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SUMMARY 

During t h e  t h i r d  yea r  per iod  of t h i s  p r o j e c t ,  we  p l a n  t o  
con t inue  ou r  s t u d i e s  on t h e  r a d i a t i o n  chemis t ry  of DNA. 
c u l a r .  t h e  s t a b i l i t y  of p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine 

I n  p a r t i -  

t ype  i n  DNA and %-formation of apyr imid in ic  s i tes  w i l l  be inves- 
t i g a t e d .  The p re sence  of s i g n z i c a n t  amounts of apyr imidin ic -  and - 
p o s s i b l y  a p u r i n i c  s i tes  i n  y - i r r a d i a t e d  DNA could e x p l a i n  t h e  w e l l  
known s i m i l a r i t y  between t h e  b i o l o g i c a l  e f f e c t s  exe r t ed  by i o n i z i n g  
r a d i a t i o n  and c e r t a i n  a l k y l a t i n g  a g e n t s  which are known t o  produce 
a p u r i n i c  sites. 

Major emphasis i n  o u r  program w i l l ,  however, be p laced  on 
s t u d i e s  of the e x c i s i o n  r e p a i r  of p r o d u c t s  -- of t h e  5,6-dihydroxy- 
dihydrothymine type  i n - b a c t e r i a  -- and i n  normal and d i seased  mammalian 
cells .  “Open systems” w i l l  be  used,  i .e .  c rude  E. c o l i  e x t r a c t s  
on one hand, and i s o l a t e d  n u c l e i  from c u l t u r e d  mammalian ce l l s  on 
t h e  o t h e r ,  and t h e  e x c i s i o n  of damaged r e s i d u e s  from a n  exogenous, 
damaged DNA ‘ s u b s t r a t e  w i l l  be i n v e s t i g a t e d .  

Some of t h e  q u e s t i o n s  which w i l l  be asked i n  ou r  experiments  
w i t h  E. c o l i  e x t r a c t s  are: 
genes i n  t h e  r e p a i r  of y-ray induced thymine damage i n  - -  E. c o l i ?  
(2) What is  t h e  r o l e  of t h e  exr-gene i n  r e p a i r  of y-ray induced 

.thymine damage i n  E. c o l i ?  
f o r  the j o i n i n g  o f t h e  ends fo l lowing  t h e  removal from th.e DNA of 
r i n g  damaged thymine? 
i n c i s i o n  s t e p  w i t h  t h e  he lp  of l i g a s e  mutants  o r  l i g a s e  i n h i b i t o r s ?  

I n  our  s t u d i e s  of p r e r e p l i c a t i o n  i n c i s i o n  r e p a i r  of y-ray 

(1) What are t h e  f u n c t i o n s  of the rec-  

(3) Is po lynuc leo t ide  l i g a s e  r e s p o n s i b l e  

Is it p o s s i b l e  t o  learn more about  t h e  

damaged thymine i n  mammalian cells ,  we p l a n  t o  c o n c e n t r a t e  on two 
major ques t ions :  (1) Are t h e r e  d i f f e r e n c e s  i n  t h e  y-ray e x c i s i o n  
r e p a i r  c a p a b i l i t y  of normal and t ransformed human and roden t  
c e l l s ?  (2) What i s  t h e  y-ray e x c i s i o n  r e p a i r  c a p a b i l i t y  of n u c l e i ’  
fromnormalhuman s k i n - f i b r o b l a s t s  ,and n u c l e i  from Xeroderma p i p e n -  
tosum s k i n  f i b r o b l a s t s ?  

- 
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I. I n t r o d u c t i o n  

During t h e  t h i r d  y e a r  per iod  of t h i s  p r o j e c t ,  we p l an  t o  
con t inue  ou r  s t u d i e s  on t h e  r a d i a t i o n  chemistry of DNA. I n  p a r t i -  
c u l a r ,  t h e  s t a b i l i t y  of products  of t h e  5,6-dihydroxy-dihydrothymine 
t y p e  i n  DNA and t h e  formation of apyr imid in ic  sites w i l l  be  inves-  
t i g a t e d .  The presence  of s i g n i f i c a n t  amounts of apyr imidin ic -  and 
p o s s i b l y  a p u r i n i c  s i tes  i n  y - i r r a d i a t e d  DNA could e x p l a i n  t h e  w e l l  
known s i m i l a r i t y  between t h e  b i o l o g i c a l  e f f e c t s  exer ted  by i o n i z i n g  
r a d i a t i o n  and c e r t a i n  a l k y l a t i n g  a g e n t s  which are known t o  produce 
a p u r i n i c  sites ( c f .  radiomimetic  e f f e c t s  of methylmethanesulfonate  
o r  e thylmethanesul fona te) .  

. Major emphasis i n  ou r  program w i l l ,  however, be placed on 
s t u d i e s  of t h e  e x c i s i o n  r e p a i r  of p roduc t s  of t h e  5,6-dihydroxy- 
dihydrothymine type  i n  b a c t e r i a  and i n  normal and d i seased  mammalian 
cells .  “Open sys tems”’wi l1  be  used ,  i .e.  c rude  e. c o l i  e x t r a c t s  
prepared  accord ing  t o  Wickrrer e t  a l .  (1972) on one hand, and i s o l a t e d  
n u c l e i  from c u l t u r e d  mammalian cells  (Rernsen and C e r u t t i ,  unpubl ished 
r e s u l t s )  on t h e  o t h e r ,  and t h e  e x c i s i o n  of damaged r e s i d u e s  from 
an exogenous, damaged DNA s u b s t r a t e  w i l l  be i n v e s t i g a t e d .  These 
open.systems have a number of a t t r ac t ive  f e a t u r e s :  u n i r r a d i a t e d  
extracts o r  n u c l e i  are used w i t h  damaged, wel l -def ined DNA specimens 
o r  i n  certain experiments  w i t h  s e l e c t i v e l y  modified s y n t h e t i c  
polydeoxynucleot ides;  complementation and r e c o n s t i t u t i o n  experiments  
can be c a r r i e d  ou t  i n  case r e p a i r  d e f i c i e n c i e s  are d i scove red ,  etc. 
Both t h e  b a c t e r i a l  and t h e  mammalian system are p r e s e n t l y  success-  
fu l ly  being  used i n  o u r  l a b o r a t o r y .  
p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine type  from i r r a d i a t e d  
v i r a l  DNA and from Os04-oxidized polyd(A-T) by crude E. c o l i  
extracts and by  i s o l a t e d  mammalian n u c l e i  has been demonstrated 
(Hariharan and C e r u t t i ,  1974 a & b ;  Remsen and C e r u t t i ,  1974).  

. 

The s e l e c t i v e  e x c i s i o n  of 

I Some of t h e  q u e s t i o n s  which w i l l  be asked i n  our  experiments  - w i t h  E. - -  c o l i  e x t r a c t s  are: 
genes i n  t h e  r e p a i r  of y-ray induced thymine damage i n  E. c o l i ?  
(2)  What is  t h e  r o l e  of  t h e  exr-gene i n  r e p a i r  of y-ray induced 
thymine damage i n  E. c o l i ?  
f o r  t h e  j o i n i n g  of t h e  ends fo l lowing  t h e  removal from t h e  DNA of 
r i n g  damaged thymine? 
i n c i s i o n  s t e p  w i t h  t h e  h e l p  of l i g a s e  mutants  o r  l i g a s e  i n h i b i t o r s ?  

(1) What are t h e  f u n c t i o n s  of the r e c - .  

( 3 )  Is po lynuc leo t ide  l i g a s e  r e s p o n s i b l e  - . 
Is it  p o s s i b l e  t o  l e a r n  more about t h e  

I n  ou r  s t u d i e s  of p r e r e p l i c a t i o n  i n c i s i o n  r e p a i r  of y-ray 
damaged thymine in mammalian cel ls ,  w e  p l a n  t o  concen t r a t e  on two 
major ques t ions :  (1) A r e  t h e r e  d i f f e r e n c e s  i n  t h e  ’y-ray e x c i s i o n  
r e p a i r  c a p a b i l i t y  of normal and t ransformed human and roden t  
c e l l s ?  (2) What i s  t h e  y-ray e x c i s i o n  r e p a i r  c a p a b i l i t y  of n u c l e i  
f o r  normal human s k i n - f i b r o b l a s t s  and n u c l e i  from Xeroderma pigmen- 
tosum s k i n  f i b r o b l a s t s ?  

* 
. *  
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11. Apyr imidin ic -Si tes  i n  y - I r r a d i a t e d  DNA 

A s  po in ted  o u t  i n  t h e  i n t r o d u c t o r y  paragraph and i n  s e c t i o n  
I ( 5 )  of t h e  "Progress  Report", t h e  d i scove ry  t h a t  r i n g  damaged 
thymine r e s i d u e s  are i n  p a r t  "spontaneously" r e l eased  from y-irra- 
d i a t e d  DNA h a s  important  i m p l i c a t i o n s  f o r  our  understanding of t h e  
r e l a t i o n s h i p  between y-ray r e p a i r  and r e p a i r  of DNA l e s i o n s  induced 
by a l k y l a t i n g  a g e n t s  such as FlMS and M S .  
c h a r a c t e r i z a t i o n  of t h e  damage in t roduced  i n t o  DNA by i o n i z i n g  
r a d i a t i o n  may a l low a s t r u c t u r a l  d e f i n i t i o n  of the  DNA l e s i o n s  
which are recognized by t h e  v a r i o u s  "repair-endonucleases".  Such 
s t u d i e s  are a p r e r e q u i s i t e  f o r  t h e  c h a r a c t e r i z a t i o n  of t h e  damage 
recognized  by y-endonuclease from E. l u t e u s  ("endonuclease s e n s i t i v e  
s i t e s , " ) ,  y-endonuclease from E. c o l i  (Wallace,  1974) ,  endonuclease I1 
from -_ I_ E. c o l i  (Fr iedberg and Gold, 1969), a p u r i n i c  s i t e  enzymes from 
v a r i o u s  b a c t e r i a l ,  p l a n t  and mammalian sources ' (Perley e t  a l . ,  1973).  

The f u r t h e r  chemical  

We propose t o  con t inue  ou r  s t u d i e s  on t h e  formation of apyrimi- 
d i n i c -  and p o s s i b l y  a p u r i n i c  s i t e s  i n  y - i r r ad ia t ed  DNA. 
i r r a d i a t e d  pseudomonas phage PM-2 DNA l a b e l e d  by thymine-methyl[ 3H] 
and Os04-oxidized s y n t h e t i c  polyd (A-T)-thymine-methyl[ 3H] are be ing  
used i n  ou r  s t u d i e s .  (Note: Os04 s e l e c t i v e l y  ox id izes  thymine i n  
polyd(A-T) t o  5,6-dihydroxy-dihydrothymine. 
5,6-dihydroxy-dihydrothymine t y p e  ( t ' )  r e p r e s e n t  a major class of 
l e s i o n s  produced by i o n i z i n g - r a d i a t i o n  i n  DNA. OsO4-oxidized 
polyd(A-T), i n  c o n t r a s t  t o  y - i r r a d i a t e d  DNA, does n o t  c o n t a i n  
aden ine  damage and,  most impor t an t ly ,  does  n o t  con ta in  r a d i a t i o n -  
induced s t r a n d  breakage.  Os04-oxidized polyd(A-T) i n  c o n t r a s t  t o  
y - i r r a d i a t e d  PH-2 DNA, t h e r e f o r e ,  r e p r e s e n t s  a chemical ly  w e l l  d e f i n e d  
DNA s u b s t r a t e ) .  
material r e l e a s e d  a t  n e u t r a l i t y  from y - i r r a d i a t e d  PM-2 DNA and 
Os04-oxidized polyd(A-T) upon incuba t ion  a t  37" by ion-exchange 
chromatography on Dowex SO($) and DEAE-Sephadex columns. 
thymine, thymidine and t h y h i d y l i c  a c i d  w i l l  be cochromatographed 
as markers.  
bacterial  a l k a l i n e  phosphatase b e f o r e  a p p l i c a t i o n  t o  t h e  columns. 
Appropr i a t e  p o r t i o n s  of  t h e  e l u a t e s  w i l l  b e  pooled and analyzed f o r  
t h e i r  con ten t  i n  t' by t h e  a l k a l i - a c i d  deg rada t ion  a s s a y  (Hariharan 
and C e r u t t i ,  1974, see S e c t i o n  I(1) of "Progress  Report"). These 
experiments  w i l l  show whether t '  i s  indeed r e l eased  from the DNA as 
free base under  format ion  of i n t e r n a l  apyr imid in ic  si tes.  At t h e  
same t ime,  i t  w i l l  b e  i n t e r e s t i n g  t o  see how much i n t a c t  thymine, 
thymidine and thymidyl ic  a c i d  i s  r e l e a s e d  from i r r a d i a t e d  DNA 
under  mi ld ,  p h y s i o l o g i c a l  c o n d i t i o n s  ( a  measure of ! ' la tent ' '  damage 
of the DNA backbone ). For t h e  case o f - 0 ~ 0 4 - o x i d i z e d  polyd(A-T), 
the chromatographic a n a l y s i s  of t h e  low molecular  weight  f r a c t i o n  
w i l l  b e  complemented by sed imen ta t ion  a n a l y s i s  of t h e  polymeric  
material  on a l k a l i n e  s u c r o s e  g r a d i e n t s  o r  on n e u t r a l  s u c r o s e  g r a d i e n t s  
under d e n a t u r i n g  c o n d i t i o n s .  

Gamma- 

Products  of t h e  

We p l a n  t o  ana lyze  t h e  low molecular  weight  

Au then t i c  

A second series of samples will b e  p r e t r e a t e d  w i t h  



Depending on t h e  p r o g r e s s  i n  t h e s e  experiments t h e  g e n e r a l i t y  

The q u e s t i o n  whether a p u r i n i c  s i tes  are formed 
of o u r  f i n d i n g s  concerning “athyminic  sites” i n  y - i r r ad ia t ed  PM-2 
DNA w i l l  be  t e s t e d .  
i n  y - i r r a d i a t e d  DNA w i l l  be  s t u d i e d  i n  an  analogous series of 
experiments  u s i n g  DNA s p e c i f i c a l l y  l abe led  i n  adenine i n s t e a d  of 
thymine. 
s t r a i g h t f o r w a r d .  However, t h e  development of an  a s s a y  f o r  y-ray 
induced adenine damage a long  t h e  l i n e  of our assay f o r  t ’  may 
r e q u i r e  a cons ide rab le  amount of work. 

The p r e p a r a t i o n  of DNA s p e c i f i c a l l y  l a b e l e d  i n  adenine i s  

111. Repai r  of y-Ray Damaged Thymine by Crude E. C o l i  E x t r a c t s  

A .  The r o l e  of t h e  rec-genes i n  r e p a i r  of Y-ray induced 
thymine damage. 

The involvement of t h e  recombinat ion enzyme systems i n  
t h e  r e p a i r  of W- and y-ray induced DNA damage i n  E.  c o l i  w a s  
imp l i ca t ed  when i t  was found t h a t  recA-mutants which can perform a l l  
t h e  steps of zygote  format ion  b u t  are unable  t o  l i n k  DNA molecules  
t o  form recombinants  are much more s e n s i t i v e  t o  UV-light and 
i o n i z i n g  r a d i a t i o n  (2.5 t o  5-fold more s e n s i t i v e )  t han  t h e  w i l d  
t y p e  s t r a i n s  (Clark  and Margul ies ,  1965; Howard-Flanders and Boyce, 
1966; Howard-Flanders and T h e r i o t ,  1966) .  
induced damage which escaped e x c i s i o n  r e p a i r ,  i t  w a s  shown t h a t  
t h e  recombinat ion enzyines are involved  i n  r e c o n s t i t u t i n g  t h e  i n t e g r i t y  
of t h e  genome fo l lowing  DNA r e p l i c a t i o n  by sister s t r a n d  exchange 
( p o s t r e p l i c a t i o n  r e p a i r ;  Rupp and Howard-Flanders, 1968; Ganesan 
and Smith, 1972; Rupp, et a l . ,  1971) .  

For  t h e  case of W- 

I 

The molecular  s t e p s  i n  which t h e  rec-enzynes p a r t i c i p a t e  i n  
y-ray r e p a i r  have n o t  been e l u c i d a t e d .  
ev idence  t h a t  t h e  recA, recB and recC f u n c t i o n s  p a r t i c i p a t e  i n  t h e  
slow, growth dependent r e s e a l i n g  of r a d i a t i o n  induced DNA s t r a n d  
breakage  i n  - -  E. c o l i  f i r s t  desc r ibed  by McGrath and W i l l i a m s  (1966) - 
(“ type  111” r e p a i r  of s i n g l e  s t r a n d  b reaks  accord ing  t o  t h e  nomen- 
c l a t u r e  of Smith and h i s  c o l l a b o r a t o r s ,  see i n  Town, e t  al., 1973). 
While recA-mutants are completely d e f i c i e n t  i n  t h i s  slow r e s e a l i n g  
p rocess  (Kapp and Smith,  1970) some r e s i d u a l  r e s e a l i n g  appears  t o  
occur  i n  recBrecC-mutants (Town e t  a l . ,  1973 ). It may b e  
specu la t ed  t h a t  t h e  recBrecC-enzyme (exonuclease V) may b e  needed 
f o r  end-preparat ion,  i . e  removal of damaged o r  undamaged r e s i d u e s  
a t  t h e  breaks.  From s t u d i e s  of t h e  e f f e c t s  of c e r t a i n  drugs  on 
slow b reak  r e p a i r  i n  wi ld  t y p e  E. c o l i  and rec--mutants i t  w a s  
suggested by Town -- e t  a l .  (1973) t h a t  t h e  rec- func t ions  may 
a d d i t i o n a l l y  p a r t i c i p a t e  i n  o t h e r  r e p a i r  p rocesses ,  e .g .  t h e  rGpair 
of damage a t  n u c l e i c  a c i d  b a s e s  ( c f .  i n  analogy t o  t h e  r e d -  
c o n t r o l l e d  r e p a i r  of W-base damage; Rupp and Howard-Flanders, 
1968; Smith and Meun, 1970) .  

There i s  c o n s i d e r a b l e  

. 
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During t h e  coming y e a r  w e  p l a n  t o  i n v e s t i g a t e  t h e  r o l e  of t h e  
rec-gene p roduc t s  i n  t h e  e x c i s i o n  r e p a i r  of y-ray induced thymine 
damage. Our "open E. c o l i  system" w i l l  b e  used.  Crude extracts 
w i l l  be prepared e s s e n t i a l l y  accord ing  t o  Wickner, -- e t  a l .  (1972) 
from E. c o l i  endo I' recA', E. c o l i  recA-recB-. The c a p a c i t y  of 
t h e s e  extracts t o  e x c i s e  p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine 
t ype  ( t  ') from y - i r r a d i a t e d  PFI-2 DNA and from Os04-oxidized polyd(A-T) 
w i l l  be  s t u d i e d .  
i r r a d i a t e d  PM-2 DNA c o n t a i n s  a v a r i e t y  of l e s i o n s  i n  a d d i t i o n  t o  t '  
w h i l e  Os04-oxidized polyd(A-T) only  c o n t a i n s  5,6-dihydroxy-dihydro- 
thymine and some a p y r i m i d i n i c  si tes).  S p e c i a l  a t t e n t i o n  w i l l  be 
g iven  t o  t h e  s e l e c t i v i t y  of t h e  e x c i s i o n  p rocess  by t h e  e x t r a c t s  
from t h e  d i f f e r e n t  mutants  ( i . e .  t h e  number of  non-damaged r e s i d u e s  
removed from t h e  DNA pe r  r i n g  damaged r e s i d u e  t ' ) .  

( A s  mentioned i n  t h e  i n t r o d u c t o r y  paragraph y- 

B. The ro l e  o f , t h e  exr-gene i n  r e p a i r  of y-ray induced 
thymiqe damage. 

6 

- -  E. c o l i  mutants  d e f i c i e n t  i n  t h e  exrA ( l e a ) - g e n e  are 2 
t o  4 times more sensi t ive t o  X-rays than  t h e  corresponding wi ld  type  
s t r a i n .  The'exrA-gene product  i s  r e q u i r e d  f o r  t h e  slow r e s e a l i n g  
of rad ia t ion- induced  DNA s t r a n d  b r e a k s  (" type 111" r e p a i r ,  Youngs 
and Smith, 1973) and may be r e s p o n s i b l e  f o r  e r ror -prone  r e p a i r  
l e a d i n g  t o  r a d i a t i o n  induced mutagenesis  i n  - -  E .  c o l i .  
As f o r  t h e  rec-genes it has been specu la t ed  t h a t  t h e  exr-funct ion 
may p a r t i c i p a t e  i n  r e p a i r  p rocesses  o t h e r  t han  s t r a n d  r e s e a l i n g  
(Town, etg., 1973). 

W e  p l a n  t o  c a r r y  o u t  a s t u d y  of t h e  e x c i s i o n  r e p a i r  
c a p a b i l i t y  of g. c o l i  exrA- us ing  t h e  "open E. c o l i  system'' and 
the exogenous DNA s u b s t r a t e s  desc r ibed  i n  t h e  preceeding  s e c t i o n .  

C. 

. 

The r o l e  of po lynuc leo t ide  l i g a s e  i n  y-ray e x c i s i o n  
repair ;  s i n g l e  s t r a n d  b reaks  a s s o c i a t e d  w i t h  t h e  e x c i s i o n  
of damaged thymine r e s i d u e s  from OsOq-oxidized polyd (A-T) . 
The r o l e  of  po lynuc leo t ide  l i g a s e  i n  t h e  f i n a l  r e s e a l i n g  

s t e p  i n  e x c i s i o n  r e p a i r  of UV-photodimers i n  b a c t e r i a  has been 
c l e a r l y  demonstrated (see e .g .  Grossman, 1974) .  Corresponding 
experiments  have n o t  been c a r r i e d  o u t  f o r  y-ray e x c i s i o n  r e p a i r .  
We are planning t o  s t u d y  t h e  involvement of po lynuc leo t ide  l i g a s e  
of E. c o l i  i n  t h e  e x c i s i o n  r e p a i r  of 5,6-dihydroxy-dihydrothymine 
(t ') i n  Os04-oxidized poly(A-T). The removal from t h e  polymer of 
t '  by c rude  e x t r a c t s  of E. c o l i  endo I' l i g 4  a t  the pe rmis s ive  and 
non-permissive tempera ture  w i l l  b e  measured by our s t anda rd  

f i l l i n g  and r e s e a l i n g ,  w i l l  b e  fol lowed by . a l k a l i n e  suc rose  g r a d i e n t  
sed imenta t ion  (Note: 
occurs  on t h e  a l k a l i n e  s u c r o s e  g r a d i e n t s  c a r r i e d  o u t  i n  a SW 50.1 

. t echn iques  and t h e  complet ion of t h e  r e p a i r  p rocess ,  i .e. gap- 

no degrada t ion  of Os04-oxidized polyd(A-T) 
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r o t o r  a t  20: f o r  12 h r s  a t  45,000 rpm). 
experiments  w i l l  be  c a r r i e d  o u t  i n  t h e  presence  and absence of t h e  
l i g a s e - i n h i b i t o r  nicot inamidemononucleot ide (NMN).  These exper i -  
ments w i l l  show whether  po lynuc leo t ide  l i g a s e  i s  r e s p o n s i b l e  f o r ,  
t h e  l as t  r e s e a l i n g  s t e p  i n  y-ray e x c i s i o n  r e p a i r .  
r e j o i n i n g  i s  indeed d e f i c i e n t  a t  t h e  non-permissive tempera ture  of 
t h e  l igq-mutant  o r  i n  t h e  wi ld  type  i n  t h e  presence of NMN as 
suggested -by some p re l imina ry  experiments  t h e  c o r r e l a t i o n  of t h e  
product  e x c i s i o n  d a t a  w i t h  t h o s e  ob ta ined  by sed imenta t ion  a n a l y s i s  
should a l low a n  estimate of t h e  endonuc leo ly t i c  b reaks  in t roduced  
i n t o  t h e  polymer p e r  r i n g  damage thymine r e s i d u e .  Some experiments  
a long  t h e s e  l i n e s  are p r e s e n t l y  be ing  c a r r i e d  out  and look r a t h e r  
promising. 

An analogous series of  

I f  s t r a n d  

IV. Excis ion  R e p a i r  of y-Ray Damaged Thymine by I s o l a t e d  Nucle i  
From Normal and Diseased Mammalian Cells. 

A s  mentioned i n  t h e  " In t roduct ion" ,  we have developed a n  
open system" us ing  i s o l a t e d  n u c l e i  p r e p a r a t i o n s  f o r  t h e  s tudy  of 

e x c i s i o n  r e p a i r  of y-ray o r  OsO4-induced thymine damage of t h e  
5,6-dihydroxy-dihydrothymine t y p e  (t ') and some of t h e  advantages 
and d i sadvan tages  of  o u r  exper imenta l  d e s i g n  have been mentioned. 
Th i s  system is  p r e s e n t l y  s u c c e s s f u l l y  b e i n g  used i n  p re l imina ry  
s t u d i e s .  S e l e c t i v e  e x c i s i o n  of t '  from y - i r r a d i a t e d  bac ter iophage  
PM-2 DNA o r  Os04-oxidized polyd(A-T) has been demonstrated by 
n u c l e i  from human carcinoma HeLa S-3 ce l l s  and human embryonic 

I l ung  f i b r o b l a s t s  WI-38 (Remsen, Mat te rn  and C e r u t t i ,  unpubl ished 
r e s u l t s ) .  Approximately 25% of t '  w a s  removed from a c i d  p r e c i p i t a b l e  
DNA w i t h i n  30 min. of incuba t ion  w i t h  HeLa o r  WI-38 n u c l e i  
p r e p a r a t i o n s  complemented by an ATP g e n e r a t i n g  system and t h e  fou r  ' 

deoxynucleosidetriphosphates. 
rendered  a c i d  s o l u b l e  d u r i n g  the same t i m e  per iod .  We are p r e s e n t l y  
op t ima l i z ing  t h e  c o n d i t i o n s  of  ou r  system and w e  are e s t a b l i s h i n g  
some of i t s  b a s i c  p r o p e r t i e s :  e.g.  de t e rmina t ion  of opt imal  pH, 
i o n i c  m i l i e u ,  n u c l e i  concen t r a t ion ;  what is  t h e  e f f e c t  of f r e e z i n g '  
of the n u c l e i  p r e p a r a t i o n s  (Mammalian endonucleases  appear t o  b e  
extremely s e n s i t i v e  t o  f reez ing! )? .  What i s  t h e  e f f e c t  of SH- 
i n h i b i t o r s ?  
DNA by t h e  n u c l e i ? ,  etc.' 
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VI 

Only 6% undamaged thymine w a s  

In  what form are t h e  damaged r e s i d u e s  removed from t h e  

During the coming y e a r  w e  are p lann ing  t o  c o n c e n t r a t e  on 
(a) a comparison of t h e  y-ray r e p a i r  c a p a b i l i t y  of n u c l e i  from 
normal and v i r a l l y  t ransformed mammalian cel ls ;  (b)  s t u d i e s  of t h e  
y-ray r e p a i r  c a p a b i l i t y  of n u c l e i  from normal human s k i n  f i b r o b l a s t s  
and from Xeroderma pigmentosum s k i n  f i b r o b l a s t s .  Most of t h e  
experiments  proposed below w i l l  be  c a r r i e d  p u t  i n  p a r a l l e l  w i t h  
y - i r r a d i a t e d  PM-2 DNA and Os04-oxidized polyd(A-T). The comparison 
of r e s u l t s  ob ta ined  w i t h  t h e  two s u b s t r a t e s  a l lows  a n  assessment  of 
t h e  e f f e c t  of DNA damage o t h e r  t han  t ' ,  i n  p a r t i c u l a r ,  of r a d i a t i o n  
induced s t r a n d  b r e a k s ,  on t h e  e x c i s i o n  r e p a i r  p rocess .  



A .  The y-ray e x c i s i o n  r e p a i r  c a p a b i l i t y  of n u c l e i  from normal 
and v i r a l l y  t ransformed mammalian cells. 

I o n i z i n g  r a d i a t i o n  remains t o  be  t h e  most s u c c e s s f u l  t o o l  
f o r  t h e  the rapy  of cancer .  
i n  t h e  repair  c a p a b i l i t i e s  of normal and malignant cel ls  could 
sugges t  new avenues f o r  t h e  improvement of r a d i o t h e r a p e u t i c  proce- 
du res .  
s t r a n d  b reaks ,  unscheduled s y n t h e s i s  or r e p a i r  r e p l i c a t i o n  w a s  
observed i n  mal ignant  cel ls  ( s e e  e .g .  i n  P a i n t e r ,  1970, 1 9 7 2 ) .  An 
inc reased  rate of r e j o i n i n g  of s i n g l e  s t r a n d  breaks was observed 
i n  ch ron ic  lymphocytic leukemic ce l l s  (Huang e t  al., 1972).  
Except for o u r  p re l imina ry  r e s u l t s  w i t h  HeLa 5-3 ce l l s ,  no d a t a  is  
a v a l i a l b l e  on t h e  y-ray e x c i s i o n  r e p a i r  c a p a c i t y  of t ransformed 
re la t ive  t o  normal cel ls .  

The d i s c o v e r y  of s i g n i f i c a n t  d i f f e r e n c e s  

No d e f i c i e n c i e s  i n  t h e  r e p a i r  of radiat ion-induced s i n g l e  

We pia,; t o  compare t h e  c a p a b i l i t y  f o r  exc i s ion  r e p a i r  of 
y-ray p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine t y p e  ( t ' )  of 
i s o l a t e d  n u c l e i  from normal and v i r a l l y  transformed cells. Our 
s t anda rd  i s o l a t e d  n u c l e i  system w i l l  be used wi th  y - i r r a d i a t e d  PM-2 
DNA and Os04-oxidized polyd(A-T) as exogenous s u b s t r a t e s .  
p l a n  t o  c a r r y  ou t  experiments  concern ing  t h e  gap f i l l i n g  s t e p  of 
t h e  e x c i s i o n  repair process .  
sou rces  f o r  t h e  p r e p a r a t i o n  of n u c l e i :  human embryonic lungf ibro-  
blasts WI-38 >< SV-40 t ransformed WI-38; mouse embryo 3T3 c e l l s  ><  
SV-40 and polyoma transformed 3T3; ts-3 3T3 (tsPy) a t  t h e  permiss ive  
and non-permissive tempera ture  ( t s -3  3T3 i s  a polyoma transformed 
c e l l  l i n e  which e x h i b i t s  a l l  t h e  c h a r a c t e r i c s  of a t ransformed l ine  
at t h e  permiss ive  tempera ture  b u t  has normal growth p r o p e r t i e s  
a t  t h e  non-permissive temperature;  the temperature  s e n s i t i v i t y  i n  
ts-3 3T3  h a s  been shown t o  r e s i d e  i n  t h e  v i r u s  (Eckhart  e t  a l . ,  1 9 7 1 ) ;  
ts s p t r  3T3 a t  t h e  permiss ive  and t h e  non-permissive t e m p e r a t u r e .  
(ts s p t r  3T3 i s  a spontaneously t ransformed 3T3 l i n e  which is  
tempera ture  s e n s i t i v e  for t h e  e x p r e s s i o n  of t h e  t r ans fo rma t ion  
c h a r a c t e r i s t i c s )  ob ta ined  from Dr. K. Noonan of our  Department).  

We a l s o  

The fo l lowing  cells w i l l  b e  used as 

' 

B. The y-ray r e p a i r  c a p a b i l i t y  of n u c l e i  from normal human , 

s k i n - f i b r o b l a s t s  and from Xeroderma pigmentosum skin-  
f i b r o b l a s t s .  

There are a number of h e r e d i t a r y  d i s e a s e s  i n  humans which 
are c h a r a c t e r i z e d  by a n  inc reased  f requency  for t he  development of 
leukemia and sys temic  cancer  (e.g.  Fanconi ' s  Anemia, Bloom's Syndrome, 
Louis-Bar Syndrome, Xeroderma pigmentosum). 
,be  cons idered  tha t  a d e f i c i e n c y  i n  DNA repair  may form t h e  molecular  
b a s i s  f o r  some of t h e s e  d i s e a s e s .  

The p o s s i b i l i t y  h a s  t o  
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The n o t i o n  t h a t  un repa i r ed  DNA damage may u l t i m a t e l y  l e a d  
t o  mal ignant  t r ans fo rma t ion  h a s  r e c e n t l y  ob ta ined  s t r o n g  suppor t  by 
t h e  work of Hart and Set low (1973). These au thors  were a b l e  t o  
demonstrate  a d i r e c t  c o r r e l a t i o n  between n e o p l a s t i c  t r ans fo rma t ion  
and t h e  l eve l  of pyrimidine photodimers i n  DNA f o r  t h e  f i s h  P o e c e l i a  
formosa. Advantage was taken  of t h e  presence  of p h o t o r e a c t i v a t i n g  
enzyme i n  f i s h  'cells which al lowed t h e  s e l e c t i v e  r e v e r s i o n  of photo- 
dimers.  Another r e s u l t  r e l a t i n g  DNA damage t o  malignant transforma- * 

t i o n  has  been ob ta ined  by Ikenaga ,  e t  a l . ,  (1974). A dec rease  i n  
t h e  t r ans fo rma t ion  f requence  of 4-nitroquinoline-l-oxide t r e a t e d  
mouse cells  w i t h  i n c r e a s i n g  l i q u i d  ho ld ing  t i m e  fo l lowing  t r ea tmen t  
w i t h  t h e  carcinogen was observed. 
damages t h e  pu r ine  bases  i n  DNA i n  s i t u ,  t h e  decrease  i n  t ransforma- 
t i o n  frequency by l i q u i d  ho ld ing  w a s  a t t r i b u t e d  t o  DNA r e p a i r .  
are, of course ,  many examples f o r  chemica l ly  o r  r a d i a t i o n  induced 
ca rc inogens i s  which have been r e l a t e d  t o  t h e  induc t ion  of an  onco- 
gen ic  v i r u s .  I n  t h e  .cases mentioned above, such an  i n t e r p r e t a t i o n  
appears  less obvious s i n c e  r e v e r s i o n  of  DNA damage w a s  accompanied 
by a dec rease  i n  t r ans fo rma t ion  frequency.  

. 

Since  4-nitroquinoline-l-oxide 

There 

Only f o r  t h e  case o f  Xeroderma pigmentosum (W) h a s  a DNA 
r e p a i r  d e f i c i e n c y  a c t u a l l y  been demonstrated.  
complete absence of unscheduled DNA s y n t h e s i s  w a s  found i n  XP-cells 
fo l lowing  exposure t o  W - l i g h t  b u t  n o t  t o  i o n i z i n g  r a d i a t i o n .  
Mostly on t h e  b a s i s  of t h i s  obse rva t ion ,  i t  w a s  concluded t h a t  t h e  
endonuc leo ly t i c  i n c i s i o n  s t e p  i n  p r e r e p l i c a t i o n  r e p a i r  of W- 
photodimers w a s  d e f i c i e n t  i n  XP-cells (Cleaver ,  1969). While i t  
i s  s t i l l  g e n e r a l l y  accepted  t h a t  some e a r l y  s t e p  i n  W-excis ion  
r e p a i r  is  d e f e c t i v e  i n  XE', c o n s i d e r a b l e  doubt h s  r e c e n t l y  ar isen 
whether  a d e f e c t i v e  o r  miss ing  W-endonuclease indeed r e p r e s e n t s  t h e  
molecular  b a s i s  f o r  t h i s  d i sease .  
W-photodimers are t h e  c r u c i a l  DNA l e s i o n s  i n  XP (Bacche t t i ,  e t  a l . ,  
1972). Complementation s t u d i e s  i n d i c a t e  t h a t  t h e  d i s e a s e  canno t -  
b e  due s imply t o  a s i n g l e  gene muta t ion  (see e.g. K e i j z e r  and 
Bootsma, 1973); f o r  an up-to-date a p p r a i s a l  of t he  p r e s e n t  s t a t u s  
of Xeroderma re sea rch ,  i t  i s  r e f e r r e d  t o  t h e  review by Cleaver (1974). 

A depres s ion  o r  

It h a s  becone ques t ionab le  whether 

A s y s t e m a t i c  s tudy  of y-ray r e p a i r  i n  W - c e l l s  w i l l  h e l p  
t o  d e f i n e  t h e  molecular  b a s i s  f o r  t h i s  i n t e r e s t i n g  d i s e a s e  and shed 
some l i g h t  on t h e  r e l a t i o n s h i p  between unrepa i red  DNA damage and 
mal ignant  t ransformat ion .  While t h e  r e p a i r  of rad ia t ion- induced  
s i n g l e  s t r a n d  breakage  and unscheduled s y n t h e s i s  were normal i n  
XP-skin f i b r o b l a s t s ,  no in fo rma t ion  i s  a v a i l a b l e  concerning t h e i r  
c a p a b i l i t y  t o  e x c i s e  y-ray damaged n u c l e i c  a c i d  r e s idues .  We are 
p lanning  t o  s tudy  t h e  e x c i s i o n  of p roduc t s  of t h e  5,6-dihydroxy- 
dihydrothymine type  from y - i r r a d i a t e d  PM-2 DNA and OsOq-oxidized 
polyd(A-T) by i s o l a t e d  n u c l e i  from XP-skin f i b r o b l a s t s .  (We have 
ob ta ined  s i x  XP-lines from ATCC and Dr. G. Todaro (SV-40 t ransformed 
X P )  and w e  have n o t  encountered any s e r i o u s  problems i n  c u l t u r i n g  . 

' t h e s e  cells. ) 
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V I .  Support ing Data 

A. Personnel  

B io log raph ica l  s k e t c h e s ,  r e s p o n s i b i l i t y  i n  t h e  proposed p r o j e c t ,  
p e r  c e n t  of t ime 'devoted  t o  p r o j e c t  and s e l e c t e d  p e r s o n a l  p u b l i c a t i o n s  
r e l a t e d  t o  p r e s e n t  proposa l .  

1. P e t e r  A .  C e r u t t i  

NAME: P e t e r  A .  C e r u t t i ,  M . D . ,  Ph.D. 
TITLE : 
BIRTHDATE/BIRTHPLACE: 
PRESENT NATIONALITY: 
SEX: 
SOCIAL SECURITY NUMBER: 

EDUCATION : 

I n s t i t u t i o n  

airman 
Zur ich ,  Switzer land 

Degree Year S p e c i a l t y  

HONORS : 

F i r s t  P r i z e ,  U n i v e r s i t y  of Zur ich ,  1957, f o r  Medical Research. 
Fel lowship of "Swiss Foundat ion f o r  Chemistry and Pharmacy", 1957-60. 
Fe l lowship  of Swiss Na t iona l  Sc ience  Foundat ion,  1960-63. 
Member of Honorary S o c i e t y  of Sigma X i .  

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

1971 - P r o f e s s o r  and Ghairman, Department of Biochemistry,  
U n i v e r s i t y  of F l o r i d a  , G a i n e s v i l l e  , F l o r i d a  

~ 1966 - 1970 A s s i s t a n t  P r o f e s s o r ,  Department of Biochemistry Sc iences ,  
P r i n c e t o n  U n i v e r s i t y ,  P r ince ton ,  New J e r s e y .  

1964 - 1966 Research Assoc ia t e  NIAEID and NHI (with D r s .  Nirenberg,  
Witkop and Udehfr ied) ,  Na t iona l  I n s t i t u t e s  of Heal th ,  
Bethesda,  Maryland. 

RESPONSIBILITY I N  THE PROPOSED PROJECT AND PER CENT TIME DEVOTED TO I T :  

. P r i n c i p a l  I n v e s t i g a t o r ;  20% of t i m e  devoted t o  p r o j e c t .  
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SELECTED PERSONAL PUBLICATIONS IN AREAS RELATED TO PRESENT PROPOSAL 

P. Cerutti and H. Schmid - Photoreaktionen von Methanol mit N-Hetero- 
cyclen (1. Mitteilung) Helv. Chim. Acta - 45, 1992 (1962). 

P. Cerutti and H. Schmid - Photoreaktionen von Methanol mit N-Hetero- 
cyclem (2. Mitteilung) Helv. Chim. Acta - 47, 203 (1963). 

P. Cerutti, K. Ikeda and B. Witkop - The Selective Photoreduction of 
Uridine in Polynucleotides. J. Am. Chem. SOC. - 87, 2505 (1965). 

H. Goeth, P. Cerutti and H. Schmid - Photorealctionen von Acridine und 
Acridinabkoemmlingen sowie von Arylketonen. mit Methanol. Helv. Chim. 
Acta - 48, 1395 (1965). 

F. Rottman and P. A. Cerutti - The Template Activity of Uridylic Acid - 
Dihydrouridylic Acid Copolymers. Proc. Natl. Acad. Sci. 55, 960 (1966). 

C. Ball&, P. Cerutti and B. Witkop - Selective Photoreduction of 
of Thymine. J. Am. Chem. SOC. 88, 3946 (1966). 

0. Yonemitsu, P. Cerutti and B. Witkop - Photoreductions and Photo- 
cyclizations of Tryptophan. 

- 

. Nucleotides and Nucleic Acids. 11. Mechanism of the Two-step Reduction 
- 

J. Am. Chem. SOC. - 88, 3941 (1966). 

P. Cerutti and N. Miller - The Selective Reduction of Yeast Transfer 
Ribonucleic Acid with Sodium Borohydride. J. Mol. Biol. 26,-55 (1967). - 
P. Cerutti, Y. Kondo, W. B. Landis and B. Witkop - Photoreduction of 
Uridine and Reduction of Dihydrouridine with Sodium Borohydride. J. 
Am. Chem. SOC. - 90, 771 (1968). 

N. Miller and P. Cerutti - The Structure of the Photohydration 
Products of Cytidine and Uridine. 
34 (1968). 

Proc. Natl. Acad. Sci. USA 59,' - 

P. Cerutti, 3. W. Holt and N. Miller - Detection and Determination of 
5,6-Dihydrouridine and 4-Thiouridine in Transfer Ribosnucleic Acid 

- from Different Sources. J. Mol. Biol. 34, 505 (1968). 

M. Pleiss, H. Ochiai and P. Cerutti - Photochemically Induced Transition 
of 4-Thiouridine to Uridine and Cytidine in E. coli Transfer RNA. 
Biophys. Res. Comun. - 34, 70 (1969). 

- -  

A .  M. Bobst, P. A. Cerutti and F. Rottman - The Structure of Poly 2'-0- 
Methyladenylic Acid at Acidic and Neutral pH.' J. Am. Chem. SOC. 91, 
1246 (1969). 

A. M. Bobst, F.. Rottman and P. A. Cerutti - Role of the Ribose 2 ' -  
hydroxyl Groups for the Stabilization of the Ordered Structures of 
RNA. J. Am. Chem. SOC. 91, 4603 (1969). . 

- 

- 

1 0 3 9 2 2 b  
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P.  A. Cerutti, N. Miller, M. G. Pleiss, J. F. Remsen and W. J. Ramsay - 
Photohydration of Uridine in the RNA of Coliphage R17. I. Reduction 

. Assay for Uridine Photohydration. Proc. Natl. Acad. Sci. - 64, 731 (1969). 

A.  M. Bobst, F. Rottman and P. A .  Cerutti - The Effect of the Methylation 
of 2l-Hydroxyl Groups in Polyadenylic Acid on its Structure in Weakly 
Acidic and Neutral Solutions and on its Capability to Form Ordered 
Complexes with Polyuridylic Acid. J.'Mol. Biol. - 46, 221 (1969). 

J. F. Remsen, N. Miller and P: A. Cerutti - Photohydration of Uridine 
in the RNA of Coliphage R17. 
Inactivation and Uridine Photohydration. Proc. Natl. Acad. Sci. USA 
- 65, 460 (1970). 

11. The Relation Between Ultraviolet 

P. V. Hariharan and P. A.  Cerutti - Repair of Radiation Damaged Thymine 
in Micrococcus radiourans. Nature New Biology 229, 247 (1971). 
J. F. Remsen, M. Mattern; N. Miller and P.. A. Cerutti - Photohydration 
of Uridine in the-'Ribonucleic Acid of Coliphage R17. 
Uridine Photohydrates and Nonlethality of Cyclobutane-type Photodimers. 
Biochemistry -' 10 524 (1971). 

Lethality of 

M. G. Pleiss and P. A.  Cerutti - Phototransformation of 4-Thiouridine in 
Escherichia coli Valine Transfer Ribonucleic Acid to Uridine, Cytidine 
and N4-Methylcytidine. Biochemistry - 10, 3093 (1971). 

J. Swinehart, A. Bobst and P. Cerutti - The Effect of Saturated 
Pyrimidine Bases on RNA Conformation. 

P. V. Hariharan and P. A .  Cerutti - Formation and Repair of y-ray 
Induced Thymine Damage in Micrococcus radiourans. 
(1972). 

FEBS Letters - 21, 56 (1972). 

J. Mol. Biol. - 66, 65 

M. Mattern, R. Binder and P. A. Cerutti - Cytidine Photohydration in Rl7- 
RNA. J. Mol. Biol. '66, - 201 (1972). 

M. R. Mattern, P. V. Hariharan, D. E. Dunlap and P. A. Cerutti. 
DNA Degradation and Excision Repair in Gamma-Irradiated Chinese Hamster 
Ovary Cells. Nature New Biol. - 245, 230 (1973). 

P. A. Cerutti. Effects of Ionizing Radiation on Mammalian Cells. 
Naturwissenschaften - 61, 51 (1974). 

J. L. Roti Roti, G. S. Stein and P. A. Cerutti. Reactivity of Thymine 
to Gamma-ray in HeLa Chromatin and Nucleoprotein Preparation. 
- 13, 1900 (1974). 

Biochemistry 

J. L. Swinehart, W. S. Lin and P. A. Cerutti.. Gamma-ray Induced Damage 
in Thymine in Mononucleotide Mixtures and in Single- and Double-Stranded 
DNA. Rad. Res. - 58, 166 (1974). 
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P. C e r u t t i  - Deoxycyt idine Photohydra t ion  i n  DNA, Chapter I C  i n  
Photochemistry and Photobiology of Nucle ic  Acids (S. Y. Wang and M. 
P a t r i c k ,  e d s . ) ,  Gordon Breach Sc ience  P u b l i s h e r s ,  New York, i n  p r e s s .  

J. L. R o t i  R o t i  and P. A. C e r u t t i .  Gama-ray Induced Thymine Damage i n  
Mammalian Cells. . In t .  J. Rad ia t .  B i o l . ,  i n  p r e s s .  

P. V. Hariharan  and P. A. C e r u t t i ,  Excis ion  of Damaged Thymine 
Res idues  from G a m - I r r a d i a t e d  Polyd(A-T) by Crude - -  E. C o l i  Extracts. 
Proc.  N a t l .  Acad. S c i . ,  i n  p r e s s .  

. .  

- : . .. . .. 
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2. Michael R. Mattern 

NAME : 
TITLE 
BIRTHDATE/BIRTHPLACE : 
PRESENT NATIONALITY : 
SEX: 

-16- 

Michael Ross Mattern 
Postdoctoral Associate 

U.S.A. 
Male . 

almerton, Penn. - SOCIAL SECURITY NUMBER: 

EDUCATION : 

Institution Degree Year Specialty 

_1 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

Thesis work on "Repair of Chromosomal Damage in Mammalian Cells" in 
Dr. P. Cerutti's laboratory, Department of Biochemistry, University 
of Florida (as Princeton student). 

RESPONSIBILITY IN THE PROPOSED PROJECT AND PER CENT TIME DEVOTED TO IT: 

Dr. M. Mattern will devote 100% of his effort to the study of the 
.repair of y-ray induced thymine damage in mammalian cells. 

SELECTED PERSONAL PUBLICATIONS IN AREAS RELATED TO PRESENT PROPOSAL: 

J. F. Remsen, M. Mattern, N. Miller and P. Cerutti - Photohydration of 
uridine in the RNA of Coliphage R17. 
and nonlethality of cyclobutane-type photodimers, Biochemistry 10, 524 
(1971). 

I 

Lethality of uridine photohydrates 
' - 

M. Mattern, R. Binder and P. A.  Cerutti, Cytidine photohydration i? 
Rl7-RNA (J. Mol. Biol. 66, 201 (1972)). - 
M. Mattern, P. Hariharan, D. E. Dunlap and P. A. Cerutti, DNA degrada- 
tion and excision repair in gamma-irradiated Chinese hamster ovary 
cells. Nature New Biol. 245, 230 (1973). 

. 
- 

* Expected in August, 1974 
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3 .  Brian E. Dunlap 

NAME : 
TITLE : 
BIRTHDATE/BIRTHPLACE: 
PRESENT NATIONALITY: 
SEX : 
SOCIAL SECURITY NUIIBER: 

Br i an  Er ic  Dunlap . 
P o s  tdoc  t o soc  i a  t e 

Orange, N e w  J e r s e y  
USA 
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EDUCATION: 

I n s t i t u t i o n  .Degree Year S p e c i a l t y  

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

1971 - P o s t d o c t o r a l  Assoc ia t e  w i t h  D r .  P. A. C e r u t t i ,  Department 
of Biochemistry,  U n i v e r s i t y  of F l o r i d a ,  G a i n e s v i l l e ,  
F l o r i d a .  

1955 - 1956 Research A s s i s t a n t  w i t h  D r .  Mary Shorb, Un ive r s i ty  of 
Maryland, Col lege  Park ,  Maryland 

SELECTED PERSONAL PUBLICATIONS IN AREAS RELATED TO PRESENT PROPOSAL : 

M. R. Mattern, P. V. Har iha ran ,  B. E. Dunlap and P. A. C e r u t t i ,  1974. 

Ovary Cells. Nature  New Biology 245, 230. 
-DNA Degradation and Exc i s ion  Repair  i n  y - I r r a d i a t e d  Chinese Hamster 

B .  E. Dunlap, and P. A. C e r u t t i ,  1974. Spontaneous Release of Thymine, 
Damaged Thymine and Ol igonuc leo t ides  A f t e r  y - I r r a d i a t i o n  of PM-2 DNA. 
Manuscript  i n  p r e p a r a t i o n .  

RESPONSIBILITY I N  THE PROPOSED PROJECT AND PER CENT TIME DEVOTED TO I T :  

D r .  B. Dunlap w i l l  have major  r e s p o n s i b i l i t y  f o r  our  work on t h e  forrna- 
t i o n  of apyr imidin ic  s i tes  i n  y - i r r a d i a t e d  DNA and h e  w i l l  devote  100% 
of h i s  e f f o r t  t o  t h i s  p r o j e c t .  
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V I I .  Budget 

Budget f o r  t h e  pe r iod  September 1, 1974 t o  August 31, 1975 

ZQ - 0 -  
x of 

N a m e  T i t l e  Time 

B. Dunlap, Ph.D. P o s t d o c t o r a l  Assoc ia t e  100 $ 10,000 (No F.B.) 
M. Mattern, Ph.D. P o s t d o c t o r a l  Assoc ia t e  100 9,000 (No F.B.) 

SUBTOTAL $ 19,000 
z 

. L. , %' 
. -  .b a,,. ' ' 

2. Permanent 'Equipment 
.- 

Swinging bucket  r o t o r  T i  60 (4.4 m l ,  45 rpm) 
(for Beckman L2-65B) $ 2,795 

. 3.  Supp l i e s  

Chemicals 
Radio iso topes  
Biochemicals 
T i s sue -cu l tu re  media 
Glass and p l a s t i c  w a r e  

SUBTOTAL 

4. Other Expenses 

Ins t rument  S e r v i c e  C o n t r a c t s  
P u b l i c a t i o n  Cos t s  

SUBTOTAL 

5. Travel (domestic) 

.TOTAL DIRECT COSTS 

6. I n d i r e c t  Cos ts  (49.42% of salaries,  wages 
and f r i n g e  b e n e f i t s )  

TOTAL 

$ 1,500 
$ 2+0/,96g 
$ 2,000 
$ 3,000 
$ -3-54@3%?35- 

$ 1,500 ' 

$ 1,000 

$ 2,500 

$ 1,500 


