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ABSTRACT 

During t h e  coming yea r  w e  p l an  t o  con t inue  ou r  s t u d i e s  on  t h e  
format ion  and r e p a i r  of thymine damage induced by y-rays i n  the DNA 
of b a c t e r i a l  and mammalian cells.  

The fo l lowing  problems concerning t h e  rad iochemica l  r e a c t i v i t y  of  
thymine i n  DNA i n  v i t r o  and i n  v ivo  sill b e  i n v e s t i g a t e d .  
oxygen e f f e c t  f o r  product ion  cf thymine damage i n  f r e e  E. c o l i  DNA? 
(2) Is t h e  fo rma t ion  of thymine damage i n  n a t i v e  DNA preceded by l o c a l  

t h e  pronounced p r o t e c t i o n  of t h e  thymine r e s i d u e s  t o  y-ray induced 
damage i n  t h e  DNA i n  s i t u  i n  mammalian ce l l s?  
r e a c t i v i t y  of thymine i n  i s o l a t e d  n a t i v e  and r e c o n s t i t u t e d  HeLa 
chromatin w i l l  be i n v e s t i g a t e d .  

(1) Is t h e r e  a n  
~ 

. d e n a t u r a t i o n  of t h e  polymer? (3) What are the molecular  r easons  f o r  

The rad iochemica l  

A major e f f o r t  w i l l  be made t o  improve our  p r e s e n t  methods f o r  t h e  
de te r in ina t ion  of  r a d i a t i o n  induced thymine damage. 
s u f f i c i e n t  s e n s i t i v i t y  can  b e  developed t h e  molecular  mechanism of 
t h e  e x c i s i o n  from t h e  DNA of y-ray damaged thymine i n  mammalian cells  
w i l l  b e  i n v e s t i g a t e d .  

I f  methods of 

, 

. .  

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

-4.- 

During t h e  second yea r  of t h i s  p r o j e c t  w e  p l a n  t o  con t inue  our 
s t u d i e s  o n  t h e  fo rma t ion  and r e p a i r  of y-ray induced thymine damage 
i n  b a c t e r i a  and mammalian cells. 

The f o l l o w i n g  q u e s t i o n s  concerning t h e  e f f i c i e n c y  of format ion  of 
thymine damage w i l l  b e  s t u d i e d .  
t h e  fo rma t ion  o f  thymine damage i n  f r e e  DNA acd i n  DNA i n  s i t u  i n  - -  E. c o l i ?  
r e q u i r e  l o c a l  d e n a t u r a t i o n ?  
of thymine i n  n a t i v e  mammalian chromatin? 
i s  
p r o t e i n s ?  
f u l l y  r e c o n s t i t u t e d  chromatin? I n  a d d i t i o n  t o  t h e  obvious  r ad io -  
b i o l o g i c a l  i n t e r e s t  i n  t h e s e  s t u d i e s  w i t h  mammalian chromatin in fo rma t ion  
may b e  o b t a i n e d  abou t  t h e  s t r u c t u r a l  s i m i l a r i t y  o r  d i s s i m i l a r i t y  of 
n a t i v e  and r e c o n s t i t u t e d  chromatin.  

(1) Is t h e r e  a n  oxygen e f f e c t  f o r  

(2)  Does t h e  format ion  of thymine damage i n  n a t i v e  DNA 
(3) What is t h e  r ad iochemica l  r e a c t i v i t y  

How much r a d i o p r o t e c t i o n  
s u p p l i e d  b y  t h e  h i s t o n e s ,  how much by the a c i d i c  chromosomal 

D o e s  t h e  r a d i o s e n s i t i v i t y  of thymine d i f f e r  f o r  native and 

As d i s c u s s e d  i n  t h e  "Progress  Report" w e  have demonstrated t h e  

(See s e c t i o n  I I C )  . release f r o m  the DNA of y-ray damaged thymine from Chinese hamster . 
ovary  cells d u r i n g  p o s t i r r a d i a t i o n  incuba t ion .  
Large  amounts o f  c e l l s  and h igh  l e v e l s  of r a d i o a c t i v i t y  were needed i n  
t h e s e  exper iments  most ly  due t o  t h e  l i m i t e d  s e n s i t i v i t y  of t h e  
r e d u c t i v e  assay. 
r e s i d u e s  have t o  be developed b e f o r e  a d e t a i l e d  s tudy  of t h e  molecular  
s t e p s  of the r e p a i r  p rocess  becomes f e a s i b l e .  
d i r e c t i o n  w i l l  be made du r ing  t h e  coming yea r .  I f  s u c c e s s f u l ,  s t u d i e s  
on  t h e  ce l l  c y c l e  dependeace of t h e  e x c i s i o n  of y-ray damaged r e s i d u e s ,  
on t h e  e f f e c t  o f  me tabo l i c  i n h i b i t o r s ,  on t h e  e x c i s i o n  p rocess  i n  
cells w i t h  a p o s s i b l e  d e f e c t  i n  DNA r e p a i r ,  etc.. w i l l  become p o s s i b l e .  

Improved methods f o r  ' the d e t e c t i o n  of y-ray damaged 

A major e f f o r t  i n  t h i s  1 

11. R a d f o c h e d c a l  R e a c t i v i t y  of Thymine i n  F r e e  DNA, HeLa Chromatin 
and DNA i n  s i t u  i n  B a c t e r i a l  and Mammalian Cel ls .  

A. Experiments  on f r e e  E. c o l i  DNA. 
., 

1. E f f i c i e n c y  of format ion  of thymine-damage by y-rays under 
a e r o b i c  and anox ic  cond i t ions :  
was observed  for t h e  f o r n a t i o n  of [3H]H20 from thymine-~nethyl [~H]  i n  
t h e  DNA i n  s i t u  i n  CKO cel ls  (Ro t i  R o t i  and C e r u t t i ;  1 9 7 3 ) .  
r e s u l t  i s  d i f f i c u l t  to i n t e r p r e t  froin a chemical  p o i n t  of  v i e w .  
w i l l  t h e r e f o r e ,  b e  o f  i n t e r e s t  t o  i n v e s t i g 5 t e  whether a n  oxygen e f f e c t  
can  b e  obse rved  i n  v i t r o  f o r  t h e  format ion  of thymine damage- in  f r e e  
- -  E. c o l i  DNA under  p r o t e c t i v e  and non-lprotective c o n d i t i o n s  bo th  f o r  
t h e  fo rma t ion  of p roduc t s  of  t h e  6-(hydroxy o r  h droperoxy)-5,6-dihydro- 

p o i n t e d  o u t  i n  th i s  connec t ion  t h a t  t h e  oxygen e f f e c t  observed ' f o r  
DNA s i n g l e  s t r a n d  breakage  i n  b a c t e r i a  and mammalian ce l l s  has r e c e n t l y  

An oxygen enhancement f a c t o r  of 2.4 
. 

This  
It 

thymine-type and of  [3H]H20 from thymine-methyl[ 3 HI. It should b e  

035054 
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been shown t o  be  due  t o  d i f f e r e n c e s i n t h e  e f f i c i e n c y  of r e p a i r  r a t h e r  
t han  of format ion  of b r e a k s  under anoxic  re la t ive t o  a e r o b i c  cond i t ions  
(Dean e t  a l ,  1969; T o m  et  a l ,  1 9 7 2 ) .  

I I 
! 

1 ’  

! 

2. E f f i c i e n c y  of  format ion  of thymine damage i n  n a t i v e  and 
denatured  E.  & DXA: I n  ou r  p rev ious  s t u d i e s  a s i g n i f i c a n t l y  lower 
i n i t i a l  e f f i c i e n c y  f o r  t h e  format ion  of thymine damage w a s  observed 
f o r  n a t i v e  E.  c o l i  DNA t han  f o r  s i n g l e  s t r anded  4Xl.74-DhTA (Swinehart ,  
L i n  and C e r u t t i ,  1973) .  A t  doses  above abput 20 Krads where p a r t i a l  
d e n a t u r a t i o n  of t h e  n a t i v e  s t r u c t u r e  h a s  undoubtedly occurred  due  t o  
s t r a n d  breakage and d i s r u p t i o n  of hydrogen bonds t h e  e f f i c i e n c y  of 
product  format ion  i s  c l o s e  t o  t h a t  f o r  s i n g l e  s t r anded  DNA. 
l owes t  doses  used i n  t h e s e  experiments  were 10  ‘Krads. 
arises whether l o c a l  d i s r u p t i o n  of t h e  h e l i x  always preceds  format ion  
of base  damage. An i n d i c a t i o n  t h a t  t h e  n u c l e i c  a c i d  b a s e s  may be  
s t r o n g l y  p r o t e c t e d  i n  a n a t i v e  double  s t randed  h e l i x  h a s  a l s o  r e c e n t l y  
been obta ined  by Ward and h i s  c o l l a b o r a t o r s  (Ward and Kuo, 1970) .  On 
t h e  o t h e r  hand t h e  p re sence  of endonuclease sensitive s i tes  i n  y- 

- i r r a d i a t e d  b reak - f r ee  PX2-DNA has  been observed by Carrier and Setlow 
(1973) and by Brent  (1973) and i t  has u s u a l l y  been assumed tha t  t h e s e  
s i tes  correspond t o  b a s e  damaged r e s i d u e s .  -1.. 

. 
The 

The ques t ion  

A series of low d o s e  experiments  is, t h e r e f o r e ,  planned 
w i t h  double  s t r anded  c i r c u l a r  DNA from Pseudomonas phage PM-2. The 
number of s i n g l e  s t r a n d  b reaks  produced w i l l ‘ b e  compared t o  t h e  amount 
of thymine damage a t  doses below 5 Krads. 
PM-2-DNA can r e a d i l y  be determined by t h e  f i l t e r  a s say  of Vander Schans 
_.- e t  a1 (1973) and by a l k a l i n e  s u c r o s e  g r a d i e n t  s ed imen ta t ion  while 
thymine damage w i l l  be determined w i t h  our  s t a n d a r d  a s s a y s .  It w i l l  
b e  p a r t i c u l a r l y  i n t e r e s t i n g  to  compare a t  10W d o s e  the e f f i c i e n c y  of 
t h e  format ion  of p r o d u c t s  of t h e  6- (hydroxy o r  .hydroperoxy) -5,6- 
dihydrothymine type  wh-ich o c c u r s  i n  t h e  c e n t e r  of t h e  doub le  s t r anded  
h e l i x  w i t h  t h e  r e a c t i o n  of t h e  thymine-methyl group ( i . e . ,  format ion  

S i n g l e  s t r a n d  breakage  i n  

of [ 3 HJH20 from thymine-methyl[3K]) t ak ing  p l a c e  a t  t h e  helix pe r iphe ry .  

B. Experiments w i t h  i n t a c t  E. c o l i  cel ls :  Comparision of 
e f f i c i e n c y  of format ion  of thymine darnage under a e r o b i c  and 
anoxic  c o n d i t i o n s .  

As mentioned i n  t h e  preceding  s e c t i o n  t h e  chemical  basis f o r  
t h e  oxygen e f f e c t  f o r  the format ion  of  thynine  damage’ in  CKO ce l l s  is  
n o t  unders tood ,  i n  p a r t i c u l a r  s i n c e  i t  has  been shown t h a t  t h e  damage 
is mos t ly  caused by OH-radicals (Roti R o t i  and C e r u t t i ,  1 9 7 3 ) .  
p l a n  t o  extend these s t u d i e s  t o  E. c o l i  and hope t o  o b t a i n  c l u e s  about  
the basis of t h e  oxygen e f f e c t .  

k‘e 

C. Experiments w i t h  HeLa chromatin.  . 
. The f a c t o r s  r e s p o n s i b l e  f o r  t h e  much lower r a d i o s e n s i t i v i t y  

of DNA i n  s i t u  i n  t h e  c e l l  re la t ive to f r e e  DNA i n  s o l u t i o n  have n o t  
been c l e a r l y  i d e n t i f i e d .  Even’ under v e r y  s t r o n g l y  p r o t e c t i v e  c o n d i t i o n s  

’ 1 .035055  
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I 

thymine i n  f r e e  DNA w a s  approximately twice as reactive as i n  i n t r a -  
c e l l u l a r  DNA (Swinehart ,  L in  and C e r u t t i ,  1973). The a v a i l a b i l i t y  of 
procedures  f o r  t h e  i s o l a t i o n o f  mammalian c h r o m a t i n i n  a form i n  which 
i t  retains a t  l eas t  p a r t  of i t s  f u n c t i o n a l  i n t e g r i t y  allows an  approach 
t o  this problem. We p l a n  t o  compare the rad iochemica l  r e a c t i v i t y  of 
thymine i n  n a t i v e  chromatin t o  p a r t i a l l y  and f u l l y  r e c o n s t i t u t e d  
chromatin.  
w i t h  D r .  G. S t e i n  of ou r  department .  

P a r t  of t h e s e  s t u d i e s  w i l l  b e  c a r r i e d  o u t  i n  c o l l a b o r a t i o n  

1. E f f i c i e n c y  o f  format ion  of  thymine darnage i n  n a t i v e  HeLa 
chromatin:  Dose r e sponse  curves f o r  the format ion  of p roduc t s  of t h e  
6- (hydroxy o r  hydroperoxy)-5 6-dihydro thymine t y p e  and t h e  release of 

prepared acco rd ing  t o  S t e i n  and Farber  (1972). A s p e c i a l  e f f o r t  w i l l  
be made t o  o b t a i n  d a t a  i n  t h e  low dose  r ange  ( i .e . ,  below 1 0  Krads).  
The r e s u l t s  w i l l  be  compared to  those  ob ta ined  from HeLa DNA prepared 
under mi ld  c o n d i t i o n s  from chromatin.  C h a r a c t e r i s t i c  dose  reponse  
cu rves  were ob ta ined  f o r  n a t i v e  chromatin i n  p re l imina ry  experiments 
and i t  i s  hoped t h a t  t h e  rad iochemica l  r e a c t i o n s  of thymine which are 
be ing  determined can  be used as a probe f o r  chromatin s t r u c t u r e .  

.r3€I]H20 from thymine-nethyl[ 3 H I  will b e  determined f o r  n a t i v e  HeLa ch romat i in  

2. E f f i c i e n c y  of format ion  of thymine damage i n  p a r t i a l l y  
and f u l l y  r e c o n s t i t u t e d  HeLa.chromatin: 
r e c o n s t i t u t e d  by i n c u b a t i n g  h i s t o n e s  o r  a c i d i c  chromosomal p r o t e i n s  w i t h  
HeLa DNA i n  the p r o p o r t i o n s  p r e s e n t  i n  n a t i v e  chrolcatin.  
r e c o n s t i t u t i o n  w i l l  be c a r r i e d  us ing  DNA and a l l  chromosomal p r o t e i n s .  
The c o ~ ~ d i t i o n s  for r c c o n s t i t u t i o n  and t h e  FrGcediiieS for t h e  p repz ra t io i i  
of chromosomal p r o t e i n s  w i l l  be accord ing  t o  S t e i n  and Fa rbe r  (1972). 
S p e c i a l  a t t e n t i o n  w i l l  a g a i n  be  focused OR " i n i t i a l "  e f f i c i e n c i e s  zt 
.low doses  where t h e  d i f f e r e n c e  i n  t h e  rad iochemica l  r e a c t i v i t y  of  t h e  
p r e p a r a t i o n s  are expected t o  be  a t  a maximum. 
t o  t h o s e  ob ta ined  by Ansevin (1973) who compared r a d i a t i o n  induced h e l i x  
d e n a t u r a t i o n ,  s i n g l e  s t r a n d  breakage  and double  s t r z n d  breakage  f o r  f r e e  
DNA and r e c o n s t i t u t e d  chromatin from r a t  thymus n u c l e i .  Our r e s u l t s  may 
a l s o  shed  sone  l i g h t  on t h e  v a l i d i t y  of some r e c e n t  chromat in  models 
(see e .g . ,  C la rk  and F e l s e n f e l d ,  1972; Pau l ,  1972) .  

Chromatin w i l l  be p a r t ' i a l l y  

Complete 

, 

The r e s u l t s  w i l l  b e  compared 

111. Exc i s ion  of  y-ray Damaved Thymine from t h e  DNA i n  l k m a l i a n  Cells. 

Recent ly  w e  have demonstrated t h e  r enova l  from t h e  9% of damaged 

The r e d u c t i v e  a s s a y  f o r  p raduc t s  of t h e  
thymine fo l lowing  y - i r r a d i a t i o n  i n  b a c t e r i a l  and maqmalian ce l l s  (see 
Progres s  Repor t ,  S e c t i o n  11). 
6- (hydroxy o r  hydroperoxy)-5,6-iLil~pdrothyr;tine t ype  was used i n  these 
s t u d i e s  (Hariharan and C e r u t t i ,  1971; 1972) .  The s e n s i t i v i t y  of t h i s  
a s s a y ,  however, i s  l i m i t e d .  Micrococcus rad iodurans  was chosen as 
bacter ia l  system s i n c e  rather h igS doses  can be used w i t h  th i s  organism 
wi thou t  loss of v i a b i l i t y .  
were done w i t h  Chinese hamster ovary cel ls .  
and h i g h  leve ls  of  r a d i o a c t i v i t y  had t o  be  used i n  t h c s e  experiments  
( e - g . ,  a t  a dose  of 25 Krads approximately 5 x l o 7  cym i n  DNA- 

Most of o u r  experiments  on rnanrtalizn ce l l s  
Large anounts  of ce l l s  

'. . .  
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thynine-methyl[ 3H] and lo8 ce l l s  i n  monolayers were r e q u i r e d  p e r  
exper imenta l  p o i n t  t o  b e  a b l e  t o  measure t h e  r e l e a s e d  r a d i a t i o n  products  
i n  t h e  cytoplasm and medium. For  a s y s t e n a t i c . s t u d y  of t h e  molecular  
s t e p s  of e x c i s i o n  r e p a i r  of y-ray damaged r e s i d u e s  i n  mammalian cel ls  
(and E. c o l i l )  a more s e n s i t i v e  assay f o r  r a d i a t i o n  p roduc t s  w i l l  have t o  
be  developed. 

A. A t t e m p t  t o  develop a more s e n s i t i v e  a s s a y  f o r  t h e  de t e rmina t ion  
of thymine damage. 

I d e a l l y  a s says  should  b e  a v a i l a b l e  a l lowing  the de te rmina t ion  
of s p e c i f i c  r a d i a t i o n  p roduc t s  i n  t h e  DNA b e f o r e  t h e i r  r e n o v a l  by a 
' r epa i r  p rocess  and i n  t h e  cytoplasm and c u l t u r e  medium a f t e r  e x c i s i o n  
has  occurred .  

b u t  i t s  s e n s i t i v i t y  i s  i n s u f f i c i e n t  t o  d e t e c t  tt i n  DNA e x t r a c t e d  from 
cel ls  which were i r r a d i a t e d  w i t h  moderate doses .  These are t w o  
a l t e r n a t i v e s  f o r  chemical  methods f o r  t h e  de t e rmina t ion  of r a d i a t i o n  
products  of t h e  DNA bases .  
and q u a n t i t a t e 6  i n  t h e i r  o r i g i n a l  form by chromatographic methods. 
Mild d i g e s t i o n  is  necessa ry  f o r  t h e  de t e rmina t ion  of p roduc t s  i n  
i r r a d i a t e d  DNA. (2) A c h a r a c t e r i s t i c  d e r i v a t i v e  of  a r a d i a t i o n  product  
can  be i s o l a t e d  and used as a q u a n t i t a t i v e  measure. 
is  e s p e c i a l l y  a t t ract ive i f  d i g e s t i o n  of t h e  i r r a d i a t e d  polymer can  
be avoided.  
hydroperoxy)-5,6-dihydro thymine type  is an  example of t h i s  s e c o n i  
approach. 4 

The r e d u c t i o a  a s s a y  f o r  roduc t s  of t h e  6-(hydroxy o r  
hydroperoxy)-5,6-dihydrothymine t ype  ( t  P ) can  b e  used f o r  bo th  purposes 

(1) The r a d i a t i o n  products  can  be i s o l a t e d  

This a l t e r n a t i v e  

The r e d u c t i v e  a s s a y  f o r  products  of t h e  6-(hydroxy o r  

During the coming y e a r  w e  w i l l  a t t e m p t  t o  deve lop  a more 
Promising pre-  * s e n s i t i v e  a s s a y  f o r  y-ray induced thymine damage. 

l i m i n a r y  r e s u l t s  have been  ob ta ined  w i t h  a procedure u s i n g  a c y c l e  of  
base  and a c i d  t r e a t m e n t s  of t h e  i r r a d i a t e d  thynine-methyl r3H] l a b e l e d  
DXA o r  the a c i d  s o l u b l e  material contained i n  t h e  cytoplasm and t h e  
c u l t u r e  medium. Labeled a c e t o l  i s  i s o l a t e d  as a s p e c i f i c  deg rada t ion  
products  of  6-(hydroxy o r  hydroperoxy)-5,6-dihydrothymine. 
s y s t e m a t i c  s tudy  on  a molecular  l e v e l  of t h e  s t e p s  involved  i n  t h e  
e x c i s i o n  of y-ray damaged-res idues  i n  mammalian ce l l s  (and E.  c o l i )  
r a y  become f e a s i b l e  w i t h  t h i s  procedure.  . 

A 

B. The molecular  mechanism of t h e  e x c i s i o n  from t h e  DNA of  
y-ray damaged thymine i n  mmmalian cel ls .  . 

I f  i t  is  p o s s i b l e  t o  s u b s t a n t i a l l y  i n c r e a s e  the s e n s i t i v i t y  
of our  methods f o r  t h e  d e t e r m i n a t i o n  of thymine damage exper i r ien ts  . 
on t h e  ce l l  c y c l e  dependence of product  e x c i s i o n  may become p o s s i b l e .  
Th i s  would b e  of p a r t i c u l a r  i n t e r e s t  s i n c e  i t  has so f a r  n o t  been 
p o s s i b l e  t o  re la te  t h e  changes i n  t h e  r a d i o s e n s i t i v i t y  of mammalian 
cel ls  w i t h  t h e  ce l l  c y c l e  (see e .g . ,  Terasima and Tolmach, 1961;  
S i n c l a i r  and Morton, 1963) t o  the e f f i c i e n c y  of the p roduc t ion  o r  
r e p a i r  of a p a r t i c u l a r  t y p e  of  DNA damage. P u l s e  l a b e l i n g  of  t h e  
fo l lowing  type  may be  most promosing: Chinese hamster ovary  ce l l s  

1 0 3 5 0 5 ' 1  
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(CHO) o r  human embryonic lung  f i b r o b l a s t s  la -38  w i l l  be p u l s e  l a b e l e d  
f o r  a s h o r t  t i m e  p e r i o d  (e.&. , one hour)  w i t h  [3€I] thymidine and chased 
w i t h  co ld  thymidine (e.g., f o r  one-half t o  one hour ) .  The k i n e t i c s  
of product  e x c i s i o p  w i l l  b e  s t c d i e d  f o r  t h e  case where i r r a d i a t i o n  
immediately fo l lowed t e rmina t ion  of t h e  l a b e l i n g  procedures  (mostly 
S-phase cells  w i l l .  b e  i r r a d i a t e d  under t h e s e - c o n d i t i o n s  w i t h  
approximately 20% G2 contaminat ion  f o r  a 10-hour S-per iod) .  
i r r a d i a t i o n  w i l l  be c a r r i e d  o u t  a f t e r  a l a g  pe r iod  comparable t o  the 

these c o n d i t i o n s  ( f o r  t h e  a s say  for damased thymine, see i n t r o d u c t o r y  
paragraph t o  S e c t i o n  111). 

Al te rna t ive ly , .  

- l e n g t h  of S (a mix tu re  of G2, M ,  GL cel ls  w i l l  be i r r a d i a t e d  under 

S t u d i e s  on  t h e  e f f e c t  of me tabo l i c  i n h i b i t o r s  on e x c i s i o n  r e p a i r  
may become p o s s i b l e  with t h e  h e l p  of a more s e n s i t i v e  a s s a y  f o r  base  
damage. 
s y n t h e s i s  (e.g. ,  cycloheximide;  e.,g., Terasima and Yasukama, 1967; 
Doida and Okada, 1972) ,  RXA-synthesis (act inomycin D (see e .g . ,  Tobey 
-- e t  a l ,  1966; Doida and Okada, 1972) and DEA-synthesis ( e . g . ,  hydroxy- 

and f luo rodeoxyur id ine ) .  

E s p e c i a l l y  i n t e r e s t i n g  would be  i n h i b i t o r s  of p r o t e i n  

u r e a  
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Acids (S. Y .  Wang and M. P a t r i c k ,  eds . )  Gordon Breach Sc ience  P u b l i s h e r s ,  
New York, i n  p r e s s .  

Biochem. 

C 

. .  



P. C e r u t t i  - Deoxycytil-ine Photohpdra ion i n  DXA, Chapter  I C  i n  
Photochemistry and Photobiolony 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 .  
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2. Joseph  L. R o t i  R o t i  I 
! 

I 

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

EDUCATION: 

Joseph  Lee R o t i  R o t i ,  Ph.D. 

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

HONORS : 

AEC Health Phys ic s  Fe l lowship ,  1965-68 
P h i  Kappa P h i ,  June  1965 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

1971  - P o s t d o c t o r a l  Assoc ia t e  with 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 .  - 

Research A s s i s t a n t  w i t h  D r .  Rober t  Brown, Depar tnent  of 1963 and 1964 
(summers) Biology,  FIichigan Technologica l  U n i v e r s i t y ,  Houghton, 

, .  : Michigan. _.* . 
. .  .. ... - 

RESPONSIBILITY I N  THE PROPOSED PROJECT ANI2 PER CENT TIME DEVOTED TO I T .  

D r ,  J .  R o t i  R o t i  w i l l  work on t h e  problems o u t l i n e d  under S e c t i o n  C of 
t h e  p roposa l ,  i . e . ,  the r a d i o c h e n i c a l  r e a c t ' i v i t y  of t hyn ine  i n  n a t i v e  
and r e c o n s t i t u t e d  HeLa chromatin.  H e  w i l l  devo te  1OOX of h i s  t i m e  t o  
t h e  p r o j e c t .  

SELECTED PERSONAL PUBLICATIOXS I N  AREAS RELATED TO PRESENT PROPOSAL. 

J. L. R o t i  R o t i ,  S. Okada and H. E b e r l e ,  P r o t e i n  S y n t h e s i s  During the 
C e l l  Cycle  of L5178Y. 

J. L. R o t i  R o t i  and S. Okada, A I fa thematical  Model of the C e l l  Cycle 
of L5178Y. 

Expfl.. Cell  Res .  76, 200 (1973). 

C e l l  and T i s s u e  K i n e t i c s  6, 111 (1973) 



- .  
. .  

c 
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D. F. Liberman and J .  L. R o t i  R o t i ,  
I. I n f l u e n c e  of Chloramphenicol on 
- 77 ,  346 (1973).  

D. F. Liberman, J .  L. Rot2 R o t i  and 
L5178Y C e l l s .  11. C e l l  Cylce S tage  S p e c i f i c i t y  of Chloramphenicol 
T o x i c i t y .  Exp t l .  C e l l  R e s .  77, 351 (1973). 

E f f e c t s  of Drugs on  L5178Y Cells. 
t h e  Cell Cycle.  Exp t l .  C e l l  R e s .  

*+, 
C. S.  Lange, E f f e c t s  of  Drugs on 

J. L. R o t i  R o t i ,  Mat r ix  S t i m u l a t i o n  of C e l l  Cycle  Regu la t ion ,  s u b r i t t e d  
f o r  p u b l i c a t i o n .  

J. L. R o t i  Ro t i  and R. B. P a i n t e r ,  Equat ions f o r  Es t ima t ing  DNA Chain 
Growth Using a n  Equi l ibr ium Dens i ty  Gradient.  Method, manuscr ip t  i n  
p r e p a r a t i o n .  

J .  L. R o t i  R o t i  and P.  A. C e r u t t i ,  Radiochemical 11 

i n  t h e  DNA i n  Chinese H a m s t e r  Ovary Cells 
p r e p a r a t i o n .  

R e a c t i v i t y  of Thynine 
i n  s i t u " ,  manuscr ip t  i n  

, 



- .  
I .  

1 
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3.  Reba K. Wright 

NAME Reba Kay Wright,  Pl1.D. 

TITLE : 
BIRTHDATEIBIRTHPLACE: 
PRESENT NATIONALITY: USA 
SEX: 
SOCIAL SECURITS NUNEER: 

e 
EDUCATION : 

Ins t i  t u  t i o n  Degree 

I 

HONORS : 

Year S p e c i a l t y  

NASA Tra ineesh ip  , 1965-1968 
University of M i a m i  Research Fel lowship , 1968-1969 - -~ 

NSF Tra ineesh ip  , 1969-197 2 
Chi Beta P h i ,  1964 
Sigma X i ,  1972 - 
American Assoc ia t ion  f o r  Advancement of Sc ience ,  1965 

RESEARCH AND/OR PROFESSIONAL EXFERIENCE: 

1973. - 

7/1968 - 811968 

611965 - 911965 

611964 - 811964 

611963 - 8/1963 

611962 - 9/1962 

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 Biochei i i s t ry ,  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  

Research Technic ian ,  Emory U n i v e r s i t y ,  A t l a n t a ,  
Georgia  . 
Research Technic ian ,  Oak Ridge Assoc ia ted  U n i v e r s i t y ,  
Oak Ridge, Tennessee 

S tuden t  Research,  AEC Summer S tuden t  Research, Oak 
Ridge I n s t i t u t e  of Nuclear S t u d i e s ,  Oak Ridge, 
T enne s s e e 

S tuden t  Research, NSF Sunmer S tuden t  Research a t  
Southwestern . .  a t  Memphis, Memphis, Tennessee 

Research Technic ian ,  Department of Cl inical  Phys io logy ,  
U n i v e r s i t y  of Tennessee Medical School ,  Nemphis, 
Tennessee 

~ 

1 4 3 5 0 b b  
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RESPONSIBILITY I N  TIIE PROPOSED PRgJECT AND PEP, CENT TIW, DEVOTED TO I T .  

W i l l  c a r r y  o u t  t h e  major  p o r t i o n  of our  s t u d y  of thymine damage (Sec t ion  
111). She w i l l  devo te  100% of h e r  t i m e  t o  t h i s  p r o j e c t .  

. .  

SELECTED PERSONAL PUBLICATIONS IhT AREAS RELATED TO PRESEhT PROPOSAL. 

F. Snyder and R. Wright ,  E f f e c t  of Loca l ized  I r r a d i a t i o n  on t h e  Metabolism 
. of Bone-Marrow L i p i d s .  Radia t ion .  Res. 25, 417 (1965). 

F. Binkley,  N. King, E. I E l i k i n ,  R. K. Wright ,  C. H. O'Neal and I. J. 
Wundrum, Brush Border P a r t i c u l a t e s  of Renal  T i s sue ,  
(1968). 

V. Ziboh, R. Wright and S .  L. Hsia, E f f e c t s  of I n s u l i n  on  t h e  Uptake 
and Netabolism of  Glucose by R a t  Skin  i n  v i t r o .  Arch. Biochem. Biophys. 
- 146,  93 (1971). 

Sc ience  162, 1009 

r ,  

R. K. Wright and S. L. H s i a ,  E f f e c t s  of I n s u l i n ,  P r o s t a g l a n d i n  E2 and 
Epinephr ine  on t h e  Formation of Cyc l i c  AMP by Hunan Skin.  Fed. Proc.  
- 30, 1205Abs (1971). 

S. L. Hsia,  R. Wright ,  S. H. Mandy and I(. M. Halpr in .  Abnormali t ies  i n  
Adenyl Cyclase of P s o r i a t i c  Skin.  
I n v e s t i g a t i v e  Dermatology 2nd European Soc ie ty  f o r  Dermztological  Research,  
Amsterdam, Nether land ,  pp. lO-llAbs,  May 17-19, 1972. 

Joiril: KeeLing of the Soc ie ty  f o r  

R, K. Wright ,  S. H. Mandy, K. 14. Halp r in  and S.  L. H s i a ,  Defec ts  and 
Def ic iency  of Adenyl Cyclase i n  P s o r i a t i c  Skin.. 
47 (1973). 

Arch. D e m a t o l .  107, 

S. L. Hsia, R. Wright ,  S.  H. Mandy and K. M. Ha lp r in ,  Adenyl Cyclase 
i n  Normal and P s o r i a t i c  Skin.  J. I n v e s t .  Derm.  59, 109 (1972). 

1 0 3 5 0 b l  
. .  

. .  
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4. Maria V. McMacken 

NDE : Maria Vigo KclYacken 
TITLE : 
BIRTIIDATE/BIRTHPLACE: 
YRESENT NATIONALITY : 
SEX: 
SOCIAL SECURITY NUMBER: Female 
EDUCATION : 

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

. .- 
. . .  .~ 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE : 

1973 - Research A s s i s t a n t  w i t h  D r .  P. A. C e r u t t i ,  Department 
of Biochemis t ry ,  Un ive r s i ty  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 .  

_-. 
1970 - 1971 Research A s s o c i a t e ,  Y a l e  U n i v e r s i t y ,  New Haven, 

Connect icu t ;  

1968 - 1969 Research A s s i s t a n t ,  U n i v e r s i t y  of Wisconsin,  Madison, 
Viscons in .  

Research A s s i s t a n t ,  Un ive r s i ty  of  Wisconsin,  Madison, 
Wisconsin.  

1965 - 1966 

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

M s .  McMacken's major r e s p o n s i b i l i t y  w i l l  b e  t h e  r o u t i n e  c u l t u r i n g  of 
rnammalian'cells and w i l l  a s s i s t  i n  our experiments  on t h e  r e p a i r  of 
thymine damage i n  Chinese hamster  ovary cel ls  .and 141-38 c e l l s .  
h e r  t i m e  w i l l  b e  devoted t o  t h i s  p r o j e c t .  

50% of 

SELECTED PERSOKAL PUBLICATIONS IhT AREAS RELATED TO PRESENT PROPOSAL. 

D. R. Wilken, M. Mclfacken and A. Rodriguez - Choline and Be ta ine  
Aldehyde Ox ida t ion  by R a t  L ive r  N'itochondria. Biochim. Biophys. 
Acta 216, 305 (1970). . 

1035Qb8 



- .  ' .  
b. 

5. Personne l  c o n t r i b u t i n g  t o  t h e  program b u t  f o r  whom no 
s u p p o r t  is r eques t ed  from AEC. 

P. V. Har iharan ,  Ph.D. ' Assoc ia t e  S c i e n t i s t  and 
I n s t r u c t o r  i n  Biochemistry 

Miss J. Swinehart  Graduate  S tudent  
( t e rmina te s  i n  Fall, 1973) 

M r .  M. H a t t e r n  
a 

Graduate  S tuden t  

.. , , _. ,.. . .. ..... .. .,.-. ...--- 
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B. P u b l i c a t i o n s  r e s u l t i n g  from work su3ported by A.E.C. 

1. Papers  publ i shed  o r  i n  press: 

P. V. Har iharan  and P. A. C e r u t t i ,  Repair of S t rand  Breaks 
I n t .  J .  Radia t .  B i o l .  22, i n  Gama- i r r ad ia t ed  Micrococcus r ad iodurans .  

301 (1972).  

J. Y.  Vanderhoek and P. A. C e r u t t i ,  The S t a b i l i t y  of 
Deoxycyt idine Pho tohydra t e s  i n  the Mononucleotide, O l igonuc leo t ides  and 
DNA. Biochen. Biophys. R e s .  Comun.,  i n  p r e s s .  

P. A .  C e r u t t i ,  "Ease Damage i n  E ? A  Induced by I o n i z i n g  
Radiat ion",  Chapter V I  i n  Photochemistry and Photobiology of Nucle ic  
Acids ,  (S. Wang and M. P a t r i c k ,  eds . )  , Gordon Breach Sc ience  P u b l i s h e r s ,  
New York, i n  p r e s s .  

P. A. C e r u t t i ,  "Deoxycytidine Photohydrat ion i n  DNA", 
Chapter I C  i n  Photochemistry and Photobiology of Nucle ic  Acids,  (S. 
Wang and 11. 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, 

_- in press .  . ,I 

2. Papers  submi t ted '  f o r  p u b l i c a t i o n :  

J .  R o t i  R o t i  and P. C e r u t t i ,  Gama-ray Induced Thymine 
Damage i n  Mammalian Cells. 

, 
M. Ma t t e rn ,  P. V. Ha r iha ran ,  B. E. Dunlap and P. A. 

- C e r u t t i ,  DNA-Degradation and Exc i s ion  Repai r  . i n  y - i r r a d i a t e d  Chinese 
Hamster Ovary C e l l s .  

3 .  Papers  communicated a t  n a t i o n a l  meet incs :  

P. A. C e r u t t i ,  Repair  of Gamina-ray Induced Thymine Daaage 
i n  Chinese Hamster Ovary Cells, IV I n t e r n a t i o n a l  Congress of Biophys ics ,  
Moscow, 1972. 

J .  R o t i  R o t i  and P. A. C e r u t t i ,  Radiochenical  R e a c t i v i t y ' o f  
Thymine i n  DXA of Chinese H a m s t e r  Ovary Cells i n  s i t u ,  Rad. Res .  SOC. 
Annual Meeting, S t .  Lou i s ,  1973; Abs t r .  EC-1. 

J. Swinehar t ,  W-S. L i n  and P. A. C e r u t t i ,  Ganma-ray 
lnduced Thymine Damage i n  t h e  Mononucleotide and S i n g l e  and Double 
Stranded DNA, Biophys ica l  S o c i e t y  7 t h  Annual Meeting, Columbus, Ohio, 
1973, Abs t r .  \JMP-F3. 

P. A. C e r u t t i ,  U l t r a v i o l e t  and Gamina-ray Induced Pyr imidine  
Damage i n  Po lynuc leo t ides  i n  v i t r o  and i n  vivo, Gordon Conference on 
Nucle ic  Acids ,  N e w  Hampshire, 1973. 

c 

1 0 3 5 0 1 0  



C. Support  r ece ived  from o t h e r  ' f ede ra l  agenc ie s .  

Support  is  ob ta ined  from t h e  Na t iona l  I n s t i t u t e s  of Hea l th  
(Grant No. 5 R01 GI4 18617-03) f o r  a p r o j e c t  e n t i t l e d  " S t r u c t u r e  and 
Funct ion  of Ribonucle ic  Acid" i n  t h e  amount of $36 ,431  ( d i r e c t  c o s t s )  
f o r  t h e  c u r r e n t  year .  

-21- 
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VI. 

1. 

2. 

3. 

. 

Dudget 

Budpet f o r  t h e  pe r iod  September 1, 1973 t o  August 31, 1974 

-22- 

N a m e  T i t l e  x of 
T h e  

J. L.  R o t i  R o t i ,  Ph.D. P o s t d o c t o r a l  Assoc ia t e  100 $ 9,515 (no f r i n g e  bene f i t  
R. K. Wright ,  Ph.D. P o s t d o c t o r a l  A s s o c i a t e  100 8,300 (no f r i n g e  bene f i t  
ti. V. McMacken Research A s s i s t a n t  50 4,855 

F r i n g e  B e n e f i t s  (10.5%) 510 
( inc ludes  unemployment compensation) 

SUBTOTAL $23,180 

Permanent Eouipment 

I s c o  d e n s i t y  g r a d i e n t  f r a c t i o n a t o r  
Nodel 640 $ 1,340 
u n i v e r s d .  f l ow ce l l  (5mm) and top  h o l d e r  1 7  0 
reel . fo r  4 2  s c i n t i l l a t i o n  vials ,  30 mm diameter . 60 

S e r o - u t i l i t y  b a t h ,  l a r g e  ( P r e c i s i o n  S c i e n t i f i c )  250 
Automatic p i p e t t e s  w i t h  t i p s ;  10-2G01-11 ' 150 
Two Dewan condenser  a s sembl i e s  ( f o r  f l a s h  evapora tor )  180 

SUB TOTAL $ 2,150 

Supp l i e s  

Ch ernicals 
Radio iso topes  
Bio c h e n i c a l s  
T i s sue -cu l tu re  media 
Glass and p l a s t i c  ware 

SUBTOTAL 

4 .  Other Expenses 

Ins t rument  service c o n t r a c t s  
P u b l i c a t i o n  c o s t s  

$ 1,000 
2,500 
1 500 
2,500 
2,500 

$10,000 

$ 1,500 
1,000 

SUBTOTAL $ 2,500 

5. Trave l  (Domes t i c )  $ 1,000 

TOTAL DIRECT COSTS $38,830 

INDIRECT COSTS (49.42% of 11,456 
s a l a r i e s ,  wages and f r i n g e  b e n e f i t s  

1 0 3 5 0 3 2  TOTAL '$50,286 
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VII. F i n a n c i a l  S ta tement  f o r  t h e  P r e s e n t  Con t rac t  Pe r iod  

1. 

2. 

3. 

4 .  

5 .  

6. 

T o t a l  a c t u a l  p r o j e c t  c o s t  t o  d a t e  f o r  the 
c u r r e n t  pe r iod .  

Est imated t o  t a l  cos t  f o r  remainder of 
per iod .  . 
T o t a l  a c t u a l  and es t imated  c o s t  chargeable  
t o  AEC f o r  c u r r e n t  pe r iod  based on pe rcen tage  
of c o s t  agreed  upon as conta ined  i n  A-I11 of 
Appendix '.'A'' t o  Con t rac t .  

Accumulated c o s t s  cha rgeab le  t o  AEC 

Accuiiulated AEC Support  C e i l i n g  as s t a t e d  
i n  Article 111 of  Con t rac t .  

To t a l  e s t ima ted  AEC funds  remaining 
under Con t rac t .  <- _.-' 

-23- . 

$ 22,213.29 

$ 23,786.71 

$ 46,000.00 

$115,001.64 

$115,209.00 

$ 207.36 

, 

.. . . 

. .  
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. -  NOTICE OF RESEARCH PROJECT 
SCIENCE INFORMATION EXCHANGE ' . ~ U g L i c A i i o N  v -  1 sisiE-a8a. , ev' AEC 

-AUTHORIZED 0 SMITHSONIAN INSTITUTION 
1 

r 
US. ATOMIC ENERGY COMMISSION 

BUDGET 
PRIMARY 
SECONDARY 

SIE NO. 

AEC CONTRACT NO. 

PROGRAM CATEGORY NO. 
Signature of Principal Investigator 

DATE: Fey 39, 3973 

SUPPORTING DIV. OR OFFICE: nf- OP ANI) HEDxcxlcB 
~~~~ 

NAME & ADDRESS OF CONTRACTOR OR INSTITUTION: {State the division, department, or professional school, medical, graduate 
or other, with which this project should be idantifid.) 

Pcpartmnt of Biochmirtry 
Collage of Arts urd Scfenceu 
University of Florida 
Galnusville, Florida 32601 

TITLE OF PROJECT: 

Formation and Repair of y-ray Induced Hucldc Acfd B8ae Damage in Batterfa 
8ad w i 8 X l  C d l S e  
- . 
NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTlGATORS AND OTHER PROFESSIONAL SCIENTIFIC 
PERSONNEL: (not including greduata students) engaged on the project. ond frection of man-year devoted to the project by each poraon. 

P e t e r  A, Cerutti Departmat  of Biochemistry Principal Investigator 20% 
R e b a  K. Wright beparaant of B$OchemI8try Poutdoctoral Associate 1OOZ 
Joseph L. Rot1 Rot% Papartrent of Elochemistry Poetdoctoral Associate loox 
Haria V. McMocken Deparment of Biochemistry Research Assistant 50% 

2 2 
NO OF GRADUATE STUDENTS ON PROJECT: ___ NO, OF GRADUATE STUDENT MAN-YEARS. 

S M M A R Y  OF PROPOSED WORK: 1200300 words, omit Confidential Data). Summaries are exchanged with government and private 
awnctes arpponing rerslrch, am rupplied t o  invmigstan upon request, and may be published in  AEC documents. Make summaries sub- 
stantive. giving initially and for each annual revision the following: OBJECTIVE: SCIENTIFIC BACKGROUND FOR STUDY; PRO- 
POSED PROCEDURE: TEST OBJECTS AND AGENTS. 

During the conics year we $lan to continue our etudieo on the forsation and 

The follouing problems concarnina the ruifochQIPicd reactivity of thpine  in 
repair of tbyrAlne domap induce4 by y-rays ia the DNA of bacterial and m8nmali.n C e l l a .  

DWA in v i t r o  ond in vivo will bo iuvcstigared. 
productfon of thymine damage In  frea E, coli DIU? 
damage in native DHA preceded by local  daaaturation of tho polymer? 
the molecular remow for the pronounced protection of the thydne reddue8 t o  
y-ray induced darrage in the DNA I n  s i t u  in BamPalian cells? me rad iochdca l  
reactivity of thymine l a  isolated native and reconstituted RtLa chrcmatln vi11 be 
inves tigatad. 

of radiation induced thym%ne damage. 
be developed the molecular mcchrmim of tho excision from Cbs DEA of y-ray 
damaged thynine in manmaltan c e l l s  w i l l  be inv.stigated. 

(1) f a  there an oxpgen effect for 
(2) I% the fornation of &*ne 

(3) Ubot are 

A major effort will be made t o  improve oar present method8 for the detadnat ion 
If methods of sufficient 6eaaIt%ttStp C a n  

RESULTS TO DATE: 

IO35014 
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THE J. SILLIS M I L L E R  HEALTH CENTER 
* UNlVERSITY OF FLORIDA 

Deportment o f  Biochemistry September 20, 1973 Phone: 904-392-3361 
Go inesvi I le, 326 10 

D r .  Lamar Medley 
Contract Division 
U . S .  Atomic Energy Commission 
Post Office Box E 

*Oak Ridge, Tennessee 37830 

Dear Dr. Medley: 

Enclosed please find a revised budget for the 
. period September 1, 1973 to August 31, 1974 of contract ' . 

AT- (40-1) -4155. 

Sincerely yours, c 

Peter A. Cerutti 
Principal Investigator 

c/: --& .) / cy-- (1' z \  .+% d. 

Budget Approved: Thomas D. Fontaine, Acting 
Director, Sponsored Research 

PAC : a l f  

Enclosures c! I< 
. .. 
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2. 

3. 

4. 

. I **Iw. L....b"&l,l*, 11.*1..1 , 1.11,.1. I .*Y * ,  ..&d-.. * ~ " I . . I. I---- 

9 -  

Revised Budget for A.E.C. Contract AT(40-1)-4155 
for the Period September 1, 1973 t o  August 31, 1974 

Salaries 

Name - Title 
. .  x of 

Time - 
S. Locke Lab Technologist I1 100 $ 7,600 
R. K. Wright, Ph.D. Postdoctoral Associate 100 8,300 (no fringe benefits) 
M. V. McMacken Research Assistant 50 4,855 

Fringe Benefits (10.5%) 1,428 
(includes unemployment compensation 
plus $120 health insurance) 

SUBTOTAL $22,183 

Permanent Equipment 

Isco density gradient fractionator 
Model 640 1,340 
universal flow cell (5mm) and top holder 170 

. reel for 42 scintillation vials, 30 m diameter 60 

SUBTOTAL 

Supplies 

Chemicals 
Radioisotopes 
Biochemicals 
Tissue-culture media 
Glass and plastic ware 

SUBTOTAL 

Other Expenses 

Instrument service contracts 
Publication costs 

SUBTOTAL 

5. Travel (Domestic) 

$ 1,570 . 

. $ 1,000 
2,500 
1,000 
2,034 
2,000 

$ 8,534 

$ 1,000 
750 

$ 1,750 

' $ 1,000 

TOTAL DIRECT COSTS $35,037 

INDIRECT COSTS (49.42% of $10,963 
salaries, wages and fringe benefits) 

$46,000 TOTAL 

1 0 3 5 0 1 b  




