f  s ing le  stranded DNA con- 
t a i n i n g  s i t e s  o f  base loss, t o  acid-soluble products. 
d i v a l e n t  ca t i on  (thereby d i s t i ngu ish ing  i t  from endonuclease V )  and i s  no t  i n h i b i t e d  i n  the 
presence o f  5 mt4 EDTA (thereby f u r t h e r  d i s t i ngu ish ing  i t  from endonuclease I1 and endonuclease 
V I ) .  
o f  base loss  i s  observed. 
presence o f  0.2 NaCl o r  when heated t o  50°C f o r  10 minutes. 
from endonuclease I V .  
L inn)  has 
p u r i f y i n g  t h i s  a c t i v i t y  t o  determine whether i t  represents y e t  another apu r in i c  endonuclease, 
poss ib ly  s p e c i f i c  f o r  s ing le  stranded DNA. 
Studies supported by research grants from the USPHS and the ACS and by contract  w i t h  the USEROA. 

However. a t  present, i t  i s  

We have examined ex t rac ts  o f  E. c o l i  de fec t i ve  i n  the major apu r in i c  endonuclease 

The a c t i v i t y  has no requirement f o r  

I n  the presence o f  EDTA no s i g n i f i c a n t  degradation o f  s ing le  stranded DNA wi thout  s i t e s  
The a c t i v i t y  i s  i n h i b i t e d  by tRNA and i s  50% inac t i va ted  i n  the 

These features d i s t i n g u i s h  i t  
I n  addi t ion,  p u r i f i e d  endonuclease 111 (generously provided by O r .  S. 

We are cu r ren t l y  a very l i m i t e d  a c t i v i t y  on s i n g l e  stranded depyrimidinated DNA. 

125 ENZYMES I N V O L V E D  IN BASE E X C I S I O N  R E P A I R  I N  M i c r o c c o c u s  luteus. 
J a c q u e s  L A V A L  and J o s i a n e  P I E R R E ,  Inst.G.Roussy,94800,VILLEJUIF,FRANCE. 

E n z y m e s  that specifically remove alkylated b a s e s  O K  u r a c i l  r e s i d u e s  in D N A  a r e  

present in p r o c a r y o t e s  a s  w e l l  a s  i n  eucaryotes. S u c h  a D N A  N-glycosidase w h i c h  

recognises 3-methyl A d e n i n e ~ h a s  b e e n  isolated free o f  e n d o n u c l e a s e  f o r  a p u r i n i c  

s i t e s  f r o m  M.luteus.(Laval J. Nature, 269,829-832,1977). B e s i d e s  these two en- 

z y m e s , w e  have purified ana characterized from M.luteus a n  uracil D N A  N-glycosi 

dase and a second endonuclease f o r  a p u r i n i c  sites. P u r i f i c a t i o n  p r o c e d u r e  in- 

v o l v e s  phase partition.chromatography on D E A E  c e l l u l o s e ,  P-cellulose and D N A  

A g a r o s e  columns. T h i s  n e w  endonuclease for a p u r i n i c  sites is c l e a r l y  d i f f e r e n t  

f r o m  the already reported by c h r o m a t o g r a p h i c  p r o p e r t i e s ,  i s o e l e c t r i c  point, 

sensitivity to proteases, enzymatic properties. All these e n z y m e s  a r e  s m a l l  

m o l e c u l e s  and have b e e n  obtained free o f  c o n t a m i n a t i n g  e n d o n u c l e a s e  or DNA- 

N-glycosidase. M e c h a n i s m s  of a c t i o n  a r e  reported. 

T h i s  w o r k  w a s  suported by grants f r o m  I N S E R M  and CNRS. 

126 CHROMATIN LOCALIZATION OF THE ENDONUCLEASE SPECIFIC FOR APURINIC SITES 
IN PHASEOLUS MULTIFLORUS EMBRYOS, Lise Thibodeau and Walter Verly, 
Biochimie, Universite de LiSge, Belgium. 

Endonucleases specific for apurinic sites appear to be involved in the repair 
of base loss occuring spontaneously or following chemical or physical aggres- 
sion of DNA. These enzymes have been found in bacteria and mammalian cells. 
We found endonucleases for apurinic sites in a photosynthetic alga (Anacystis 
nidulans), in a fungus (Agaricus campester), in leaves and roots of a higher 
plant (Phaseolus multiflorus). I n  the leaves, the chloroplastic enzyme was 
found to have a higher sensivity to heat than the nucleo-cytoplasmic enzyme. 
The nucleo-cytoplasmic endonuclease of P. multiflorus embryos has been isola- 
ted and its specificity toward apurinic sites demonstrated: it is localized 
almost exclusively in the nucleus. Native chromatin has a l o w  activity on 
exogenous depurinated DNA, but a high activity can be demonstrated on this 
substrate in the non-histone fraction after dissociation of the chromatin. 
Reconstitution of chromatin is associated with a marked decrease of the enzy- 
me activity on the exogenous substrate, but the activity reappears on redis- 
sociation. These results suggest that, when the enzyme is integrated in the 
quaternary structure of the chromatin, the active center is oriented to work 
on chromatin DNA which is its true substrate. Experiments, using a mammalian 
system, are under way to verify this hypothesis. 

67 



127 ISOLATION AND CHARACTERIZATION OF THE APURINIC ENDONUCLEASE FROM HUMAN PLACENTA. 
Nancy L.  Shaper and Lawrence Grossman, Department of Biochemistry,  The Johns Hopkins 
Univers i ty ,  Baltimore,  Md. 21205 

The r e p a i r  o f  a p u r i n i c  s i tes  i n  DNA is  i n i t i a t e d  by an i n c i s i o n  enzyme termed the  a p u r i n i c  
endonuclease.  
c a l f  thymus and human p lacenta .  We have developed an improved p u r i f i c a t i o n  scheme f o r  t he  
i s o l a t i o n  of t he  enzyme from human p lacen ta  us ing  hydrophobic a f f i n i t y  chromatography and 
p repa ra t ive  i s o e l e c t r i c  focus ing .  This  scheme is r e l a t i v e l y  s imple  and r e s u l t s  i n  a nea r  
homogeneous enzyme p repa ra t ion  i n  h igh  y i e l d  t h a t  is f r e e  of nonspec i f i c  nuc leases .  
are cu r ren t ly  underway t o  pu r i fy  the  enzyme t o  homogeneity. 
t he  p rope r t i e s  of t he  enzyme. 

This  enzyme has been i s o l a t e d  and p a r t i a l l y  p u r i f i e d  from E. m. r a t  l i v e r ,  

E f f o r t s  
Data w i l l  be presented  d e t a i l i n g  

128 I N  V I T R O  R E P A I R  OF D E P U R I N A T E O  DNA B Y  ENZYMES PURIFIED FROM HUMAN LYMPHOBLASTS. 
Kallol  Bose, Pe te r  Karran, and Bernard S t r a u s s ,  Univers i ty  of Chicago, Chicago, 
I l l i n o i s  60637 

A p a r t i a l l y  p u r i f i e d  s y s t e m  which c a r r i e s  o u t  t he  exc i s ion  r e p a i r  of DNA w i t h  a p u r i n i c  
s i t e s  has been obta ined  from t h e  human lymphoma l i n e  Daudi. The system c o n s i s t s  of  
DNA polymerase (1 f r e e  of nuc leases  and two d i f f e r e n t  n u c l e o l y t i c  a c t i v i t i e s ,  one an 
endonucleo ly t ic  a c t i v i t y  s p e c i f i c  fo r  a p u r i n i c  s i t e s  in D N A  and the  second a 5'-3' 
exonuclease.  

were removed and the  DNA repa i red  by the j o i n t  ac t ion  of t hese  nuc leases  and polymerase. 
The s t r and  breaks i n  t he  D N A  were then jo ined  by incubation w i t h  T4 D N A  I i gase .  Dinucleo- 
t i d e s  appear t o  be the  predominant product of exonuclease ac t ion .  

A l k a l l - l a b i l e  l e s ions  introduced in to  T7 D N A  by t rea tment  with methyl methanesulfonate 

DNA Repair Pathwys in Prokaryotes 
Error Free PathwaydR-mbination 

129 
A s y s t e m  f o r  packaging bac ter iophage  T7 DNA which is  dependent upon exogenously added DNA and 
i n  which recombination has  been minimized has been employed t o  monitor t h e  b i o l o g i c a l  e f f e c t s  
of UV rad ia t ion- induced  damage t o  DNA. I r r a d i a t e d  DNA packaged i n  v i t r o  i n t o  phage p a r t i c l e s  
and i r r a d i a t e d  i n t a c t  phage showed almost i d e n t i c a l  s u r v i v a l  as a func t ion  of W dose  us ing  
_ -  E. c o l i  wi ld  type ,  polA, o r  
t i v a t i o n ,  polA mutants and wi ld  type  were i d e n t i c a l  i n  t h e i r  a b i l i t y  t o  suppor t  growth of 
i r r a d i a t e d  phage o r  i r r a d i a t e d  T7 DNA packaged i n  v i t r o  i n t o  complete phage. 
v i t r o  r e p a i r  e f f ec t ed  by TP-infected e x t r a c t s  of E. c o l i  suggested t h a t  T7 DNA polymerase may 
s u b s t i t u t e  f o r  g. & polymerase I i n  the  r e s y n t h e s i s  s t e p  of exc i s ion  r e p a i r .  Treatment of 
UV radiation-damaged DNA wi th  & luteus endonuclease s p e c i f i c  f o r  removal of pyr imidine  dimers 
followed by incubat ion  of t h e  DNA wi th  a n  e x t r a c t  of un infec ted  5. a r e s u l t e d  i n  a h igher  
packaging e f f i c i e n c y  than  t h a t  observed i n  un t r ea t ed  DNA. T7 DNA r e p l i c a t e d  i n  v i t r o  has been 
packaged i n  t h i s  i n  v i t r o  packaging system. A s  a n t i c i p a t e d ,  i r r a d i a t i o n  of  templa te  DNA re- 
s u l t s  i n  g r e a t l y  reduced s y n t h e s i s ,  and t h e  r e s u l t a n t  product DNA is packaged wi th  s i g n i f i -  
can t ly  lower e f f i c i e n c y  than  that synthes ized  o n a n  un i r r ad ia t ed  template.  E f fo rcs  t o  examine 
induc ib le  DNA r e p a i r  i n  v i t r o  by moni tor ing  the  b i o l o g i c a l  a c t i v i t y  of T7 DNA synthes ized  
i n  v i t r o  by e x t r a c t s  prepared from i r r a d i a t e d  cel ls  a r e  i n  progress .  
t he  Department of Energy under c o n t r a c t  w i th  t h e  Union Carbide Corporation.)  

I N  VITRO SYSTEN FOR EIONITORING DAMAGE TO AND REPAIR OF T7 DNA. N. B. Kuemmerle and 
k'. E. Masker, Oak Ridge Nat iona l  Labora tory ,  Oak Ridge, TN 37830. 

as hos t .  While uvrA mutants  performed less hos t  c e l l  reac- 

A s tudy  of i n  

(Research supported by 



130 
A s e r i e s  of isoge:i ic s t r a i n s  ca r ry ing  a i t h c r  uvrD3, uvrDlO1, u v r P  
r e ~ L 2 2 -  we-e constructed and analyzod for s c n s ~ t ~ ; i t j ; ' ~ o ~ ~ ~ t r a ~ i ~ ~ ~ t ~ i ~ : ~ -  i kFeFs&d spon- 
taneous w t a t i o n  frequency and a b i l i t y  t o  c a r r y  out  ; .ost  c e l l  r e a c t i v a t i o n .  Fill t h e  s t r a i n s  
showed s imi l a r  l e v e l s  of W s e n s i t i v i t y  and a b i l i t y  t o  c a r r y  out  'lost c e l l  r e a c t i v a t i o n .  
The uvrD and uvrF mutants ex i i i l i t ed  s i z n i f i c a n t  i nc reases  i n  spontaneous mutation frequency 
c o r n p a x  t o  w i f h t y p e  o r  recLl52 s t r a i n s .  
carrying a wild type FEl~lakXiC- Complementation ana lys i s  lias c a r r i e d  ou t  by t r ansduc t iona l  
ana lys i s  and t i le formation of merodiploids.  F' plasmids ca r ry ing  e i t h e r  uvrrSO2 o r  recLl52 
f a i l e d  t o  complement any o f  tlis above a l l e l o s  hut  d id  complement r,ep3(a F l z i  l i n k 7  
mar! e r )  . 
obtained hctrreen any o f  t h e  r u t a t i o n s  t e s t e d .  
e t  a1 
same gene. 
DSA ,>olymerase 111 o r  110th. 
s t r a i n s  may'ar ise  from mutations a t  d i f f e r e n t  s i t e s  within t h e  cene. 
def ic ier i t  i n  exonuclease I ,  exonuclease 111 and exon!iclease V which a l s o  c a r r y  va r ious  uvrD 
a l l e l e s  have bcen constructed t o  t e s t  t h i s  !iy,lothesis. (This work was supported in par tTy-  
g ran t s  from t h e  "at ional  I n s t i t u t e  of Ceneral 'Indicxl cciences. )  

WRU, IJVRE .':<!I R r C L  RPRESEXI' A SINGLT. GIXF, Sidney R ,  Kushner, John Shenherd. 
G i ~ ~ i n e i 3 , - E ~ w a r d ~ - ~ i d  Va le r i e  1'. ' :aples, Univ. o f  Ceorzin,  Athens Ga. 30GO: 

wi.I?TOO, uvrF502 or 

A l l  t h e  a l l e l e s  were r eces s ive  i n  t ransconjugants  

I n  t rar isduct ional  c ros scs  extremely low frequencies  of aid-type recomhinants were 
rhese  r e s u l t s  aloiifi with experiments by :lark 

and Smirnov e t  a l .  s t ronRly sugges: t h a t  iivrD, uvr r  and recL a r e  a l l  mutations i n  t h e  
I t  i s  thought t h a t  t h e  uvrD p ro te in  ~r~es?o~-~e$ulZC$-either nV4 polymerasel,  

The v a r i a t i o n s  i n  t h e  observed phenotypic n r o p e r t i e s  o f  t hese  
A s e r i e s  of s t r a i n s  

131 ARANUCLEOTIDE INHIBITION OF E. c o L r  DNA POLYMERASES: LOSS OF VIABILITY AND TEMPERATURE 
SENSITIVE INHIBITION OF DNA REPAIR 11 V r V O ,  INHIBITION OF PURIFIED DNA POLYMERASES I1 

AND 111, AND I N H I B I T I O N  OF DNA SYNTHESIS I N  TOLUENIZED CELLS. Douglas W. Smith, Robert C , T a i t ,  
Sheldon S. Hendler, and William 8.  Helfman. Univ. C a l ,  San Diego, La J o l l a ,  CA 92037. 

E .  co l i  p o l c  c e l l s  grow slowly a t  3OoC but  d i e  slowly a t  43°C i n  t h e  presence of 100 u g h 1  
arabinocytosine (araC).  E. coZi p o Z A  mutants d i e  slowly a t  3OoC, more r ap id ly  a t  37°C. and 
most r ap id ly  a t  43'C, whereas E. coZi polA p o Z B  mutants d i e  twice as r ap id ly  a s  p o Z A  mutants,  
E. coli poZC mutants d i e  a t  t h e  same r a t e  a t  43OC i n  the  presence o r  absence of araC, wh'ereas 
E. coZi p o l A  p o Z C  d e r i v a t i v e s  d i e  more rapidly a t  43'C i n  t h e  presence of araC. Thus, n e i t h e r  
P o l I I  nor P o l I I I  a lone prevent rapid araC k i l l i n g ,  and a l l  t h ree  DNA polyrnerases ca t a lyze  re- 
ac t ions  which reduce araC k i l l i n g .  Alkaline sucrose g rad ien t  a n a l y s i s  of UV-induced DNA re- 
pa i r  c a p a b i l i t i e s  of E. col i  p o Z A  p o Z B  mutants showed t h a t  DNA dark r e p a i r  is s e n s i t i v e  t o  
araC i n  a temperature-sensi t ive manner, i nd ica t ing  t h a t  P o l I I I .  funct ioning i n  DNA r e p a i r ,  is 
inh ib i t ed  by araC i n  a temperature-sensi t ive manner. The r a t e  of r e p a i r  is higher  i n  p o Z B  c e l l s  
than in  p o Z B f  c e l l s .  Both pu r i f i ed  P o l I I  and P o l I I I  a r e  s e n s i t i v e  t o  aranocleoside t r iphos-  
phate i n h i b i t i o n ,  but only a t  high deoxynucleoside t r iphosphate  concentrat ions.  P o l l 1  is more 
s e n s i t i v e  than is P o l I I I ,  and t h e  Mn*-activated r eac t ions  a r e  more s e n s i t i v e  than the  Mgfe- 
ac t iva t ed  r eac t ions .  Incorporat ion of [~a-~*PlaraCTP i n  toluenized E. coZi p o l  mutants showed 
tha t  SOX i n h i b i t i o n  of ATP-dependent DNA syn thes i s  corresponds to  incorporat ion of s eve ra l  
hundred araCHP molecules per c e l l .  A t  5 !AM and lower, araCTP i n h i b i t s  ATP-dependent Po l I I I -  
mediated DNA syn thes i s  (DNA r e p l i c a t i o n ) ,  whereas a t  10 UM and h ighe r ,  a d d i t i o n a l  i n h i b i t i o n  
and araCMP incorporat ion appears  t o  be due t o  PolII-mediated DNA r epa i r .  

132 THE GENETIC CONTROL OF REPAIR REPLICATION AFTER UV IRRAOIATION. Kenneth M. Carlson 
and Kendric C. Smith, Stanford Un ive rs i t y  School o f  Medicine, Stanford, CA 94305. 

The resynthesis step o f  shor t  patch (growth medium-independent) exc is ion r e p a i r  a f t e r  UV 
i r r a d i a t i o n  i s  p e r f o m d  by DNA polymerase I (1-3). Previous studies, u t i l i z i n g  p o Z A  mutants 
o f  E.coZi K-12 a lso carry ing a p o l c t s  mutation, suggest t h a t  the resynthesis s tep o f  l ong  
patch (growth medium-dependent) exc is ion r e p a i r  a f t e r  UV i r r a d i a t i o n  can u t i l i z e  DNA polymer- 
ase I 1  (i.e., poZN) and/or 111 (i.e.. p o l c t s )  (4.5). Our r e p a i r  r e p l i c a t i o n  data, u t i l i z i n g  
p"ZA mutants a lso d e f i c i e n t  i n  DNA polymerase I 1  and/or 111 are consis tent  w i t h  these resu l t s .  
However, we have been unable t o  detect  any s i g n i f i c a n t  r e p a i r  r e p l i c a t i o n  i n  a p o Z B  s t r a i n  
fo l lowing the standard assay condi t ions f o r  polc and poZA s t r a i n s  (2)  (i.e.. us ing 20 Jm-* 
and 20 min incubation). A t  UV fluences 950 J K 2 .  however. on l y  short-patch r e p a i r  r e p l i c a t i o n  
can be detected i n  a poUt s t ra in .  Our r e s u l t s  i nd i ca te  t h a t  DNA polymerase 11, bu t  no t  DNA 
polymerase 111. i s  responsible f o r  the long patch r e p a i r  resynthesis seen i n  a wi ld- type 
s t r a i n  o f  R.coZi K-12. 
s i m i l a r  t o  t h a t  f o r  wi ld- type c e l l s ,  DNA polymerase 11-dependent long patch r e p a i r  does no t  
appear t o  be a major r e p a i r  system a f t e r  UV i r r a d i a t i o n .  

Since the UV surv iva l  and the mutation frequency o f  a p o Z B  s t r a i n  are 

1. P.K. 
2. P.K. 
3. D.A. 
4. W.E. 
5. O.A. 

Cooper and P.C. Hanawalt, J.  Molec. Riot .  67, 1-10, 1972. 
Cooper and P.C. Hanawalt. Proc. Nat. Acad. Sci. 69, 1156-1160, 1972. 
Younqs, E. Van der Schueren and K.C. Smith. J. Bact. 117. 717-725. 1974. 
Mask&. P.C. Hanawalt and H. Shizuya, Nature New E io l .  244, 242-243; 1973. 
Youngs and K.C. Smith, Nature New B io l .  244. 240-241, 1973. 
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133 DNA TURNOVER IN BUFFER-HELD ESCHERICHIA C S I  AND ITS EFFECT ON REPAIR OF W LYIMAGE, 
M. s. Tang. T. v .  Wang and M. H. P a t r i c k .  The U n i v e r s i t y  o f  Texas a t  D a l l a s ,  
Richardson, Texas 750RU 

Continuous DNA d e g r a d a t i o n  and r e s y n t h e s i s ,  wi thout  a n e t  change i n  c e l l u l a r  DNA c o n t e n t ,  
were observed i n  b u f f e r + e l d ,  u n i r r a d i a t e d  E_. c 2  W r .  
i n v o l v e s  most of t h e  genome and r e f l e c t s  random sites of  DNA r e p a i r  which i n v o l v e s  t h e  
polA-dependent e x c i s i o n  r e s y n t h e s i s  r e p a i r  pathway. Under t h e s e  non-growth c o n d i t i o n s ,  it 
a F w a r s  t h a t  a t  any g i v e n  t i m e  t h e r e  is  a minimum of  one repair si te per 6.5 x lo6 d a l t o n s  
DNA, each of  which is at least 160 n u c l e o t i d e s  aong. 
While t h e  amount of  DNA d e g r a d a t i o n  is  not i n f l u e n c e d  by p r i o r  e x p o s u r e  t o  W r a d i a t i o n ,  t h e  
s y n t h e t i c  a c t i v i t y  is c o r r e l a t e d  i n v e r s e l y  w i t h  t h e  W f l u e n c e .  W e  s u g g e s t  t h a t  when t h e s e  
sites of  DNA t u r n o v e r  o c c u r  o p p o s i t e  t o  a c y c l o b u t y l  d i p y r i m i d i n e  i n  W - i r r a d i a t e d  cells, 
r e p a i r  o f  t h i s  damage c a n  be prevented .  This i m p l i e s  t h a t  bo th  b e n e f i c i a l  and d e l e t e r i o u s  
p r o c e s s e s  t a k e  p l a c e  i n  i r r a d i a t e d ,  buf fer -he ld  cel ls ,  and t h a t  c e l l  s u r v i v a l  depends  on 
t h e  d e l i c a t e  b a l a n c e  between DNA t u r n o v e r  and r e p a i r  of damage. Based o n  t h e s e  f i n d i n g s ,  
w e  propose a model to e x p l a i n  t h e  l i m i t e d  r e p a i r  observed d u r i n g  p o s t - i r r a d i a t i o n  l i q u i d -  
h o l d i n g  and t o  account  f o r  t h e  l a r g e  d i f f e r e n c e  i n  ce l l  s u r v i v a l  between i r r a d i a t i o n  a t  low 
f l u e n c e  r a t e s  ( f luence-a te  dependent  r e c o v e r y )  and a t  h i g h  f l u e n c e  r a t e s  fo l lowed by 
l i q u i d  -hold ing  ( l i q u i d - h o l d i n g  r e c o v e r y ) .  

This c o n s t a n t  DNA t u r n o v e r  probably  

1% RADIOSENSITIZATION OF HYPOXIC E. COLl BY 8-METHOXYPSORALEN: DEPENDENCE ON 
DNA REPAIR CmBILITY, J. Leslie Redpath, Deportment of Radiological Sciences, University 
of Colifornia, Irvine, CA 92717 

The DNA-interactive agent 8-methoxypsoialen ac ts  as  a radiosensitizer of hypoxic E .  coli  carrying 
either uvrA, uvrB or recA mutations. Wild-type strains and polAl or palA (5'+3' exonuclease) 
mutants are not radiasensitized. Thus the  lesion induced in hypoxia by psoralen-plus-ionizing radia- 
tion would seem to  be repoired by wild-type bacteria and  polA mutants but not by those defective in 
uvrA, uvrB or recA genes. The gene t ic  requirements for repair of this damage are  thus different to  
those For repair of thot induced by psorolen-plus-light (i.e. interstrand cross-links), but the =me a s  
those Far the slaw, medium-dependent (Type 111) repair of single strand breaks. Post-irradiation 
incubation in the presence of acriflavine or 2,44initrophenol,  which a r e  inhibitors of Type 111 
repair, had no effect  on the dose modifying effects of 8MOP in any of the strains. This would 
indicote that these agents did not inhibit the repair of the lesion induced by psoralen-plus-ionizing 
rodiation and suggests the existence of another repair  system with the same genet ic  requirements a s  
Type I l l  repair of single strand breaks. 

- -  

REPAIR OF UV INDUCED DNA DAMAGE I N  MYCOPLASMAS. J. A. Nowak, J. D a s ,  A. Ghosh, 
U. Chaudhuri ,  and J. Mani lof f .  Depts.  o f  Microbiology and of  R a d i a t i o n  Biology and 
Biophys ics .  U n i v e r s i t y  of  Roches te r ,  Roches te r ,  New York 1 4 6 4 2 .  

135 
The mycoplasmas are t h e  smallest r e p o r t e d  f r e e  l i v i n g  c e l l s .  
do n o t  have c e l l  w a l l s :  each  c e l l  is  bounded by a s i n g l e  l i p o p r o t e i n  u n i t  membrane. The 
r e p a i r  of  DNA damage i n  UV i r r a d i a t e d  Mycoplasma g a l l i s e p t i c u m  A5969 (genome s i z e  4 . 6  x lo8 
d a l )  and Acholeplasma l a i d l a w i i  J A l  (genome s i z e  1 x lo5 d a l )  has been s t u d i e d .  A. l a i d l a w i i  
c e l l s  have both  d a r k  ( e x c i s i o n )  r e p a i r  and p h o t o r e a c t i v a t i n g  mechanisms. 
g a l l i s e p t i c u m  h a s  been found t o  have n e i t h e r  e x c i s i o n  r e p a i r  nor  p h o t o r e a c t i v a t i n g  mechanisms 
f o r  t h e  r e p a i r  o f  W induced DNA damage. To o u r  knowledge, no o t h e r  p r o k a r y o t e  l a c k s  b o t h  
r e p a i r  systems. The e f f e c t  o f  a c r i f l a v i n e  t r e a t m e n t  of  u l t r a v i o l e t  i n a c t i v a t i o n  h a s  a l s o  
been i n v e s t i g a t e d .  Pos t  i r r a d i a t i o n  a c r i f l a v i n e  t r e a t m e n t  i n h i b i t s  l i q u i d  h o l d i n g  recovery  
and DNA s t r a n d  breaks  are not r e p a i r e d .  Comparison of  t h e  e f f e c t s  of  a c r i f l a v i n e  t r e a t m e n t  
on i r r a d i a t e d  A. 1aidlawi.i  and g. g a l l i s e p t i c u m  a l s o  i n d i c a t e s  t h a t ,  w h i l e  t h e  pr imary  
e f f e c t  o f  a c r i f l a v i n e  may be t o  i n h i b i t  e x i s i o n  r e p a i r ,  t h e  dye a l s o  a f f e c t s  some o t h e r  
r e p a i r  p r o c e s s e s .  P r e - i r r a d i a t i o n  a c r i f l a v i n e  t r e a t m e n t  p r o t e c t s  A. l a i d l a w i i  c e l l s  from 
UV i n a c t i v a t i o n .  

T h i s  group o f  p r o k a r y o t e s  

I n  c o n t r a s t  3. 
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136 PHOTODYNAMIC DAMAGE AND I T S  R E P A I K  I N  MYCOPLASHAq. J. Uas, U. Chandhuri, J . A .  
Nowak, and J. Maniloff. Depts. Microbiology and of Radiation Biology and Biophysics, 
University of Rochester, Rochester, New York 14642 

The mycoplasmas are a group of prokaryotes which do not have cell walls: each cell is bounded 
by a unit membrane. Photodynamic inactivation of Acholeplasma laidlawii and Mycoplasma 
gallisepticum in the presence of acriflavine have been investigated. 
for y. gallisepticum, an organism which lacks both dark and light repair mechanisms for W 
induced DNA damage, followed "single hit" kinetics. The inactivation curve for A. laidlawii, 
exhibited an initial shoulder after which inactivation was exponential. When held in buffer 
in the dark, photodynamically inactivated A. laidlawii cells can recove;: the extent of 
recovery is dependent upon the amount of damage. No detectakjle repair was observed when 
cells were inactivated below 10% survival. A lag in the synthesis of macromolecules was 
observed in inactivated cells. 
in photoinactivated cells. The DNA strand breaks can be repaired in cells not inactivated 
below 10% survival. No change in the transport of a-methyl glucoside was observed in 
inactivated cells compared to control cells, implying that the cell membrane is not affected 
by photodynamic inactivation. 

The inactivation curve 

Alkaline sucrose gradient analysis showed DNA strand breaks 

1-37 HOST-CELL REACTIVATION OF ALKYLATED T7 BACTERIOPHAGE, Margaret D. Mamet-Bratley, 
Denis Lane and Barbara Karska-Wysocki, DBpartement de Biochimie, Facult6 de Medecine, 
Universite de MontrBal. Montreal, QuBbec, Canada H3C 357. 

Endonuclease for apurinic(or apyrimidinicfsites and DNA polymerase I are two enzymes 
thought to participate in base excision-repair of damaged DNA. Escherichia coli mutants, 
defective in these enzymatic activities, are now available. We have used these mutants to 
investigate host-cell reactivation of alkylated T? phage. Purified T7 phage was alkylated 
by memy1 methanesulfonate and phage survival was assayed immediately or after incubation 
of al$ylateQ phage at 30°+to inQuce depurination. Hosts for treatei T7 phage were1 AB1157 
(&A ,xthA ); W3110(polA , ); p34781polA ); AB3027(polA , xth ); BW2001fxthA ); RS5065 
(polAex-). Non-alkylated T7 phage plated with similar efficiency on all thesestrains. 
Phage survival, measured immediately after alkylation or  following incubation at 30°, was 
lowest on 4. p3478. defective in the polymerase activity of DNA polymerase I .  Both 
strains defective in the endonuclease f o r  apurinic sites (AB3027, BW2001) gave a signifi- 
cantly higher level of phage survival, as did the strain (RS5065) defective in the 5'-3' 
exonuclease activity of DNA polymerase I. Highest survival of alkylated T7 phage was ob- 
served on the two wild-type strains (AB1157, W3110). This shows that host-cell reactiva- 
tion of alkylated phage occurs in these two strains. Thus we conclude that alkylatcd T7 
phage is subject to repair, in a pathway involving E. coli endonuclease for apurinic sites 
and DNA polymerase I. (Supported by the National Research Council of Canada, La Fondation 
Jos. Rheaume and 1'UniversitB de Montreal) 

138 ROLE OF THE GENE mtcA IN THE RESISTANCE OF MICROCCCCUS RADIODURANS TO THE 
LETHAL EFFECTS OF MITOMYCIN C DAMAGE AND ALKYLATION MUTAGENESIS. B .  E. B .  
Moseley and P. R. Tempest, Department of Microbiology, University of 

Minburgh, School of Agriculture, Edinburgh, EX9 3 J G ,  U.K. 
A strain, 302,of Micrococcus radiodurans has been isolated, mutant in a gene designa- 
ted m, which is forty times more sensitive than the wild type to the lethal effects 
of both mitomycin C (MTC) and decarbamoyl MTC but which has wild type resistance to 
the lethal effects of ultraviolet radiation. Compared with the wild type, strain 302 
has the same resistance to the lethal action ofmethyl methanesulphonate (MMS) but is 
slightly sensitive to the lethal effects of ethyl methanesulphonate (EMS), N-methyl- 

A1 ka- 
line sucrose gradient analyses of DNA from bacteria treated with BMBA indicate that 
302 is unable to initiate excision repair of BMBA-adducts. MMS and EMS which are 
only slightly mutagenic in the wild type are highly mutagenic in 302 and MNNG which is 
very mutagenic in the wild type has this mutagenic effect enhanced fifty fold in 302. 
The mtcA gene product is therefore involved in the initial recognition and/or incision 
events in the excision repair of MX-mono- and di-adducts and also methylated and 
ethylated nucleotides in DNA. 

-nit ro-E-ni t r 0 s  oguanidi ne (MNNG ) and 7 -br omome t hy lben z [ a] ant hr acene ( BMBAT. 
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A new E . c o l i  K-12 m u t a n t  (AA101)  r e s i s t a n t  t o  M i t o m y c i n  C (MC) was i s o l a t e d ,  
p h e n o t y p i c a l l y  c h a r a c t e r i z e d ,  and t h e  l o c u s  r e s p o n s i b l e  f o r  M C  r e s i s t a n c e  
( m c r )  mapped a r o u n d  29 m i n u t e s  i n  t h e  T a y l o r  a n d  T r o t t e r  map ( B a c t .  R e v i e w s  - 3 5 3 0 4 .  1 9 7 2 ) .  R e s u l t s  o f  t h e  DNA r e p a i r  p r o f i c i q n c y  s t u d i e s  o n  A A l O l  and  i t s  
p a r e n t  (CSH57A) a r e  r e p o r t e d .  The number  o f  MC i n d u c e d  DNA s i n g l e  s t r a n d  
b r e a k s  p r e s e n t  a t  z e r o  t i m e  o f  p o s t - t r e a t m e n t  i n c u b a t i o n  ( P T I )  was 1.2 f o l d  
g r e a t e r  f o r  CSH57A t h a n  f o r  AA101. A f t e r  6 0  m i n u t e s  o f  P T I  t h a t  v a l u e  was 7.7 
f o l d  g r e a t e r  f o r  CSH57A t h a n  f o r  AA101. D u r i n g  P T I  CSH57A r e p a i r e d  37% of  t h e  
M C  i n d u c e d  DNA s i n g l e  s t r a n d  b r e a k s ,  r e l e a s e d  60% o f  t h e  MC i n d u c e d  DNA c r o s s -  
l i n k s ,  w h i l e  f o r  A A l O l  t h o s e  f i g u r e s  w e r e  90% a n d  87% r e s p e c t i v e l y .  The  number  
o f  M C  i n d u c e d  DNA c r o s s - l i n k s  p e r  l e t h a l  h i t  f o r  CSH57A a n d  A A l O l  w e r e  3.8 a n d  
56 .9  r e s p e c t i v e l y .  The number  o f  MC i n d u c e d  DNA s i n g l e  s t r a n d  b r e a k s  p e r  
a l k y l a t i o n  a d d u c t  s i t e  a t  0 a n d  60  m i n u t e s  o f  P T I  w e r e  0 .30  a n d  0 .42  f o r  
CSH57A, a n d  0 .27  a n d  0.11 r e s p e c t i v e l y  f o r  AA101. 
ACKNOWLEDGMENT: T h i s  w o r k  was s u p p o r t e d  b y  a g r a n t  f r o m  t h e  UCLA M o l .  B i o l .  
I n s t i t u t e  a n d  USPHS g r a n t  n0  CA16163 t o  t h e  P a r v i n  C a n c e r  Res. Lab. .  One o f  us 
(A.M.A.) has  b e e n  a f e l l o w  o f  t h e  C o n s e l h o  N a c i o n a l  d e  P e s q u i s a s ,  B r a s i l .  
* P r e s e n t  a d d r e s s :  D e p t o .  d e  B i o q .  e B i o l .  M o l e c . ,  U n i v .  Fed.  d o  C e a r b ,  C a i x a  
Pns t a l  1065 .  60 0 0 0 - F o r t a l  e i a - C e a  rs -  Rra 7 i  1 

INCREASED DNA REPAIR PROFICIENCY f N  A NEW E . c o l i  K-12 MUTANT RESISTANT 
TO MITOMYCIN C ,  A d e r s o n  M. A q u i n o  , S t e p h e n n h o f ,  and  P a t r i c e  J. 
Zamenhof ,  M o l .  B i o l .  I n s t i t u t e ,  UCLA, Los  A n g e l e s ,  C a l i f o r n i a  90024.  

140 THE INITIATION OF GENETIC RECOMBINATION IN E .  col i  (X) : r=A+-DEPENDENT CUT- 
TING IN DNA MOLECULES, Peter Ross and Paul Howard-Flanders, Yale University 
Department of Molecular Biophysics and Biochemistry, New Haven, Conn. 06520 

When undamaged X phages infect E. col i  (A), their DNA does not replicate but forms intracellu- 
lar covalent c losed circles .  When X phages treated with the photocross-linking agent  psoralen 
and 360 nm light Infected E. co l i  uvrA- (x) , normal yields  of covalent c i rc les  were recovered. 
When the damaged phages infected excision-proficient lysogens , however, the  amount and pro- 
portion of covalent c i rc les  were reduced for up to two hours after infection. Interruptions in 
DNA molecules are  thought to initiate recombination in bacteria. When e i  @,) c e l l s  con- 
taining undamaged, covalent circular k DNA were superinfected with psoralen-damaged k+ 
phages, the undamaged DNA was cu t  ' in  t rans ' .  Cutting in t- required ULA+ and rEA but 
did not require r ~ 5 ' .  I t  occurred normally in  nonlysogens infected in  t h e  presence of chlor- 
amphenicol. Cutting in ES was detected in similar experiments with the temperate, PZ-like 
phage 186, which shares  no detectable homology with phage X. In simultaneoulsy infected 
cells, superinfection with damaged X phages caused cutting in ES of X covalent c i rc les ,  but 
not of 186 covalent c i rc les ,  and vice versa .  These resul ts  are  of interest because they shed 
light on the sequence of early events  i n  damage-induced bacterial recombination, and because 
cutting in t rans  may provide a biochemical a s s a y  for early events  in recombination. 

141 DAMAGE-INDUCED.CUTTING in t- OF DNA MOLECULES IN r e d +  uvr+ CRUDE 
EXTRACTS OF E A  Era Cassuto and Paul Howard-Flanders, Yale University, Dept 
Therapeutic Radiology, New Haven, Connecticut 06520 

We have designed a n  in vitro system in which the cutting of crosslinked dX RF I DNA molecules 
by the uLr system of E .  coli induces the cutting of homologous undamaged DNA during incuba- 
tion with crude extracts of thermally induced E d i  (x p r e ?  lysogens. This reaction which 
has also been observed in  intact  E. coli lysogens infected with X phages,  is dependent o n  t h e  + 

presence of functional r e +  and uvrBfgene products. Extracts f r o m  thermally induced X p r e  
lysogens of E. coli proved to  be substantially more act ive than extracts  from nonlysogenic c e l l s  
of the same strain. The resul ts  provide preliminary evidence for an endonuclease activity that 
c u t s  intact superhelical DNA in response to interaction with homologous damaged DNA. This 
system offers good prospects for the identification of proteins and enzymes involved in genetic 
recombination. 

62 
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The mechanism of repair  of DNA double-strand b reaks  in  E .  coli K-12 c e l l s  involves  the  recA 
gene  and the  p re sence  of a dup l i ca t e  genome. Evidence a l s o  ind ica t e s  t h a t  c e l l s  may be- 
c a p a b l e  of repairing on ly  a sma l l  number of double-strand b reaks .  Genome s i z e  DNA re l eased  
from sphe rup la s t s  gent ly  lysed o n  top  of s u c r o s e  gradients  w a s  sedimented a t  very low cen-  
trifuge s p e e d s  t o  minimize dependency of t h e  sedimentat ion coeff ic ient  o n  speed .  Resul ts  
showed tha t  breaks in DNA were produced i n  ae ra t ed  c e l l s  l inear ly  with gamma ray d o s e  a t  
0 .20 double-strand b reaks  per l o9  da l tons  per ki lorad.  C e l l s  with four to f ive genomes of 
DNA given a 16 kilorad d o s e  showed e f f i c i en t  repair of double-strand b reaks .  C e l l s  with 
about  1 . 3  genomes showed no repair  of double-strand b reaks  al though s ingle-s t rand b reaks  
were repaired normally. N o  repair  of double-strand breaks w a s  found for recombination- 
de f i c i en t  =A- and recA-recB- c e l l s  otherwise i sogen ic  with the repair-competent c e l l s .  
DNA single-strand breaks were repaired in  c e l l s  i r radiated with 110 ki lorads but no repair  of 
double-strand b reaks  w a s  found.  Greater  than 50% of ce l lu l a r  DNA w a s  degraded a f t e r  s u c h  
high d o s e s .  

MECHANISM OF REPAIR OF DNA DOUBLE-STRAND BREAKS IN E. c o l i ,  Frank Krasin and 
Franklin Hutchinson,  Yale Universi ty ,  New Havan,  Connec t i cu t ,  06520 

143 INFLUENCE OF R e c  ON VIABILITY AND PLAbMlU MAiNEiu'AXCE IN &.  & KlZ,  
Stephen D. B a r b o u r ,  Jud i th  E .  M i l l e r ,  G lenn  R a m s e y  and  F l o r e n c e  N. Capa ldo-  
Kimbal l ,  Depa r tmen t  of Microbiology,  C a s e  W e s t e r n  R e s e r v e  Un ive r s i ty ,  School  of 
Medicine,  Cleveland,  Ohio 44106. 

R e c -  c u l t u r e s  of _E. G K 1 2  contain. viable ,  r e s idua l ly  dividing, a n d  nondividing cells. 
Nondividing R e c -  cells do not syn thes i ze  DNA, but t hey  contain c h r o m o s o m e s  ob ta ined  
through seg rega t ion ,  excep t  f o r  =A m u t a n t  nondividing cells which con ta in  l i l t l e  o r  no DNA. 
Res idua l ly  dividing and  viable  R e c -  cells are indis t inguishable  f r o m  rect cells with r e s p e c t  
to  doubling t ime ,  r a t e s  of DNA a n d  p r o t e i n  syn thes i s ,  rate of oxygen uptake, and l y s i s  t i m e  
and  b u r s t  s i z e  of bac te r iophage  T4. 
i nac t ive  a n d  they eventual ly  l y s e .  U n r e p a i r e d  DNA d a m a g e  m a y  b e  the  p r i m a r y  l e t h a l  even t  
which c a u s e s  cells to s e g r e g a t e  i r r e v e r s i b l y  f r o m  the  v i ab le  class into the  r e s i d u a l l y  
dividing and  then the  nondividing classes. 
upon exonuc lease  V ( the  r e c B  r e c C  gene p roduc t )  and  inf luenced by t h e  rate of e x p r e s s i o n  of 
p l a s m i d  genes .  
mu ta t ions  i n  t h e s e  g e n e s  d e c r e a s e  p l a s m i d  instabi l i ty  i n  recB a n d  
s y s t e m  m a y  be  a m o d e l  for  c h r o m o s o m e  l e tha l i t y  c a u s e d  by & a n d  recC muta t ions .  
d a m a g e  m a y  r e s u l t  f r o m  gene  expres s ion .  
r ep l i con  su rv iva l .  

R e c -  nondividing c e l l s  a p p e a r  t o  be me tabo l i ca l ly  

T h e  s t ab i l i t y  of F' a n d  R p l a s m i d s  i s  dependent  

T h e  =A a n d  & gene p r o d u c t s  are not  r e q u i r e d  for p l a s m i d  s t ab i l i t y ;  
m u t a n t s .  T h i s  

R e p a i r  involving exonuc lease  V m a y  p e r m i t  
DNA 

1 4  GENE 32 PROTEIN STAINING FOR ELECTRON MICROSCOPY OF UV-INDUCED POST REPLICATION REPAIR 
GAPS IN ESCHERICHIA COLI, Robert C .  Johnson and W i l l i a m  F .  McNeill, Medical Universi ty  
of South Carolina, Charleston, South Carol ina 29401. 

Previous s tud ie s  with benzoylated naphthoylated OEAE cellulose(BN-cellu1ose)chromatography and 
dBrUrd photolysis  have suggested an average UV-induced pos t r ep l i ca t ion  r e p a i r  gap s i z e  of 10' 
t o  l o 4  nucleot ides .  
DNA with s ing le  stranded ends and/or gaps i n  intermediate  s t ages  of f i l l i n g  by recombination of 
DNA. In t h i s  study we observe, by e l ec t ron  microscopy, DNA from c e l l s  t h a t  have been exposed 
t o  u l t r a v i o l e t  l i g h t  and have then been allowed t o  incubate f o r  10 t o  30 minutes. Gapped DNA 
i s  seen i n  these  preparat ions a s  well a s  some s ing le  stranded end pieces .  
ce l lu lose  column chromatography increases  the  frequency of s igh t ing  s ing le  strandedness. DNA 
obtained from BN-cellulose chromatography has a smaller  proport ion of gaps t o  s i n g l e  stranded 
end pieces. 
measurement of gap s i z e  of 800 t o  5000 nucleot ides  i n  length.  No complex s t r u c t u r e s  suggesting 
recombination intermediates have been s ighted.  
research was supported by the  NCI, CA18205. 

These methods cannot discr iminate  between t r u e  gaps and double stranded 

P u r i f i c a t i o n  by BN- 

Gene 32 pro te in  s t a in ing  and 0x174 s ing le  stranded marker DNA have allowed 

Gap s i z e  does not appear t o  be u n i f b m .  This 
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145 TL-INDUCED RECOMBINATION REPAIR, Rober t  . I .  Melamede and Susan S. Wal lace, New York 
Med ica l  Co l lege,  V a l h a l l a ,  NY 10595. 

The n o n - l e t h a l  r e c o m b i n a t i o n - d e f i c i e n t  x. y and w mutants o f  T4 a r e  s e n s i t i v e  t o  W l i gh t ,  x- 
r a y s  and a v a r i e t y  o f  chemica l  agents,  and have been shown t o  f u n c t i o n  i n  t h e  same r e p a i r  path- 
way. Thus, t h e y  a r e  i n  many ways analagous t o  t h e  " rec"  mutants  of E. %; t h e  p r i n c i p a l  
d i f f e r e n c e  b e i n g  t h a t  recombina t ion  i s  ' i n t i m a t e l y  l i n k e d  t o  r e p l i c a t i o n  l a t e  i n  T4 i n f e c t i o n .  
When measured by  i n c o r p o r a t i o n  o f  low c o n c e n t r a t i o n s  o f  'H thymid ine ,  DNA s y n t h e s i s  i n  T4x- 
and y - i n f e c t e d  c e l l s  a t  1 5  minu tes  a f t e r  i n f e c t i o n  i s  g r e a t l y  reduced and s e n s i t i v e  t o  m i t o -  
mycin C when compared t o  w i l d - t y p e - i n f e c t e d  c e l l s .  A t  t h i s  t ime,  t h e  DNA r e p l i c a t i n g  com- 
p l e x e s  produced by T4x and y a r e  also s i g n i f i c a n t l y  s m a l l e r  t h a n  those produced by  w i l d - t y p e  
T4. Ch lorxnphen lco l  added a t  7 m inu tes  ; i f t e r  i n f e c t i o n  p r e v e n t s  t h e  r e d u c t i o n  i n  b o t h  t h e  DNA 
s y n t h e t i c  r a t e  and s i z e  of r e p l i c a t i n g  complexes i n  T4x- and y - i n f e c t e d  c e l l s .  I n t e r e s t l y ,  
t h e r e  is no r e d u c t i o n  i n  DNA s y n t h e s i s  i n  c e l l s  i n f e r t e d  w i t h  T4x and y i n  t h e  presence of 
hydroxyurea.  I n  c o n t r a s t ,  b o t h  t h e  r a t e  o f  DNA s y n t h e s i s  and t h e  s i z e  o f  t h e  DNA r e p l i c a t i n g  
complexes i n  T4w-infected c e l l s  o r e  g r e a t e r  t h a n  those observed i n  w i l d - t y p e - i n f e c t e d  c e l l s .  
Hoth these phenotypes ;ire i n h i b i t e d  when c h l o r m p h e i i i c o l  is added a t  7 m inu tes  a f t e r  i n f e c t i o n  
DNA s y n t h e s i s  i n  T4w- in fec ted  cells i s  s e n s i t i v e  t o  hydroxyurvo  h u t  n o t  mi tomyc in  C when com- 
pared t o  w i l d - t y p e - i n f e r t e d  c e l l s .  Thus, a l t h o u g h  T4x. y and w shnre a common phenotype w i t h  
respec't t o  r e p a i r ,  they c l e a r l y  h.ive d i s t i n c t .  perhaps s c q u c n t i n l ,  r o l e s  i n  t h e  DNA s y n t h e t i c  
tsvents a s s o c i a t e d  w i t h  rcrornbin. i t fon.  

146 
Medical  School, Worcester,  MA 01605. 

Seven dam mutants  wh ich  have reduced amounts of Nf i -methyladenine i n  DNA have been charac- 
t e r i z e c  F i v e  mutant  s t r a i n s  have no d e t e c t a b l e  N6-methyladenine i n  DNA ( l i m i t  o f  
d e t e c t i o n  = 3 X  r e l a t i v e  t o  w i l d  type),  and two s t r a i n s  have 25": and SO'< r e s i d u a l  Vfi- 
methy laden ine  r e l a t i v e  t o  w i l d  type. Compared t o  t h e  w i l d  t y p e  s t r a i n ,  the mutants  show 
t h e  f o l l o w i n g  d i f f e r e n c e s :  ( 1 )  Morpho loq ica l  a b n o r m a l i t i e s  ( 2 )  A 10-100 f o l d  i n c r e a s e  i n  
t h e  l e v e l  o f  spontaneous m u t a b i l i t y  ( 3 )  A 10-20 f o l d  i n c r e a s e  i n  spontaneous i n d u c t i o n  o f  
phage A f rom lysoqens ( 4 )  A smal l  i n c r e a s e  i n  s e n s i t i v i t y  t o  I I V  l i q h t ,  a l k y l a t i n q  aqents 
and n i t r o f u r a n t o i n  ( 5 )  A 10-100 f o l d  i n c r e a s e  i n  r e c o m b i n a t i o n  f requency and ( 6 )  
I n v i a b i l i t y  when combined w i t h  ce$t o r  r&c& o r  rcecc o r  lexJ. 

CHARACTERIZATION OF DNA ADENINE METHYLATION ( d s )  DEFICIENT MUTANTS OF 5. 
K12 M a r t i n  G .  Mar inus ,  Department o f  Pharmacology, l l n i v e r s i t y  o f  Massachusetts 

Inducible Repair/Mutagenesis I 

147 FURTHER STUDIES OF l exA GENE FUNCTION I N  E. COLl, Dav id  W. Mount, John W. L i t t l e  and 
Susan Edrniston, D e p s f  M i c r o b i o l o g y ,  UnTve-y o f  Ar izona C o l l e g e  of Med ic ine ,  
Tucson, AZ  85724 

DNA damage i n  normal k. a s t r a i n s  induces a s e t  o f  c e l l u l a r  f u n c t i o n s  known as SOS 
f u n c t i o n s .  T h i s  i n d u c t i o n  i s  b locked,  however, by 2 and m u t a t i o n s .  We a r e  i n t e r e s t e d  
i n  s t u d y i n g  t h e  f u h c t i o n  o f  t h e  lexA gene produc t .  Prev ious  s t u d i e s  have shown t h a t  lexA 
m u t a t i o n s  a r e  dominant,showing t h a t t h e  mutant gene codes f o r  a d i f f u s i b l e  p r o d u c t  t h x l o c k s  
i n d u c t i o n .  T h i s  p r o d u c t  c o u l d  be a r e p r e s s o r .  We a r e  a n a l y z i n g  a suppressor o f  lexA muta- 
t i o n s ,  termed spr .  
wh ich  produce =a l te red  fo rm o f  t h e  recA p r o t e i n ,  s p r  leads  t o  v e r y  e f f i c i e n t  c o n s t i t u t i v e  
express ion  o f  SOS f u n c t i o n s .  Other s t u d i e s  (Gudas and Mount, unpub l ished o b s e r v a t i o n s )  have 
shown t h a t  t h e  presence o f  spr  r e s u l t s  i n  a h i g h ,  c o n s t i t u t i v e  r a t e  o f  s y n t h e s i s  o f  recA 
p r o t e i n  ( f o r m e r l y  i d e n t i f i e G s  p r o t e i n  X ) ,  co r respond ing  t o  t h a t  n o r m a l l y  observed in 
induced =+ @+ c e l l s .  
f o r  i n d u c t i o n ,  and t h a t  t h e  recA p r o t e i n  must be m o d i f i e d  b i o c h e m i c a l l y  to  p e r f o r m  i t s  
f u n c t i o n .  
genes suppor t  t h i s  argument, 

I n  *+ spr mutants,SOS f u n c t i o n s  a r e  a g a i n  i n d u c i b l e ,  and i n t i f m u t a n t s ,  

I t  appears t h a t  t h i s  h i g h  r a t e  i s  necessary b u t  n o t  s u f f i c i e n t  

A d d i t i o n a l  s t u d i e a t h  s t r a i n s  wh ich  c a r r y  p lasmids  c o n t a i n i n g  t h e  2 o r  lexA 
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148 AN E. COLI MUTANT WITH AN ALTERED INDUCIBLE REC+/LEX+ DEPENDENT DNA REPAIR PATHWAY 
L o r F a G .  Gudas' and Davig W. Mount, 
San Francisco,  C a l i f .  94143, and Univ. of  Arizona Medical Center ,  Tucson, Ariz.85724 

The mutant DMl285, a s ontaneous d e r i v a t i v e  of DMl187 ( s p r  t i f  s f i )  (PNAS &:300-304), makes 

locus ,  a t  90 minutes on t h e  E. c o l i  K-12 gene t i c  map. In  add i t ion  t o  having a lower spontan- 
eous mutation r a t e  and d e c r e a s e d i l i t y  t o  r e p a i r  h ,  DMl285 degrades i t s  DNA t o  a g r e a t e r  
extent  t han  i t s  pa ren t ,  DMl.187, o r  s t r a i n  JMl ( sp rCt i f+s f i+ ) .  After  a d d i t i o n  of n a l i d i x i c  a c i d  
or mitomycin C ,  t h e  mutant DMl285 a l s o  e x h i b i t s  unusual k i n e t i c s  o f  induct ion of p r o t e i n  X ,  
which has now been shown t o  be t h e  =A p r o t e i n  (Gudas and Mount,PNAS i n  p re s s ,  1977) .  A t  
concentrat ions o f  mitomycin C (20-30pg/ml) which induce t h e  =A p ro t e in  i n  s t r a i n  JMl, no 
- recA p ro te in  i s  induced i n  s t r a i n  DMl.285. A t  similar concentrat ions o f  n a l i d i x i c  a c i d ,  an 
increasing r a t e  of syn thes i s  of t h e  =A p ro te in  i s  seen w i t h  t ime i n  s t r a i n s  JMl and DMl187; 
i n  s t r a i n  DMl285, on ly  a shor t  b u r s t  of recA p r o t e i n  syn thes i s  occurs  a f t e r  n a l i d i x i c  ac id  
add i t ion .  (This b u r s t  of =A p ro te in  s y x e s i s  i s  observed within t h e  first t h i r t y  minutes 
a f t e r  n a l i d i x i c  ac id  i s  added) .  Two dimensional g e l  a n a l y s i s  demonstrated t h a t  t h e  PI of t h e  
- recA p ro te in  i n  s t r a i n  DM1285 was not a l t e r e d ,  as compared t o  i t s  pa ren t ,  DMl187. These 
pro e r t i e s  of s t r a i n  DMl285 a r e  presumably r e l a t e d  t o  a l e s s  e f f i c i e n t  induct ion of t h e  
-- r e c  f l ex+  dependent DNA r e p a i r  system i n  t h i s  mutant.  

U n i v z f  =if. San Francisco Medical Center,  

t u r b i d  plaques with >phage,  P and c l e a r  plaques with ' )r inds phage. DMl285 maps a t  t h e  

P 

149 
Stan fo rd  Un ive r s i ty ,  S t an fo rd ,  CA 94305. 

Fol lowing UV i r r a d i a t i o n  of c e l l s  o r  e x p o s u r e  to  d r u g s  s u c h  as na l id ix i c  a c i d  o r  m i t o m y c i n  
C, the rLcA g e n e  is derepressed and its p r o d u c t  (protein X ) i s  s y n t h e s i z e d  a t  h i g h  levels. De- 
r e p r e s s i o n  of the r e c A  g e n e  is blocked by k A -  o r  r e c A -  muta t ions .  Cons t i t u t ive  s y n t h e s i s  of 
r e c A  is o b s e r v e d  in o r  sxr s t r a i n s  (muta t ions  in t h e  &A g e n e )  o r  in tif-l strains ( r e c A  al-  
l e l e ) .  The gene t i c  ev idence  s u g g e s t s  that &A c o d e s  f o r  a c o n t r o l  e l e m e n t  of rLcA and that 
r e c A +  p r o t e i n  i s  r e q u i r e d  f o r  its own d e r e p r e s s i o n .  T h i s  r e g u l a t o r y  s c h e m e  has been t e s t e d  
wi th  s p e c i a l i z e d  rLcA t r a n s d u c i n g  p h a g e s  a n d  C o l E l  -r&cA p l a s m i d s .  (a) The tif-l and r e c A +  
t r ansduc ing  phages  m a k e  h i g h  l e v e l s  of t he  rLcA p r o t e i n  fol lowing in fec t ion  of irradiated c e l l a  
While  p h a g e s  c a r r y i n g  t h e  lexB30,  zab53,  r ecA142  or  a co ld  s e n s i t i v e  rLcA allele m a k e  less 
than 10% the wi ld  t y p e  l e v e l  of p ro te in ,  spontaneous r e v e r s i o n  of t h e  m u t a t i o n  r e s t o r e s  h i g h  
levels of r e c A  s y n t h e s i s ;  (b) Following infect ion of a &&- strain, t h e  X p E A ' a n d  Xptif-l 
phages  induce  little r e c A  p r o t e i n  al though A coded  p r o t e i n  s y n t h e s i s  is n o r m a l ;  ( c )  A C o l E l -  
=cAt plasmid in a l=At s t r a i n  m a k e s  h igh  l e v e l s  of rLcAt p ro te in .  The rLcAt p l a s m i d  sup-  
presses the UV-sens i t i v i ty  of &A-muta t ions  and the r L c A + p r o t e i n  is m a d e  at h i g h  levels. In 
spt strains the r e c A  p r o t e i n  is o v e r p r o d u c e d  s u c h  that m o r e  t h a n  10% of t h e  c e l l  p r o t e i n  is 
r e c A t .  T h e s e  r e s u l t s  are c o n s i s t e n t  with nega t ive  r egu la t ion  of the rLcA gene  by &A. 

REGULATION O F  T H E  E. COLI R E C A  G E N E  I N  VIVO. Kev in  M c E n t e e ,  Dept. of Bio-  
c h e m i s t r y ,  Un ive r s i ty  of Chicago,  Chicago,  IL 60637  ( P r e s e n t l y :  Dept. of B iochemis t ry ,  

1% 
The recA gene product performs an e s s e n t i a l  funct ion during induct ion o f  t h e  "SOS-functions 
of Escherichia  coli ( i . e .  UV-mutagenesis and DNA r e p a i r ,  prophage induct ion,  i n h i b i t i o n  of 
c e l l  d iv i s ion ) .  
region is a f e a t u r e  of t h e  SOS-induction pathway, we have compared t h e  c e l l u l a r  l e v e l s  of 
recA messenger RNA before  and a f t e r  u l t r a v i o l e t  i r r a d i a t i o n .  
i d e n t i f i e d  by d i f f e r e n t i a l  hybr id i za t ion  t o  DNA from t h e  X e  and X s r l C  r e m r a n s d u c i n g  
phages i s o l a t e d  by McEntee s. 2. (1) .  
t h e  recA region can be detected i n  un i r r ad ia t ed  c e l l s .  
t h e  f r a c t i o n  of RNA which is complementary t o  XsrlC recA DNA i nc reases  f i v e  t o  t e n  f o l d .  
Mutational l e s ions  i n  recA o r  lexA prevent induct ion of t h e  SOS-functions; mutations i n  
t h e s e  genes (=IS, w.3) a l s o  completely abo l i sh  UV-induction of mRNA from t h e  recA region.  
The abscence of W-induced derepression i n  a s t r a i n  bear ing t h e  missense mutation e l 3  
suggests  t h a t  t h e  recA product i t s e l f  p a r t i c i p a t e s  i n  t r a n s c r i p t i o n a l  r egu la t ion  o f  t h e  recA 
region;  
in s t imu la t ion  of i t s  own syn thes i s  [ L i t t l e  and Kleid,  J B C  252, 6251 (1977); McEntee, Gudas 
and Mount, pe r s .  corn.] .  
region i n  response t o  c e l l u l a r  DNA damage i n f l i c t e d  by UV-irradiation and t h a t  t h e  recA and 
- lexA p ro te ins  normally con t ro l  t h e  r a t e  of & mRNA syn thes i s .  

1) McEntee, K . ,  Hesse, J .  6. and Epstein,  W .  PNAS /?, 3979-3983 (1976). 

TRANSCRIPTIONAL REGULATION OF THE recA REGION OF E. =, Ann McPartland, Linda Green 
and Harrison Echols,  Oept. of Mol. B io l . ,  Univ. o f  C a l i f . ,  Berkeley, C a l i f .  94720 

To explore  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 a l  modulation. o f  t h e  recA 

RNA from t h e  recA region was 

Under t h e  condi t ions e m p l o y e d r y t t l e  RNA from 
By 20 minutes a f t e r  UV-irradiation, 

t h i s  observat ion i s  i n  accord with recent  experiments implicat ing t h e  recA p r o t e i n  

We conclude t h a t  t r a n s c r i p t i o n a l  derepression occurs  i n  t h e  recA 
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ULTRAVIOLET LIGHT INDUCED RECOVERY IN E. & OF GAMMA IRRADIATED BACTERIOPHAGE 
DNA, Phillip M. Achey, David C. Crier and John R. Silber. University of Florida, 
Gainesville, FL 32611. 

151 

Transfection of gamma-irradiated )X 174 RFI and single-strand DNA into calcium treated 
- -  E. coli which have been themselves exposed to 70 J/m2 W radiation (10% colony forming 
survival) and incubated under favorable growth conditions for 50 minutes after W irradia- 
tion before calcium treatment leads t o  higher biological survival of the gamma-irradiated 
DNA than when the DNA is transfected into unirradiated calcium treated cells. We refer 
to this as W induced recovery. 
at a concentration of five microgramslml during gamma irradiation. 
from gam-radiolysis of water were scavenged by bubbling oxygen through the solution to 
remove the reducing species (the hydrogen atom and the solvated electron) and by addition 
of potassium iodide to remove the hydroxyl radical. 
controlled chemical environments indicates that indirect damage resulting from action of 
the reducing water radicals is more susceptible to repair by the UV induced recovery 
system than damage resulting from the hydroxyl radical, both for the single-strand and 
double strand forms of 0x174 DNA. 
repair. 

The DNA was dissolved in .001 M phosphate buffer (pH 7.2) 
Radicals resulting 

Irradiation of the DNA under these 

The W induced recovery system appears similar to SOS 

152 DOSE-RESPONSE RELATIONS FOR ULTRAVIOLET INDUCTION OF W-REACTIVATION, X -PROPHAGE 
AND INHIBITION OF POST RADIATION DNA DEGRADATION IN E.coli AB1157. Donald J Fluke 

and Ernest C.Pollard, Duke University, Durham, N.C. 27706. 

induced repair are thought to be manifestations of one system, largely due to the 
derepression of the recA gene and the action of its gene product. If this is so, it 
is to be expected that the dose-response relation for induction of a11 these phenomena 
should be very closely the same. This has been shown for UV mutagenesis, induced 
radioresistance and inhibition of post radiation DNA degradation (prd) in strain 
WU 3610-89. Pollard, Person, Rader and Fluke, 1977, RADIATION RESEARCH 12. 230). We 
here report the examination of the dose-response relations for UV induction of 
W-reactivation of UV damaged &phage, of 
prd in strain AB1157. We find that the induction of W-reactivation and inhibition of 
prd follow a rapidly increasing function of the 1 - e-D/Do form, with Do about 4 J/m2, 
while the induction of A-prophage is more sigmoidal in character, requires more dose 
and shows a maximum not readily seen in the other two phenomena. We conclude that the 
inactivation of the 

The various phenomena observed in connection with radiation 

1-prophage in the lysogen and inhibition of 

repressors involves some additional process requiring more dose. 
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The rates of uptake of 3H-thymidine into DNA were measured several times during 2-3 hours of  
post-UV irradiation growth of E.  coli WP2 & and its mutant derivatives. 
to 2-3J/d the decrease in a m o m D N A  replication can be attributed to an 'all or none' 
effect. One portion o f  an irradiated population stopped synthesizing DNA whilst the remainder 
continued to replicate with the same exponential increase in rate as in unirradiated cells. 
Blockage of replication occurred with exponential bne-hit kinetics within 5 mins of UV 
irradiation through some process requiring recA+ and lexA+ genes. Blo kage of replication was 
relieved by thermal expression of  the tif-l mutation so that rates of %-thymidine incorpor- 
ation were restored to control levels one hour after irradiation. The decrease in the - amount of 3H-thymidine incorporation after 3J/d, or more, of UV can be attributed to a 
decrease in the rates of DNA replication of the remaining functional replication units. - tif-l expression did not strongly influence replication ability in this dose range. It is 
suggested that the l o w  UV dose mutator effect o f  tif-l (Witkin, P.N.A.S. 2. 1930-1934) is 
caused by reactivation Of  blocked replication forks which normally remain inactivated in 
control UV irradiated cells. 

tif-l MEDIATED RECOVERY FROH UV BLOCKAGE OF DNA SYNTHESIS IN E. coli B: A 
MECHANISM OF INDUCED HUTAGENETS? Steven Sedgwick, National Institute for Medical 
Research, Mill Hill, London W7 IAA, Great Britain. 

After UV doses up 



1% MOLECULAR EVENTS LEADING TO INACTIVATION OF REPRESSOR MOLECULES, Cassandra L. Smith, 
M. Oishi ,  The Publ ic  Health Research I n s t i t u t e  of t h e  City of New York, Inc.. New 
York, New York 10016 

Di f f e ren t  inducing agents  and t reatments  produced d i s t i n c t l y  d i f f e r e n t  k i n e t i c  p a t t e r n s  of 
i n a c t i v a t i o n  of prophage r ep res so r  molecules.  
d i f f e rences  i n  the  i n i t i a l  a l t e r e d  states of DNA which were produced, The t iming of appear- 
ance of DNA degradat ion was co r re l a t ed  with the  t i m e  needed f o r  r ep res so r  i n a c t i v a t i o n .  
There is evidence t h a t  t he  e - D N a s e  has  a s i g n i f i c a n t  r o l e  i n  t h e  prophage induc t ion  pro- 
cess .  These c h a r a c t e r i s t i c s  suggest  t h a t  a l l  inducing t reatments  l ead  t o  t h e  formation of 
a c o m n  f i n a l  predegradat ive DNA s t r u c t u r e  (probably involving s c i s s i o n s )  which is ac ted  
upon by s p e c i f i c  DNases t o  produce t h e  s i g n a l s  f o r  t he  induc t ion  of prophage. U l t r a v i o l e t  
l i g h t  (W) t r i gge red  i n a c t i v a t i o n  o f  r ep res so r  molecules w a s  reproduced i n  v i t r o  i n  a 
plasmolized, permeable c e l l  preparat ion.  Induct ion without  W i r r a d i a t i o n  was produced by 
incubat ing t h e  permeable c e l l s  i n  the  presence of four  deoxyribonucleoside t r i phospha te s  
and ATP. This dNTPs-triggered induct ion r equ i r e s  a f u n c t i o n a l e  gene product and is 
as soc ia t ed  with degradation of t he  DNA r e p l i c a t i o n  fork.  
duct ion of prophage and SOS funct ions i n  general  is  discussed. 

The d i f f e r e n t  p a t t e r n s  were r e l a t e d  t o  

The r o l e  of &C i n  t h e  in- 
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Chalk River, Ontario, KOJ 1J0, Canada. 
The substantial resistance of _M. radiodurans to  ionizing radiation depends largely on 
recombinational repair ( R R ) .  Since R R  appears t o  be the only caffeine-sensitive repair pro- 
cess, i t s  properties can be selectively monitored by following recovery from caffeine-induced 
repair inhibition. 
irradiation protein synthesis; an  inducible component therefore appears t o  be necessary. RR 
slowly rejoins -20% of the y-induced DNA strand breaks. A t  highly lethal y-exposures (above 
about 1600 krad). however, R R  i s  no longer observed in the majority of the ce l l s ;  th i s  fa i l -  
ure may be a significant factor in the ultimate inactivation of !. radiodurans. 

under conditions that allow protein synthesis, the resultant cells  are substantially more 
resistant t h a n  normal to subsequent y-exposure, even i f  R R  of the in i t ia l  "priming" damage i s  
incomplete. 
synthesis i s  inhibited, and R R  activity i s  now observed even a t  formerly high:y lethal 
exposures. 
inducible component(s) necessary for R R ;  th i s  contributes t o  hyper-radioresistance because 
a t  high y-exposures radiation damage in a gene coding for such a component (perhaps damage of 
a type that requires R R )  no longer blocks development of th i s  repair activity.  

AN INDUCIBLE COMPONENT NECESSARY FOR RECOMBINATIONAL REPAIR I S  A DECISIVE FACTOR IN 
THE H I G H  RADIORESISTANCE OF MICROCOCCUS RADIODURANS, Norman E. Gentner and 
Mary M. Werner, Biology and Health Physics Division, Atomic Energy of Canada Limited, 

No R R  i s  observed i n  ce l l s  incubated under conditions restricting post- 

I f ,  however, ce l l s  are f i r s t  given a low ("priming") y-exposure followed by incubation 

I n  the "induced" ce l l s ,  the contribution of R R  can be seen even i f  protein 

We believe t h a t  the in i t ia l  exposure plus incubation supports synthesis o f  an 

1% 
Laboratory,  Oak Ridee, TN 37830 
Antipain is  a protease i n h i b i t o r  t h a t  blocks W-induced SO5 funct ions i n  Escherichia  & 
(S. M. I.leyn 
cleavage o f  r ep res so r s  o f  operons.  The e f f e c t s  of a n t i p a i n  on t h e  W-induced c e s s a t i o n  of 
r e s p i r a t i o n ,  a ceCp+, kA+-dependen t  response.  were s tud ied  i n  F. c o l i  R/r ciilt.uree grown on 
minimal glucose medium. Following 254 nm i r r a d i a t i o n  ( 5 2  J /m-2;-5%survival)  a t r a n s i t o r y  
ces sa t ion  of r egp i r a t ion  occurred.  Addition of a n t i p a i n  ( 5  mM) caused nea r ly  complete cessa-  
t i o n  of r e s p i r a t i o n ,  beginning about 60 min a f t e r  UV. 
t a ined  with c y c l i c  adenosine 3',5'-monophosphate (CAMP) under t h e  same growth and i r r a d i a t i o n  
condi t ions (P.  A .  Swenson et&., J.  Bac te r ip l .  131, 707, 1977) .  The r a t e  and e x t e n t  of py- 
r imidine dimer exc i s ion  w a s  not a l t e r e d  by t h e  presence of e i t h e r  a n t i p a i n  or CAMP. The con- 
c e n t r a t i o n  of a n t i p a i n  used d id  not i n t e r f e r e  with r e s p i r a t i o n  and v i a b i l i t y  of un i r r ad ia t ed  
c u l t u r e s .  A s  i s  t h e  case  of CAMP treatment ,  a n t i p a i n  causes add i t iona l  i r r a d i a t e d  c e l l s  t o  
d i e ;  however, t h e  d iv i s ion  r a t e  of su rv ivo r s  of an t ipa in - t r ea t ed  c u l t u r e s ,  compared t o  un- 
t r e a t e d  or CAMP-treated c u l t u r e s ,  is reduced by 85 t o  90%. The r e s u l t s  do not  support  t h e  
idea  t h a t  a r ep res so r  is  cleaved by a protease during W induct ion of an operon involved i n  
ces sa t ion  of r e s p i r a t i o n .  They do suggest  a r o l e  for a p ro tease  i n  recovery of  E. c o l i  B / r  
c e l l s  a f t e r  W damage t o  t h e i r  DNA. 
con t r ac t  with t h e  Union Carbide Corporat ion.)  

EFFECTS OF A PROTEASE I N H I B I T O R  O N  CESSATION OF RESPIRATION AND ON VIABILITY OF W- 
IRRADIATED E. C O L I  B / r  CELLS, Paul A .  Swenson, Biology Div i s ion ,  Oak Ridge National 

g., Proc. Natl. Acad. S c i .  U.S.A. fi, 1152, 1977) ,  presumably by i n h i b i t i n g  

This response i s  similar t o  t h a t  ob- 

(Research supported by t h e  Department of E n e r w  under 
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157 EFFECTS OF PROTEASE,INHIBITORS ON SOME CONSEQUENCES OF DNA DAMAGE IN E. COLI. 
T.G. Rossman, M.S.Meyn, P. Gottlieb, & W. Troll, N.Y.U. Med. Ctr.N.Y.,N.Y. 10016. 

Among the consequences of damage to DNA are the expression of error-prone DNA repair and the 
induction of X prophage. 
repressor (Roberts and Roberts, PNAS 72:147. 1975). We have previously shown that the compe- 
titive protease inhibitor antipain inhibits both X prophage induction and error-prone DNA 
repair expression.(Meyn, Rossman and Troll, PNAS 74:1152, 1977). We now report that three 
other protease inhibitors, of different chemical structures, also inhibit the induction of h 
prophage. These are: 1) the non-competitive inhibitor TLCK, 2) the non-competitive inhibitor 
DFP and 3 )  the competitive inhibitor elastatinal. If the induction of error-prone DNA repair 
requires the proteolytic cleavage of a repressor, and if the cleavage of this (hypothetical) 
repressor involves an analogous cleavage site to that of the X repressor, then one repressor 
might act as a competitive inhibitor of the cleavage of the other. To test this hypothesis, 
we introduced a plasmid containing the A repressor gene CI (Bachman, Ptashne and Gilbert, 
PNAS 73:4174. 1976). into a tif-1 mutant, which exhibits a mutator effect at 420 due to ex- 
pression of error-prone DNA -r. Tif-l scrains carrying this plasmid (and thus containing 
excess X repressor) show a 50% inhibition of the tif-l mutator activity, assayed by reversion 
to the Trp+ phenotype at 420. 
same protease as that required f o r  expression of error-prone DNA repair. 
CA 19421, CA 16060 and is part of a Center Program supported by the National Institutes of 
Environmental Health Sciences National Institutes of Health, Grant No. ES 00260. 

Induction of X is accompanied by a proteolytic cleavage of the 

This result suggests that the h repressor may compete f o r  the 
Supported by: 
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A temporary inhibition of cell division is one of the inducible SOS functions expressed in 
Escherichia a after treatment with many DNA-damaging agents. 
radiation and in tif mutants incubated at 42'C. cell division is extremely delayed, resulting 
in filamentous growth. 
been proposed that filamentous growth may be the consequence of relatively inefficient 
degradation of an inducible septum-inhibiting protein(2.3.4). In that case. mutants in which 
filamentous growth is supressed(Sfi mutants) might be expected to show increased qroteolytic 
activity when compared to the filamentous parent strain. We have selected nonfilamentous 
Sfi derivatives of the tif uvrA strain WP44s and have assayed the proteolytic activity by 
measuring the rate of degradation of radioactively labeled abnormal proteins produced by 
incorporation of puromycin or canavanine into nascent peptide chains. Many Sfi derivatives 
degraded puromycyl proteins 20-409. faster than WP44,. When the derivatives that degraded 
puromycyl proteins faster were assayed with the canavanyl substrate some derivatives man- 
+.fested high degradative rates while others were only as active as the filamentous aarent. 
The role of Sfi mutations in SOS regulation will be discussed. 
(1) Shineberg, 
(2 )  Witkin, E.M.(1967) Proc. Natl. Acad. Sct. U.S.A. 57 1275-1279. 
( 3 )  Ceorge, J . .  M. Castellazzi and C .  3uttin.(1975) X o l .  Cen. Cenetics 140 309-332. 
(4) Witkin. E.M.(1976) Bacteriol. Rev. 40 869-507. 

PKOTEOLYTIC DECRADATlON I:< YO~JIIA:?LXT~IUS 9ERIVATIVES OF VP44, ti f rivrA, 
Paul Pirschmeter and Evelyn M. Mitkin, Douglass College, New IrunqwLck, NJ OH903 

In ion mutants after IJV 

Since the 1onfdegT gene a l s o  alters aroteolytic activity(1). it has 

3. and D. Zipser.(l973) J. Bacteriol. 116 1669-1471. 

159 INDUCED STABLE DNA REPLICATION AS A POSSIBLE SOS FUNCTION. Tokio Kogoma 

The ability of the cell to continue DNA replication in the absence of protein 
synthesis (stable DNA replication) can be induced after treatments that result 
in damage in DNA o r  interruption of its synthesis (e.g.. thymine starvation, 
treatments with nalidixic acid, hydroxyurea or cytosine arabinoside, or 
placing e B .  Z E ,  e G  mutants at nonpermissive temperatures). Ultra-violet 
(UV) irradiation followed by a period of growth also induces stable DNA 
replication. The induction by thymine starvation, nalidixic acid or UV 
irradiation is found to be dependent upon the RecA+ phenotype. Induced stable 
DNA replication is considerably more resistant to UV irradiation than normal 
replication. This is also the case in a =A strain. The size of DNA 
synthesized after U V  irradiation during stable DNA replication becomes 
progressively smaller with increasing UV dose as detected in alkaline sucrose 
gradient sedimentation. We suggest that during the inductive treatments a 
modified replication apparatus is formed which can replicate damaged DNA more 
efficiently than the normal replicatron complex. 

and M.J. Connaughton, Dept. Biol., Univ. New Mexico, Albuquerque,87131 
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Asymnetric strand s p e c i f i c i t y  i n  DNA r e p a i r  o f  p r m u t a t i o n a l  photoproducts i s  suqqested by 
s tud ies o f  mutation i n  E. c o l i .  When UV i r r a d i a t e d  c e l l s  are incubated under condi t ions 
unfavorable f o r  p ro te in  synthesis there may be a larqe decrease i n  the frequency of observed 
mutants w i th  neql iqable decrease i n  the ove ra l l  v i ab le  t i t e r .  The decrease (mutation 
frequency decl ine, o r  MFD) i s  in terpreted as enhanced exc i s lon  repa i r  of some prcmutational 
photoproducts. Potent ia l  de novo UAG suppressor mutation I s  very suscept ib le  t o  MFD and 
therefore exc i s ion  repa i r  of photoproducts i n  t R I l A  qenes i s  considered. However, po ten t l a l  
conversion mutation. the mutation of a UAG suppressor t o  a UAA suppressor, i s  no t  suscept ib le  
t o  MFD. Data show both de novo suppressor mutation and conversion mutat ion t o  r e s u l t  from a 
photoproduct sens i t i ve  t o  photoreactivation. 
a t t r i b u t e s  both de novo suppression and conversion t o  a T-C dimer a t  t he  s i t e  o f  a Gc t o  AT 
t rans i t i on .  The model has the T-C dimer i n  the t ranscr ibed s t rand o f  DNA t o  account f o r  de 
novo suppressor mutation and i n  the  non-transcribed strand o f  DNA t o  account of conversion 
mutation. Consequently, MFD of po ten t i a l  de novo suppressor mutation contrasted w i t h  the 
absence o f  HFD f o r  po ten t i g l  conversion mutation suqgests enhanced exc i s ion  r e p a i r  s p e c i f i -  
c a l l y  f o r  a dimer i n  the t ranscr ibed s t rand o f  a tRHA qene. 
strand-asymmetrical repa i r  w i  I I be discussed: t ransc r ip t i ona l  asymmetry ( i n t e r a c t i o n  between 
the qene product RNA and the t ranscr ibed s t rand of DNA) and r e p l i c a t i v e  asymnetry (poss ib le  
d i f ferences i n  dauqhter strand qaps r e s u l t i n q  i n  the 3' -to-5' s t rand and i n  the 5'-t0-3' 

STl?AND-ASYWETRICAL DNA REPAIR? Richard Ibckrath,  Indiana Universi t y  School of 
Medicine. lndianapol is, Indiana 46202 

A simple m d e l  may be constructed t h a t  

Two poss ib le  mechanisms f o r  

strand). SuDDOrted by I 4 . I . H .  qran t  G4 21708. 

161 ULTRAVIOLET RADIATION-INDUCED MUTAGENESIS IS NOT DETECTABLE I N  uurD recB STRAINS OF 
EscherLchia coZi K-12, Ne i l  J. Sargent in i  and Kendric C. Smith, Department o f  

Radiology, Stanford Un ive rs i t y  School o f  Medicine, Stanford, CA 94305. 
Chloramphenicol (CAP)-sensitive pathways o f  pos t rep l i ca t i on  r e p a i r  (1) and exc i s ion  r e p a i r  
(2 .3)  depend on the wi ld- type a l l e l e s  o f  the r e d ,  Zedv2, uurD,and recB genes. The l i t e r a t u r e  
suggesting t h a t  these pathways are responsible f o r  u l t r a v i o l e t  (UV) radiat ion-induced muta- 
genesis has been s u m r i z e d  (4). UV-induced mutagenesis i s  blocked by recA ( 5 )  o r  Z e d  (6) 
mutations. Since UV-induced mutagenesis was no t  t o t a l l y  blocked by uurD o r  recB mutations, 
we theor ized t h a t  these genes are invo lved i n  separate branches o f  the two error-prone r e p a i r  
pathways. 
i n  order t o  block UV-induced mutagenesis. As expected, UV-induced mutagenesis could n o t  be 
detected i n  uurB uurD recB o r  W V D  recB s t ra ins  o f  Escherichia coZi K-12. Experiments are i n  
progress t o  determine the a b i l i t y  o f  a uurD recB s t r a i n  t o  perform W-reactivation, W-muta- 
genesis, and prophage induct ion.  

1. D.A. Youngs and K.C. Smith, J. Bacteriol. .  125, 102-110. 1976. 
2. D.A. Youngs, E. Van der Schueren and K.C. Smith, J. Bacteriol. ,  117. 717-725, 1974. 
3. 
4. K.C. Smith. Photochem. Photobiol., 24, 433-437, 1976. 
5. A. Miura and J . - I .  Tomizawa. Mol. Gen. Genet., 103, 1-10, 1968. 
6. E.M. Witkin, Brookhaven Symp. Biol., 20, 17-55, 1967. 

Thus, i n h i b i t i o n  o f  both the uurH and red+-dependent branches would be requi red 

D.A. Youngs, E. Van der Schueren and K.C. Smith, Manuscript i n  preparation. 

ENZYMATIC PATHWAY OF ERROR-PRONE REPAIR I N  UV-IRRADIATED PHAGE T4. Dan ie l  B. 
Yarosh, Dept. Microbiology, Un ive rs i t y  o f  Arizona, Tucson, Arizona 85724 '@ 

The revers ion frequencies of two amber mutants of phage T4 were observed a f t e r  u l t r a v i o l e t  
l i g h t  treatment and subsequent growth i n  a permissive (su+) host. These two mutants 
were s t rongly  induced t o  r e v e r t  under these condit ions. I t  was found tha t  t h e i r  W- 
induced revers ion i s  abol ished i f  the phage a re  defect ive i n  t h e i r  l i g a s e  (gene E) 
function. 
phage-coded DNA polymerase (gene 9) i s  an anti-mutator or if the exonuclease coded 
f o r  by gene 67 i s  p a r t i a l l y  defect ive.  
can be repai red by an error-prone pathway which employs an exonuclease (gene Z), 
the phage-coded DNA polymerase (gene 63). and l i g a s e  (gene 30). MMS-induced revers ion 
of  one of the amber mutants i s  a lso abolished by the l i g a s e  def ic iency and the, 
phage anti-mutator DNA polymerase (V. Johns, personal  comunicat ion) .  Th is  research 
was supported by a Nat ional  Science Foundation Grant t o  Har r i s  and Caro l  Bernstein 
and by a Tozer Foundation Graduate Fel lowship t o  D.B.Y. 

Pre l iminary r e s u l t s  a l so  show tha t  W-induced revers ion i s  abol ished i f  the 

These r e s u l t s  suggest t ha t  UV-induced les ions 
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AMINO ACID SUPPORT OF NALIDIXIC KID-INDUCED ERROR-PRONE REPAIR OF W DAMAGE I N  16’ 

The fluence-response curve fo r  induct ion of 
i s  i n i t i a l l y  quadra t i c  (N = 2) but  becomes l i n e a r  (N = 1) above about 24 .J/m,’ a f luence 

t h a t  causes recoverable  damage t o  a l l  DNA r e p l i c a t i o n  and thus  presumably l eads  t o  induct ion 
of error-prone r e p a i r  i n  a l l  c e l l s  (2. Bac te r io l .  128, 815, 1976). Incubat ion with n a l i d i x i c  
ac id ,  an a n t i b i o t i c  t h a t  p reven t s  accumulation of  DNA, a l s o  l eads  t o  an i n i t i a l  l i n e a r  (N = 1) 
response t o  W. Th i s  conversion began a f t e r  30 min o f  incubat ion with n a l i d i x i c  ac id  and was 
conpleted a f t e r  60 min. 
s ion,  t hus  ind ica t ing  t h e  need fo r  p r o t e i n  synthesis .  When t h e  b a c t e r i a  were incubated with- 
ou t  tryptophan a f t e r  n a l i d i x i c  ac id  induct ion was completed ( b u t  before  W exposure) t h e  
mutation frequency dropped d r a s t i c a l l y .  The drop was prevented by supplementation with 
tryptophan and case in  hydrolysate .  
mented medium caused a comparable drop. The p o s s i b i l i t y  t h a t  t h i s  e l imina t ion  of t h e  induced 
error-prone r e p a i r  capac i ty  i s  t h e  b a s i s  for  “mutation frequency dec l ine”  (MFD) w i l l  be 
discussed. 

ESCHERICHIA a B/r WP2, Char l e s  0. Doudney, Divis ion of Labora to r i e s  and Research, 
New York S t a t e  Department of Heal th ,  A1ban.r. I’Y 12201 

revep.ants i n  Escherichia  coli B/ WP2 t& 

Incubation without tryptophan during induct ion blocked t h e  conver- 

Addition o f  chloramphenicrl  t o  t h e  amino acid-supple- 

164 PLASXID-ASSOCIATED SENSITIVITY TO ULTRAVIOLET RADIATION AND INCREASED DNA DECRADATION 
IN REPAIR-DEFICIENT STRAINS OF STAPHYLOCOCCUS z, Richard V .  Coering and Colleen 

Viola,  Dep t .  Xed. Microbiol . ,  Creighton Univ. Sch. Med.,  Omaha, Neb. 68178 
In gram-negative b a c t e r i a l  spec ie s ,  c e r t a i n  plasmids are known t o  i n f luence  t h e  r e p a i r  of 
c e l l u l a r  DNA, most comonly conferr ing some degree of p ro tec t ion  aga ins t  u l t r a v i o l e t  (W) 
r ad ia t ion  on the  b a c t e r i a l  hos t .  We have observed t h a t  t he  presence of s p e c i f i c  plasmids 
In c e r t a i n  r epa i r -de f i c i en t  s t r a i n s  of t h e  gram-posit ive bacterium, S t a  h lococcus aureus.  
r e s u l t s  in a marked inc rease  i n  s e n s i t i v i t y  t o  W r a d i a t i o n  with a conc!kitant i n c r a n  
W-induced degradation of DNA. 2. 
wre transduced t o  c a r r y  a v a r i e t y  of an t ib io t i c - r e s i s t ance  plasmids.  
c e l l s  t o  W r ad ia t ion ,  a comparison of plasmid and non-plasmid ca r ry ing  s t r a i n s  revealed:  
(1) plasmid c a r r i a g e  did not  inf luence t h e  k i n e t i c s  of c e l l u l a r  su rv iva l  or DNA degradation 
in s t r a i n  152 (wild type)  o r  s t r a i n  152 rendered phenotypical ly  HCR- by incubat ion i n  t h e  
presence of ca f fe ine  (3.5 mg/ml), (2) plasmid c a r r i a g e  conferred a s l i g h t  i nc rease  i n  W 
s e n s i t i v i t y  and DNA degradation on t h e  recombination-deficient mutant,  152 &, but  w a s  
associated with a marked inc rease  i n  W s e n s i t i v i t y  and DNA degradat ion when t h e  rec-  
mutant was rendered phenotypical ly  REC- HCR- by incubat ion i n  t h e  presence of c a f f e i n e ,  (3) 
plasmid-associated s e n s i t i v i t y  t o  W was plasmid s p e c i f i c ,  thus f a r  observed on ly  with 
p e n i c i l l i n a s e  plasmids pI258 and pII147, (4) t he  W-sensi t iz inp,  e f f e c t  w a s  n o t  due to 
prophage induction. 
plasmid-associated nuclease w i l l  be discussed.  

s t r a l n s  152 and 152 & (a --type mutant) 
Following exposure of 

The p o s s i b i l i t y  t h a t  t he  W-sens i t i z ing  e f f e c t  may be due t o  a 

165 
Cambridge, MA 02139 
The plasmid pKMlOl inc reases  i )  c e l l u l a r  su rv iva l  a f t e r  UV i r r a d i a t i o n  i i )  chemical and 
spontaneous mutagenesis i i i )  r e a c t i v a t i o n  and mutagenesis+of UV-irradiated phage i n  un i r r ad i -  
a t ed  c e l l s .  
- recA+ genotype i n  2. typhimurium. pKMlOl p l ays  a c r i t i c a l  r o l e  i n  t h e  Ames carcinogen d e t e c t -  
i ng  s t r a i n s .  
typhimurium and of h i n  E. c o l i .  In  5. typhimurium on ly  a very weak induc ib le  r e a c t i v a t i o n  
i s  observed i n  t h e  absence o f  pKMlOl but  a s t rong  r e a c t i v a t i o n  i s  observed i n  i t s  presence.  
The inducible  r e a c t i v a t i o n  i n  pKMlOl containing s t r a i n s  o f  both E .  c o l i  and 2. typhimurium 
is  independent of t h e  presence of chloramphenicol under condi t ions where p r o t e i n  syn thes i s  
is  >99% i n h i b i t e d  suggest ing t h e  induct ion involves  t h e  a c t i v a t i o n  o f  a c o n s t i t u t i v e l y  
produced p ro te in .  
enhance mutagenesis. 
-- In v i t r o  recombinant techniques were u t i l i z e d  t o  produce sma l l e r  d e r i v a t i v e s  of  pKM101 s t i l l  
ab le  t o  enhance mutagenesis and r e p a i r .  
t r a n s c r i p t i o n - t r a n s l a t i o n  s t u d i e s  of plasmid-coded p r o t e i n s  produced by pKMlOl , - m u t a n t s  
and cloned d e r i v a t i v e s  of pKMlOl. The r e l a t i o n s h i p  of pKMlOl t o  c e l l u l a r  error-prone r e p a i r  
w i l l  be discussed.  

YLA~MIU (pKMlOl)-MEDIATED REPAIR AND MUTAGENESIS, Graham C. Walker, Pamela J. Langer, 
William G .  Shanabruch, and P a t r i c i a  P.  Dobson, Massachusetts I n s t i t u t e  o f  Technology, 

These e f f e c t s  a r e  dependent on t h e  recA’lexA genozype i n  E .  c o l i  and on t h e  

We compare t h e  e f f e c t  o f  pxMlOl on W-reactivation o f  UV-irradiated P22 i n  5. 

A screening procedure was used t o  i s o l a t e  mutants o f  pKMlOl unable t o  
The mutants a r e  d e f i c i e n t  i n  t h e  o t h e r  p r o p e r t i e s  descr ibed above. 

We repor t  t h e  r e s u l t s  o f  mini c e l l  and i n  v i t r o  
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Several R plasmids (pMG1, pMG2, R931, R2, RPLll, and R1771 l l g r )  which alter the response of 
Pseudomonas aeruginosa (ATCC15962) to the lethal effects of ultraviolet light have been 
investigated. Plasmids pM1, pMG2, R2, R931 and R1771 111:' increase cell survival following 
UV-damage in wild type host cells, uor-rec+ and pol A mutants, but fail to alter the UV 
response of a roc A mutant of Pseudomonas aeruginosa. RPLll decreases UV-survival in wild 
type hosts and to a similar degree in uur- r e d  and pol A mutants, but again fails to alter 
the UV-response of rec A host cells. All plasmids studied enhance the level of spontaneous 
and UV-induced back mutation in a variety of auxotrophic markers studied. 
protective effect of pMC1, R931, R2, pMG2 and R1771 Hgr is dependent on the rec AC gcne the 
effect of sodium arscnite. :in inhibitor of rec A-dependent step in the repair of UV- 
irradiated DNA, was studied. The effect of a sublethal concentration of sodium arsenite 
following UV-irradiation was cxamined in strains trpR1, trpRlR2, trpBlpMG2, trpBlpMC1, 
trpRlR931 and trpRlR1771 l lg r .  
survival of trpBlpMC1, trpBlpHC2 and trpBlR931 reducing the survival to that of W-irradiated 
strain trpRl in the presence of sodium arsenite. When strains trpBlRZ and trpBlR1771 tlgr 
werc tested only a sliRht reduction in IN-survival was observed. It is concluded that in 
strains trpRlpMC1, trpBlpMC2 and trpRlR931 UV-protection is determined by a rec A-dependent 
arsenite-sensitive repair pathway, whereas in strains trpRlR2 and trpRlR1771 Hgr UV- 
protcction is determined by a rec A-depcndcnt arsenite-insensitive step in DNA repair. 

EFFECT OF PSEUWMONAS R FACTORS ON W-SENSITIVI'IY AND W-MUTAGENESIS. Philip Lehrbach 
and Barry T.O. Lee, Dept Genetics, University of Melbourne, Australia 3052. 

Since the W- 

The presence of sodium arscnitc eliminates the increased UV- 

167 
Philadelphia, PA 19111 
We have developed a biological assay for measuring the fidelity of DNA synthesis in vitro 
using a natural DNA template. 
amber mutation ( ~ 3  in gene E). 
digest of 0X 174 RFI DNA, was hybridized to this template and served as a fixed primer 
terminus 83 nucleotides from the mutation. An in vitro polymerization reaction was 
performed using different DNA polymerases under various conditions. The copied DNA was 
used to infect spheroplasts or calcium-treated cells, and errors were quantitated by 
masuring reversion of progeny phage to wild type. Using g. DNA polymerase I. the 
reversion rate indicated an approximate error rate of 1 in 8000 under normal copying 
conditi S. The error rate was educed t o  1 in 500 using altered nucleotide pools or 
when Mnfl' was substituted for Mg" . 
substitutions with the effect of altering various nucleotide concentrations in the pool it 
is concluded that the nust likely substitution is a C for a T at position 587 in the 
amber codon. 
observed even under normal conditiorls of copying. The absolute error rate of 1 in 
706 
synthetic polynucleotide templates) and indicates that the AMV polymerase is error 
prone. 
selection by DNA polymersses-cz and -I{ from a variety of eucaryotes. 

MUTAGENESIS DURING IN VITRO DNA SYNTHESIS. Thomas A. Kunkel, Lisa A. Weynuuth, 
K.P. Gopinathan and Lawrence A. Loeb, Institute for Cancer Research, Fox Chase, 

The template was single-stranded OX 174 DNA containing an 
A specific DNA fragment, obtained separately from an Hae 111 

From a comparison of the possible codon 

With the avian rnyeloblastosis virus DNA polymerase frequent mutations were 

300 obtained using this natural DNA template confirms our earlier findings (using 

This assay system is currently being used to determine the accuracy of nucleotide 

DNA Repair in Lower Eukaryotes 

168 IS THERE A W-INDUCIBLE COMPONENT OF ERROR-PRONE REPAIR IN YEAST? Friederike Eckardt 
and 3. H. Haynes, Department of Biology, York University, Toronto, Ontario, Canada 
M3J IP3. 

The commonly observed 'dose-squared' induction kinetics for W-mutagenesis in E.coli are 
believed to ari.se from the action of an inducible, error-prone repair system which attacks 
pre-mutational lesions in DNA (the 'one-lesion plus SOS induction' hypothesis). In haploid, 
repair competent strains of the yeast Saccharorriyces cerevisiae mutation induction kinetics 
are biphasic: linear at low doses but squared at high doses. These induction curves can be 
fitted mathematically by a general equation for repair-mediated mutagenesis if it is assumed 
that there exists a significant constitutivb level of error-prone repair (required for the 
linear kinetics) plus a W-inducible component (required for the dose-squared kinetics). We 
find that if protein synthesis is blocked by incubating the cells for three days after 
irradiation in the presence of 2Oug/ml cycloheximide, then mutation frequencies in the higher 
dose range are reduced and the resultina points lie along a linearly extrapolated segment 
of the low dose kinetics; in effect, the dose-squared component appears to be abolished. 
These results, together with the phenomenon of radiation induced W-resistance (Patrick 
and Haynes * J ..- Bact.95, 1350, 1968), the demonstration of radiation induced transmissible 
factors capable of enhancing recombination in diploids (Fabre and Roman, PNAS 74, 1667, 1977) 
and the enhancement of mutagenesis concomitantly with radiation induced W-resistance 
(Moustacchi, personal communication, 19771, indicate the existence of one or more modes of 
inducible DWA repair in yeast which in part at least are error-prone.(Supported by NRCC). 
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169 M.J. Fraser, Oept. Biochem., McGil l  Univers i ty ,  M o n t r x ,  Canada H3G 1Y6. 

(ds) exonuclease, have been found t o  be associated w i t h  a s ing le  polypeptide (now c a l l e d  endo- 
exonuclease) o f  molecular weight about 53,000 daltons. 
covalent ly  closed c i r c u l a r  ds-DNA and both nuclease a c t i v i t i e s  were i n h i b i t e d  by ATP. 
v i t r o ,  endogenous prote inase(s)  p r e f e r e n t i a l l y  i nac t i va ted  the ds-exonuclease funct ion.  The 
r e s u l t i n g  ss-endonuclease has been shown t o  a t tack  U.V.-irradiated, bu t  no t  un i r rad ia ted  ds- 
DNA. Two mutants o f  Neurospora which were sens i t i ve  t o  a wide spectrum o f  agents t h a t  damage 
DNA, uvs-3 and &, were found t o  be p a r t i a l l y  d e f i c i e n t  i n  the endo-exonuclease a c t i v i t y  
e x p r e x i n  f resh ex t rac ts  o f  mycelia. The uVs-3 mutant was shown prev ious ly  by Schroeder t o  
have a l te red  m i t o t i c  recombination. I n  ex t rac ts  o f  wi ld- type l o g  phase mycelia a t  l e a s t  75% 
o f  the endo-exonuclease a c t i v i t y  was masked, bu t  was ac t i va ted  i n  v i t r o  by endogenous PMSF- 
sensi t ive prote inase(s)  o r  w i t h  t r yps in .  The a c t i v a t i o n  appeared t o  i nvo l ve  the conversion o f  
a pronuclease t o  an ac t i ve  enzyme. Act ive endo-exonuclease was released from colonies growing 
on DNA agar and produced haloes o f  d igest ion around the colonies. 
mutants, as wel l  as some other  mutants t h a t  were NOT de fec t i ve  i n  DNA-repair (nuclease halo o r  
- nuh mutants), f a i l e d  t o  release normal amounts o f  the enzyme. 
i n  v i vo  i n  wi ld- type mycelia growing i n  l i q u i d  cu l ture,  bu t  was r a p i d l y  lost when the mycelia 
entered s tat ionary phase, suggesting tha t  p ro teo l ys i s  may have been responsible f o r  t h i s  loss. 
The leve ls  o f  a c t i v e  endo-exonuclease and pronuclease a t  d i f f e r e n t  stages o f  growth o f  both 
the 

REGULATION BY PROTEINASES OF INTRACELLULAR ACTIVITY OF A .PUTATIVE rec-NUCLEASE OF 
NEUROSPORA. 
Two a c t i v i t i e s  o f  Neurospora, a s ing le-s t rand (ss )  endonuclease and a double-strand 

The enzyme degraded l i n e a r ,  bu t  no t  
I? 

The uVs-3 and uVs-6 
The pronuclease accumulated 

and p& mutants d i f f e r e d  from each other  and from the wi ld- type i n  complex ways. 

170 IDENTIFYING MmAGENIC REPAIR SYSTEMS BY ANTIMUTATOR MUTATIONS, P.J. Hastings, 
R.C. von Bors te l  and S. -K.  Quah, Dept. o f  Genetics, Univ. o f  Alberta, Edmonton, 
Canada T6G 2E9 

Antimutator mutants o f  yeast were sought (a) to t e s t  the hypothesis tha t  spontaneous 
mutation ar ises from mutagenic r e p a i r  o f  spontaneous lesions, i n  which case antimutators would 
be sens i t i ve  t o  mutagenic agents, and (b) t o  see whether there i s  a mutagenic r e p a i r  process 
i n  yeast o ther  than the radl8 ep is tas i s  group as i d e n t i f i e d  by UV su rv i va l  and mu tab i l i t y .  

Further character izat ion o f  two o f  these confirms tha t  low spontaneous mutation segregates 
v i t h  UV s e n s i t i v i t y ,  so tha t  both are presumptive r e p a i r  mutants. 

on suppressor production. 
therefore an a l l e l e  o f  

appears t o  be 3 general antimutator. 
Iiowever. antl-f and a show an add i t i ve  i n t e r a c t i o n  imply ing t h a t  they are i n  d i f f e r e n t  
systems. 
contrad ic t  ion.  

Of the ten pu ta t i ve  antimutator s t r a i n s  p a r t i a l l y  characterized, 7 are sens i t i ve  t o  UV l i g h t  

A n t 2 - I ,  which causes a 5 - f o l d  reduct ion i n  hisl-7 and lysl-l locus revers ion has n o  e f f e c t  
I t  does no t  complement with rev3-l t o  res to re  UV-resistance. I t  i s  

and a member o f  the radl8 c p i s t a s i s  group. 
Antl-1, i so la ted  i n  a mutator s t ra in ,  i s  a lso expressed i n  a wi ld- type background, where i t  - 

and ant2-l show ep is tas i s  i n  UV-survival.  

& i s  reported t o  be e p i s t a t i c  w i t h  KeG.  We are t r y i n g  to  resolve t h i s  

SPONTANEOUS MUTATION RATE AND THE LEVEL OF ENDONUCLEASE I N  SCHIZOPHYLLUM COMMUNE, 
Evelyn Waldsteln, Yona Shneywr, Judi th  Stamberg and Yigal K o l t i n ,  Tel Aviv Uni -  
ve rs i t y ,  Ramat Aviv, I s rae l .  

17' 

The spontaneous nu ta t i on  r a t e  i n  Schizophyllum islO-* - 
state, and 10-20 times higher fo l l ow ing  meiosis. in studies on the ci l lses o f  t h i s  meiot ic  
e f f e c t  a haploid s t r a i n  d isp lay ing an increased m i t o t i c  spontaneous mutation r a t e  was 
detected. I t s  mutagenic e f f e c t  appears as a recessive t r a i t  i n  heterokaryons w i t h  w i l d  type 
s t ra ins  during m i t o t i c  d i v i s ions .  This nutagenlc e f fec t  i s  a l so  recessive i n  meiosis.- Endo- 
nuciease a c t i v i t y  was tested i n  the mutant and a w i l d  s t r a i n  using phage PM2 DNA as sub- 
s t ra te.  I t s  a c t i v i t y  in  the s t r a i n  d isp lay ing a low mutation r a t e  i s  3 times h igher  than i n  
the s t r a i n  w i t h  a h igh mutation rate. I n  heterokaryons formed between the two s t r a i n s  t ' ie 
endonucleolyt ic a c t i v i t y  i s  equivalent t o  the sum of the a c t i v i t i e s  o f  the two s t ra ins.  In 
the f r u l t  bodies, where meiosis occurs, the l eve l  of endonuclease is even h igher  than the 
sum found I n  the vegetat ive s ta te  and the mutation ra te  i s  low. -The nu ta t i on  ra te  and leve l  
o f  endonuclease seem t o  be i nhe r i t ed  thus f a r  a s  a s ing le  genetic t r a i t .  Low l e v e l  o f  endo- 
nuclease appears to  be i nhe r i t ed  along w i t h  the t r a i t  for h igh mutation ra te  tha t  a f f e c t s  
both mi tos is  and meiosis. The resu l t s  suggest an i n t e r r e l a t i o n  between spontanews nuta- 

?n the absence o f  endonucleolyt ic a c t i v i t y .  

i n  the vegetat ive hap lo id  

enesis and e r ro r  prone processes In DNA repal r  occurr ing dur ing normal cyc lesof  r e p l i c a t i o n  
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172 INTERACTIONS BETWEEN RADIATION-SENSITIVE MUTATIONS IN DOUBLE MUTANT HAPLOIDS OF 
DICTYOSTELIUM DISCOIDEUM, R. A. Deering and D. L. Welker, Department of Biochemistry 
and Biophysics, The Pennsylvania State University, University Park, PA 16802. 

The ability to isolate radiation sensitive mutants of the eukaryotic cellular slime mold 
D. discoideum and t o  characterize these mutations at genetic aqd molecular levels makes this 
system a useful model for the study of DNA repair in eukaryotes (Welker and Deering, J.. 
Micro. 97, 1, 1976). Radiation sensitive mutations affecting nine complementation groups have 
been identified on the basis of  linkage and complementation studies. 
- radA thru &I. 
rays have been shown to be defective in the in vivo endonucleolytic production of single 
strand breqks in the DNA of W-irradiated cells. The defects associated with the other com- 
plementation groups have not yet been identified, except that @B seems to affect the rate of 
resealing of UV-initiated single strand breaks. 
mutations are more sensitive to W than either of the single mutant haploids. 
interaction indicates that the &A and *C gene products are involved in two different 
repair pathways. 
single mutant, indicating that &A and &B influence the same repair pathway. 
appears to be in an excision pathway, these results associate &A and &B with another path- 
way, possibly postreplication or yet another eukaryotic mode of repair. 
GM- 16620) 

These are designated 
Mutants in the g C  gene which’increase sensitivity to UV but not to gamma 

Haploids carrying both the &A and *C 
This synergistic 

Haploids bearing both &A and *B have the same sensitivity as the g B  
Since *C 

(Supported by NIH 

173 
Cultured cells derived from embryos carrying a rnei-9 mutation are mutagen sensitive and defi- 
cient in the excision of pyrimidine dimers as measured by susceptibility of uv-irradiated DNA 
to uv-endonuclease. In contrast, cells carrying the mei-218 mutation are proficient in dimer 
removall. 

dose of 15 Jm-2 mei-218 cells have reduced the percent thymine in dimers from 0.035 
0.011 A .006%. 
for over 36 hr. -- We are employing the carcinogen N-acetoxy-acetylaminofluorene (AAAF) to 
investigate the rnei-9 deficiency. The highly sensitive technique of alkaline elution2 was 
employed to analyze single-strand breaks in high molecular weight DNA. DNA from each of 8 
cell lines investigated develop single-strand breaks following exposure to 20-25 pm AAAF 
for 1 hr. Cultures of rnei-9 cells, however, produce 2-4-fold fewer breaks in established 
cell lines and 7-fold fewer breaks in primary cultures. 
ulation of single strand gaps in uv-irradiated DNA from mammalian3 and Drosophila4 cells, 
potentiates AAAF-induced break formation in all established cell lines except mei-9. No sig- 
nificant potentiation occurs in rnei-9 cells within the concentration range 5 - 2 0 0 .  This 
observation may reflect a post-incision deficiency in the ability of rnei-9 cells to remove 
modified bases. 
1. Boyd et al., 1976 Genetics g: 527-544; 2 .  Kohn et al., 1976 Biochemistrg g: 4629-4637; 
3. Collins et al., 1977 Mutation Res. 42: 413; 4. Harris and Bovd. unpublis e 

ANALYSIS OF EXCISION DEFICIENCY IN rnei-9 MUTANTS OF DROSOPHILA melanogaster, Paul V. 
Harris and James B. Boyd, Dept. of Genetics, University of California, Davis, CA 95616 

-- We have confirmed the excision deficiency in established cell cultures of the 
mutant with chromatographic analysis of pyrimidine dimers. Twenty-four hours after a 

.002% to 
At this dose the cells remain viable No removal was detected in mei-9a cells. 

Hydroxyurea. which promotes an accum- 

174 CHRWOSWE BREAKAGE AND REJOINING IN REPAIR DEFECTIVE MUTANTS OF DROSOPHILA.,M. Gatti, 
S .  Pimpinelli, and B. S .  Baker, Biology Dept., University of California, San Diego, 
USA and Istituto di Genetica, Universita di Fama, Italy. 

Many recombination defective mutants and mutagen sensitive mutants of Drosophila melanogaster 
have been recently shown to affect DNA repair processes. 
loci in the chromosomal economy of non-mutagenized cells 20 of these mutants ( representing 13 
loci have been examined for effectson the frequency and type of spontaneouschromosomal aber- 
rations in larval neuroblasts. Twelve mutants, representing 6 loci, significantlyincrease the 
frequency of chromosome breaks. The type of breaks ( chromatid vs isochromatid 1 and the dis- 
tribution of breaks along chromosomes ( uniformly distributed, predominantly euchromatic, pre- 
dominantly heterochromatic ) were the same for all mutant alleles at a locus but differed be- 
tween loci. X-ray induced aberrations have been studied in mutants at the six loci that 
effect spontaneous chromosome stability. These data reveal locus specific patterns of induced 
aberrations. In mutants at 2 loci chromatid interchanges could not be induced and these mu- 
tantsaretherefore defective in chromosomal rejoining. Mutants at these 6 loci have also been 
studied for their effects on sister chromatid exchange ( SCE ) .  None showed a significant 
increase above control levels in the frequency of SCEs. However, mutants at the two loci 
defective in chromosomal rejoining exhibited only one half the control level of SCEs. The 
latter observationsuggeststhat in Drosophila the mechanisms of exchange and SCE share at 
least some steps in cormnon. 

To characterize the roles of these 
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175 MUTAGEN SENSITIVITY AND PATHWAYS OF DNA REPAIR I N  URQSOPHILA MELANOGASTER, P. Dennis 
Smith, Emory University, Atlanta, Georgia 30322. 

Methods have been developed which allow the isolation of mutant strains of Drosophila *- 
gaster which exhibit increased sensitivity to killing by mutagenic agents. 
X-linked mutations have been isolated on the basis of enhanced sensitivity to methyl methane- 
sulfonate (Smith, 1973, Mut. Res. 2 0 : 2 1 5 ;  Boyd et al.. 1976, GEN. 84: 485; Smith, 1976, MOI. 
gen. Gen. 149:73). Complementation analysis has suggested the existence of at least fourteen 
complementation groups and recombination studies have succeeded in localizing eleven of these 
groups to separable genetic loci on the X chromosome. Studies o f  cross-sensitivity to physi- 
cal and chemical mutagens indicate two general patterns. One class o f  mutants displays 
sensitivity to MMS and X ray while a second class displays a broader sensitivity, including 
MMS, X ray, UV and a number o f  chemical carcinogens and mutagens. Effects of a number of the 
mutants on female fertility have led to the demonstration that mutagen sensitivity and recom- 
bination deficiency can be the result o f  a single mutation in this organism and implicate 
recombination functions in DNA repair processes. Examinations of  mu!tiply-mutant strains for 
synergistic effects on mutagen sensitivity have allowed development of a working model for 
DNA repair in this lower eukaryote. 

Sixty-three 

DNA Repair in Mammals 

176 
'The formation of poly ADPR was studied in suspensions of HeLa or BSC cell ghosts which 
had been rendered permeable by gentle detergent lysis, thus avoiding nuclear damage incurred 
during isolation of nuclei, The incorporation of ADPR from 32P-NAD was stimulated by agents 
that introduce cuts into the DNA, DNase I or micrococcal nuclease raised the rate of 
poly ADPR synthesis up to 50-fold while pre-incubation of the ghosts under conditions that 
allowed endogeneous nucleases to act resulted in about a 5-fold increase. Prior X-irradiation 
of whole cells at 0' elevated the initial rate of synthesis linearly with dose, doubling 
with 1200 rads. The boosted response declined at a constant rate when the irradiated cells 
were incubated at 35O prior to lysis, approaching control values in 4-6 minutes. Thus we 
assume that I,) X-irradiation generates from DNA an intermediate that stimulates poly ADPR 
synthesis and 2)  this intermediate is inactivated by the cell and becomes unsuitable for 
poly ADPR synthesis. 
it may involve poly ADPR synthesis. 
X-irradiation or nuclease digestion. 
DNA responsible for this stimulation by adding plasmid DNA to a partially purified extract 
of calf thymus whose poly ADPR synthesis depends on exogeneous DNA. 
stimulated synthesis to some extent. Stimulation is improved slightly if the PMB9 is cut 
once per circle with Eco R1 and greatly if cut approximately 20 times with Hae 111. Thus 
the system responds not so much to total DNA or to DNA of a particular sequence as to the 
number of DNA fragments and perhaps, therefore, to cut ends. 

A POSSIBLE ROLE FOR POLY ADP-RIBOSE IN THE REPAIR OF DNA, Robert C. Benjamin and 
D. Michael Gill, Dept. Biology, Harvard University, Cambridge, Mass 02138 

Since the inactivation is slowed by inhibitors of poly ADPR synthesis, 
Slower inactivation occurs in lysed cells after either 
We are examining the nature of the modification to 

PMB9 supercoils 

177 ALTERATION OF NAO METABOLISM ASSOCIATED WITH CARCINOGEN-INDUCED DNA 
DAMAGE, Myron K. Jacobson, Departments o f  Chemistr and Basic Heal th  

Sciences, North Texas State Un ive rs i t y ,  and Ela ine L. Jacogson, Department o f  
Biology, Texas Woman's Un ive rs i t y ,  Denton, Texas 76201. 
The NAD content o f  3T3 c e l l s  and mitogen-st imulated human lymphocytes has been 
measured a f t e r  exposure t o  N-n i t roso compounds.that a re  d i r e c t - a c t i n g  carc ino-  
gens, i n d i r e c t - a c t i n g  carcinogens, o r  non-carcinogens. We repor t  t h a t  the 
d i r e c t - a c t i n g  carcinogens cause la rge  decreases i n  NAD i n  both 3T3 c e l l s  and 
human lyrnphoc tes, t h a t  i n d i r e c t - a c t i n g  carcinogens cause la rge  decreases i n  
NAD i n  human Yymphocytes bu t  not i n  3T3 c e l l s ,  and t h a t  N-n i t roso compounds 
tha t  are very weak o r  non-carcinogens do not  a f f e c t  the NAD content o f  e i t h e r  
c e l l  type. Th is  decrease i n  NAD l e v e l s  i s  dependent on carcinogen concentra- 
t i o n  and t ime o f  exposure and i s  concurrent w i t h  damage t o  DNA as determined 
by sedimentation v e l o c i t y  c e n t r i f u g a t i o n  on a l k a l i n e  sucrose gradients. NAD 
i s  the subst rate f o r  t he  synthesis o f  poly(ADP-ribose) which has been suggestec 
t o  be involved i n  DNA repa i r .  Th i s  carcinogen-induced NAD depression can be 
prevented by the simultaneous presense o f  i n h i b i t o r s  o f  poly(ADP-ribose) po ly-  
merase. These data suggest a poss ib le  r o l e  o f  poly(ADP-ribose) i n  r e  a i r  o f  
carcinogen-induced DNA damage. 
The American Cancer Society and B-633 from The Robert A. Welch Foundation and 
I n s t i t u t i o n a l  Grants from NTSU and TWU.) 
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178 W-ENWNUCLWE SENSITIVE SITES I N  DAUGHTER DNA FROM W-IRRADIATED ASYNCHRONOUS AND 
SYNCHFLONOUS CHINESE HAUSTER CELLS, S. M. D'Ambrosio and R.B. Setlow, Dept. Radiology, 

Ohio S t a t e  Univ., Col., Ohio, 43210 and Dept. Biology, Brookhaven Nat. Lab, Upton, NY 11973. 
Among t h e  several  models t h a t  have been put f o r t h  t o  account f o r  the  process of postrepl ica-  
t i o n  repa i r  i n  mammalian c e l l s ,  one suggests t h a t  gaps a r e  made i n  newly synthesized ( daught- 
e r )  DNA following W-i r rad ia t ion .  Some controversy e x s i s t s  a s  t o  how these gaps a r e  f i l l e d -  
in .  
suggests exchange or  t r a n s f e r  of- parental  DNA. S u p p o r t r o r e  l a t t e r  has  been derived from 
s tudies  indicat ing 
i r rad ia ted  mammalian c e l l s .  DNA could a r i s e  from: a )  the  t r a n s f e r  of pa- 
r e n t a l  DNA segments containing dimers; and 0r .b)  i r r a d i a t i o n  of daughter DNA during rep l ica t -  
ion. In  order  t o  determine how dimers a r i s e i n d a u g h t e r  DNA we looked f o r  the  presence of W- 
endonuclease (M. lu teus  ) sens i t ive-s i tes  i n  asychronous and sychronous Chinese hamster c e l l s  
low leve ls  of e x c i s i o n r e p a i r )  a f t e r  i r r a d i a t i o n  with 10 Jm-2 W .  We f ind t h a t  the  number of 
R-endonuclease sens i t ive  s i t e s  decreases ( 1 . 5  t o  0.6 per 108D) a s  the time ( t  t o  6 ' h r )  
between i r rad ia t ion  and pulse-labeling of daughter DNA increases .  Also, t h e  number of s i t e s  
i n  daughter DNA from c e l l s  i r rad ia ted  i n  S-phase was 2.3 per 108D, while it was only 0.1 per  
108D i n  c e l l s  i r rad ia ted  i n  the  GI-phase. 
We conclude frcm these s tudies  tha t :  a )  few i f  any dimers a r e  t ransfered from parenta l  t o  
daughter DNA; and b) t h e  dimers t h a t  a r e  detected i n  asychronous c e l l s  a r e  probably due t o  
i r r a d i a t i o n  of rep l ica t ing  daughter DNA. 

h e  mechanism suggests t h a t  gaps a r e  f i l l e d - i n  by de novo synthesis ,  while another 

t h e  presence of W-endonuclease sens i t ive-s i tes  i n  daughter DNA of W- 
Dimers i n  daughter 

The number of s i t e s  i n  parental  DNA was 20 per 108D. 
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The nature of newly repl icated DNA i n  u l t r a v i o l e t  l igh t  i r rad ia ted  Chinese hamster V-79 c e l l s  
was determined. Alkaline sucrose sedimentation s tudies  were used t o  measure the  s i z e  of 
nascent s t rands and DNA f i b e r  autoradiography was  used to measure the  r a t e  and ex ten t  of fork 
progression. In unirradiated c e l l s  the s i z e  of pulse labeled (15' o r  30') nascent s t rands 
measured i n  the gradients  was equal t o  the s i z e  of growing repl icons seen i n  the  autoradio- 
grams. 
nascent s t rands i s  smaller than t h a t  i n  unirradiated c e l l s  and is equivalent to the  dis tance 
between pyrimidine dimers. The r a t e  and extent  of fork progression i s  the same as  i n  un- 
i r rad ia ted  c e l l s .  
parental  DNA. 
between i r rad ia t ion  and addi t ion of the pulse label .  Caffeine i n h i b i t s  the  joining of nascent 
s t rands i n  i r rad ia ted  c e l l s  but does not e f fec t  the  r a t e  of fork progression. 
s tud ies  with human c e l l s  indicate  s imilar  resu l t s .  
model of post rep l ica t ion  repa i r  and ru le  out a major ro le  f o r  "repl icat ive bypass". 
work was supported by the United S ta tes  Department of Energy. 

THE MECHANISM OF POST REPLICATION REPAIR I N  MAMMALIAN CELLS, Jay Doniger. Biology 
Dept., Brookhaven National Lab., Upton, NY 11973 and Biology Branch, National Cancer 
I n s t i t u t e ,  Bethesda, MD 20014. 

In c e l l s  i r rad ia ted  with 5 J/m2 a t  254 NO the  mode MW of the 15' pulse labeled 

By 60' the average fork passed thru  5 pyrimidine dirners present i n  
Mopt of the replicons observed i n i t i a t e d  synthesis  i n  the 25' i n t e r v a l  

Preliminary 

mis 
The data  support the "gapped synthesis" 
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Heterozygotes f o r  A t a x i a  t e langiec tas ia  (AT) have an increased inciderce of malignant tumors 
(Swift e t  a l ,  1976) and a l s o  a predisposi t ion to develop autoimnunity (Friedman e t  a l ,  1977). 
Together these data inply t h a t  a s ingle  copy of the mutant gene can have funct ional  
consequences of fundamental and p r a c t i c a l  s ignif icance.  
character izat ion of heterozygotes becomes an important goal. 
high ionizing rad iosens i t iv i ty  of lynphoid cells and the increased capaci ty  of 
phytohemagglutinin stimulated lymphocytes f o r  DN4 repa i r  we have developed a rapid assay for 
AT honwzyqotes using human lynphocytes. Extreme rad iosens i t iv i ty  of homozygotes persists i n  
Epstein Barr vi rus  transformed lyuphoblastoid cell l ines .  
dose survival  curves f o r  homozygotes, heterozygotes and cont ro ls  have a trimodal d i s t r ibu t ion ,  
as monitored by dye exclusion. 
curves of cells cloned i n  agar. These findings c lear ly  place hetemzygotes i n  an 
intermediate posi t ion between controls  and homozygotes with respect t o  rad iosens i t iv i ty .  
Ident i f ica t ion  of a funct ional  defec t  i n  heterozygotes n w  permits quant i ta t ive  cor re la t ion  
between t h e  ex ten t  of t h e  DNA repa i r  and the  l i a b i l i t y  to mutagenesis and t o  carcinogehesis. 
Friedman, J. M., Fialkow, P. J., CdviS, S. D., Ochs, H. D. and Wedgwood, R. J. (1977) Clin. 
Exp. Imunol., 2, 375. 
swif t ,  M.. Sholman, L., Perry. M. and Chase, C. (1976) Cancer Ws., a, 209. 

ATAXIA lEIANGIECTASIA : CHARACTERIZATION OF HETEROZYGOTES, Martln I". Ldvin, m i u p  C. 

Chen and Chev Kidson, Biochem. Dept., University of Queensland, Brisbane 4067 A u s t .  

I n  this context i d e n t i f i c a t i o n  an3 
Making use of the general ly  

A t  a carefu l ly  chosen rad ia t ion  

Discrimination i s  a l s o  demonstrable b e b e e n  dose response 

m 
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181 DNA DOSTREPLICATION REPAIR INDUCED BY BENZO[a]PYRENE DIOL EPOXIDES IN MOUSE EPIDERMAL 
CELL CULTURES. T i m  Bowden, and S tua r t  YuSpa. National I n s t i t u t e s  o f  Health, 

Bethesda, MD 20014. 
DNA pos t rep l i ca t i on  repa i r  a f t e r  exposure o f  t a r g e t  c e l l s  t o  (r)-76,8adihydroxy-9a,lO~epoxy- 
7,8,9.10-tetrahydrobenzo[a]pyrene (isomer I ) ,  a potent mutagen and carcinogen, and (t)-76,8a- 
d i  hydroxy-9~,10E-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene (isomer I I ) ,  a weak mutagen and 
carcinogen was studied i n  mouse epidermal cu l tures.  A t  any iven dose leve l  (0.16-3.3 M) 

decreased the s ize of  newly synthesized DNA as measured by a l k a l i n e  sucrose gradients. For  
both isomers the decrease i n  s ize o f  newly synthesized was shown t o  be due t o  gaps i n  the 
newly synthesized strands. A t  a dose leve l  o f  0.66 $4 isomer I caused 0.9 gaps per l o 7  
daltons of  newly synthesized DNA. When binding of  ''C-isorner I t o  epidermal DNA was deter- 
mined, 0.7 adducts were bound per l o 7  daltons o f  DNA (approximately one gap f o r  every bound 
adduct). 
found f o r  isomer I .  
o f  DNA) caused 1.9 gaps per  l o 7  daltons o f  newly synthesized DNA ( 2  gaps f o r  every adduct). 
Pulse-chase experiments w i th  both isomers i nd i ca ted  t h a t  w i th  t ime a f t e r  exposure the gaps 
were f i l l e d ,  DNA was jo ined  and elongated. Caf fe ine (0.75 mM) i n h i b i t e d  DNA e longat ion i n  
c e l l s  t rea ted  w i t h  e i t h e r  isomer I o r  11. 
carcinogen, isomer 1, resul ted i n  one gap i n  the newly synthesized DNA per DNA- b w n d  adduct 
while damage by the less potent isomer I 1  resu l ted  i n  two gaps per adduct. 
these gaps were f i l l e d  by a ca f fe ine  sensi t ive pos t rep l i ca t i on  r e p a i r  process. 

both isomers equally i n h i b i t e d  DNA synthesis as measured by 3 H-thymidine incorporat ion and 

Binding o f  I 4 C  isomer I 1  t o  epidermal DNA a t  a given dose leve l  was one fou r th  t h a t  
Isomer I 1  a t  an equivalent l eve l  o f  b ind ing (0.7 adducts per l o 7  daltons 

Thus exposure t o  the more potent  mutagen and 

I n  each case 
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Incubation o f  human lymphoblastoid c e l l s  w i t h  BrUdr f o r  short periods produces three classes 
of DNA containing analog: DNAHL(~=I .75 g/crn3), DNAint(P=I .71 g/cm3) and DNAHH(~=I .80 g/cm3). 
Iso la ted DNAint y i e lds  both DNAHL and DNAHH a f t e r  extensive shear o r  a f t e r  treatment w i t h  & 
crassa endonuclease, i nd i ca t i ng  that  DNAHH o r ig ina tes  from D N A i n t .  The t rans ient  formation o f  
DNAHH along w i t h  the observation o f  four-pronged DNA s t ructures i n  e lec t ron  micrographs o f  the 
f rac t i on  was recent ly  presented as evidence f o r  a model o f  r e p l i c a t i o n  repa i r  based on the pro- 
cess of strand displacement and branch migration. However, c ross l i nk ing  of.DNA In  v i vo  by 
t r e a t m n t  o f  c e l l s ,  w i t h  t r i oxsa len  and near UV i i g h t  prevents the appearance of-whereas 
c ross l i nk ing  a f t e r  l y s i s ,  has l i t t l e  e f f e c t .  These resu l t s  suggest t ha t  m s t  DNAHH i s  derived 
from i n  v i t r o  branch migrat ion during i s o l a t i o n  o f  DNA. 
be involved i n  the "skipping past" o f  lesions In the DNA template wi thout  leav ing gaps i n  
daughter strands i f  the length o f  displaced strands was not  long enough t o  be cross- l inked by 
the method used. A large f rac t i on  o f  DNAHH i s  obtained a f t e r  incubation o f  xeroderma lymphoid 
c e l l s  (XPA-3) w i t h  caf fe ine,  poss ib ly  r e f l e c t i n g  the synthesis o f  DNA i n  smaller r e p l i c a t i n g  
un i t s .  I n h i b i t i o n  of r e p l i c a t i o n  repa i r  by ca f fe ine  may r e s u l t  from the accumulation o f  un f i n -  
ished repl icons rather  than the i n h i b i t i o n  of gap f i l l i n g .  DNAHH, although a r i s i n g  from 5 - v i t r o  reactions. can be a good probe for est imat ing the number o f  r e p l i c a t i n g  fo rks ,  i.e. the 
number o f  repl icons funct ion ing.  
*Fellow o f  the Leukemia Society o f  America 

DNA BlFlLARLV SUBSTITUTED WITH BROHODEOXYURIDINE I N  THE FiRST ROUND OF SYNTHESIS. 
Kouichi Tatsumi:b and Bernard Strauss, Un ive rs i t y  o f  Chlcago, Chicago, 1 1 1 .  60637. 

However, branch migrat ion may s t i l l  
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o f  Rochester, Rochester, N.Y. 14642 and Bra in Tumor Research Center, Un ive rs i t y  o f  Ca l i f o rn ia ,  
San Francisco, CA 94143. 

Previous a l k a l i n e  sucrose gradient  studies on the repa i r  o f  x-ray-induced DNA damage 
i n  mamnalian c e l l s  ind icated that  the t r a n s i t i o n  from DNA molecules w i t h  sedimentation c w f -  
f i cen ts  2 165 S t o  DNA species > 165 S was associated w i t h  the maintenance o f  t h e i r  reproduc- 
t i v e  o r  funct ional  i n t e g r i t y .  However, the molecular i n te rp re ta t i on  o f  t h i s  t r a n s i t i o n  was 
uncertain. To provide experimental evidence f o r  an i n te rp re ta t i on  of t h i s  t rans i t i on ,  we have 
compared: 1 )  the dependence o f  the sedimentation coe f f i c i en ts  of these DNA species on ro to r  
speed and radius, 2) the a b i l i t y  o f  these ON4 species t o  renature, and 3)  the a b i l i t y  of f ree  
rad ica l  scavengers t o  p ro tec t  these DNA species against x-ray-induced damage. I n  general: 1 )  
DNA species w i t h  sedimentation c o e f f i c i e n t s  > 165 S do not e x h i b i t  a dependence on r o t o r  
speed and radius as predic ted by Zimm wh i l e  DNA species c 165 S do, 2) DNA species > 165 S 
renature rap id l y  even under adverse condit ions whi le  species 5 165 S do not, and 3 )  f r e e  rad i -  
ca l  scavengers equal ly  protect  both sets o f  DNA species against x-ray damage. Thus, the data 
support the hypothesis tha t  the t r a n s i t i o n  from DNA species < 165 S t o  DNA species > 165 S 
represents a conformation change from single-stranded random-coil polymers t o  predominently 
single-stranded nonrandom c o i l  polymers. The data a l so  suggest t ha t  the rap id  decrease t o  
165 S DNA species seen a f t e r  l o w  x-ray doses r e s u l t s  fran the in t roduc t i on  o f  a few s ing le-  
strand breaks rather than an a t tack  by hydroxyl f ree  rad ica ls  on exposed rad iosens i t i ve  
l i n k e r  s i t es .  (Supported by CA-15203, CA-15325, C A - I l D 5 l  and CA-11198) 

INTERPRETATION OF MAMMALIAN DNA REPAIR STUDIES PERFORMED ON ALKALINE SUCROSE GRADI -  
ENTS, K.T. Wheeler, J.D. Linn. E.S. Chase, and C.T. Morton, Cancer Center, Un ive rs i t y  
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t i s s u e  cu l ture  excise UV-induced pyrimidine dimers from 
the i r  DNA. Dimers a r e  produced l i n e a r l y  a t  low doses 
of 254 nm W l i g h t  with -0.3% of the  thymine i n  dimers 
a f t e r  60 J/m2. 
excised, i.e..  the  difference between the  amount i n i t i -  5 
a l l y  formed and the  amount remaining a f t e r  incubation of n 

IJe have plot ted the percentage of dimers - 0.06. 
HOURS AFTER W 

48 
m e  
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185 COMPARING THE PERCENT SURVIVAL AND EXTENT OF EXCISION REPAIR OF THYMINE DIMERS 
FOLLOWING UV IRRAOIATION OF CONFLUENT CULTURES OF HUMAN CELLS OR OF SYNCHRONIZED 

POPULATIONS AT VARIOUS TIMES DURING THE CELL CYCLE, Beate Konze-Thomas, Delia J. Dorney, 
Veronica M. Maher and J. Justin McCormick, Carcinogenesis Laboratory, C.O.M., Mi$higan State 
University, East Lansing, MI 
To examine the effect of DNA excision repair and replication on the cytotoxicity of ultra- 
violet radiation (254nm) in human cells, we exposed synchronized populations o f  normal di- 
ploid fibroblasts to a series of low doses of UV at various times during the cell cycle (GI, 
early 5 ,  middle S, early 62) or of confluent cells in Go and determined the percent surviyal 
of the colony-forming ability. (80% synchrony was achieved by releasing density-inhibited 
cultures from confluency.) No measurable difference in percent survival could be detected 
between cells irradiated in GO and imnediately released from confluency and cells released 
and then irradiated at various times during the cell cycle. However. if cells were irradi- 
ated in GO (6 J/Mz), but held in confluency for 0, 4, 8, or I6 hr before being released, the 
percent survival rose gradually from 20 to 25 to 45 and finally to 100. To investigate the 
molecular mechanisms responsible for these results, we examined the ability of cells held in 
confluency or of cycling cells to excise thymine dimers following irradition (40 J/M2). Con- 
fluent cells excised 70% of the dimers during the first 6 hr post-irradiation and 90% during 
the first 12 hr. Preliminary results suggest that dimer excision in cycling. synchronized 
cells is less efficient than in confluent cells. These biochemical results correlate with 
the biolo ical data and indicate that cell killing results from non-excised DNA damage. 
(Supportej by US DHEW Grants CA 21247 & CA 21253 and by the Oeutsche ForschungsgemeinsChaft.) 

48824, U.S.A. 

186 EXCISION REPAIR I N  MAMMALIAN CELLS, Farid E. Ahmed and R. B. Setlow, Biology Dept. 
Brookhaven National Laboratory, Upton, New York 11973. 

Excision repa i r  a f t e r  combined treatments of UV and N-acetoxy-2-acetylaminofluorene (AAAF) 
was studied i n  repa i r  p rof ic ien t  and repa i r  def ic ien t  human f ibroblas t s  (normal, xeroderma 
p i p n t o s u m  [XP] groups C, D. E, XF' var ian ts  and a tax ia  te langiectasia) .  Three methods were 
used: a)unscheduled DNA synthesis  measured radioautographically, b)photolysis of BrUra incor- 
porated i n t o  parental  DNA during repair ,  and c ) s i t e s  sens i t ive  t o  W endonuclease from g. 
luteus. The three methods gave s imi la r  r e s u l t s  (see Table). Saturat ion doses of 254 nm (20 
=and AAAF (20 wM) were employed. 
ments were observed: 1) t o t a l  repa i r  was addi t ive i n  normal, XP var ian t ,  and a tax ia  c e l l s ,  and 
M A F  did not inh ib i t  repair  of UV damage, and 2) t o t a l  repa i r  was much less than addi t ive-  
usually less  than observed f o r  separate  treatments- and AAAF inhibi ted diner excis ion i n  XP C. 
D, and E. We conclude tha t  i n  the 1st c l a s s  of c e l l s  there  a r e  d i f fe ren t  pathways f o r  repa i r  
of UV and AAAF lesions, and i n  the 2nd c l a s s  the res idua l  excis ion eneymes are d i f f e r e n t  from 
those in normal c e l l s .  (Supported bv U. S. Department of EnerRY). 

Two pat te rns  of excis ion repair  due t o  combined t r e a t -  

n 
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developed. The method has been used to  follow UV-induced excision repair in intact  human 
cells.  I t  has been possible to  study the kinetics of enzymatic reactions in ce l l s ,  in which 
strand-breaks in DNA are produced and sealed again. Hydroxyurea. 5-fluorodeoxyuridine and 
1- -D-arabinofuranosyl cytosin. potent inhibitors of DNA synthesis, drastically increase the 
number of breaks that are observed during the repair process. This  i s  probably due t o  a 
decreased polymerase activity,  that  will cause the enzymatically formed strand-breaks t o  
stand open for longer times. - - - The in i t i a l  rate of strand-break formation does not seem 
to  be influenced by hydroxyurea, and Is approximately 3.600 breaks per min in a diploid 
genome, a f t e r  exposure t o  a dose of 20 J/sq.m .After 5 t o  30 min. depending on the dose of 
UV. the number of breaks reaches a maximum and s t a r t s  t o  decrease again. - - - Since hydroxy- 
urea decreases the rate of repair polymerization, b u t  does not apparently reduce excision 
repair induced incorporation of labeled thymidine, or the excision of pyrimidine dimers. it 
seems that the polymerase step is not rate-limiting. As a consequence, the endonuclease and 
polymerase are acting independant of each other. Under certain assumptions the time for  repair 
of a s i t e ,  i .e. the time from incision to  final ligase sealing, can be estimated to  he between 
3 and 10 min. 
Essentially no breaks are produced i n  Xerodenna pigmentosum ce l l s  belonging t o  complewntation 
group A ,  and there is no enhancemenk by hydroxyurea. Cells from the variant typ of Xerodenna 
pigmentosum behave l ike  normal c e l l s  i n  this respect. 

A KINETIC STUDY OF UV-ENDDNUCLEASE ACTIVITY IN HUMAN CELLS, Klaus Erixon and Gunnar 
Ahnstrijm. University of Stockholm, S-106 91 Stockholm, Sweden 
A simple and sensitive technique for detection of strand-breaks in DNA has been 

1% Distribution of W-induced DNA Repair Synthesis in Human Chromatin, 
Smerdon, Thea D. Tlsty and Michael W. Lieberman, Washington University, St. Louis, 
Missouri 63110 

Michael J. 

Although DNA in eukaryotes is organized within the nucleus as chromatin, to date little is 
known about how this organization affects DNA repair. A method was developed to analyze the 
distribution of iltraviolet radiation (W) -induced DNA repair synthesis in the chromatin Of 
cultured human diploid fibroblasts (IMR-90). Analysis of the distribution of repair synthe- 
sis occurring immediately after W damage (12 J/m2) showed that the number of newly inserted 
nucleotides per unit DNA is 2-2 .5  x greater in staphylococcal nuclease-sensitive regions of 
the genome than in resistant regions. ElectGophoresis revealed a corresponding decrease in 
the amunt of repair synthesis found in core particle DNA. Repair synthesis which occurred 
many hours after damage (12-29 hr) was much more uniformly distributed between staphylococcal 
nuclease-sensitive and -resistant regions and showed no decrease in repair synthesis in core 
particle DNA. Digestion studies with DNAse I, which recognizes different aspects of chroma- 
tin structure, indicated a slight preference of repair synthesis for regions sensitive to 
this enzyme; however, no marked difference between the distribution of repair synthesis 
occurring at early times and late times was observed. Whether the observed preferential 
repair synthesis is reflective of nonuniform distribution of damage, ease of access to uni- 
formly distributed damage by a single repair process, or different repair processes acting 
in different regions of chromatin is currently under investigation. 

189 REPAIR OF DNA D W G E  INDUCED BY BENZO(a)PYRENE AND ITS PROXIMATE METABOLITES IN 
HUMAN ALVEOLAR TUMOR CELLS. Joyce Remsen, Kunio Shinohara and Peter Cerutti. 
University of Florida, Gainesville, Florida 32610. 

Repair of benzo(a)pyrene (B(a)F) induced DNA damage was studied in epitheloid human alveolar 
tumor cells A549. 
chromatographic techniques in cells which had begn exposed to B(a)P f o r  a prolonged period. 
Within 24 hours 0.6 guanine-B(a)P adducts per 10 
high molecular weight DNA at an initial damage level of 1 adduct per 10 deoxynucleotides. 
Guanine-B(a)P adducts were evenly distributed between staphylococcal nuclease digestible and 
resistant DNA of isolated nuclei and the kinetics of product removal was the same for both 
fractions. Secondly, the effect of the treatment of cells with the proximate diastereomeric 
metabolites 7,8-dihydroxy-9,1O-epoxy-benzo(a)pyrene I and I1 on the integrity of parent DNA 
strands and on daughter strand synthesis was investigated by the alkaline elution procedure. 
At an initial level o f  guanine-B(a)P adducts of 4 to 7 per lo6 deoxynucleotides, parent DNA 
was fragmented within the first 3 hours to molecular weights below lo9 daltons and then 
gradually reconstituted over a period of 20 to 30 hours. 
epoxy-benzo(a)pyrene also led to anincrease in the fraction of short daughter strand fragments 
formed within a period of 1.5 hours. 
t r o l  values within 15 to 20 hours of incubation. 
thesized within 30 min. decreased steadily during 30 hours incubation. 
between these different facets of the repair of benzo(a)pyrene-induced DNA damage in A549 
Will be discussed. This work was supported by grants from N.I.G.M.S. and U.S.  E.R.D.A. 

Firstly, the excision of covalent guanine-B(a)P adducts was measured by 

deoxynucleotides had keen removed from 

Treatment with 7,8-dihydroxy-9,10- 

The fraction of short daughter strands returned to con- 
However, the total amount of DNA syn- 

The relationship 



DNA Rapair M a c h n i  

1% 
The purpose of this study was to examine the distribution of DNA repair in chromatin. 
repair measurements fragment cultures of late pregnant mammary tissue were incubated with MMS 
(3 mM) and HU (5 mM) for 3 hr. The fragments were then pulse-labeled with 3H-Tdr (10 uCi/ml) 
for 2 hr. "Repair-labeled" nuclei (125 ug DNA) isolated from the treated cultures were incu- 
bated in 5 mM Tris. 
lease of acid soluble (A.S.) radioactivity, and A.S. nucleotides was measured. After 5 min. 
of incubation 57% of the total radioactivity due to DNA repair has been converted to an A.S. 
form while 23% of the total DNA in chromatin is A.S. After 30 min. of digestion 74% of the 
total radioactivity is A.S. while 40% of the DNA is A.S. Similar results are obtained by di- 
gesting "repair-labeled'' purified chromatin with 2.5 or 5.0 ug micro. nucl. 
pair-labeled" purified DNA showed that the release of A.S. radioactivity closely parallels A. 
S .  nucleotides. This indicates that the above results are not due to preferential digestion 
of repaired patches, but that the repair patches are located in a chromatin subfraction which 
is preferentially digested by micro. nucl. The above results indicate a nonuniform distribu- 
tion of DNA repair in chromatin. The DNA in chromatin digested during the first 30 min. of in- 
cubation with micro. nucl. appears to be the primary site for DNA repair synthesis in the chm- 
matin of WS treated cultures. Polyacrylamide gel analysis of DNA fragments produced by micro. 
nucl. digestion indicates that the "repair-labeled'' DNA may be located in the linker portion 
Of the nucleosome' 

NONUNIFORM DISTRIBUTION OF DNA REPAIR IN CHROMATIN. 
Molecular Biology, University of California, Berkeley, CA 94720. 

William J .  Bodell, Department of 

For the 

0.1 mM CaC12 pH=7.9 with 2.5 ug micrococcal nuclease at 37OC, and the re- 

Digestion of "re- 

Supported by Rrant to B. Singer. 

191 W - REACTIVATION OF HERPES SIMPLEX VIRUS IS MUTAGENIC AND INDUCIBLE IN 
MAMMALIAN CELLS, William C. Summers and Uma Bandyopadhvay Das Gupta, 

Yale University School of Medicine, New Haven, Conn. 06510. 
W e  have studied the processes of W-reactivation (UVR) and mutagenesis in mammalian cells 
using HSV-1 as the experimental probe. The survival of plaque-forming abliity wab measured 
along with the frequency of forward mutation to the TK- (thymidine kinase deficient) viral 
phenotype. These studies suggest that UVR and mutagenesis are in some way inducible, 
and may be tightly coupled phemena. Experimental support for these conclusions are: 
1. Growth of both irradiated and non-irradiated viruses on W-irradiated Vero cells resulted 
in increased frequency of mutation to the TK- phenotype. 2 ,  A delay of about 17 hours 
between irradiation of the host and virus infection resulted in maximum mutagenesis as well 
as UVR. The time course of this induction was similar for mutagenesis and UVR. 3 .  The 
development of the W-reactivation capacity of irradiated cells was prevented by treatment 
of the irradiated cells with the protein synthesis inhibitor cycloheximide immediately after 
irradiation. 

Hereditary Diseases and DNA Repair 

1% AUTORADIOGRAPHIC EVIDENCE FOR CAFFEINE INHIBITED REPAIR IN XERODERMA PIGMENTOSUM CELLS 
D.F. Minka. Indiana U., Indpls. IN 46202, J .  Nath , W. Virginia U., Morgantown, WV 

Autoradiography was used to compare the effects of caffeine and W light on the S phase of ex- 
cision repair competent(XF'4BE) and excision repair deficient(XP1ZBE) xeroderma pigmentosum(XP) 
fibroblast cultures. Both cell lines were synchronized with 5-fluoro-2'-deoxyuridine(FUdR). 
Removal of FUdR was considered the beginning of the S phase. Synchronized cultures were di- 
vided into two groups, with and without caffeine and irradiated with UV light at hourly inter- 
vals.. When the cells entered G2, caffeine was removed and cultures were labeled with 3H-TdR 
at various times. 
mined. XP4BE cells. previously determined as excision repair competent showed no increase in 
3H-TdR Incorporation during the G2 period. XPlPBE cells which have been reported as replica- 
tion repair deficient, however, had a statistically significant increase in 3H-TdR incorpora- 
tion during the G2 period. 
radiated early in S and labeled imediately after the removal of caffeine. These results are 
consistent with other reports indicating gaps are produced by S phase replication past dimers 
and provide additional evidence (using another technique, audioradiography) for the presence 
of a caffeine inhibited repair system. This repair mechanism is capable of neconstituting 
these secondary W lesions (gaps). (Supported by NIC Grant TOlCA05170-10 and in part by PHS 
Grant W5021054 and T32 DE 7043-01.) 

Autoradiography was done and the number of grains per nucleus was deter- 

This increased incorporation was greatest when cultures were ir- 
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193 DECREASED REPAIR OF GAMMA-RAY DAMAGED DNA IN XERODERMA PIGMENTOSUM 
FIBROBLASTS. Andrew J. Rainbow and Margaret M. Howes, Departments of 

Radiology and Biology, McMaster University, Hamilton, Ontario, Canada L8S 459. 
A sensitive host-cell reactivation (HCR) technique for irradiated adenovirus 
type 2 was used to examine the DNA repair ability of fibroblasts from several 
Xeroderma Pigmentosum (XP) patients. Adenovirus stocks were irradiated at 
dry ice temperature (-75OC) using cobalt-60 gamma rays. Cultures were 
infected with either irradiated or non-irradiated adenovirus type 2 and at 48 
hours after infection, cells were examined for the presence of viral structur- 
al antigens (Vag) using immunofluorescent staining. 5 XP fibroblast strains, 
one from each of the different complementation groups A,B,C,D and Variant, 
showed a reduced HCR of this viral function as compared to fibroblasts from 
4 apparently normal individuals. These results indicate some deficiency in 
the repair of gamma ray induced DNA damage in XP. These results may be 
attributed to the known repair deficiencies of XP for UV damage and suggest 
that some part of the DNA damage induced under these conditions of gamma 
irradiation mimics UV damage. 
(Supported by the National Cancer Institute of Canada.) 

194 COUPLING OF E X C I S I O N  REPAIR TO INHIBITION OF DNA REPLICATION I N  NORMAL AND XERODERMA 
PIGMENTOSUM (XP) HUMAN CELLS, Sang 0. Park and James E. Cleaver, Laboratory o f  Radio- 
biology, Un ive rs i t y  o f  Cal i fornia, San Francisco, CA 94143 

UV i r r a d i a t i o n  o f  normal and repa i r  defective XP c e l l s  e l i c i t s  a t  l e a s t  three phenomena: 
(1) ra te  o f  DNA synthesis per c e l l  i s  depressed and then gradual ly  recovers. (2) the molecu- 
l a r  weight (MW) of newly synthesized DNA drops t o  a minimum soon a f t e r  i r r a d i a t i o n  and recov- 
ers exponentially, more r a p i d l y  than the r a t e  of DNA synthesis i n  normal c e l l s ,  bu t  a t  the 
same r a t e  i n  excision defect ive XP ce l l s .  
rad iated c e l l s  increases t o  parental s i z e  d u r i n  subsequent growth as a l i n e a r  funct ion o f  
time nmre rap id l y  than e i t h e r  process (1) o r  (27. Only process (3 )  corresponds t o  "post- 
repl icatPon repa i r "  and t h i s  appears t o  be a minor aspect o f  the ove ra l l  response. These re- 
s u l t s  suggest t h a t  both DNA damage and breaks involved i n  exc is ion repa i r  i n t e r f e r e s  w i t h  DNA 
rep l i ca t i on .  The majo~r response i n  normal c e l l s  (i.e., a reduced r a t e  o f  DNA synthesis per 
c e l l )  i s  caused by exc is ion breaks t h a t  prevent i n i t i a t i o n  of DNA rep l i ca t i on ;  minor responses 
(2 and 3) invo lve t rans ien t  blocks t o  DNA chain growth i n  those rep l icons a c t i v e  i n  DNA syn- 
thesis when i r rad iated,  and from which c e l l s  recover e i t h e r  through excision, bypass o r  new 
rep l i ca t i on  or ig ins.  Hypotheses i nvo l v ing  de novo synthesis o f  r e  a i r  enzymes seem unneces- 
sary i n  these explanations, and normal XP a g m a r i a n t s  seem t o  gave the same r a t e  o f  post 
rep l i ca t i on  repa i r  bu t  greater  tn t t l 'a l  depressions i n  MWs. Work supported by the Department 
o f  Energy and SNU-AID. 

(3) the low MW o f  newly synthesized DNA i n  UV ir- 

195 DIFFERENTIAL ~ I C I T Y  OF DNA DAMAGING AGENTS BF~WEEN NOAMAL AND XERODEWI 
P I G E "  CELLS. A. D. Burrell, M. A. Howard, J. J. Andersen. General 

FVuducts Division, H60/282, IBM Corp. San Jose, CA. 95193 
Increased cytotoxicity as a consequence of unrepaired DNA damage has been demonstrated pre- 
viously in DNA repair deficient xemdenna pigmentosum cells. 
which facilitates canparison of cytotoxic effects of chemicals between repair proficient VA13 
hpmnan lung fibroblasts and repair deficient SV40 transfonnants of XP12RO xerodenna pigmentosun 
fibroblasts. 
agar and the test canpound diffuses fran a central well. 
viability is examined by addition of a further agar overlay containing 0.01% neutral red. 
Zones of killing of equal diameter can be identified in both cell lines after 24 hours exposure 
to all toxic ccmpounds. 
only after 48 hours and only after exposure to DNA damaging agents, but not x-ray mimetic 
f.(mpnmd5. 
III the XF' cells and requires 48 hours for expression. This method allnn rapid identification 
of w-mimetic compwmds. Among these canpounds are three pesticides which have been reported 
to cause "long-patch'' repair in human cells, 9-amino acridine which causes differential growth 
inhibition between normal and wr- nutants of E.coli, and three carcinogenic aranatic amines. 
In the Salmonella nutation testese armtic-s are positive only when activated by 
ex enas microsanal enzymes. In our test 2-aminoanthracene requires such activation for 
digerential killing, but benzidine and 2-aminofluorene do not. 

We have developed a method 

In this method, nearly confluent cells are overlaid w i t h  medium containing 1% 
After appropriate incubation cell 

An increase in the diameter of killing in t he  XP cells is observed 

This suggests that the additional toxicity is related to unrepaired r#i!i damage 
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196 A COMPARISON OF THE RESPONSE OF ARRESTED HDF POPULATIONS TO UV AND X-RAYS, G.J. Kantor 
and D.R. Xull. Dept. of Biol. Sci.. Wright State University, Dayton, Ohio 45435 

Cultured populations of human diploid fibroblasts arrested with respect to division (incu- 
bation in 0.5% fetal calf serum medium) CM be maintained for long periods (,1 yr) without 
loss of cells. 
extent being dose dependent. 
irradiation. 
cells (WI-38). 
strain capable of DNA excision repair, are as resistant to W as WI-38. 
as further evidence that the sensitive target in this assay is DNA and that the increased 
sensitivity of classical W is due to a lack of DNA repair. 
doses of up to 16.000 r, a dose that destroys proliferative capacity, has no effect on main- 
tenance of arrested HDP populations for periods of up to 50 days post-irradiation. 
strain deficient in repair of X-ray induced DNA damage (ataxia telangiectasia. CRL 1343, Se 
Pan) exhibits no extra sensitivity. 
biological response to molecular damage caused by W compared to Ionizing radiation. 
W-induced DNA damage affects maintenance, ionizing radiation-induced DNA or other molecular 
damage does not. 
cell loss is an effect on m-RNA transcription. 

Irradiation with reasonably lov doses of W (254 am) causes cell loss, the 
Most of the cell loss (-90%) occurs betveen 48 and 72 hrs post- 

DNA repair-deficient cells (W12BE) are more sensitive than DNA repair-proficient 
Results to be presented shov that arrested populations of XP4BE. an W variant 

This is interpreted 

In contrast, exposure to X-ray 

An HDF 

These results demonstrate a significantly different 
Whereas 

Preliminary results suggest that the molecular event responsible for 
(Supported by NIH Grant CA-16477). 

197 EFFECTS OF LIQUID HOLDING ON CELL KILLING AND MUTATION INDUCTION IN NORMAL 
AND REPAIR-DEFICIENT HUMAN CELL STRAINS. J.W.1.N. Simons, Dep. of Radiation 

Genetics and Chemical Futaaenesis. Leiden, The Netherlands. 

ence. This condition can be used as a "liquid holding (LH) technique" to study 
excision repair after mutagenic treatments. 

twenty percent and the frequencies of labeled cells after continuous labeling with 
tritiated thymidine usually were below ten percent. This indicates that LH-experi- 
ments can be performed over seven days. 

cells but also,  althouKh to a smaller extent, in oells derived from Xeroderma pig- 
mentosum (XP) patients (complementation aroups A and D). After 7 days LH, increase 
in survival in Xp cells (compl. pr. D) was correlated with complete loss of Induced 
mutants. Similar experiments on the effect of LH in wild type cells indicated a loss 
of mutants for exposures up 20 5 J / m  
high exposures ( 8  and 10 J/m . 

Cultures of human diploid fibroblasts become stationary when they reach conflu- 

The change in cell number over a seven-day LH-periud usually was less than 

Durina LH, the survival of UV-irradiated cells increased not only in wild-type 

2 
and the same or hiKher mutant frequencies for 

198 
ORNL, Oak Ridge, TN 37830. James German, New York Blood Center, New York. N. Y. 10021. 
Increased exchanges between s i s t e r  chromatids (SCEs) occur spontaneously i n  c e l l s  from 
pat ients  w i t h  Bloom's syndrome (BS), i n  normal c e l l s  t reated w i th  mutagens, and the increase 
i n  SCE i n  normal c e l l s  a f t e r  UV i s  higher i n  exc is ion d e f i c i e n t  XP c e l l s  receiv ing the same 
UV dose. 
w i t h  molecular events, two approaches were u t i l i z e d .  The f i rs t  measured the  exchange o f  UV- 
induced pyrimidine dimers from pa n t a l  t o  daughter DNA; the second measured the exchange 

spontaneous and UV-induced exchanges are seen as hyb r id  DNA banding a t  densi t ies heavier than 
semi-conservatively rep l i ca ted  heavy/ l ight  DNA. A UV endonuclease assay showed 5% o f  dimers 
induced were seen i n  daughter strands. Hybrid DNA obtained f r o m  a nuclear c e l l  f r a c t i o n  was 
double stranded DNA o f  107 daltons and UV increased the spontaneous amount i n  normal, XP and 
BS ce l l s .  However, the amount o f  hyb r id  DNA only accounts f o r  10% o f  the dimers estimated 
t o  be i n  daughter DNA by the UV endonuclease assay. This discrepancy may be due t o  an i n -  
a b i l i t y  o f  the endonuclease assay to  d i s t i ngu ish  between t r u l y  exchanged dimers and any 
induced i n  repl icons i n i t i a t e d  p r i o r  t o  UV. F ina l l y ,  a s i g n i f i c a n t  increase was seen i n  the 
spontaneous amount o f  hyb r id  DNA i n  BS c e l l s  when compared t o  t h a t  i n  normal and XP ce l l s .  
This observation a t  the molecular l eve l  may r e f l e c t  an increase i n  steps which are 
eventual ly responsible f o r  the increased number o f  exchanges seen cy to log i ca l l y  i n  BS ce l l s .  

EXCHANGE BETWEEN PARENTAL AND DAUGHTER DNA STRANDS I N  NORMAL XERODERMA PIGMENTOSUM 
AND BLOOM'S SYNDROME FIBROBLASTS. Raymond Waters and James D. Regan, Biology D iv i s ion  

I n  an attempt t o  co r re la te  the microscopic observations f o r  normal. XP and BS c e l l s  

between DNA density labeled with !? H BrdUrd f o r  less than one round o f  rep l i ca t i on .  Thus 
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Bloom's syndrome (BS), a rare human autosomally recessive condition, is characterized cyto- 
genetically by the increased 'spontaneous' occurrence of both chromosomal aberrations and 
sister chromatid exchanges (SCEs). On the basis of increased chromsomal aberration fre- 
quency, BS has been generally considered to be a suspected DNA repair deficiency syndrome 
along with Fanconi's anemia and ataxia telangiectasia. We have recently demonstrated the 
presence of a diffusable substance released by BS fibroblast cells capable of eliciting an 
increase in SCEs in control cell populations (presented at the Annual Meeting. American 
Society of Human Genetics, San Diego. 1977). Eased on this observation we suggest that BS 
cells might possibly suffer from the endogeneous production of an agent capable of damaging 
DNA and are not DNA repair deficient per% other than as an already stressed cell population. 
We have examined this possibility by comparing the DNA repair potential of BS cell popula- 
tions with normal cell populations using a variety of techniques. including ultraviolet- 
induced unscheduled DNA synthesis, G2 chromosomal aberration induction by ionizing radiation 
and cellular sensitivity to a bifunctional alkylating agent, Mitomycin C. 
these studies indicate that BS cells are. if anything, less sensitive to these agents than 
normal cells, 

A5 INVESTIGATION OF DNA REPAIR POTENTIAZ, IN BLOOM'S SYNDROME. R. T ce', J.M Rary', 
M.A Benderl, hedical Dept, Brookhaven Natl Lab, Upton, NY 11973, $School of Med, 
Johns Hopkins Hosp, Baltimore, MD 21205 

The results of 

The possible significance of these findings will be presented. 

200 ETHYL METHANESULPHONATE SENSITIVITY OF BLOOM'S SYNDROME LYMPHOCYTES, Alena B. 
Krepinsky, John A.  pddle, and James Germanl, York University, Downsview, Ontario, 
Canada M3J lP3 and The New York Blood Center, New York, N.Y. 

Bloom's syndrome blood lymphocytes show a greater increase (in absolute numbers) of sister- 
chromatid exchanges (SCEs) after ethyl methanesulphonate (EMS) treatment than do hetero- 
zygous (bl/+) or control (+/+) lymphocytes. 
increaseTn sensitivity to EMS of bl/bl lymphocytes, but they permit less firm conclusions 
in this case than do the SCE studies.- 

Untreated E/E lymphocytes characteristically show many more SCEs (mean >70 per cell) than 
do bl/+ or +/+ cells. Some persons with Bloom's syndrome have circulating in their untreated 
bloa two populations of PHA-responding lymphocytes: 
SCE frequency and one with a low frequency, as found in +/+ cells (mean <10 per cell). 
After EMS treatment of blood from such persons, only their "high" population of cells shows 
an abnormally great sensitiv;,ty (i.e., responds with an unusually great number of SCEs); 
the response to EMS in their low" population is similar to that made by bl/+ and +/+ 
lymphocytes. The ratio of "high" to "low" cells after several days of cuEure is not in- 
fluenced by the EMS treatment. 
of Canada, the National Research Council of Canada, and lthe Amerioan Cancer Society.) 

Our micronuleus-test data also suggest an 

one with the characteristically high 

(Supported by grants from the National Cancer Institute 

201 UNSCHEDULED DNA SYNTHESIS AND DNA SINGLE-STRAND BREAKAGE REPAIR IN BLOOM'S SYNDROME 
CELLS, Russell A. Vincent, Jr., Jack Rary, Helen L. Braid, and Robert C. Johnson, 
Medical University of South Carolina, Charleston, South Carolina 29403. 

Bloom's syndrome (BS) is a rare, autosomal recessive disorder. 
stature, telangectatic skin lesions, transient sun sensitivity, immunological disturbances, 
and disposition to malignancy. Cells from BS patients are sensitive to ultraviolet light (W) 
and exhibit increased numbers of exchanges between sister chromatids and corresponding regions 
of homologous chromosomes, suggesting that BS cells may be defective for a DNA repair process 
involving DNA synthesis. 
dimers and the restitutim of single-strand breaks in DNA. 
response and time course of UV-induced unscheduled DNA synthesis (UDS) and the time course 
of.DNA single-strand breakage repair in BS cultures GM-811, 1492,.1493, 1629, and 2520 and 
three non-mutant controls (including GM-179 and 316). 
at UDS as the non-mutant controls, and generally exhibited slightly increased rates and 
extents of UDS over the controls. No differences in the kinetics of ligation of single-strand 
breaks in DNA induced by 30 kR of x-rays were detectable by assay on alkaline sucrose 
gradients. 
Supported by grants from the NIH (AM-10956-ll), the State of South Carolina (GR-38), and 
the American Cancer Society (NP-236). 

BS patients manifest small 

A repair defect in BS may also involve the excision of thymine 
Thus, we have compared the dose 

BS cells were at least as proficient 
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202 DEMLOPMENT AND CHARACTERIZATION OF LYMPHOBLASTOID CELL LINES (LCLS) FROM 
"CHROMOSOME BREAKAGE SYNDROMES" AND RELATED GENETIC DISORDERS, E. Henderson, 

axl J Germ, Temple Univ. School of Medicine, Phila., Pa. 19140 and New York Blood Center, NY, NY 
loozl 
LCLs have been dablidred from individuals with "chromomne breakage syndromes" 01 related dirorders by 
transformation of isolated blood lynphocytes with Epstein-Barr virus (EBV). As compared to cells from 
het,aozygous and control persons, cells from Bloom's syndrome (BS), Fanconi'r anemia, and the Louis-Bar 
syndmme transformed less efficiently. Baseline characterizatfon of the LCLs , now in men, alrea&y 
h m  the following. Some but not all lines established from BS exhibit increased dster-chromatid exchange 
(SCE). Thlr corrslponb k observations of cultures of PHA-stimulated BS lymphocytes, in which cells with an 
&normally incread amount of SCE may co-exist with cells with a normal amount. In Famoni'r anemia, 
msitivlty to mitomycin C i s  demonstrable, by abnormally great depression in  colony fmming abtlity in agar. 
In  Cockayne's syndrome, blood lymphocytes expod to EBY transfunnedwith the efficiency of controls; 
however, msitivity to UV-radiation i s  demonstrable, again by depressed colony forming ability. Because 
LCLs from these syndromes apparently w i l l  proliferate in culture indefinitely and because a characteristic 
&normal phenotype i s  mointained in vitro, LCLs should facilitate study of the fundamental met&lic or 
regulatory d l s t h e  underlying each syndrome. 

A MODEL FOR P O S T ~ L J C A T I O N  REPAIR OF W MMAGE I N  MAMMALIAN CELTS, Martin F. Lavin, 
Biochem. Dept., U n i v e r s i t y  of Queensland, Brisbane 4067 Australia. 203 

A model is presented for bypass of W indued damage i n  LNA during replication 
(Fig. 1). me mechanism p r o w e d  provides an alternative explanation to  
existing mdels and is  entirely consistent with available data on 
postreplication repair i n  manraalian cells. A numbcr of steps are proposed; 
(a) W irradiation gives r ise  to damage i n  DNA. 
DNA is formed opposite the damaged site. (c) A ni& i s  introduced into the 
complementary parental stzand a t  a point opposite the gap. (d) Ihe nicked 
strand switches to pair  w i t h  the other parental chain by strand migration. 
(e) &ciprocal crossing over and DElA synthesis folloprs. ( f )  m e  linkage point 
is free to  migrate. (gf Mvement of the linkage point t o  the right leads to 
restoration of the DNA strands to their  original positions. (h) me overall 
effect  is the f i l l i ng  i n  of the gap opposite the damaged strand. 
intennadiate structures described i n  the model are consistent with data from 
density label experiments, electron microscopy and enymological studies. 
model provides an explanation for the low level of reambination repair 
&served i n  m l i a n  cells. 

(b) A gap i n  newly synthesized 

me 
me 

234 REPAIR DEFICIENCY I N  N-METHYL-N'-NITRO-N-NITROSOGUANIOINE TREATED ATAXIA TELANGIEC- 
T A S I A  (AT) FIBROBLASTS,Dominic A. Scudier0,Chemistry Branch, NCI,Bethesda,Md. 20014. 

F ibroblasts  derived from pa t ien ts  w i t h  the autosomal recessive disease AT are unusually sens- 
i t i v e  t o  i o n i z i n g  rad ia t i on ,  e x h i b i t i n g  increased chromosomal aberations, depressed l e v e l s  O f  
DNA r e p a i r  synthesis, and enhanced c e l l  l e t h a l i t y .  U t i l i z i n g  the benzoylated naphthoylated 
DEAE ce l l u lose  method f o r  quan t i t a t i ng  DNA repa i r  synthesis (Scudiero et. a l .  w. E.29, 
473,15)75) we have measured repa i r  synthesis i n  l o g  phase sk in  , f i b rob las ts  der ived from 5 
normal and 5 AT pa t ien ts  a f t e r  treatment w i th  u l t r a v i o l e t  l i g h t  (UV) and a l k y l a t i n g  agents. 
We f i n d  s i m i l a r  l eve l s  o f  repa i r  synthesis fo l l ow ing  treatment w i t h  methyl methanesulfonate 
(MMS) i n  a l l  AT and normal c e l l  l i n e s  tested. Although UV induces 6 times more r e p a i r  syn- 
thes i s  than MMS, we f i n d  equal amounts o f  UV-induced r e p a i r  i n  a l l  t en  l i nes .  However, some 
AT c e l l  l i n e s  show s i g n i f i c a n t l y  l ess  repa i r  synthesis than normal l i n e s  a f t e r  treatment w i t h  
N-methyl-N'-Nitro-N-Nitrosoguanidine(MNNG). We observe a r e p a i r  pa t te rn  s i m i l a r  t o  t h a t  r e -  
por ted f o r  i o n i z i n g  rad iat ion- t reated AT c e l l s  (Paterson et.al. k.k Photobiol.  Caste l lan i ,  
ed,207.1977): 2 AT l i n e s  (ATSB1,CRL 1347) t rea ted  w i t h  MNNG have s p e c i f i c  a c t i v i t i e s  o f  r e -  
p a i r  not s i g n i f i c a n t l y  d i f t e r e n t  from the values obtaiqed f o r  5 normal l i nes ,  and 3 AT l i n e s  
(AT3B1,CRL 1312,CRL 1343), prev ious ly  shown t o  y i e l d  low l e v e l s  o f  r e p a i r  a f t e r  treatment 
w i t h  i o n i z i n g  rad ia t i on ,  show 20-35 % o f  the r e p a i r  synthesis found i n  normal c e l l  l i nes .  
I n  a l l  o f  the normal and AT l i nes ,  most MNNG- and MMS-induced r e p a i r  synthesis occurs w i t h i n  
3 hours a f t e r  treatment. DNA synthesis immediately a f t e r  MNNG-treatment i s  diminished 
equal ly  i n  a l l  normal and AT l i n e s  tested. 
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205 UNUSUAL X-RAY SENSITIVITY OF CELLS FROM D-DELETION RETINOBLASTOMA AND FROM OTHER 
PATIENTS WITH ABNORMALITIES OF CHROMOSOME 13, John B. Little, John Nove and Ralph R.  
Weichselbaum. Harvard University, School of Public Health. Boston, MA. 02115 

Retinoblastoma is a rare malignant eye tumor. Some patients with this tumor bear a deletion 
in the long arm of chromosome 13 in many of their somatic cells; this deletion systematichlly 
includes the 1-4 region. These patients have an increased risk for developing t m r s  at 
other sites, both distant and within the radiation field following radiotherapy. We recently 
reported that diploid skin fibroblasts from a D-deletion retinoblastoma patient were 
abnormally sensitive to X-rays by colony formation (Nature 266: 726, 1977). 

from a patient with a coloboma (rare eye lesion also associated with a deletion in chromosome 
13) are also abnormally X-ray sensitive. On the other hand, cells from a patient with no eye 
lesions but with a large terminal deletion of the long arm of this chromosome (not including 
the 1-4 region) were normally X-ray sensitive. Two other X-ray sensitive cell strains have 
been identified, one from a patient with trisomy 13 and another from a patient with multiple 
cancers including bilateral retinoblastomas who was part of a familial cancer syndrome. Cells 
from a ring chromosome 13 and from s i x  other cases of retinoblastoma were normal in their 
X-ray sensitivity. 

genes involved in the control of X-ray sensitivity might be located at a specific region on 
chromosome 13. 

Preliminary data indicate that fibroblasts from another D-deletion retinoblastoma and 

These results will be analyzed in terms of their possible implications that a gene or 

206 PRENATAL DETECTION OF THE FANCONI'S ANEMIA GENE BY CYTCGENETIC METHODS, 
A .  D. Auerbach, D. Warburton*, and R. S. K. Chaganti, Memorial Sloan-Kettering 
Cancer Center, New York, NY 10021 ('Columbia U., New York, NY 10032) 

Fibroblasts derived from individuals who are homozygous as well as those heterozygous for 
the Fanconi's anemia (FA) gene show significantly increased chromosome instability when ex- 
posed to the carcinogen diepoxybutane (DF5)  (Auerbach and Wolman, = 261:494-4%. 19768 
and Nature, in press). Untreated homozygous cells have 0.20 to 0.36 breaks per cell. Un- 
treatedterozygous cells have the same amount of intrinsic chromosome instability as nor- 
mal cells. After treatment with DEB (at a concentration which has no clastogenic effect on 
normal cells) homozygous and heterozygous cells have a 3- to 5-fold increase in the amount 
of aberration. The ability to distinguish readily the three genotypes makes available a 
test for the prenatal detection of the FA gene. 
week-old abortus from a female who is an obligate heterozygote. Fibroblasts from the 
fetus and chorion were cultured and treated with DEB. 
instability (0.02 and 0.04 breaks per cell in the fibroblast and chorion derived cells). 
Treated cells have a significantly increased (p<O.OOl) amount of instability (0.14 and 0.20 
breaks per cell in the fibroblast and chorion derived cells). 
is similar .to that reported in heterozygous cells and suggests that the fetal cells are 
heterozygous. 

We have determined the genotype of a 13- 

Untreated cells have low intrinsic 

The pattern of instability 

207 SISTER CHROMATID EXCHANGES IN  DYSKERATOSIS CONGENITA AFTER EXPOSURE TO TRIMETHYL 
PSDRALEN AND UV LIGHT, D.  Martin Carter, Alan Gaynor and Joseph McGuire, 
Yale University School of Medicine, New Haven, CT 06510 

Dyskeratosis congenita (OKC), a rare, X-linked recessive genodermatosis, is characterized by 
mucosal leukokeratosis. nail dystrophy, patterned telangiectatic hyperpigmentation, pancyto- 
penia. and heightened susceptibility to infection and malignancy. Peripheral blood leukocytes 
from 2 unrelated persons with DKC, their mothers, an unaffected brother and normal controls 
were cultivated in McCoy's medium with phytohemagglutinin. After 24 hours, some cells were 
exposed to trimethylpsoralen (THP), 6.46 X 10-8M and/or UV I ight (UV-A. 365nm. 0.3-0.9 J/cmZ). 
All flasks received BrdU (2Dug/ml) for 48 hours and colchicine, 3 X 10-6M for 90 min. Spreads 
of mitotic chromosomes were prepared, stained with Hoechst 33258 and Giemsa, and the number of 
sister chromatid exchanges (SCEs) was determined per metaphase. All cells treated with TMP 
and UW-A had more SCEs than untreated cells but the rate of  increase was about 1 . 5  times 
greater in DKC cells than in normals; in cells from the mothers, an intermediate value was 
obtained. Conditions used were sufficient to produce psoralen-DNA, crosslinking photoadducts 
in cutaneous fibroblasts as shown by zone sedimentation in alkaline sucrose of DNA from cells 
labeled with tritiated thymidine. We have previously shown that the number of SCEs promoted 
by psoralens plus light increases with the crosslinking potential of the drug. Our data sug- 
gest that chromosomes of patients with DKC are more susceptible to DNA crosslinks than 
normals; possibly because they are defective in removal of the photoadducts. 
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208 EFFECTS OF DNA DAMAGING AGENTS ON CULTURED FIBROBLASTS DERIVED FROM PATIENTS WIT11 
COCKAYNE SYNDROME, M.H. Wade and E.H.Y. Chu, Univ. o f  Michigan, Ann Arbor, M I .  48109. 
The cy to tox ic  ac t ion  of physical  and chemical agents  on t e n  s k i n  f i b r o b l a s t  s t r a i n s  

i n  c u l t u r e  der ived from ind iv idua l s  with Cockayne's syndrome was measured i n  terms o f  colony 
forming a b i l i t y .  A s  compared to  f i b r o b l a s t s  from normal donors,  a l l  Cockayne c e l l  s t r a i n s  
t e s t e d  exh ib i t ed  a s i g n i f i c a n t l y  increased s e n s i t i v i t y  t o  W l i g h t  b u t  a comparable s e n s i t -  
i v i t y  t o  X-rays. Ce l l s  from t w o  sets of pa ren t s  o f  un re l a t ed  Cockayne ch i ld ren  showed an 
intermediate  l e v e l  of UV s e n s i t i v i t y .  There w a s  no e f f e c t  of .5mM c a f f e i n e  on UV s u r v i v a l  i n  
normal and two Cockayne s t r a i n s  t e s t e d ,  i n d i c a t i n g  t h a t  postr .epl icat iona1 r e p a i r  i n  Cockayne 
c e l l s  a s  measured by c a f f e i n e  s e n s i t i v i t y  was ope ra t iona l .  

S e n s i t i v i t y  of normal and Cockayne c e l l s  t o  t h e  chemical carcinogens and mutagens 4NQ0, N- 
AcO-AAF, ICR-170 and EMS was a l s o  compared. An increased s e n s i t i v i t y  o f  Cockayne c e l l s  t o  
4NQ0 or N-AcO-AAF w a s  observed. However, unl ike  t h e  intermediate  W s e n s i t i v i t y ,  t h e  c e l l  
s t r a i n  from one pa ren t  o f  a Cockayne p a t i e n t  showed t h e  same s e n s i t i v i t y  t o  N-AcO-AAF o r  
4NQ0 a s  f i b r o b l a s t s  from normal ind iv idua l s .  

Quan t i t a t ion  of damage t o  the DNA a f t e r  20 J * M - *  W i r r a d i a t i o n  i n d i c a t e s  normal r e p a i r  
syn thes i s  i n  t h e  Cockayne c e l l s ,  i n  c o n t r a s t  t o  W - i r r a d i a t e d  xeroderma pigmentoswn c e l l s  (XP 
12BE) i n  which t h e r e  was a very low l e v e l  of r e p a i r  syn thes i s .  Moreover, w e  have shown pre- 
viously normal exc i s ion  of W-induced pyrimidine dimers i n  two o f  t h e  t e n  Cockayne c e l l  
s t r a i n s .  Thus, although t h e r e  is no c l e a r  answer t o  t h e  molecular d e f e c t  p re sen t  i n  Cockayne 
c e l l s ,  t h e s e  r e s u l t s  are c o n s i s t e n t  with decreased f i d e l i t y  o f  a DNA polymerase,  or a de- 
f e c t i v e  l i g a s e  s p e c i f i c  f o r  long patch r e p a i r .  

Biobgiwl Effects of DNA Damage 

209 ULTRAVIOLET IRRllDUTION AND THE MANMALIAN C B L  CYCLE, Andrew R.S. Collins.  Robert T. 
Johnson, C. Stephen Domes, Foch F. Y e w  a d  Kosnel Burg, Universiw o f  Cambridge. 
Departrent of Zoology, Dafning Street .  Cambridge, CW 3E3, U.K. 

We have attempted t o  answer t h e  question whether the p robas i l i t g  of survival  of W-irradiated 
marrmalian c e l l s  is detemined s o l e l y  by the  amount of damage in f l i c t ed  on the DNA, by a 
c o n p r i s o n  a t  d i f f e ren t  points  i n  t h e  c e l l  c@le o f  t he  eff ic iency of thymine-thymine dimer 
production ard of colony forming a b i l i t y  over a range of  W doses. 
t o  estimate the  proportion of incident l ad i s t ion  absorbed by the  DNA t a rge t .  fmm changes during 
the  c e l l  cycle in DhlA concentration and packing and i n  sh i e ld ing  by other  regions of t h e  c e l l ,  
has predicted dimer yields  consis tent  with our experimental findings. 

changes i n  DNA darmge. but cannot en t i r e ly  be accounted f o r  i n  t h i s  way. 
su rv iva l  is also a function of the c e l l ' s  a b i l i t y  t o  r epa i r  DNA damage. We Lave evidence that 
t h i s  a b i l i t y  may be l imited by the s i z e  of the DNA precursor pools: th addi t ion of exogenous 
deoxyribonucleosides is feud t o  enLance r epa i r  and reduce the  chromosome decondensation lh i ch  
normally follow6 W, t o  d i f f e ren t  extents  a t  d i f f e r e n t  points i n  the cell cycle and in d i f f e ren t  
cell t y p e  in accordance with known v a r i S t i 0 1 ~  in pool s ize .  
is t he  r o l e  played in su rv iva l  by passible  va r i a t ions  i n  i n t r i n s i c  a c t i v i t i e s  of t h e  r e p a i r  
enzymes. 

A computer made1 desigmd 

The f luctuat ion i n  W s w a i t i v i t y  through the c e l l  cycle bears some r e l a t ion  t o  
It is l ike ly  tLat 

A fu r the r  f ac to r  t o  b e  considered 

210 

The mechanism of action of chemical carcinogens i s  not known, b u t  evidence is  accumulating 
that they act  by causing mutations. 
ing o f  the carcinogen t o  DNA, causing errors in the replication of the genone. 
to the DNA may also cause alterations in the DNA replication rate which can be detected by 
analysis o f  the kinetic parameters of the cell  cycle. 
monitor the alterations in cell cycle distributions caused by chemical carcinogens. The 
closely derived muse l iver  cell s t ra ins  growing in culture have been studied with regard to 
the effect  of benzo[a]pyrene (BaP) and derivatives o f  BaP on DNA synthesis. The derivatives 
tested were 7,8-dihydro-7,8-dihydroxybenzo[a]pyrene(7,8-diol); 7.8-dihydro-7.8-dihydroxybenzo- 
[a]pyrene-9,10-oxide (Diol -Epoxide), and  7.8,9,10-tetrahydro-7,8,9,10-tetrahydroxybenzo[a]- 
pyrene ( t e t ro l ) .  One cell strain used in th i s  study, NMuLi cl 7 ,  is not highly inducible for 
the enzyme system (Arly Hydrocarbon Hydroxylase, AHH) t h a t  converts the parent compound into 
the derivatives l i s ted  above. The second s t ra in ,  NMuLi cl 8 ,  i s  highly inducible for  AHH. 
Correlated with the high level of metabolic activity i s  an increased sensit ivity to  the cyto- 
toxicity of the p a r e n t  compound. 
Epoxide. FCM analysis showed t h a t  the Diol-Epoxide increased the number of ce l l s  involved in 
DNA synthesis, b u t  t h a t  the rate of DNA synthesis was greatly reduced. 
th i s  same effect  on NMuLi cl 8, b u t  not in NMuLi cl 7. 

CELL CYCLE PERTURBATIONS CAUSED BY CHEMICAL CARCINOGENS, James C. Bartholomew, Andrew 
L .  Pearlman, Joseph R .  Landolph, and Kenneth M .  S t r a u b ,  University of California, 
Berkeley, Cai i forni a 94720 

These mutations presmably a r i se  through a direct  bind- 
This binding 

We have used flow cytometry (FCM) t o  

However, b o t h  strains were equally sensitive t o  the Diol- 

BaP and 7.8-Diol had 



211 CORRELATION OF CELL LETHALITY AND DIVISION DELAY WITH THE INDUCTION AND REPAIR OF 
THREE TYPES OF DNA DAMAGE, Arthur Cole, Peter Corry, and Ruth Chen, The Un ive rs i t y  o f  

Texas System Cancer Center, Houston, Texas 77030 
Repair o f  DNA s ing le  s t rand breaks (SSB), double strand breaks (DSB), and reassembly o f  l a rge  
DNA arrays were assayed using sedimentation techniques. Both high l i n e a r  energy t rans fe r  
(LET) alpha pa r t i c l es  and low LET gamna rays were used t o  induce the i n i t t a l  c e l l  damage. 
Alpha p a r t i c l e  i r r a d i a t i o n  induced DNA SSB a t  low e f f i c i ency  bu t  induced DNA DSB and t h e  d i s -  
assembly o f  t he  l a rge  DNA arrays a t  h igh  e f f i c i ency .  K inet ics  f o r  pos t - i r rad ia t i on  r e p a i r  o f  
both SSB and DSB were s i m l l a r  w i th  10 minutehal f - repai r  times, whereas hal f - t imes f o r  reassem- 
b l y  o f  large DNA arrays were i n  the  order o f  45 minutes. 
three forms o f  damage was observed fo l l ow ing  low LET i r r a d i a t i o n ,  but on l y  60% o f  the DSB 
were re jo inab le  fo l l ow ing  high LET i r r a d i a t i o n .  DNA r e p a i r  k i n e t i c s  were comparable for c e l l s  
plated e i t h e r  24 hours o r  immediately before repa i r  incubation, o r  f o r  c e l l s  suspended i n  
media dur ing repa i r  incubation. Pre- 
i r r a d i a t i o n  hyperthermic treatment a t  43OC f o r  45 minutes i n h i b i t e d  r e p a i r  by increasing the  
repa i r  half-t imes by a fac to r  o f  f ou r  o r  more. Various pre- and pos t - i r rad ia t i on  temperature 
treatments are being investigated. Although l i m i t e d  repa i r  occurred dur ing pas t - i r rad ia t fon  
incubations i n  low-nutr ient balanced s a l t  solut ions, pre-treatment hyperthennia i n  such 
so lut ions caused an appreciable increase i n  c e l l  k i l l i n g  and i n h i b i t i o n  o f  post-treatment re -  
pa i r .  
repa i r  o f  sub-lethal damage w i t h  the induct ion and repa i r  o f  DNA DSB and the  breakdown and re -  
assembly o f  the large DNA arrays, but no t  w i t h  the induct ion o f  DNA SSB. 

Essen t ia l l y  complete repa i r  o f  a l l  

Ropair d i d  not  occur a t  4oC o r  i n  the presence o f  EDTA. 

Our studies t o  date provide co r re la t i ons  o f  c e l l  l e t h a l i t y ,  d i v i s i o n  delay, and the 

bonds was studied in relation to cell survival i nC t iOce l l s .  
Metabolic activation was accomplished using a srudc rat 
liver microsome preparation ( ~ 9 )  plus appropriate co- 
factors (S9mix). The optimum treatment mixture contained 
24.3% Shin, 61.4% MEM rr.edium, with 2.5?0 newborn 80 
caif serum, and 14.3% diluted carcinogen. Cells are 2 
treated for I hour. 14C-TdR labelled control and 3li-TdH " 
labelled treated DNA were co-sedirnented in 5-201 alka- ti 6o 
line sucrose gradtents (4.8 mi) after 10 hour lysi5, and 
the number of breaks calculated from the weight average 40 
molecular weights. Most DNA damage induced by dimethyl- 
nitrosamine was observed at toxic concentrations (see 
figure). The effective dose range for DMN was wide 
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213 REPAIR OF DNA DAHAGE IN MAMMALIAN CELLS TREATED BY X-RAYS OR MMS : 
ENHANCEMENT BY UNCOUPLERS. Franfoise LAVAL. Radiobiologie Clinique, 
Instftut Bustave Roussy, 9 4 8 0 0 ,  VILLEJUZP,Prance, 

Zncubation of mammalian cells with uncouplers before o r  immediately after irra- 
diation or MMS treatment increases cell survival ( L A V A L  F.iLITTLE J . B .  Rad. Res. 
7 1 , 1 9 7 7 , 5 7 1 ) .  ye report here the relationship between survival, DNA repair capa 
city and the induction of mutations in cells treated in the above conditions. 
- utilizing the 5-BrUdr density labeling method, we have shown that uncouplers 
stimulate both DNA repair and D N A  synthesis in cells treated by X-rays or MMS. 
- zone Sedimentation of cellular DNA under alkaline conditiions shows an increa 
8e in the lenghts of the newly-replicated pulse-labeled DNA when cells are trea 
ted by uncouplers. 
- the frequency of 8-azaguanine mutation per unit of survival is higher in irra 
dieted cells treated by uncouplers than in untreated cells. 

This work was suported by grants from INSERM and CNRS. 
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214 UNSCHEDULED DNA SYNTHESIS IN MIXED-CELL PRIMARY CULTURES OF ELEVEN-WEEK AND TERM 
HUMAN PLACENTAE, David Lefkowitz, Robert C. Johnson, W. Page Faulk, and Russell A. 
Vincent, Jr., Medical University of South Carolina, Charleston, South Carolina 29403. 

The human placenta may provide a model to study the relationship of DNA repair with aging. 
The placenta is of fetal origin, and as the organ matures, histological evidence of aging is 
observed. Placental cells cultured in vitro attain a lower cell population doubling level 
than cells from fetus and mother. 
uous flow trypsin-DNAse digestion from eleven-week and term placentae. 
sisted of a mixture of cell types as measured by periodic acid-Schiff (PAS) and immuno- 
fluorescent (antitransferrin) staining. PAS-positive cells, judged to be trophoblasts, 
exhibited low levels of ultraviolet-light-induced unscheduled DNA synthesis (UDS), whereas 
PAS-negative cells were found to have high levels of UDS. 
stromal cells, largely fibroblasts. These observations are evidence that trophoblasts are 
capable of UDS, but * ; Y '  tithe extent of the stromal cells of the chorionic villi. 
no differences in UDS were observed in identically studied cells derived from eleven-week and 
term placentae. The failure to detect age-dependent differences in UDS in human placentae is 
evidence that the DNA repair capacity of cells isolated from an organ in primary culture may 
not necessarily be an index of the age of the organ. 
placentae in which morphological criteria of aging are so obvious. 

Inthisstudy, primary cultures were established by contin- 
These cultures con- 

The latter cells were judged to be 

However, 

This is particularly striking in 

215 AGING AND SISTER CHROMATID EXCHANGES, Edward L. Schneider, David Kram, Yoshitumi 
Nakanishi, Robert Monticone. Brian Gilman, Michael Nieder and Robert Dein, Laboratory 
of Cell. & Molec. Biol., Gerontology Res. Ctr., NIA. NIH, Baltimore, MD 21224 

To examine the effect of aging on cellular response to DNA damage, we have investigated SCE 
induction by a variety of mutagens. In vitro, human fetal lung fibroblasts (IMR-90) at 
different levels of passage were incubated with bromodeoxyuridine (BrdU. 10 pg/ml) and either 
mitomycin C (MMC, 10 ng/ml), N-acetoxy-acetyl-aminofluorene (AAF, lpg/ml) or ethyl methane- 
sulfonate (EMS, 50 bg/ml). With all three mutagens, induced SCE frequencies were signifi- 
cantly (p < 0.05) reduced in late passage cells (0) when compared to cells at early passage 
(Y): MMC.0 = 18.9 f 1.7 VS. Y = 29.6 f1.2; AAAF.0 = 18.1 f 1.5 VS. Y = 28.0 f 1.5; EMS,O = 
16.1 f 0.8 vs Y = 20.6 f 1.3. 
observed in old (0) donor skin fibroblast cultures when compared to young (Y) donor cell 
cultures at equal levels of early passage: 
19.1 f 1.2 vs. Y = 26.5 f 1.3. 
wtlhr BrdU and either MMC 5 mglkg or cyclophosphamide (CP, 45 mg/kg). 
studies, a significant (p < 0.05) decrease in mutagen-induced SCE was observed in the old 
(0, 24 mo) mouse bone marrow cells when compared with cells derived from young (Y, 6 mo) 
animals: MMC,O = 46.3 f 2.4 VS. Y = 76.7 f 2.7; CP.0 = 87.6 f 3.3 vs. Y = 123.0 f 3.9. Both 
in vitro and in vivo, diminished SCE levels were accompanied by increased numbers of chromo- 
soma1 aberrations. If SCE are a form or result of DNA repair as has been suggested by several 
investigators, the above results would indicate impairment of DNA repair in old cell 
populations. 

A similar decline in mutagen-induced SCE frequencies was 

MMC,O = 67.9 f 1.4 vs. Y = 56.1 f 1.4; AAAF,O = 

As with the in vitro 
In vivo C57B1/6 mice were intravenously infused with 50 mg/kg 

-- 

216 ABE AGING AND LIBJW-TION IN U W I C B W U R  XUKARYUl'ES BvolllRONARY BY-PPDWCTS OF A 
LIBColQINATION PATHUAY INVOLVING W G B  AIP) LIBPAIR OP DNh? Rolf Mmrtin, Dapt of Chemia- 

try, Brooklyn College, Brooklyn, NY 11210 In moat eukaryotea, gmetic recombination talcma 
place prharily during r i o a i a ,  batween homologous non-sister ch-tida. 
mechanisms ffolved to reatrict the nature a d  tiring of recombination in eukaryoter. To begin 
to anmet thfa qwstfon wa can speculate that the expreaaion of genes which control recollbina- 
tiom1 (rec) repair in bacteria h e m a  coordimtd with tho.. that result in conjugation. 
Thia would tend to lipit rec repair to period8 of mating, and MY have had them additional 
evolutioaary comeqwncea: (1) Cotla could a c c a l a t e  certain kind. of DNA d u g e  in the ab- 
renee of ree repair, and, perhapa partly aa a result of thia,  would age. (2) Rejuwnation 
could take place when rec repair m y m a  are ryntheaird during mating. (3) Relatively fre- 
quent utiq would .be emured i f  only thoaa cell .  that Ute, and are rejuvenated, avoid aging 
and death'. (4) Chroutid exchaw would Occur preferentially between hmlogoru rather than 
sieter chroutida, aa r m t i d  pnviowlye. 
mating could be more efficient becawa of an a c c a h t i o n  of recabinogenic DNA dmage during 
the precding ce l l  divisions2. 
diacruaed to .qbmire r id lar i t iea  betwen the tw procearea. 

(1) SOnMborn, T.M. (1m) In "A New I w k  at BiOlOgiCal A@$ng" Behnke, J.A., Finch, C.B. and 

(2) Martin, P. (1977) In "Wolecular B u r n  Cytogerutica, ICN-UCU Sppoaim Proceedinga" vol. 

We may wonder how 

(5) Camtic recombination during repair at 

Evidence of repair during conjugation and r i o r i r  rill be 

Ihwnt, G.B. ( d a . )  Plenm Ram, N w  York, i n  preaa. 

Codnga,  D.B., Sparkea, P.S. and Fox, C.F. ( d a . )  Academic Ream, New Pork, in prere. 
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217 Pat te rns  o f  DNA r e p a i r  i n  mouse embryo c u l t u r e s  du r ing  ag ing  and spontaneous t rans -  
fo rmat ion  I n  v i t r o .  R. L. Meek. T. Rebeiro and C .  W.  Daniel ,  D iv .  Natura l  Sciences, 
Univ.  o f  Cz.,ta Cruz, CA 

S e r i a l l y  passaged c u l t u r e s  o f  Balb/c mouse embryo c e l l s  e x h i b i t  a d e c l i n e  i n  p r o l i f e r a -  
t i v e  capac i t y  w i t h  i nc reas ing  i n  v i t r o  age. We have descr ibed changes i n  these e a r l y  passage 
c u l t u r e s  which a re  comparable t o  changes t h a t  occur i n  ag ing  human f i b r o b l a s t s  subcu l tu red  & 
v i t r o .  However, i ns tead  o f  phasing ou t , the  mouse c e l l s  spontaneously t rans form a t  t he  9 t h  o r  
lO thpassage  i n t o  permanent c e l l  l i n e s .  

It has been repo r ted  t h a t  t he  capac i t y  t o  per fo rm DNA r e p a i r  measured by unscheduled DNA 
syn thes is  ( U X )  i s  reduced i n  o l d  c u l t u r e s  o f  human c e l l s .  
c y  o f  U.V. induced U3S was determined f o r  mouse einbryo c e l l s  du r ing  s e r i a l  passage. We found 
t h a t  t he  capac i t y  t o  per fo rm UDS dec l i ned  i n  ag ing  cu l tu res .  
p a i r  damaged DNA was c o r r e l a t e d  w i t h  the  f r a c t i o n  o f  c e l l s  which r e t a i n e d  the  a b i l i t y  t o  
perform scheduled D#A syn thes is .  
decrease i n  the  f r a c t i o n  o f  c e l l s  which cou ld  en te r  t he .S  p e r i o d  and t rave rse  t h e  c e l l  cyc le .  
When the  c u l t u r e s  t ransformed spontaneously, a t  about the  10 th  passage. UDS capac i t y  inc reased 
a s  d i d  the  f r a c t i o n  o f  c e l l s  i n  the  p r o l i f e r a t i n g  poo l .  

c e l l s  r e c e n t l y  t ransformed t o  a con t inuous ly  d i v i d i n g  c e l l  type,display h i g h  l e v e l s  o f  DNA 
r e p a i r .  Th i s  suggests t h a t  a r e l a t i o n s h i p  between scheduled and unscheduled DNA synthes is  
may e x i s t .  

I n  the  present  s tudy  the  e f f i c i e n -  

The a b i l i t y  o f  c u l t u r e s  t o  re -  

The dec l i ne  o f  UDS i n  o l d e r  c u l t u r e s  was assoc ia ted  w i t h  a 

These experiments i n d i c a t e  t h a t  e a r l y  passage mouse c e l l  s capable o f  pro1 i f e r a t i n g .  and 

218 MORE EVIDENCE SUGGESTING A REPAIR FUNCTION FOR DNA POLYMERASE-8 , 
Christopher Chetsanga and Lynne Pent le r ,  S c i e n t i f i c  Research Labs., 
Ford Motor Co. and Universi ty  of Michigan, Dearborn. Michigan 48121 

W e  a r e  studying DNA polymerase-b from l i v e r s  of old and young m i c e .  The pur- 
pose of t h e  s tudy is t o  determine if t h e  s p e c i f i c  a c t i v i t y  and o ther  pro- 
perties of t h i s  enzyme change with cel l  senescence. DNA polymerase c( a c t i v i t y  
is assumed t o  funct ion i n  DNA r e p l i c a t i o n  because its l e v e l  increases  i n  cells 
undergoing rapid p r o l i f e r a t i o n .  The low r a t e  of p r o l i f e r a t i o n  of senescent 
cells makes them a s u i t a b l e  system i n  which t o  determine whether ,&-polymerase 
is a DNA repair enzyme a s  o ther  i n v e s t i g a t o r s  have proposed. 

Our r e s u l t s  show t h a t  t h e  s f f c i f i c  a c t i v i t y  and apparent Km of DNA poly- 
m e r a s e  from young and old m i c e a r e  comparable. 
has been shown t o  change with cell age. While d i f f e r e n t  pH condi t ions did 
not  show age associated changes in,8 enzyme a c t i v i t y .  t h e  enzyme f r m  old 
mice was s e n s i t i v e  t o  higher temperatures. W e  have s tudied  t h e  template copy- 
ing f i d e l i t y  of the,& enzyme from t h e  two age groups of m i c e  using s e v e r a l  
types of s y n t h e t i c  deoxypolynucleotides a s  primer-templates. The 1 enzyme 
from old m i c e  d id  not show a proneness to  ca ta lyz ing  t h e  incorporat ion of 
wrong nucleot ides  as t h e d  enzymes has been shown t o  do. The f a c t  t h a t  
,&-polymerase s p e c i f i c  a c t i v i t y  is not a f fec ted  by t h e  slowed metabolic r a t e  
of old cells suggests ,  a s  does other  evidence, t h a t  it is a DNA repair enzyme. 

The a c t i v i t y  of t h e  denzyme 
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We have investigated whether in human cells the five major histone genes are transcribed as a 
single polycistronic transcriptional unit. We employed the method of u.v.-mapping. The funda- 
mental premise of this procedure is that the sensitivity of transcription of a gene can be ex- 
pressed as Rx,d=e-kxd where R is the level of transcription of gene x after irradiation with 
a U.V. dose d, and kx is the inactivation coefficient of gene x; 
t o  the distance between the promoter and the 5' end of gene x. The dose-response kinetics for 
histone genes H1 and H3 are first order, indicating a single type of transcriptional unit for 
each gene. The inactivation kinetics for genes HZA, H2B and H4 are first order with tvo dis- 
tinct rates: 10-15% of the genes appear to be much more U.V. sensitive than are the majority. 
As determined by the inhibition of histone protein synthesis in vivo, the kx's for the major 
component of each histone are (in units of nunZ/ergs): H1, 907; HZA, 878; HZB, 871; H3, 965; 
H4, 792. The sensitivities of histone mRNA synthesis to U.V. were similar. Assuming an in- 
activation rate of 1 transcription-terminating lesion per 1300 base pairs for each 1000 ergs/ 
mm2 of u.v., the target sizes of the histone genes (in base pairs) are: H1, 1190; HZA, 1240;  
HZB, 1250; H3, 1130; H4,  1380. The similarity in target sizes indicates that these genes are 
transcribed from individual transcriptional units.. In addition, during the first hour after 
irradiation, there is no measurable repair of the u.v.-induced lesions which cause premature 
termination of transcription of both the histone genes and those for 18s and 28s rRNA. 

U.V. MAPPING OF THE HISTONE GENES IN HELA CELLS, Perry B.  Hackett, Peter Traub* and 
Dieter Gallwitz**, Univ. of Calif. San Francisco; *Max-Planck-Institut, Wilhelmshaven, 
Germany; **University of Marburg, Germany. 

x.d 
is directly proportional 
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B i o l o g i c a l  and Medical Research, Argonne N a t i o n a l  Labora tory ,  Argonne, I L  60439 
E l e c t r o n i c  growth curve  a n a l y s e s  of mouse myeloma s u s p e n s i o n  c u l t u r e s  e x h i b i t  a bimodal d i s -  
t r i b u t i o n  of e l - e c t r i c a l  r e s i s t a n c e .  E l e c t r o n i c a l l y  "smal le r"  ( l e s s  r e s i s t a n t )  c e l l s  g e n e r a l l y  
c o r r e l a t e  w i t h  n o n v i a b l e  c e l l s ,  w i t h  n o n v i a b i l i t y  d e f i n e d  by both  t r y p a n  b l u e  uptake  and 
l i g h t  s c a t t e r i n g  ( f low cytometry)  techniques .  C e n t r i f u g a t i o n  and s u s p e n s i o n  of  myeloma cells 
i n  phosphate-buffered s a l i n e  (PBS) r e s u l t  i n  a g r e a t l y  i n c r e a s e d  peak of  e l e c t r o n i c a l l y  
"smal le r"  c e l l s  (nonviable)  and a cor responding  d e c r e a s e  of t rypan  blue-excluded ( v i a b l e )  
c e l l s .  When c e l l s  are suspended o r  c e n t r i f u g e d  i n  PBS c o n t a i n i n g  bovine  serum albumin (BSA), 
t h e  appearance  of e l e c t r o n i c a l l y  "smaller" c e l l s  and t h e  d i s a p p e a r a n c e  of t rypan  b luc-  
exc luded ,  v i a b l e  c e l l s  a r e  minimized. UV-survival c u r v e s  of  myeloma c e l l s  i n  PBS p l u s  BSA 
show an i n c r e a s e d  s u r v i v a l  compared t o  PBS-suspended c e l l s .  The i n c r e a s e d  s u r v i v a l  could  be 
due t o  t h e  s c r e e n i n g  of  UV l i g h t  by BSA, o r  an i n c r e a s e d  c l o n i n g  e f f i c i e n c y  i n  t h e  PBS-BSA 
c e l l s .  To examine t h e s e  two p o s s i b i l i t i e s ,  t h e  number of pyr imidine  d imers  i n  myeloma DNA 
is de termined  f o r  v a r i o u s  UV doses  i n  t h e  presence  and absence  of BSA. D i m e r s  are q u a n t i -  
t a t e d  by g e n t l e  e x t r a c t i o n  of DNA, t r e a t m e n t  of  t h e  DNA w i t h  F r a c t i o n  D o f  E. lureus 
correndonuclease  p r e p a r a t i o n  [S. Riazuddin and L. Grossman, J. B i o l .  Chem. (1977) 252 62801, 
and a l k a l i n e  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n .  The use of  BSA f o r  UV-survival and DNA r e p a i r  
s t u d i e s  w i l l  be d i s c u s s e d .  (This  work was s u p p o r t e d  by t h e  U. S .  Department of Energy.)  

CYTOMETRIC AND CORRENDONUCLEASE ANALYSES OF BSA-PROTECTED MOUSE MYELOMA CELLS, 
Tatsuo  M a t s u s h i t a ,  A n i t a  S h o t o l a ,  Avrom Brendze l ,  and Aaron Simms, D i v i s i o n  of  

Mutagenesis It 

221 A GENERAL METHOD FOR ISOLATION OF REPAIR DEFICIENT MUTANTS. Aziz Sancar and Claud S .  
Rupert. The University of Texas at Dallas, Richardson, Tx 75080. 
We have developed a rapid method for isolation of UV-sensitive mutants of Escherichia 

coli. 
deficient cells with low UV fluences and killing of repair-proficient cells by penicillin 
treatment. Using this technique we have achieved about a 3000-fold enrichment for photo- 
reactivationless We have also shown that the method can 
be used to isolate mutants deficient-inTaTk-repair functions. 

A moditication o t  this technique using incorporation of BUdR followed by white light 
treatment to kill repair proficient cells is being evaluated for the isolation of repair 
deficient mutants of eukaryotes since there is no good method currently available for this 
selection. This work was supported by Research Grant GM-16547 from the National Institute 
for General Medical Sciences, U.S. Public Health Service. 

The selection method involves production of growth and/or division delay in repair- 

(phr-) mutants of €. coli K-12. 

222 
Variable clinical phenotypes often make difficult the diagnosis of human disorders in  which defective DNA 
repoir has been implicated or suspected, particularly the Louis-Bar syndrome (LBS) and Fanconi's anemia (FA). 
To facilitate diagnosis, and eventually for use in screening, we have developed a simple cytogenetic test 
bored on the known sensitivity to specific mutagens of cultured cells from persons with certain of these 
diseases. Blood from the suspected individual i s  co-cultivated in  PHA-containing medium along with an 
equal volume of blood from a normal person of opposite sex. The environmental insult i s  administered shortly 
after the culture i s  set up. Thus, mitomycin C i s  used as the noxious agent in  the case of FA, y-rays in LBS. 
Duplicate control cultures are not exposed to the agent. After 5 days, rnetaphase preparations are made and 
100 metaphases are scored under the fluorescence microscope to determine the proportion with aYchramorome. 

A SIMPLE CYTOGENETIC TEST F O R  INCREASED MUTAGEN-SENSITIVITY, J. German,S. Coskie, 
and S. Schonberg, New York Blood Center, New York, N Y  10021 

WllhwulY4lom)rmC Yllh *,rnn"cl"t Comparison o f  the percent Y-bearing metaphases i n  the control 
(untreated) cultures with that i n  the treated cultures provides a clear 
indication of whether either cel l  type @or?) i s  particularly sensitike to 

rralu- the mutagen used, as judged by their relative abi l i ty to proliferate and 
H~,:,QO divide. (Results from 1 experiment with FA (18) and normal (XIS)  

lymphocytes ore shown i n  the fig.) This test system could prove useful 
in determining sensitivity to mutagens o f  cells from other genetic 
diseases or less c l e a l y  defined entities (e.g. cancer-prone families), 

100 

M 

M 

W 

0 

8s 



223 FIXATION A N 0  EXPRESSION O F  RECESSIVE MUTATIONS I N  MAMMALIAN ELLS AS A MOOEL FOR 
THE STUOY OF CARCIMGEMSIS, Anne K i n s e l l a ,  Suzanne  Mousset,  Claude S z p i r e r  a n d  
Miros lav  Radman, Oepartment of Molecular  B i o l o g y ,  U n i v e r s i t e  L i b r e  d e  B r u x e l l e s ,  
8 1640 RhodPSt-Genhse,  Belgium. 

E p i d e m i o l o g i c a l  s t u d i e s ,  which i m p l i c a t e  a m u l t i - s t a g e  p r o c e s s  i n  t h u  dovulopment of human 
c a n c e r ,  l e a d  t o  h y p o t h e s e s  t h a t  s e v e r a l  d i s t i n c t  h e r i t a b l e  c h a n g e s  are n e c e s s a r y  t o  a l t e r  
a n o m l  ce l l  i n t o  a mal ignant  c e l l ,  t h e  p r o l i f e r a t i o n  of which r e s u l t s  i n  tumour format ion .  
On t h e  o t h e r  hand, e x p e r i m e n t a l l y  induced  c a r c i n o g e n e s i s  i s  c o n s i d e r e d  t o  o c c u r  i n  two s t e p s ,  
c a l l e d  i n i t i a t i o n  and  promotion. I n i t i a t o r s ,  which are r a d i a t i o n  o r  c h m i c a l  c a r c i n o g e n s ,  
c a u s e  r a p i d ,  i r r e v e r s i b l e  changes ,  p robably  m u t a t i o n a l  e v e n t s ,  which r e s u l t  i n  a "pre- 
mal ignant"  state. P r a o t e r s  are n e i t h e r  s i g n i f i c a n t l y  c a r c i n o g e n i c  n o r  mutagenic  b u t ,  
when added  after a n  i n i t i a t o r ,  t h e y  g r e a t l y  i n c r e a s e  tumour f requency  a n d  s h o r t e n  t h e  
lag-time f o r  tumour appearance.  Thus ,  tumour p r o m o t e r s  comple te  a p r u c e s s  begun by i n i t i a t o r s  
and  n o t  v i c e  v e r s a .  C o n s i d e r a t i o n  of t h e s c  facts pmmptod u s  t o  c o n s i d e r  t h e  p o s s i b i l i t y  
t h a t  i n i t i a t e d  cel ls  c o n t a i n  s p e c i f i c ,  r e c e s s i v e ,  a u t o s o m a l ,  somatic m u t a t i o n s ,  a n d  t h a t  
promotion c a u s e s  t h e  e x p r e s s i o n  of t h e s e  m u t a t i o n s  by some s c g r e g a t i o n a l  w e n t  l e a d i n g  t o  
homozygosity or hemizygos i ty .  
The effects of tumour p r m o t e r s ,  a n t i p r o m o t e r s  a n d  X-ray i r r a d i a t i o n  on t h r e e  p o s s i b l e  
s e g r e g a t i o n a l  e v e n t s  have  been s t u d i e d .  (i) Chromosome loss by n o w d i s j u n c t i o n  was f o l l o w e d  
by a n a l y s i s  o f  t h i o q u a n i n e - r e s i s t a n t  cel ls  (X-linked, h p r t  , r e c e s s i v c  c b r a c t e r )  from a 
he terozygous  (hpr t+ /hpr t - )  c e l l  h y b r i d .  (ii) Chromosomal r e a r r a n g e m e n t  or d e l e t i o n  w a s  
a n a l y s e d  c y t o l o q i c a l l y  , by a s s e s s m e n t  of chromosomal a b e r r a t i o n s .  [ i i i )  The  a n a l y s i s  of 
q u a d r i r a d i a l  chiornoso-ms a n d  of sister chromat id  exchanges  was per formed under  assumpt ion  
t h a t  t h e y  are c o r r e l a t e d  wi th  mitot ic  r e c o m b i n a t i o n ,  which h a s  n o t  y e t  bccn demonst ra ted  
by g e n e t i c  exper iments .  The p r e l i m i n a r y  e v i d e n c e  f a v o u r s  m i t o t i c  r e c o m b i n a t i o n  as t h e  
mechanism of turnour promotion a n d  as an e s s e n t i a l  s t c p  i n  c a r c i n o g e n e s i s .  

224 
Although t h e  an th racyc l ine  a n t i b i o t i c s  adriamycin and daunomycin demonstrate high c l i n i c a l  
ant icancer  a c t i v i t y ,  t h e  ca rd io tox ic  s i d e  e f f e c t s  shown by these  drugs se r ious ly  l imits t h e i r  
usefulness .  The mode of ac t ion  of t hese  drugs has  been pos tu l a t ed  t o  involve DNA in t e rca l a -  
t i on .  These compounds have a l s o  been shown t o  bind t o  DNA covalent ly  i n  v i t r o .  This  reac- 
t i o n  is  dependent on reduct ion of t he  chromophore and r e s u l t s  i n  nicking of supe rhe l i ca l  
plasmid DNA i n  v i t r o .  These compounds a l s o  induce e r r o r  prone r e p a i r ,  as shown by induct ion 
of rec 4 pro te in  [J. W. L i t t l e  6 D. G .  Kleid,  J .  Biol.  Chem. 252, 6251 (1977)J i n  r f a -  
- -  E. c o l i .  We have attempted t o  understand the  mechanism of a c t i o n  of t h e s e  drugs by inves t i -  
ga t ing  the  DNA-drug i n t e r a c t i o n s  of a double i n t e r c a l a t i n g  analog. bis-daunomycin succin- 
hydrazone ( a ) , and  an analog incapable  of chromophore 

indi-  

MECHANISM OF MUTAGENICITY OF ANTHRACYCLINE ANTICANCER AGENTS, Dennis G .  Kleid and 
David V. Goeddel, Stanford Research I n s t i t u t e ,  Menlo Park. CA 94025. 

reduction, 5-imino daunomycin (b) . The mutagenicity 
of these drugs i n  the  Ames t e s t e r  s t r a i n  TA98, YP o 

Y u UI 

ca te s  two poss ib l e  modes of mutagenicity,  one may 
involve bio-reductive a l k y l a t i o n ,  t he  second may be 
dependent on oxidat ion.  

225 
N-ethyl-N-nitrosourea (ENU), which Is known as a po ten t  carcinogen, w a s  t e s t e d  on i t s  muta- 
genic  e f f e c t  i n  asynchronous and synchronous Chinese hamster ovary c e l l s .  
c e l l s  are q u i t e  r e s i s t a n t  t o  induced reproduct ive death by ENU (I+, Ir 1 mM ml-I), t hey  were 
very s e n s i t i v e  t o  the induct ion of mutations t o  ,drug r e s i s t ance .  
t h e  mutagenic p o t e n t i a l  of ENU w a s  270 x 10-6 mutants ( c e l l  & mlml)-l and f o r  ouabain re- 
s i s t a n c e ,  220 x As expected, many oubain mutat ions were ex- 
pressed i m e d i a t e l y  a f t e r  ENU-treatment; however, t h e  numbers of mutants increased wi th  longer  
expression times. 6-thioguanine r e s i s t a n t  c lones  f i r s t  a rose  about 4 days a f t e r  t reatment ,  
and reached a maximal number a f t e r  8 days.  

doses of ENU, there was  a s t r o n g  age response f o r  induct ion o f  reproduct ive death,  c e l l s  i n  
e a r l y  S phase being mre s e n s i t i v e  by a f a c t o r  of 10. 
ENU d i d  not show any systematic  "hot" per iods f o r  mutagenesis i n  t h e  c e l l  cycle .  

ENU INDUCED mAGENESIS I N  CHO CELLS,Regine Goth-Goldstein and H. John Burki. Donner 
Laboratory, 'University of California,Berkeley,CA 94720 

Although these  

For 6-thioguanine r e s i s t a n c e  

mutants ( c e l l  & ml-l)-I. 

When synchronous c e l l  cohorts  from an automatic  m i t o t i c  s e l e c t o r  were treated with high 

C e l l  cohorts  t r e a t e d  wi th  low doses of 



226 CELL-MEDIATED MUTAGENESIS OF HUMAN CELLS, Rodger D. Curren, Charles J .  Homer, 
Paul J. Pr ice and Aaron E. Freeman, Microbio log ica l  Associates, Torrey Pines 
Research Center, La Jo l l a ,  Ca l i f o rn ia  92037 

Mutations t o  ouabain resistance (Ouar) were induced i n  human c e l l s  by the procarcinogen 
3-methylcholanthrene (MCA). Primary explants of human sk in  e p i t h e l i a l  c e l l s  were co- 
cu l t i va ted  w i t h  excision-repair defect ive xeroderma pigmentosum (XP) c e l l s  before 
app l i ca t i on  o f  MCA. Ouar mutants were only  
found i n  cu l tures derived from the mixed c e l l  populat ion receiv ing MCA. MCA d i d  no t  
induce mutations i n  XP f i b rob las ts  cu l t i va ted  wi thout  a feeder layer. Presumed mutants 
recovered a f t e r  growth i n  ouabain had a human karyotype and reta ined t h e i r  Ouar phenotype 
i n  the absence o f  select ion. 

XP c e l l s  alone were a lso t reated w i t h  MCA. 

227 ULTMVIDCET LIGHT INDUCED MUTAGENESIS IN SACCHAROWCES CEREVISIAE, 
Christopher W. Lawrence and Roshan Christensen, Dept Rad B i o l  & Biophys, 
Univ o f  Rochester, Rochester, NY 14642. 

Genetic analysis o f  UV-induced mutagenesis i n  Bakers' yeast, using a va r ie t y  o f  rad ia t i on  
sensi t ive mutations and reversion o f  a number of wel l  defined ~1 a l l e les ,  has l e d  t o  the 
fo l lowing observations. F i r s t ,  genetic cont ro l  of rad ia t i on  mutagenesis i s  s i t e  speci f ic ;  
c e r t a i n  gene products concerned i n  t h i s  process ac t  a t  some but  not  o ther  s i t e s  i n  the ~1 
gene. A s i m i l a r  r e s u l t  i s  found w i t h  both UV and g a m  rqys, suggesting t h a t  i t  does no t  
depend on the type o f  premutational lesion. Second, va r ia t i on  i n  the types o f  base p a i r  
change and i n  t h e i r  frequency induced by UV a t  d i f ferent  s i t e s  i n  r e p a i r  p r o f i c i e n t  s t r a i n s  
i s  l a r g e l y  independent o f  nucleotide sequence a t  these s i tes.  Such va r ia t i on  more probably 
depends on the type and amunt  o f  mutagenic repai r .  Third, UV-induced mutations, a t  l e a s t  
i n  some instances, can a r i s e  a t  some distance from the s i t e  o f  the premutational les ion.  
F ina l ly ,  the work o f  Sherman, Stewart and others has shown t h a t  the great  ma jo r i t y  o f  UV- 
induced mutations are due to  s ing le base p a i r  changes. These observations seem t o  be 
incompatible w i t h  the Radman/Witkin model f o r  UV-mutagenesis i n  bacteria, and suggest t h a t  
i t  be inappropriate f o r  t h i s  s ing le  eukaryote. 

228 
Drugs used clinically sometimes cause photoallergic and phototoxic reactibns in patients, 
and may be potential mutagens and carcinogens. While working on the photochemistry. photobio- 
logy and radiobiology of the interaction and synergism existing between radiation and sensi- 
tizers, we have tested and compared the mutagenic activity of some of these compounds. using 
a modified Ames test system. with S.typhimurium mutant strains exposed to W light in the 
presence or absence of the photosensitizung drugs. Far W, 254 nm, or Near W, 360 nm light 
were used. Furocoumarins (psoralens), used in photochemotherapy of skin disorders such as 
psoriasis and vitiligo, form interstrand DNA crosslinks. 4.5:8-trimethylpsoralen indeed ind- 
uces very high histidine independence in S.typhimuriurn AT-100 cells, and is thus shown to be 
highly mutagenic, when exposed to NW light. Hematoporphyrin. which increases the yield of 
production of thymine dimers in W-irradiated thymine, was suRgested in combination with red 
light as a treatment modality for superficial tumors. There is no mutagenic activity of this 
combination, and even with far W light only very slight mutagenic activity was seen. 
Chlorpromazine, commonly used in psychotherapy causes photoallergia, and is shown to be muta- 
genic in conjunction with NW light, although a 1000 fold less than psoralen. 
The relative mutagenicity of these compounds over a wide range of doses and concentrations 
seems to be of the order of 10000:15:1 for Psora1en:CF'Z:W respectivelv. W light. 360 nm, 
greatly enhances the mutagenicity of psoralen and chlorpromazine. 

mTAGENIC ACTIVITY OF PHOTOSENSITIZING DRUGS - A COMPARATIVE STIIDY. Emanuel Riklis, 
Michal Green, Ehud Ben-Hur and Ariela Prager, Nuclear Res. Center Negev,ReerSheva, Isr. .. 

a1 
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229 THE CONSEQUENCES OF DNA INTERACTION WITH ALKYLNITROSUUREAS ON ITS CODED ENZYNE SYN- 
THESIS I N  A CELL FREE SYSTEM Shu-j ing C. Wei, Beatr ice P. Chen and Je r ry  M. Rice 
National Cancer I n s t i t u t e ,  N I H ,  Bethesda, MD 20014 

Both N-methyl-N-nitrosourea (MNU) and i t s  e thy l  homolog (ENU) are potent  mutagens and car-  
cinogens, bu t  d i f f e r  i n  t o x i c i t y  and i n  e f f i c i e n c y  o f  t ransplacenta l  carcinogenesis. 
i n te rac t i ons  o f  MNU and ENU w i t h  l a c  gene DNA were s tud ied t o  determine the r e l a t i v e  e f f e c t s  
of these agents on the f i d e l i t y  o f  gene func t i on  i n  a c e l l - f r e e  enzyme synthesis system. 
from bacteriophage xh8Ddlacps conta in ing the l a c  operon i s  incubated w i t h  the 30,000 xg 
supernant (5-30) o f  an e x t r a c t  from a l a c  de leted s t r a i n  o f  E. K., plus s a l t s  and co- 
factors .  
hydro lys is  o f  i t s  substrate o-nitrophenyl 6-galactoside dur ing 1 hour. 
Chem. B i o l .  I n te rac t .  14, 101 (1976). I n  a t y p i c a l  experiment, DNA was f i r s t  al lowed t o  
reca t  f o r  10 min. a t  3F w i t h  2.5, 5 and 16.7 mM MNU o r  ENU, then was d ia lyzed and added t o  
5-30. 
the increas ing concentrat ions o f  the a lky ln i t rosourea.  
became 26, 11 and 2.5% respect ive ly  o f  the con t ro l .  
the B G  a c t i v i t y  was 100, 100 and 84% respect ive ly .  The r e s u l t s  show t h a t  under comparable 
condi t ions MNU i n h i b i t s  DNA coded enzyme synthesis t o  a greater  extent  than ENU. Both MNU 
and ENU t reated DNA sedimented more s lowly  than the con t ro l  DNA i n  a l k a l i n e  sucrose gradi -  
ents, whenever there was i n h i b i t i o n  o f  t3G a c t i v i t y .  
DNA templates i s  c u r r e n t l y  under i nves t i ga t i on .  

The 

DNA 

The a c t i v i t y  o f  the coded enzyme 6-galactosidase (6G) i s  assayed from the extent  o f  
(Chen, Kung & Bates, 

Using t reated DNA as template, the a c t i v i t y  o f  the newly synthesized 6G decreased w i t h  
For MNU t rea ted  DNA, the 6G a c t i v i t y  

However, i n  the case o f  ENU t rea ted  DNA, 

The i n h i b i t o r y  e f f e c t s  o f  MNU and ENU on 

2 3  06-ALKYLGUANINE, A DNA-ADDUCT RELEVANT FOR CHEMICAL CARCINOGENESIS ? 
E.Scherer,  A.P.Steward and P.Emmelot, The Ne the r l ands  Cancer I n s t i t u t e  

06 -a lky la t ion  of  guanine has  been considered as  a DNA a l t e r a t i o n  r e l e v a n t  f o r  
cance r  formation by a l k y l n i t r o s o u r e a  i n  t h e  nsrvous system of  rats. Th i s  i s  
based p a r t i a l l y  on t h e  low enzymatic removal r a t e  of t h i s  lesion from DNA of 
t h e  t a r g e t  organ ( b r a i n )  a s  comparsd t o  very e f f i c i e n t  removal from DNA of a 
non-target  organ ( l i v e r ) .  I n  s p i t e  of t h e  e f f e c t i v e  removal of 06-alkylguani-  
ne from l i v e r  D N A ,  l i v e r  i s  h igh ly  s u s c e p t i b l e  t o  c a n c e r  fo rma t ion  by d i aky l -  
n i t ro samine .  The q u e s t i o n  t h e r a f o r e  a r o s e  whether o r  no t  t h e  l i v e r  i s  a tar-  
g e t  f o r  t h e  ca rc inogen ic  a c t i o n  of a l k y l n i t r o s o u r e a .  To t e s t  t h i s , e x p e r i m e n t s  
concerning ( a )  t h e  formation of p recance rous  f o c i  i n  l i v e r  ( S c h e r e r  and Emme- 
l o t ,  Cancer Res.36,2544;1976) by ,  and ( b )  t h e  c o n t r i b u t i o n  t o  l i v e r  ca rc ino -  
g e n e s i s  (completed by r epea ted  d o s e s  o f  diethylnitrosamine,Scherer and Emme- 
1ot.Europ.J.Cancer 11,145;1975) of a s i n g l e  dose of N-ethyl-N-nitrosourea@IU) 
were performed. The r e s u l t s  i n d i c a t e  t h a t  a s i n g l e  dose of  ENU e f f e c t i v e l y  
c o n t r i b u t e s  t o  l i v e r  c a r c i n o g e n e s i s ,  50 mg ENU/kg being at  l e a s t  a s  e f f e c t i v e  
as 10 mg/kg d i e t h y l n i t r o s a m i n e .  High c a r c i n o g e n i c  a c t i o n  of  ENU i n  t h e  rat i s  
t h e r e f o r e  not  c o r r e l a t e d  wi th  a l o w  removal r a t e  of 06-ethylguanine from DNA. 
The s i g n i f i c a n c e  Of  06-alkylguanine f o r  ca rc inogenes i a  remains t o  be es t ab -  
l i s h e d .  

Amsterdam, The Ne the r l ands  

231 PERSISTENT DAMAGE IN RAT LIVER DNA AFTER DIETHYLNITROSAMINE (DEN), 
Leo Den Engelse, Ben Floot and Erik Philippus, The Netherlands Cancer 
Institute, Amsterdam, The Netherlands. 

than DMN(dimethy1nitrosamine) in indu- At equimolar doses DEN is more potent 
cing (pre)cancerous liver lesions in the rat. This difference might be relat- 
ed to the alkyla~tion pattern or the repair of nitrosamine-induced DNA lesions. 
Effects of DEN and DMN on the sedimentation pattern of H3-TdR-labelled SD fe- 
male rat liver DNA in alkaline sucrose gradients were studied with regard to 
time and dose dependency. In experiments at 1 ,  6, 14 and 56 days after injec- 
tion it was observed that damage induced by DEN (134 mg/kg, f 4596 of LD50; 
or 13.4 mg/kg) was repaired at a low rate. At 56 days the sedimentation pat- 
tern was still grossly abnormal. Identical experiments after DMN (10 mg/kg, 
f 3596 of LD50) showed (almost) completely control sedimentation patterns at 
8 weeks after injection. Experiments at 6 or 56 days after the last of a se- 
ries of 5 or 70 weekly injections of DEN (13.4 mg/kg) showed that a major 
part of DEN-induced DNA damage (measured as potentially S.S. breaks) is of a 
persistent and accumulating character. It is concluded that DNA fragmentation 
and lack of DNA repair is not a consequence of aspecific hepatotoxicity. As 
far as we are aware this is the first time that persistent damage after ni- 
trosamine administration has been observed in liver DNA. The relevance of 
above lesions (probably echylphosphotriesters) in the process of liver 
tumour formation will be discussed. 
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232 INHIBITION OF DNA-REPAIR SYNTHESIS BY ADRIAMYCIN AND DAUNOMYCIN, 
U l r i k  Ringborg  and BO Lamber t ,  R a d i u m h e m e t  a n d  Dept  o f  C l i n  Gen, 
K a r o l i n s k a  H p s p i t a l ,  S-104 0 1  S tockholm,  Sweden. 

The a n t h r a c y c l i n e s  a d r i a m y c i n  and  daunomycin are w i d e l y  u s e d  i n  the  treatment 
o f  tumor p a t i e n t s .  They b i n d  t o  t h e  DNA a n d  are p o t e n t  i n h i b i t o r s  o f  DNA- and  
RNA-synthesis. With t h e  p u r p o s e  t o  inves t iga te  w h e t h e r  a d r i a m y c i n  and daunomy- 
c i n  induce DNA-repair s y n t h e s i s ,  human p e r i p h e r a l  l e u k o c y t e s  were i n c u b a t e d  
w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  of  t h e  d r u g s  i n  presence of 10-3 M h y d r o x y u r e a  
and 3H-thymidine. N o  m e a s u r a b l e  amount of DNA-repair s y n t h e s i s  w a s  detected. 

t ive DNA-synthesis, t h e i r  e f f e c t  on DNA-repair s y n t h e s i s  w a s  tested. P e r i p h e r a l  
human l e u k o c y t e s  were s t i m u l a t e d  f o r  DNA-repair s y n t h e s i s  w i t h  n i t rogen  m u s t a r d ,  
m e t h y l m e t h a n e s u l p h o n a t e  a n d  W - l i g h t .  Both  d r u g s  w e r e  p o t e n t  i n h i b i t o r s  of t h e  
s t i m u l a t e d  D N A - r e p a i r  s y n t h e s i s ,  and t h e  ni t rogen mustard i n d u c e d  D N A - r e p a i r  
s y n t h e s i s  w a s  m o s t  s e n s i t i v e .  

c r e a s e d  by c o n c e n t r a t i o n s  of a d r i a m y c i n  u s e d  for  treatment of pa t ien ts .  From 
s t u d i e s  on b o t h  a n i m a l  tumors and  tumor p a t i e n t s  t h e r e  i s  e v i d e n c e  f o r  s y n e r -  
g i s t i c  effects be tween a l k y l a t i n g  agents and a d r i a m y c i n .  Our d a t a  are i n  t h e  
l i n e  w i t h  t h e  h y p o t h e s i s  t h a t  t h i s  s y n e r g i s m  may b e  c a u s e d  by i n h i b i t i o n  of t h e  
r e p a i r  of a l k y l a t i o n  l e s i o n s  by a d r i a m y c i n .  

S i n c e  b o t h  a d r i a m y c i n  and  daunomycin are s t r o n g  i n h i b i t o r s  of  r e p l i c a -  

The n i t r o g e n  m u s t a r d  i n d u c e d  DNA-repair s y n t h e s i s  w a s  s i g n i f i c a n t l y  de- 

233 

Previous s tudies  on genetic damage in  opiate  addicts have been l imited t o  ident i f ica t ion  of 
unstable chromosome abberations. We have evaluated DNA repa i r  mechanisms i n  heroin addicts ,  
methadone maintainence pat ients ,  and control subjects  t o  see if opiates  might induce s tab le  
mutations by act ing a t  t h i s  biochemical level .  DNA repa i r  capacity was quantitated i n  
peripheral lymphocyte cul tures  by s t ress ing  the  c e l l s  with known mutagens including f a r  UV, 
8-methoxypsoralen t near U V ,  mitomycin C,  and e thyl  methanesulfonate, and by measwing the 
increase i n  the  s i s t e r  chromatid exchange frequency cytologically and i n  unscheduled DNA 
synthesis. 
precipi ta t ion,  and a l so  by sodium iodide isopycnic centrifugation. While the  average 
response of the  1OOt control subjects  t o  f a r  UV s t r e s s  agreed closely with the  saturat ion 
value (M20J/m2) reported by Ahmed and Setlow (Proc. Nat. Acad. Sci. 74 1548 (1977)) and 
others ,  the  range of response was extraordinary, extending from p r a c t F a l l y  zero t o  10-fold 
greater  capacity than average. A s i m i l a r  pat tern was found i n  response t o  the  chemical 
mutagens. This var ia t ion i n  DNA repa i r  capacity i n  a "nomal" population has important 
implications f o r  humans a t  both the genetic and environmental levels .  The 1 2  opiate  addicts  
studied thus far have a dras t ica l ly  reduced leve l  of unscheduled DNA synthesis ,  and 
experiments are i n  progress t o  confirm the significance of t h i s  resu l t .  
supported by National I n s t i t u t e  of Drug Abuse Grant #DA01451. 

DNA REPAIR CAPACITY I N  THE GENERAL POPULATION AND I N  OPIATE ADDICTS, John J. Madden, 
Arthur Falek, and David Shafer, Emory University School of Medicine and Georgia 
Mental Health I n s t i t u t e ,  Atlanta, Georgia 30306. 

Unscheduled DNA synthesis was assayed by DNA extract ion and perchlor ic  acid 

This work is  
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FIBROBLASTS, R. L. Merriman and J. S. Bertram, Department of Experimental Therapeutics, 
Roswell Park Memorial Institute. Buffalo, New York 14263. 
One proposed mechanism of chemical carcinogenesis is that chemically-induced DNA damage is con- 
verted by an "error-prone" repair process to an altered genome which leads to malignant transforma- 
tion. This investigation examined the effect of the known inhibitors of post-replication DNA repair, 
caffeine and theophylline, on malignant transformation. Exposure of cultured 10T1/2 cells to 2.5pg/ml 
of MCA alone for 24 hr  resulted in a 1% transformation frequency (TF). The T F  was decreased by 
4096 when cells were exposed for 24 h r  to 2.5 mM caffeine o r  theophylline 24 hr after removal of the 
MCA. This decrease was time dependent. Little or 110 effect was seen on T F  when cells were treated 
with caffeine immediately after MCA exposure. T F  decreased by 90% when the cells were treated 
with caffeine 48 hr after MCA treatment; however, when cells were treated with caffeine 120 hr  after 
MCA exposure, 110 effect on T F  was seen. Comparable results on the temporal aspects of the inhibition 
of T F  were obtained with theophylline. Preliminary experiments using sedimentation in  alkaline 
sucrose gradients to examine nascent DNA synthesis indicate that caffeine inhibits post-replication 
repair of DNA damage in MCA-treated 10T1/2 cells. The results of this study a r e  consistent with the 
hypotheeis that an error-prone DNA repair process is a mechanism for chemical carcinogenesis. 
(Supported by USPHS. NCI Grants CAI8197 and CA05319). 

INHIBITION BY CAFFEINE AND THEOPHYLLINE OF 3-METHYLCHOLANTHRENE (MCA) 
INDUCED MALIGNANT TRANSFORMATION OF CULTURED C3H-lOT1/2 MOUSE 
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235 THE INFLUENCE OF A DNA REPAIR I N H I B I T O R  ON INDUCTION OF TYPE C RNA TUMOR VIRUS, K i k i  B. 
Hellman and Pamela P. Brewer, Bureau o f  Radiological Health, Food and Drug Administra- 

t i on ,  DHEW, Rockv i l le ,  MD 20857 
Induct ion o f  endougenous mouse type C v i r u s  occurs fo l l ow ing  exposure t o  p r i n c i p a l l y  254 nm fa r  
u l t r a v i o l e t  (UV) rad ia t i on .  I r r a d i a t i o n  o f  A1-2 c e l l s ,  a cloned l i n e  o f  murine sarcoma posi- 
t ive-helper  negative ( S t H )  c e l l s  derived from the BALB/c mouse, induced endogenous xenotropic 
helper v i rus  p e r m i t t i n  rescue o f  the.sarcoma v i rus  genome as determined by focus formation i n  
normal r a t  kidney (NRKQ c e l l s  . The dose response f o r  v i r u s  i nduc t i on  by UV r a d i a t i o n  compared 
t o  t h a t  f o r  the halogenated pyrimidine, 5-iododeoxyuridine (IdUrd). Optimum induc t i on  o f  v i rus  
from A1-2 c e l l s  by UV r a d i a t i o n  occurred a t  exposures corresponding t o  the shoulder o f  the A1-2 
c e l l  UV su rv i va l  curve, suggesting t h a t  repa i r  o f  dV-induced DNA damage o r  maintenance o f  the 
c e l l ' s  capacity t o  support r e p l i c a t i o n  o f  induced v i rus  may be important f o r  UV i nduc t i on  o f  
endogenous type C v i r u s .  Studies w i t h  ca f fe ine  confirmed t h a t  DNK r e p a i r  may be necessary f o r  
type C v i rus  induct ion by UV rad ia t i on .  
rodent ce l l s ,  by i n h i b i t i n g  the g a p - f i l l i n g  process i n  UV-irradiated o r  otherwise damaged DNA. 
This study shows t h a t  ca f fe ine  decreases endogenous mouse xenotropic v i rus  i nduc t i on  by UV 
rad ia t i on .  This decrease was ca f fe ine  concentrat ion dependent. A h igher  ca f fe ine  concentra- 
t i o n  was requi red t o  decrease the quan t i t y  o f  v i r u s  induced by IdUrd, t o  a s i m i l a r  l e v e l  as 
seen f o r  v i rus  induct ion by UV rad ia t i on .  Caffeine most l i k e l y  in f luences some aspect o f  the 
v i rus  induct ion ra the r  than v i r a l  rep l i ca t i on .  Presumably pos t rep l i ca t i on  repai r ,  appears t o  
af fect  the i nduc t i on  e f f i c i ency  of endogenous type C v i r u s  by UV r a d i a t i o n  and IdUrd. 
lHellman. K.B., Brewer. P.P.. and Hellman, A.: Proc. 25th Mto. Rad. RPZ qnr . Mav 8-17 1077 

Caffe ine presumably i n h i b i t s  p o s t r e p l i c a t i o n  r e p a i r  i n  

c;: i.7 L L I A : .  .,/1.3bS 110 (>'140) Ih 
I(?, -. 2. i.l?'::L, 1 .  11. 3ucr ; .  
ckirset3.s ;enera1 : i o s p i t a l  and 
i..edici r:e, i i a rvard  L e d i c a l  

School , ?os ton ,  Lassachusetts:  02114 
The r e l a t i o n s h i p  between D M  r e p a i r  p roceasos  and t h e  i n d u c t i o n  of  i n f e c t i o u s  
v i r u s  from YV4O-transformed c e l l s  h a s  beer. i n v F s t i g a t e d .  j t u d i e s  of t h e  
i n d u c t i o n  of  3 4 0  from a c roup  o f  c loned  tri icsformed hamster  c e l l s  Sy v a r i o u s  
chemica l  and p h y s i c a l  a c e n t s ,  which produce 3:,A s t r a n d  breakage  e i t h e r  
d i r e c t l y  o r  i n d i r e c t l y  v i a  3i.A r e p a i r  system:;, had suzgcs t cd  t h a t  b r e a k s  o r  
gaps  in 31;A p lay  a n  i m p o r t a n t  r o l e  in v i r a n  a c t i v a t i o n .  2eCent expe r imen t s  
demonst ra ted  t h a t  c a f f e i n c  enhame-  t h e  uv l i g h t  i n d u c t i o n  o f  SV40. I n  o r d e r  
t o  i n v e s t i g a t e  f u r t h e r  t h ?  niechaninr o f  t h i s  enhancclnent, t h e  e f f e c t  of  
c a f f e i n e  on p o s t r e p l i c a t i . o n  r e p a i r  of uv l i g h t  danage w a s  s tud i .ed  u t i l i z i n g  
a l k a l i n e  s u c r o s e  g rad i - en t  s ed imen ta t ion ,  C a f f e i n e  a t  c o n c e n t r a t i o n s  of 0.5, 
1.0 o r  2.0 mr.i i n h i b i t e d  t h e  f i l l i n g  of gaps  d u r i n g  p o s t r e p l i c a t i o n  r e p a i r .  
I n  a d d i t i o n ,  c a f f e i n e  enhanced t h e  nli tonycin C i n d u c t i o n  of 6V40 s u g g e s t i n g  
t h a t  c a f f e i n e  may a c t  at  a common s t o p  i n  t h e  r e p a i r  o f  uv l i g h t  and mito- 
mycin Z, damaged 3 K A .  
by t h e  presence  of c a f f e i n e ,  r e s u l t s  i n  t h e  enhancemsnt o f  SY40 v i r u s  
i n d u c t i o n ,  and t h a t  v i r u s  i n d u c t i o n  nay p rov ide  a s e n s i t i v e  b i o l o g i c a l  
marker f o r  Pxanin ing  mammalian 31:A r e p a i r  mechanisms. 

':,e b e l i e v e  t.hat t h e  p e r s i s t e n c e  o f  gaps  i n  DNA, caused  

MICE, MEN, CAFFEINE, AND CYCLOPHOSPHAMIDE. J . E .  Byfield, M. Lynch, C ' .  '' Kulhanian and J. Murnane. Div. of Radiation Oncology, Univ. of Calif., 
San Diego: 92103. 

Human and rodent cells were compared for the effect of clinically useful al- 
kylating agents (AA) on clonogenicity and molecular repair of DNA, with an em- 
phasis on UV excision repair (ER) systems. Unscheduled DNA synthesis by human 
lymphocytes (HL) significantly exceeded rat LC after exposure to either UV or 
alkylating agents; the UV repair pahtways therefore appear to process some al- 
kylaeed damage in humans. Rat cells with "0 UV ER were only slightly more 
sensitive to AA, suggesting that ER contributes per se only slightly to AA 
survival. All useful AA, except nitrogen mustard, showed a small shoulder(Dq) 
on their AA survival curve. The Dq depended on exposure duration, indicating 
a pharmacokinetic contribution. In both UV ER competent and deficient cells, 
the D and DO were reduced by methylated xanthines (caffeine, theobromine, 
and ti?ieophylline), the degree of reduction being concentration-dependent. 
Split-dose expts. for AA gave variable kinetics, dependent on the drug and 
method used for the split-dose expt. Both DNA single and double strand breaks 
were found following exposure to AA. To date, the data suggests ( a )  the UV 
repair systems process some, probably mono-alkylated, sites; (b) sub-lethal 
damage repair is small following AA in contrast to x-ray damage; (c) the meth- 
ylated xanthines may be useful during chemotherapy in man with theobromine 
probably the drug of choice. Supported by CM-43791. 
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PURINE SyNnfEsIS, CAFFEINE AND REPAIR. C. W a l d r e n  an& D. Patter-, The Eleanor 238 .lbosewlt I n s t i t u t e  f o r  Cancer Rsearch, Denwr, Colorado 30262. 
Caffeine increases  k i l l i n g  of cultured nxht cells by W light prestrmably by inhibiting 

gmone repair processes which normally act to d e c ~ a s e  mprodmtive death. 
of caffeine action is not well understood. 

In Chinese hamster ovary cells ( ( H D - K l )  and purine-requiring &ants of (HD-K1, be f ind  
t h a t  concentrations of caffeine which enhance W k i l l i n g  also inhibit de nom purine synthesis, 
as measured by inhibi t ion of  accmulation of  a-N-fomylglycinemde r i h u c l e o t i d e  (FGAR) 
in t race l lu la r ly  or 5 - d n o i ~ d a m l e - 4 ~ b d d e  r i h u c l e o t i d e  (AICAR) in t race l lu la r ly  or 
extracel lular ly .  FtAR and AICAR are tk t h i r d  and eighth in te rmdia tes  r e s p e a i w l y  of the 
de nom purine biosynthetic p a t b a y .  Inhibition is dose-dependent, w i t h  a caffeine concen- 
t r a t i o n  of 7.5 nM producing a 90% reduction i n  15 minutes. 
graphic analysis r e w a l s  that caffeine causes a m k e d  decrease i n  in t race l lu la r  nucleoside 
t r i p h s p h a t e  concentrations, e n  i n  the presence of  purines i n  t h e  growth d u n ,  indicat ing 
that caffeine m y  also in te r fe re  w i t h  u t i l i z a t i m  of p r e - f o m d  purines. 

Purine deprivation either by starvation of purine-requiring nutants or by treatment of 
CHO-K1 cells with mthylrrercapto purine ribonucleoside ( H R )  , a knm inh ib i tor  of purine 
synthesis, also msults in  sensi t izat ion to W l ight .  

(1846002597 Al) and NCI (1 Po1 CA20810). 
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High pressure l iqu id  chmnato- 

ERICR oontribution No. 261. S-rted by grants  franNIA (5 RO1 AGo0029). NIMS 

239 THE EFFECT OF CAFFEINE AND HYOROXYUREA ON V l C l A  kABA KUUI-I 1Y  ~ I I K U I W S U V I ~ ~  r w v i u u x i  
EXPOSED TO MALEIC HYDRAZIDE. Beryl Hartley-Asp. Research Lab., AB Leo, 5-251 00 Hel- 
singborg, Sweden. 

Hydroxyurea, an i n h i b i t o r  o f  desoxyribonucleotide reductase, was tested i n  conjunction wi th 
caffeine, a repa i r  i n h i b i t o r ,  t o  acquire information concerning hydroxyurea's disputed repa i r  
i n h i b i t o r y  capacity. 
Maleic hydrazide was used as the inducer o f  chromosomal breaks i n  V i c ia  faba r o o t - t i p  chromo- 
somes. Caffeine when given as a 5h post-treatment a t  various times during the recovery period 
caused a po ten t i a t i on  o f  the chromosomal aberrat ion frequency. Hydroxyurea when gi.ven simul- 
taneously w i t h  co lch ic ine a f t e r  maleic hydrazide a lso produced an enhancement o f  the aberra- 
t i o n  frequency but t o  a lesser  degree. However, when the Hydroxyurea/colchicine mixture was 
given i n  conjunction w i th  a 5h caf fe ine treatment a f t e r  na le i c  hydrazide. a substant ia l  
increase i n  po ten t i a t i on  above tha t  found f o r  ca f fe ine  was obtained. This po ten t i a t i on  could 
be mimicked by a s i m i l a r  caf fe ine p lus caf fe ine/co lch ic ine treatment. 
This ind icates t h a t  the po ten t i a t i on  o f  the chromosome aberrat ion y i e l d  found a f t e r  treatment 
w i t h  hydroxyurea could be due t o  an i n h i b i t i o n  o f  DNA repai r .  The r e s u l t s  a l so  suggest t h a t  
les ions sensi t ized by caffeine are more susceptible t o  an i n h i b i t i o n  o f  repa i r  a t  a l a t e r  
stage i n  r e p l i c a t i o n  than unsensit ized lesions. Hydroxyurea, however, appears t o  e f f e c t  a 
somewhat d i f f e r e n t  mechanism i n  the repa i r  process than caffeine as the types o f  aberrat ions 
found a f t e r  the two treatments d i f f e r  noticeably. 

240 EFFECTS OF CAFFEINE ON THE SURVIVAL OF CULTURED MAMMALIAN CELLS EXPOSED TO FAST NEU- 
TRONS AND GAMMA RAYS. Carter B. Schroy, Paul S. Furcinitti, and Paul Todd, The Penn- 
sylvania State University. University Park, Pennsylvania 16802 

It is known that caffeine reduces the survival of cultured human and Chinese hamster cells 
exposed t o  x rays. 
after irradiation for a 44 hr period reduced by approximately one-third the gamms ray dose 
required for 90% inhibition of colony forming ability of cultured human kidney (T-1) cells. 
The effects of caffeine treatmnt of these cells after exposure t o  fractionated gamma irrad- 
iation or single fast neutron irradiation were also evaluated. It appears that caffeine 
differs from other radiation modifiers (such as halogenated pyrimidines. radioprotective 
sulfhydryl compounds, and hypoxic sensitizers). because it is similarly effective when high 
and low LET (linear energy transfer) radiations are used. 
cell survival curve analysis (linear plus quadratic dose dependence of double-strand DNA 
break induction) caffeine appears t o  promote the effect of andlor t o  inhibit the repair of 
the linear. or "single-hit" component (blunt-end double-strand breaks?) of cell lethality. 

Caffeine added to complete medium at a concentration of 2.0 n g  immediately 

In terms of currently popular 
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241 ACTION OF 4NQ0, ADRIAMYCIN AND ETHYLENIMINE ON DNA REPLICATrON I N  HELA CELLS. 
Robert B. Painter, Un ive rs i t y  o f  Ca l i f o rn ia ,  San Francisco, CA 94143 

Although the three drugs, 4NQO. adriamycin, and ethylenimine ( a z i r i d i n e )  damage DNA q u i t e  d i f -  
ferent ly  and these damages are repai red d i f f e r e n t l y ,  a l l  o f  them i n h i b i t  i n i t i a t i o n  o f  HeLa 
repl icons. 1) 4NQO i s  "UV-like" i n  many respects, b u t  i t s  f i r s t  observable a c t i o n  a t  concen- 
t r a t i o n s  t h a t  i n h i b i t  DNA synthesis by 50-60% i s  on rep l i con  i n i t i a t i o n .  
servable s t rand hreaks a t  t h i s  concentrat ion and there i s  no e f f e c t  on chain elongation. 
2) Adriamycin does n o t  induce r e p a i r  r e p l i c a t i o n  a t  concentrat ions t h a t  s t rong ly  i n h i b i t  DNA 
synthesis. Repllcon i n i t i a t i o n  i s  i n h i b i t e d  b u t  the l a r g e s t  e f f e c t  o f  t h i s  drug seeems t o  be 
t o  inh ib i t  the r a t e  o f  chain elongation. 3) A t  concentrat ions t h a t  inh ib i t  DNA synthesis by 
50-60%, ethylenimine causes breaks i n  parental DNA t h a t  are very s lowly  repaired. 
panying t h i s  damage I s  a marked i n h i b i t i o n  o f  rep l i con  i n i t i a t i o n .  Chain e longat ion cannot 
proceed past  the damage i n  the  parenta l  DNA so t h a t  nascent molecules o f  the s i z e  o f  t he  bro- 
ken parental strands accumulate. These data suggest t h a t  most kinds o f  DNA damage a l t e r  the 
c o n f o m t i o n  o f  a l a rge  subchromosomal subunit o f  DNA whose s t r u c t u r a l  i n t e g r i t y  must be re-  
establ ished before normal DNA r e p l i c a t i o n  can resume. 

There are no ob- 

Accom- 

242 EFFECTS OF I O N I Z I N G  RADIATION AND METHYLMETHANE SULFONATE ON REPLICON I N I T I A T I O N  AND 
REPLICON ELONGATION." T. D. Gr i f f i ths  and D. B. Dahle 
University of Rochester 

Abundant data c lear ly  indicates t h a t  exposure of Cultured mammalian c e l l s  t o  ionizing radia- 
t i o n  or  t o  methylmethane sulfonate (MMS) r e s u l t s  i n  a t rans ien t  depression i n  the  r a t e  of DNA 
synthesis. 
hamster V-79 c e l l s  by, 1) kinet ic  analysis of thymdiine incorporation i n t o  PCA precipi table  
mater ia l  and 2) by t h e  use of DNA fiberautoradiography. 
support models prwased by others. which require X-irradiation t o  inact ivate  whole banks of 
parasynchronously i n i t i a t i n g  replicons instead of randomly inact ivat ing individual replicons 
within a bank, since X-irradiation decreases the r a t i o  ofpcst-pulse t o  pre-pulse replicons 
without affect ing the inter-origin distances between repl icat ing uni t s  within replicon banks. 
In  fac t ,  the  biphasic nature of the  X-ray dose response curve for  thymidine incorporation c m  
be en t i re ly  accounted for  by t h e  presence of replicon banks with different  s e n s i t i v i t i e s  t o  
the  inhibi tory e f fec ts  of ionizing radiation. 
t h a t  there  a re  e f fec ts  on both replicon i n i t i a t i o n s  and replicon elongation. We have pro- 
posed elsewhere t h a t  ME-induced s ingle  s t rand breaks inh ib i t  i n i t i a t i o n  events, while m- 
induced base a l te ra t ions  induce elongation events. Further data tes t ing  t h i s  proposal and 
i t s  relat ion t o  DNA repair  will be presented. 
'This paper is based on work oerformed under contract with the  U.S. Department of Energy at 
t&lJJi#c?poi&Ng~ @ c ~ ~ ~ p - ~ 2 j y r t m e n t  of Radiation Biology and Biophysics and has been as- 

We have compared the  e f fec ts  these two agents have on DNA synthesis i n  Chinese 

Results from f i b e r  data  strongly 

On the basis  of our work with W we conclude 

243 LONGWAVE ULTRAVIOLET (UVA)  INHIBITION OF DNA SYNTHESIS IN HUMAN LYMPHOID CELLS 
Kenneth H .  Kraemer and Haywood L. Waters, Chemistry Branch, N C I ,  Bethesda, MD. 20014 

This study i nd i ca tes  t h a t  h igh i n t e n s i t y  UVA i n  the absence o f  exogenous photosensi t izers  
can i n h i b i t  t r i t i a t e d  thymidine (H3TdR) incorporat ion and c e l l  p r o l i f e r a t i o n  i n  human lymphoid 
c e l l s  i n  v i t r o .  E a r l i e r  s tud ies (Kraemer and Weinstein, J .  Invest. Dermatol.. 69:211. 1977) 
have dzons t ra ted  decreased H3TdR incorporat ion i n  c i r c u l a t i n g  leucocytes from =me pso r ia t i cs  
imnediately a f t e r  UVA p lus ora l  8-methoxypsoralen i n  vivo. Fresh lymphocytes obtained from 
normal donors by leucophoresis were p u r i f i e d  by Ficoll-Hypaque sedimentation and c u l t i v a t e d  
f o r  2-4 days i n  R P M I  1640 medium w i t h  17% f e t a l  c a l f  serum (complete medium). 
lymphoblastoid c e l l  l i n e s  establ ished by EB v i rus  treatment o f  lymphocytes from normal i n d i v i -  
duals were a lso grown i n  suspension cu l tu res  i n  complete medium. 
were resuspended i n  a so lu t i on  conta in ing only th: s a l t s  and glucose present i n  RPMI 1640 
medium. Cel l  suspensions i n  p l a s t i c  f l asks  a t  37 
Sylvania f luorescent  lamps (FR40T12 PUVA) w i t h  i nc iden t  f l u x  1.2-1.5mW/cm2 through a 6mn p l a t e  
glass f i l t e r .  Peak wavelength was 350nm and minimum detectable wavelength passing f i l t e r  was 
about 320nm. There were no s i g n i f i c a n t  d i f ferences i n  the amount o f  post-UVA decreasq i n  H3TdR 
incorporat ion i n  cu l tu red  f resh  lymphocytes (3 donors), o r  i n  3 lymphoblastoid l i n e s  (GM 1953- 
9 experiments, GM 1652 -3 experiments, E l  -10 experiments). H3TdR incorporat ion f o r  the f i r s t  
2hr a f t e r  UVA exposure was found t o  be 50-90% o f  t h a t  i n  i d e n t i c a l l y  t rea ted  un i r rad ia ted  
c e l l s  a f t e r  5min UVA exposure, 40-85% a f t e r  lOmin UVA, 30-75% a f t e r  2Omin UVA, 25-65% a f t e r  
4Omin UVA, and 20-553 a f t e r  60min UVA. Increase o f  l o g  phase v iab le  lymphoblastoid c e l l s  
(GM1953) a f t e r  UVA exposure was i n h i b i t e d  f o r  ldav a f t e r  2Omin UVA and 9davs a f t e r  6Omin UVA. 

Long tenn 

For UVA exposure the c e l l s  

were exposed t o  UVA from a bank o f  4 
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CHROMATIN REPLICATION I N  VITRO. Ronald L.  Seale .  
Research Center,  D e n v e c  =ado 80206 and Universi ty  of Colorado School 
of Medicine, Denver, Colorado 80262. 

Nat ional  Jewish Hospi ta l  and 

I s o l a t e d  HeLa c e l l  n u c l e i  synthesize DNA f o r  60-90 min. Half of t h i s  DNA is i n  nucleosomes 
spaced with a similar neighbor-neighbor d i s t ance  a s  i n  pa ren ta l  chromatin. By comparison of 
t hese  s t r u c t u r e s  wi th  models f o r  segregat ion,  i t  is c l e a r  t h a t  nucleosomes pass  from pa ren t  
t o  daughter  chromatid by a non-random process .  
The s t r u c t u r e  of newly r ep l i ca t ed  chromatin is  d i f f e r e n t  from mature chromatin i n  t h r e e  ways; 
1 )  nucleosomes on newly r e p l i c a t e d  chromatin have an a l t e r e d  conformation, 2 )  nucleosome 
phasing i s  ex t r ao rd ina r i ly  p r e c i s e ,  i . e . ,  spacer  DNA heterogenei ty  is  l o s t ,  and 3) t h e  nucleo- 
soma1 repea t  s i z e  is  reduced from 185 bp of mature chromatin t o  170 bp i n  newly r ep l i ca t ed  
chromatin. 
During r e p l i c a t i o n  t h e  nucleosome undergoes a conformational change. 
nuclease l i m i t  d i g e s t  and DNAase I d i g e s t  p a t t e r n s ,  t h e  higher  molecular weight oligonucleo- 
t i d e s  a r e  e i t h e r  diminished i n  con ten t ,  o r  l o s t .  These p a t t e r n s  a r e  s t r i k i n g l y  similar t o  
those der ived from t ryps in i zed  chromatin;  a model 4s proposed f o r  t he  r e p l i c a t i v e  s t a t e  of 
t h e  nucleosome wherein the  h i s tone  N-terminal arms a r e  neu t r a l i zed  by chemical s u b s t i t u t i o n ,  
thus prevent ing t h e i r  i n t e r a c t i o n  with DNA. 

A so lub le  a c t i v i t y  r e s i d e s  i n  c e l l  e x t r a c t s  which ca t a lyzes  the  conversion of t h e  r e p l i c a t i v e  
conformation of t h e  nucleosome t o  the  "normal", non-repl icat ing conformation. 

I n  both micrococcal 

PHOTOCHEMISTRY AND RIOLOGICAI EFFECTS OF RISRENZIMIMZOLE DYE 33258FOECHST W I T H  BUdR 
AND RIMR-SITRSTITUTFD DNA, Ehud Ren-Hur, Ariela Prager  and Fmanuel R i k l i s  
Nuclear Research Center-Negev, Beer-Sheva, I s r a e l .  
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We have r ecen t ly  shown t h a t  t he  increased r a d i a t i o n  s e n s i t i v i t y  of h a c t e r i a  with BUdR-substi- 
tuted DNA is  p a r t l y  due t o  i n h i h i t i o n  of t he  exc i s ion  r e p a i r  pathway of DNA damage by RUdR. 
Exposure of BUdR-substituted E.coli c e l l s  t o  ?fir) nm l i g h t  i n  t h e  presence of 73258 Foechst 
f u r t h e r  i nc reases  t h e i r  s e n s i t i v i t y  dramatical ly .  Mutant c e l l s  d e f i c i e n t  in exc i s ion  r e p a i r  
of DNA damage (uvr R )  a r e  more s e n s i t i v e  than w i l d  type c e l l s ,  i n d i c a t i n g  the  l a t t e r  a b i l i t y  
t o  r e p a i r  p a r t l y  t h i s  type of damage. They perform, however, only a l imi t ed  amount of l i q u i d  
holding recovery,  an exc i s ion  r e p a i r  dependent process .  Exposure of t he  dve with BUdR t o  Near 
W l i g h t  in s o l u t i o n  r e s u l t s  in appearance of two RUdR-derived photoproducts,  deoxvuridine 
and an adduct of RUdR-dye. The adduct is ac id - l ab i l e ,  and as a r e s u l t  only u r a c i l  is observed 
i n  ac id  hydrolyzates  of DNA from exposed c e l l s .  The product ion of u r a c i l  is l i n e a r l y  dependent 
on l i g h t  exposure. C e l l s  in which 1151: of thymidine was  replaced by BUdR a r e  unable t o  remove 
U r a c i l  from t h e i r  DNA during p o s t i r r a d i a t i o n  incubat ion.  However, when only 4X of thymidine 
is replaced,  about 50): of t h e  u r a c i l  is removed during 30 min incubat ion a f t e r  exposure.  
The r e s u l t s  support  our previous conclusion t h a t  RUdR i n t e r f e r e s  with r e p a i r  v i a  excis ion-  
r e syn thes i s .  It is suggested t h a t  t he  r e p a i r  enzymes are more t i g h t l y  bound t o  BUdR-substit- 
uted DNA and are thus less ava i l ab le  f o r  performance of t h e i r  funct ion.  
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