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1. ABSTRACT 

Most organisms possess  enzymes t h a t  can r e p a i r  DNA damaged by v a r i o u s  
r a d i a t i o n  and radiomimetic chemicals .  There a r e  a t  l e a s t  t h r e e  key enzymes 
involved i n  t h i s  p roces s ,  these '  a r e  DNA polymerase, deoxyribonuclease,  and 
l i g a s e .  The s p e c i f i c  r o l e  of t h e s e  key enzymes i n  DNA r e p a i r  i n  eukaryotes  
has  n o t  y e t  been e l u c i d a t e d  due t o  t h e  l a c k  of a  biochemical  g e n e t i c  approach. 
The a i m  of t h e  p r e s e n t  s tudy  i s  t o  c h a r a c t e r i z e  and compare DNA po1ymerase.a 
and deoxyribonucleases  from t h e  wi ld  t ype  and mutant s t r a i n s  of euka ryo t i c  
organisms such a s  ~ e b r o s ~ o r a  ' c r a s s a .  Mutants of Neurospora, presumably 
d e f e c t i v e  f o r  deoxyribonuclease and DNA polymerase, have been r e c e n t l y  i s o l a t e d  
i n  my l abo ra to ry .  These mutants  a r e  being b iochemica l ly  c h a r a c t e r i z e d  and 
compared w i t h  t h e  wild type  enzyme t o  e s t a b l i s h  which enzymes cont ro ' l  a 
p a r t i c u l a r  f u n c t i o n  i n  DNA r e p a i r  and o t h e r  a s p e c t s  of DNA b i o s y n t h e s i s .  A f t e r  
biochemical c h a r a c t e r i z a t i o n ,  t h e s e  mutants  w i l l  be  a l s o  examined f o r  t h e i r  
a b i l i t y  t o  r e p a i r  damage caused by exposure t o  r a d i a t i o n ,  radiomimetic  drugs 
and carcinogens.  Also, a  number of Neurospora mutynts which a r e  known t o  be  
s e n s i t i v e  t o  UV r a d i a t i o n  o r  t o  MMS (methyl methane s u l f o n a t e )  o r  t o  h i s t i d i n e  
o r  d e f e c t i v e  i n  recombination a r e  be ing  c h a r a c t e r i z e d  f o r  DNA polymerases 
and nuc l ea se s  t o  e l u c i d a t e  t h e  biochemical  b a s i s  of t h e s e  d e f e c t s .  

These s t u d i e s  w i l l  p rov ide  a  d e t a i l e d  knowledge of t h e  d i f f e r e n t  a s p e c t s  of 
DNA r e p a i r  and t h e  r o l e  of t h e  key enzymes t h e r e  i n .  The r e s u l t s  of p r e sen t  
s t u d i e s  i nvo lv ing  a  eukaryote  can be  meaningful ly  gene ra l i zed  f o r  s i m i l a r  
s t u d i e s  i n  humans. E f f i c i e n t  DNA r e p a i r  i n  nlan i s  necessary  f o r  t h e  maintenance 
of normal growth and f o r  exposure t o  t h e  s u n l i g h t  and t o  v a r i o u s  radiomimetic 
chemicals  p r e sen t  i n  our  environment. Due t o  t h e  i n t r o d u c t i o n  of v a r i o u s  
chemicals i n  ou r  environment,  t h e r e  i s . i n c r e a s e d  r i s k  of damage t o . o u r  own 
g e n e t i c  m a t e r i a l  ( i nc lud ing  t h a t  of  our  c rop  and c a t t l e )  and t h e  outcome 
of t h e  proposed s tudy  may provide a  meaningful i n s i g h t  i n t o  t h e s e  problems. 



PROGKESS REPORT ' 

Fol lowing i s  a  summary o f  work accomplished d u r i n g  t h e . c u r r e n t  g r a n t  p e r i o d .  

I. ' I s o l a t i o n  and p a r t i a l  c h a r a c t e r i z a t i o n  o f  DNA polymerases  from Neurospora 
c r a s s a .  (El-Assoul i  and Mishra ) .  

DNA polymerases  from t h e  w i l d t y p e  and one  r e p a i r  d e f i c i e n t . a n d  a recombina t ion  
d e f i c i e n t  s t r a i n  of ~ e u r o s ~ o r a  h a s  been c h a r a c t e r i z e d .  

We have f o r  t h e  f i r s t  t i m e  d e s c r i b e d  c o n d i t i o n s  f o r  t h e  a s s a y  o f  Neurospora 
DNA polymerase  and have r e c e n t l y  d e s c r i b e d  o u r  method f o r  t h e  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 Neurosproa DNA polymerase  ( 7 ) .  W e  p r e p a r e  c e l l  f r e e  e x t r a c t  
from a c t i v e l y  growing c u l t u r e  and remove n u c l e i c  a c i d  by p r e c i p i t a t i o n  w i t h  
p o l y e t h y l e n e  g l y c o l  as descr . ibed p r e v i o u s l y  ' (See r e f .  18): T h e ' s u p e r n a t a n t  
o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  i s  e x t e n s i v e l y  d i a l y z e d  and t h e n  used a s  s o u r c e  of 
t h e  enzyme. The DNA polymerase  a c t i v i t y  was dependent  on t h e  amount of enzyme 
p r e p a r a t i o n  added t o  t h e  complete  r e a c t i o n  m i x t u r e  and a l s o  on t h e  p e r i o d  of 
i n c u b a t i o n .  A c t i v a t e d  p r imer  t e m p l a t e  was most e f f e c t i v e ;  n a t i v e  DNA and 
d e n a t u r e d  DNA showed l i t t l e  o r  no a c t i v i t y  when used as pr imer  t e m p l a t e  i n  a 
complete  r e a c t i o n  m i x t u r e  (El-Assoul i  and Mishra ,  1977) ( s e e  r e f .  7 ) .  

The DNA polymerases  from d i f f e r e n t  Neurospora s t r a i n s  have been ana lyzed  
by DEAE c e l l u l o s e  chromatography and t h e n  each peak of a c t i v i t y  h a s  been c h a r a c t e r i z e d  
w i t h  r e s p e c t  t o  i t s  physio-chemical  p r o p e r t i e s  ( I - $ 5  v a l u e s ,  Molecu la r  w e i g h t ,  t e m p l a t .  
s p e c i f i c i t y ,  e l u t i o n  on i o n  exchange chromatography, t r e a t - a b i l i t y ,  i n a c t i v a t i o n  by 
SH b l o c k i n g  a g e n t  and a b i l i t y  t o  u s e  a r t i f i c i a l  Nuc le ic  a c i d  polymers a s  Pr imer  Templatc 

The w i l d  t y p e ' s t r a i n  of Neurospora was found t o  have m u l t i p l e  molecu la r  
form of DNA polymerases .  The young growing c u l t u r e s  t h e r e  a r e  two molecu la r  form 
of  DNA polymerases  however t o w a r d s ' t h e  end o f  l o g  growth phase  two more ( h i g h  
molecu la r  wt) forms of DNA polymerases  a p p e a r .  The appearance  of t h e  l a t e  form 
of DNA polymerases  i n  o l d  c u l t u r e  i s  concommitant w i t h  t h e  appearance  o f  h i g h  
deoxyr ibonuc lease  a c t i v i t y .  I n  view of  t h i s  f a c t  i t  i s  sugges ted  t h a t  t h e  l a t e  
a p p e a r i n g  forms of DNA polymerases  may have r o l e  i n  DNA r e p a i r  where a s  t h e  e a r l y  
form i s  invo lved  i n  DNA r e p l i c a t i o n .  .We p l a n - t o  examine t h e  i n d u c i b i l i t y  of t h e  

' l a t e  a p p e a r i n g  forms of DNA polymerase  f o l l o w i n g  exposure  t o  UV and X-ray. It 
i s  assumed t h a t  i f a t h e  l a t e  a p p e a r i n g  forms a r e  invo lved  i n  DNA r e p a i r .  t h e n ,  t h e  

' l e v e l  of t h e s e  enzymes w i l l  b e  i n c r e a s e d  f o l l o w i n g  exposure  t o  UV o r  X-ray. 

Neurospora DNA polymerases  seem t o  have some p r o p e r t i e s  s i m i l a r  t o  t h a t  
of mammalian DNA polymerases  p a r t i c u l a r l y  t h e  p r e s e n c e  of t h e  mammalian' 8- 
polymerase  l i k e  a c t i v i t y  i n  Neurospora c r a s s a  which i s  r e s i s t a n t  t o  SH-blocking 
r e a g e n t s  (E l -Assou l i  1979,  E l -Assou l i  and Mishra 1979).. 

The l a t e  a p p e a r i n g  DNA polymerases  a r e  t h e  major  abundant forms of enzymes i n  
Neurospora c o n i d i a .  Bes ides  t h e  cy top lasmic  form. o f  DNA polymerases  , a DNA polymerase  
c h a r a c t e r i s t i c  of Mitochondria  h a s  a l s o  been c h a r a c t e r i z e d  d u r i n g  p r e s e n t  i n v e s t i -  . 
g a t i o n  by. El-Assoul i  and Mishra  (1979).  

DNA polymerase  a f t e r  DEAE c e l l u l o s e  chromatography w a s  compared from t h e  
wi ld  t y p e  and mutant s t r a i n s .  The.uvs-1 ( s e n s i t i v e  t o  UV l i g h t ' )  and rec-2 
( recombina t ion  d e f i c i e n t )  mutan t s  were  f o u n d . t o  show s i m i l a r  p r o f i l e  of DNA 
polymerases  a s  . the  w i l d  t y p e s ,  t h e  mutant and w i l d  t y p e  DNA polymerases  were 
comparable i n  t h e i r  s p e c i f i c ' a c t i v i t y  and h e a t  l a b i l i t y  and o t h e r  physico-chemical  

* 



p r o p e r t i e s .  ~ h e s e : d a t a  s u g g e s t  t h a t  a t  l e a s t  t h e s e  two mutan t s  examined d i d  
n o t  show any d e f e c t  i n  DNA polymerases .  However a  l a r g e  number of o t h e r  mutant.s 
remains  t o  be  examined t o  e l u c i d a t e  t h e  p o s s i b l e  r o l e  of DNA polymerases  i n  
Neurosproa DNA r e p a i r .  

11. S e n s i t i v i t y  of ~ e u r o s s r a  r e p a i r  d e f i c i e n t  mutan t s  towards  H i s t i d i n e .  
(DeLange and Mishra)  

I. 

Recen t ly  Newmeyer and o t h e r s  (1979) as w e l l  a s  DeLange (1979) have shown t h a t  
W s e n s i t i v e  mutan t s  of Neurospora a r e  a l s o  s e n s i t i v e  t o  H i s t i d i n e  (200-500 ug/ 
(ml) added t o  growth medium. Thus s e n s i t i v i t y  t o  a  h i s t i d i n e  seems t o  b e  an  
a d d i t i o n a l  c r i t e r i o n  of Neurospora DNA r e p a i r  mutan t s .  T h i s  i d e a  i s  s t r e n g t h e n e d  
by o u r  r e c e n t  o b s e r v a t i o n  t h a t  n u c l e a s e  d e f i c i e n t  mutan t s  of Neurospora ( i s o l a t e d  
i n  my l a b o r a t o r y  a s  w e l l  a s  by Ishikawa -- e t  a l )  were  found t o  grow e q u a l l y  w e l l  a s  
t h e  w i l d t y p e  s t r a i n  i n  t h e  p r e s e n c e  of h i s t i d i n e .  Thus u n l i k e  t h e  UV r a d i a t i o n  
s e n s i t i v e  mutan t s  of Neurospora,  t h e  deoxyr ibonuc lease  d e f i c i e n t  m u t a n t s  a r e  n o t  
r e s i s t a n t  t o  h i s t i d i n e .  These d a t a  may be  i n t e r p r e t e d  t o  mean t h a t  t h e  deoxyribo-  
n u c l e a s e  mutan t s  a r e  d e f i c i e n t  i n  DNase which i s  n o t  invo lved  i n  DNA r e p a i r .  It 
i s  q u i t e  p o s s i b l e  t h a t  t h e s e  DNase mutan t s  a r e  d e f e c t i v e  f o r  enzyme invo lved  i n  
DNA s a l v a g e  pathways.  Thus i t  seems t h a t  t h i s  method c a n  be  used t o  d e l i n e a t e  t h e  
r o l e  of n u c l e a s e s  i n  DNA r e p a i r  and DNA s a l v a g e  pathways.  T h i s  p r o j e c t  is  b e i n g  
con t inued  by D r .  Delange and i s  d i s c u s s e d  i n  d e t a i l  l a t e r  i n  t h i s  p r o p o s a l .  
(, s6' 

. . - %  

111. R e s t r i c t i o n  endonuc lease  a c t i v i t y  i n  Neuros.pora. (Mishra  and F o r s t h o e f e l ) .  

T h i s  y e a r ,  we have been s u c c e s s f u l  i n  d e t e c t i n g  a n  EcoRl l i k e  r e s t r i c t i o n  
endonuc lease  a c t i v i t y  i n  a  p r e p a r a t i o n  of Neurospora membrane. The Neurospora 
enzyme makes a n  EcoRl l i k e  c l e a v a g e  i n  c o v a l e n t l y  c l o s e d  c i r c u l a r  DNA of p lasmid  
pBR322.. The. Neurospora enzyme makes - s i m i l a r  c l e a v a g e  i n  SV40 and OX174 DNA t h e  
plasmid (pBR322) DNA i s  r o u t i n e l y  p r e p a r e d  i n  o u r  l a b o r a t o r y  where a s  SV40 and 
0x174 w a s  a  g i f t  from D r s .  D a n i e l  Nathans and Clyde Hutchison.  The'number of 
r e s t r i c t i o n  endonuc leases  have been d e s c r i b e d  from b a c t e r i a  and i t s  r o l e  i n  DNA 
recombina t ion  have been reviewed ( s e e  Rober t s  1976) b u t  t h i s  d i s c o v e r y  by u s  i s  
t h e  f i r s t  r e p o r t  of r e s t r i c t . i o n  endonuclease  from Eukaryotes .  T h i s  enzymes is .  
h e i n g  f u r t h e r  c h a r a c t e r i z e d  i n  my l a b o r a t o r y .  . 

I V .  I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  DNase mutan t s  o f  Neurospora.  ( F o r s t h o e f e l ) .  

E a r l i e r  Ishikawa -- e t  a l .  have r e p o r t e d  t h e  i s o l a t i o n  o f  two DNase m u t a n t s  of 
Neurospora c a l l e d  nuc-1 and nuc-2; t h e s e  were  s e l e c t e d  by t h e i r .  i n a b i l i t y  t o  grow . 
on medium c o n t a i n i n g  DNA a s  t h e  o n l y  phospha te  s o u r c e .  A number of s i m i l a r  DNase 
mutan t s  haye been i s o l a t e d  . i n  my l a b o r a t o r y .  These  map a t  two d i f f e r e n t  ' s i t e s  
on l i n k a g e  group I1 and a r e  non a l l e l i c  t o  nuc-1 and nuc-2. A l l  t h e s e  DNase 
m u t a n t s  were found t o  grow i n  p r e s e n c e  of h i s t i d i n e  added t o  t h e  growth medium 
a t  c o n c e n t r a t i o n  which i n h i b i t s  t h e  growth of Neurospora mutan t s  s e n s i t i v e  
t o  u l t r a  v i o l e t .  These d a t a  s u g g e s t  t h a t  t h e  DNase m i s s i n g  from t h e  n u c l e a s e  
m u t a n t s  of Neurospora i s . n o t  invo lved  i n  DNA r e p a i r .  These  DNase m u t a n t s  a r e  
b e i n g  compared w i t h  t h e  w i l d t y p e  s t r a i n s  f o r  t h e  p r o f i t  of  D N a s e  o b t a i n e d  a f t e r  
DEAE-chromatography. 




