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UNIVERSITY OF FLORIDA FOLDER 

CONTRACT NO. AT-(40-1)-4155 

For the contract period Septenber 1, 1973 through A u g u s t  9, 1974 

ARTICLE A - I .  R E S W C H  TO BE PERFORMED BY CONTRACTOR 

The Contractor will conduct s tudies  on the  
photohydration of DNA. 

The Principal  Investigator,  D r .  P. A. Cerut t i ,  
expects t o  devote approximately 2@ of h i s  time 
or e f f o r t  t o  the pro jec t ,  

ARTICLE A-11. WAYS AND MEANS OF PERFORMANCE 

(a )  Items included i n  t o t a l  estimated cost: 

Selar ies  and wages and fr inge benefi ts :  

Equipment t o  be  purchased or fabr icated 
by the Contractor: 

- a EquipIoent estimated t o  cost  l e s s  
than $1,000: 

None 

b - Equipe9t  estimated t o  cost  i n  
excess of $1,000: 

Density gradient f rac t iona tor  

Tr zv e l  : 

Other d i r ec t  costs:  

$22 , 183 

$ 1,340 

$ 1,000 

$10,514 

Indirect  costs (based on a predetermined 
r a t e  of 49.4% of sa l a r i e s  and wages and 
fringe benef i t s ) :  $10,963 
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(b)  Items, if any, s ign i f icant  t o  the performance of 
t h i s  contract ,  but excluded from computation of 
support cost  and from consideration i n  proportion- 
ing costs: 

(1) Items t o  be contributed by the  Contractor: 

All costs of t h e  Principal  Investigator 
including salary,  f r inge  benefi ts ,  and 

- 

re la ted  overhead. 

(2) Items t o  be contributed by the  Government: 

None 

( c )  Time or  e f f o r t  of Pr incipal  Invest igator(s)  Con- 
t r ibu ted  by Contractor, but  excluded from computa- 
t i o n  of support cost  and frum consideration i n  
proportioning costs:  

None under t h i s  paragraph. . .  

I 

. .  . . .  

. .  

. -  

AXTICLE A-111. The t o t a l  estimated cost  of items under A - I 1  ( a )  above f o r  
t he  contract period s t a t ed  i n  t h i s  Appendix "A" i s  $46,000; 
t he  Commission w i l l  pay lo& of the  ec tua l  costs of these 
i t a s  incurred during t h e  contract  period s ta ted i n  t h i s  
Appendix "A", subject t o  t h e  provisions of Art ic le  111 
and Ar t i c l e  B-XXIX. 
contract  period s ta ted i n  t h i s  Appendix "A" i s  $46,000. 

The estimated AEC Support Cost i s  funded as follows: 

The estimated AEC Sup9ort Cost f o r  t he  

. 

(a) EsthnEted unexpended belance from the  
p r i o r  period ( s ) : $ 207 

(b) New f u d s  f o r  the  current period: $45,793 

The new funds being added i n  A - I 1 1  (b) const i tute  the 
bas i s  f o r  edvance payments provided under Art ic le  B-XI. 
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ABSTPJCT 

Durir,g t h e  coming year  w e  p l a n  t o  c o n t i n u e  o u r  s t u d i e s  on t h e  
fo rma t ion  and r e p a i r  of thymine damage induced by y-rays i n  t h e  DNA 
of  b a c t e r i a l  and mammalian ce l l s .  

The fo l lowing  p r o b l e m  concern ing  t h e  radiocheinical  r e a c t i v i t y  o f  
t h y n i n e  i n  DNA i n  v i t r o  and i n  v ivo  w i l l  b e  i n v e s t i g a t e d .  
oxygen e f f e c t  f o r  p roduc t ion  cf t hyn ine  daqage i n  f r e e  E. c o l i  DSA? 
(2 )  Is t h e  for ina t ion  of thynine  danage i n  n a t i v e  DNA preceded by l o c a l  
d e n a t u r a t l o n  of t h e  polymer? 
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 
daaage i n  t h e  DSA i n  s a  i n  m a m a l i a n  ce l l s?  
r e a c t i v i t y  of t hyn ine  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 
chromat in  w i l l  b e  i n v e s t i g a t e d .  ' 

(1) Is t h e r e  an  

(3)  \,%at are  t h e  molecular  reasons  f o r  

The r a d i o c h e n i c a 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  nethods f o r  t h e  
dc t e r in ina t ion  o f  r a d i a t i o n  induced thymine damage. I f  methods of 
s u f f i c i e n t  s e n s i t i v i t y  can  be  developed t h e  molecu la r  mechanism of 
t h e  e x c i s i o n  from the DNA of y-ray damaged. thymine i n  m a m a l i a n  ce l l s  
w i l l  b e  i n v e s t i g a t e d .  
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OUTLIME . 

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

11. Rad iochen icz l  R e a c t i v i t y  of Thymine i n  F r e e  DKA, HeLa Chroaa t in  
and DSA i n  s i t u  i n  B a c t e r i a l  and l lamnalian Cells. 

A. Experiments on  f r e e  E. c o l i  DXA. - -  I 

1. Conparison of e f f i c i e n c y  of fo rma t ion  of thynine  danage 
under  a e r o b i c  and anox ic  c o n d i t i o n s .  

2. Eff j -c iency  of f o r n a t i o n  of thymine damage'in n a t i v e  and 
dena tu red  E. c o l i  DYA a t  low d o s e s .  

. .  

B. Esper inen t s  w i t h  i n t a c t  - -  E. c o l i  c e l l s .  

C .  Experiments w i t h  HeLa Choncat in .  

1. E f f i c i e n c y  of fo rma t ion  of t h y n i n e  / damage i n  n a t i v e  
/- HeLa chromatin.  r 

2.  E f f i c i e n c y  of fo rma t 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 chromat in .  

111. Exc i s ion  of y-rav Damaged Thynine From then?% i n  l i a m a l i a n  Cells.  

A. Attempts 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  d e t e n i n a t i o n  
of thyn ine  damage. 

B. The molecular  nechan i sn  of the e x c i s i o n  from t h e  DNA of y-ray 
. damaged thymine i n  mamnalian cells. 

IV. References  . 
v . Suppor t ing  Data.  

A. Pe r sonne l .  

B. Pu5l icat ion.s  resu1 . t ing  f r o n  work suppor ted  by  A.E.C. 

C. 'Support r ece ived  from o t h e r  f e d e r a l  a g e n c i e s .  

V I .  Budget 

V I I .  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  C o n t r a c t  Pe r iod .  . 
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I. I n  t roduc  Cion 

During t h e  secocd y e a r  of t h i s  p r o j e c t  'we p l a n  t o  con t inue  our  
s t u d i e s  03 t h e  fo rma t ion  and r e p a i r  o f  y-ray induced thymine danage 
i n  b a c t e r i a  and mamialian ce l l s .  

-4-  

The fo l lowing  q u e s t i o n s  conce rn ing  the e f f i c i e n c y  of format ion  of 
thymine daixage w i l l  b e  s t u d i e d .  
t h e  for inat ion of  t i l -p ine  dullage i n  f r e e  DSA and i n  D M  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  mannalian chromat in?  How much r a Z i o p r o t e c t i o n  
i s  
p r o t e i n s ?  Does 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  n n t i v e  and 
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 a d i o -  
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  m a m a l i a n  c h r o n a t i n  in fo rma t ion  
nay be  o b t a i n e d  about  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 z r i t y  of 
native 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  f o r n a t i o n  of thymine damage i n  n a t i v e  DMA 
(3)  Khat i s  t h e  r ad iochemica l  r e a c t i v i t y  

s u p p l i e d  by t h e  h i s t o n e s ,  how much by t h e  a c i d i c  chromosomal 

As d i s c u s s e d  i n  t h e  "Progress  Report"  we have  demonstrated t h e  
re lease from t h e  D M  of  y-ray danaged t h y n i n e  f r o n  Chinese hamster 
ovary  ce l l s  d u r i n g  p o s t i r r a d i a t i o n  i n c u b a t i o n .  (See s e c t i o n  IIC). 
Large  aiiounts of ce l l s  and h igh  l eve 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  a s s a y .  
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 t c d y  of t h e  molecular  
s t e p s  of  t h e  r e p a i r  p r o c e s s  becomes f e a s i b l e .  
d i r e c t i o n  w i l l  be 122de d u r i n g  t h e  coming y e a r .  I f  s u c c e s s f u l ,  s t u d i e s -  
on t h e  c e l l  c y c l e  dependence of t h e  e x c i s i o n  of y-ray danaged r e s i d u e s ,  
on  t h e  e f f e c t  of i i e t c b o l i c  i n h i b i t o r s ,  o n  t h e  e x c i s i o n  p rocess  i n  
cel ls  with 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 c s s i b l e . .  

11. Radiocherrical  R e a c t i v i t y  of Thymine i n  F r e e  DSA, HeLa Chromatin 

Inproved ne thods  f o r  t h e  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  

and D>JA i n  s i t u  i n  B a c t e r i a l  and Xammlian  Cel l s .  

A .  Emer imen t s  on  f r e e  E. c o l i  DNA. 

1. E f f i c i e n c y  of fo rma t ion  o f  t h y n i n e  danage by y-rays under 
a e r o b i c  and anoxic  c o n d i t i o n s :  An oxygen enhancenent f a c t o r  of 2 .4  

t h e  DNA i n  s i t u  i n  CEO ce l l s  ( R o t i  R o t i  and C e r u t t i ,  1 9 7 3 ) .  Th i s  
r e s u l t  i s  d i f f i c u l t  t o  i n t e r p r e t  from a chemica l  p o i n t  of view. 
vi11 t h e r e f o r e ,  b e  of i n t e r e s t  t o  i n v e s t i g a t e  whether a n  oxygen e f f e c t  
can  be observed i n  v i t r o  f o r  t h e  f o r m a t i o n  of thymine damage i n  f r e e  
- -  c o l i  DXA under  p r o t e c t i v e  and E. non-p ro tec t ive  c o n d i t i o n s  bo th  f o r  
t h e  fo rma t ion  of p r o d u c t s  of t h e  6-(hydroxy o r  h~droperoxy)-5,6--dihydro-  

po in t ed  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 namnal ian ce l l s  has  r e c e n t l y  

was observed f o r  t h e  f o r n a t i o n  of  [31-i]H20 from t h p i n e - m e t h y l [  3 H ]  i n  

It 

thymine-type and of [3H]H20 from th}mine-methyl[ 3 H I .  It should b e  

0 3 9  143 
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been sliovn 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  0 5  r e p a i r  r a t h e r  
t han  of format ion  of b reaks  under  anox ic  r e l a t i v e  t o  a e r o b i c  c o n d i t i o n s  
(Dean e t  a l ,  1969;  Tovn et al, 1972) .  

2. E f f i c i e n c y  of fo rma t ion  of thymine danage i n  n a t i v e  and 
dena tu red  E. c o l i '  D M :  I n  our  p rev ious  s t u d i e s  a s i g n i f i c a n t l y  l o v e r  
i n i t i a l  e f f i c i e n c y  f o r  t h e  fo rma t ion  of thymine damage was observed 
f o r  n a t i v e  E. c o l i  DNA t han  f o r  s l n g l e  s t r a n d e d  GX174-DNA (Swinehixt ,  
L i n  and C e r u t t i ,  1 9 7 3 ) .  A t  d o s e s  above about  20 Krads where p a r t i a l  
d e n a t u r a t i o n  crf t h e  na t ive  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 
p roduc t  f o r c a t i o n  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 a n d e d  DYA. 
l owes t  doses  used i n  t h e s e  exper iments  were 10 Krads.  
arises whether l o c ~ , l  d i s r u 2 t i o n  of t h e  h e l i x  a l v a y s  preceds  format ion  
of base  danage. 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 r anded  h e l i x  h a s  a l s o  r e c e n t l y  
been ob ta ined  by Ward and h i s  c o l l a b o r a t o r s  (Ward and Kuo, 1 9 7 0 ) .  On 
the o t h e r  hand t h e  p r e s e n c e  of endonuclease  s e n s i t i v e  s i t e s  i n  y- 
i r r a j i a t e d  b reak - f r ee  PX2-DNA h a s  been observed by Carrier and Setlow 
(1973) and by Bren t  (1973) and i t  has  u s u z l l y  been assuned  t h a t  t h e s e  
s i t e s  correspond t o  b a s e  damaged r e s i d u e s .  *- . 

The 
The ques t ion  

A series of low d o s e  e x p e r i v e n t s  is, t h e r e f o r e ,  p l a m e d  
w i t h  double  s t r anded  c i r c u l a r  DXA from Pseudomonas phage PX-2. The 
number of s i n g l e  s t r a n d  b r e a k s  produced oil1 b e  conpared t o  t h e  zzount 
of thyn iue  damage a t  closes below 5 Krads.  
PX-2-DNP. can r e a d i l y  b e  d e t e r n i n e d  by t h e  f i l t e r  a s say  of Vander Schens 
-c et  a1 (197'3) 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  sed i inenta t ion  w h i l e  
thymine daaege w i l l  b e  d e t e r n i n e d  w i t 5  ou r  s t a n d a r d  a s s a y s .  It vi11 
be  p a r t i c u l a r l y  i n t e r e s t i n g  t o  compare a t  low d o s e  t h e  e f f i c i e n c y  of 
t h e  fo rma t ion  of p r o d u c t s  of t h e  6- (hydroxy o r  .hydroperoxy)-5 ,6- 
d i h y d r o t h p i n e  t y p e  which 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 randed  
h e l i x  v i t h .  t h e  r e a c t i o n  of'  t h e  thjmine-methyl group ( i . e . ,  format ion  
of [ 3H] H20 f roin thymine-me thy1  [%I] ) t a k i n g  p l a c e  a t  t h e  h e l i x  pe r iphe ry .  

S ingze  sti-alld 3ieakagz iii 

B. Exveriments w i t h  i n t a c t  E.  c o l i  c e l l s :  Conpar i s ion  of 
e f f i c i e n c v  of forirtation of thvmine dana2e under a e r o b i c  and 
anoxic  con6 i t i o n s  . 
A s  mentioned i n  t h e  p reced ing  sec t io r !  the chemical  basis  f o r  

t h e  oxygen e f f e c t  f o r  the fo rma t ion  of t hyn ine  danage' i n  CHO ce l l s  i s  
n o t  unders to3d ,  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 
i s  n o s t l y  caused by OH-radicals (Ro t i  .F,oti and C e r u t t i ,  1 9 7 3 ) .  
p l a n  t o  extend t h e s e  s t u d i e s  t o  E. co l id  and hope t o  o b t a i n  c l u e s  about  
t h e  b a s i s  of t h e  oxygen e f f e c t .  

Ke 

C .  Esperiments  1.7ith UeLa chroinat in .  

. . 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  DSA -- i n  s i t u  i n  t h e  c e l l  r e l z t i v e  t o  f r e e  D4A i n  s o l u t i o n  have no 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  
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t hyx ine  i n  f r e e  DXA vas approximate-ly twice as r e a c t i v e  as i n  inLr2- 
c e l l u l a r  DSA (Swinehar t ,  L in  and C e r u t t i ,  1973) .  
p rocedures  f o r  t h e  i s o l a t i o n o f  m;immalian Chromatin i n  a form i n  vhich  
i t  r e t a i n s  a t  l ea s t  p a r t  o f  i t s  f u n c t i o n a l  i n t e g r i t y  a l lows  a n  ap?roach 
t o  t h i s  problem. We p l a r  t o  compare t h e  r a d i o c h e n i c a l  r e a c t i v i t y  of 
thymine i n  n a t i v e  chromat in  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  
chromat in .  
w i t h  D r .  G.  S t e i n  of o u r  depar tment .  

The a v a i l a b i l i t y  o f  

P a r t  of these s t u d i e s  w i l l  be  carried o u t  i n  c b l l a b o r a t i o n  . 

1. E f f i c i e n c y  of  f o r n a t i o n  of  thqmine danage 'in n a t i v e  HeLa 
chromat in :  Dose r e s p o n s e  curves f o r  the fo rma t ion  of p roduc t s  of t h e  
6-(hydroxy o r  hydroperoxy)  -5,6-dihydro thyn ine  t y p e  and t h e  r e l e a s e  of 
[ 3H]H20 from thymine-nethyl[3H] w i l l  b e  de te rmined  f o r  n a t i v e  HeLa ch romat i in  
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  
b e  made t o  o b t a i n  d a t a  i n  the  101.~ dose  r ange  ( i . e . ,  be101-7 1 0  Krads) .  
The r e s u l t s  w i l l  b e  conpared t o  those  ob ta ined  froin HeLa DXA p r e p x e d  
under  mild 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  chromat in  i n  p r e l i m i n a r y  experir .ezts 
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 
b e i n g  determined can  b e  used as a probe  f o r  chromzt in  s t r u c t u r e .  

2. E f f i c i e n c y  of f o r n a t i o n  of thymine dainage 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  chroinosomal p r o t e i s s  w i t h  
HeLa DKA i n  t h e  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  c h r o n a t i n .  
r e c o n s t i t u t i o n  will b e  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 x l i t i o n s  f o r  r e c c n s t i t u t i s n  and t h e  prcce2r;r.z~ f c r  t t ; E  ~ r ~ p a r z t i o n  
of chromosomal p r o t e i n s  w i l l  b e  acco rd ing  t o  S t e i n  and Fa rbe r  (1372) .  
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  b e  focused on " i n i t i a l "  e f f i c i e n c i e s  2 z  
low doses  where t h e  d i f f e r e n c e  i n  t h e  r ad 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  a r e  expec ted  t o  be  a t  a maximum. 
t o  t h o s e  ob ta ined  by Ansevin (1973) who coapared 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 doub le  s t r a 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  c h r o n a t i n  from r a t  thynus n u c l e i .  Our r e s u l t s  may 
a l s o  shed some 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  c h r o n a t i n  models 
(see e .g . ,  Clark and F e l s e n f e l d ,  1972; P a u l ,  1972) .  

Chromatin w i l l  b e  p a r t i d l y  

Connplete 

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

111. Exc i s ion  of y-ray Dznacled Thynine from t h e  D M  i n  h l ama l i an  Cells.  

Recent ly  w e  have demonstrated t h e  r exova l  froin t h e  DEA of dzxaged 

The r e d u c t i v e  a s s a y  f o r  p roduc t s  of t h e  
thymine follovqing y - i r r a d i a t i o n  i n  b a c t e r i a l  and rnaimalian c e l l s  ( s ee  
P r o g r e s s  Repor t ,  S e c t i o n  11). 
&(hydroxy o r  hydroperoxy)-5,6-dihydrothyninc t y p e  was used i n  t h z s e  
s t u d i e s  (Har iharan  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 .  Nicrococcus r ad iodurans  was chosen as 
bac te r i a l  system s i n c e  r a t h e r  h igh  doses  can b e  used w i t h  t h i s  organism 
w i t h o u t  l o s s  of v i a b i l i t y .  
were done w i t h  Chinese  hamster  ovary ce l l s .  Large  anounts  of c e l l s  
and h i g h  l e v e l s  of r a d i o a c t i v i t y  had t o  be used i n  t h e s e  experiments  
(e .g . ,  a t  a d o s e  of 25 K r a d s  approximately 5 x l o 7  cpm i n  DXA- 

Nost of o u r  exper iments  on  marmalian c e l l s  
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thymine-methyl [3H] and l o s  c e l l s  i n  monolayers  were r e q u i r e d  p e r  
expe r imen ta l  p o i n t  t o  be a b l e  t o  measure t he  r e l e a s e d  r a d i a t i o n  proZucts  
i n  t h e  cytoplasm and med im.  For a s y s t e m a t i c  s tudy  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  mannalian c e l l s  
(and E .  c o l i ! )  a more se .ns i t i ve  assay  f o r  r a d i a t i o n  p roduc t s  w i l l  have t o  
b e  developed.  

A. Atter i ipt  t o  develor,  a more s e n s i t i v e  assay f o r  t h e  d e t e m i n a t i o n  
of t h w i n e  d m s g e .  . 
I d e a l l y  assays should b e  a v a i l a b l e  a l lowing  t h e  d e t e r m i n a t i o n  

of s p e c i f i c  r a d i a t i o n  products  i n  t h e  DXA b e f o r e  t h e i r  r e z o v a l  by a 
repa i r  p rocess  and i n  t h e  cytoplasrr  and c u l t u r e  medium a f t e r  e x c i s i o n  
has  o c c u r r e d .  

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  DEA e x t r a c t e d  from 
ce l l s  xchich were i r r a d i a t e d  w i t h  n o d e r a t e  d o s e s .  These a r e  two 
a l t e r n a t i v e s  f o r  cheinical  rcethods f o r  t h e  d e t e r n i n a t i o n  of r a d i a t i o n  

and q u a n t i t a t e d  i n  t h e i r  o r i g i n a l  form by chromatographic  methods. 
Fiild d i g e s t i o n  i s  necessa ry  f o r  t h e  de t e rmi i i a t ion  of p roduc t s  i n  
i r r a d i a t e d  D 3 A .  
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.  
i s  e s p e c i a l l y  a t t r z c t i v e  i f  d i g e s t i o n  o f  t h e  i r r a d i a t e d  polymer can 
b e  avoided.  
hydroperoxy) -5,6-dihydro thymine type  is 'an examp1.e or' t h i s  second 
approach ,  

The r e d u c t i o n  a s s a y  f o r  r o d u c t s  of the 6-(hydroxy o r  
hydroperoxy)-5,6-dihydrochpine type  (t P ) can  be used f o r  bo th  purposes  

. produc t s  of  t h e  DNA bases .  (1) The r a d i a t i o n  p roduc t s  can  be i s o l a t e d  

(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  p roduc t  
Th i s  a l ternat ive 

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

. Dr;ring the coming year  ve trill a t t e m p t  t o  develop a more 
Promising pre-  s e n s i t i v e  a s s a y  f o r  y-raq' induced thymine damage. 

l i n i n a r y  r e s u l t s  have been obta ined  w i t h  E! procedi l re  u s i n g  a c y c l e  of 
base and a c i d  t r e a t x e r i t s  o l  t h e  i r r a d i a t e d  thymine-methyl [3H] l a b e l e d  
DNA o r  the a c i d  s o l u b l e  material con ta ined  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  
p roduc t s  of  6'- (hydroxy o r  hydroperoxy)-5,6-dihydro thymine. A 
s y s t e n a t i c  s tudy  on a molecular  l e v e l  o f  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 r e s i d u e s  i n  manmalian cel ls  (and E. c o l i )  
nay become f e a s i b l e  w i t h  t h i s  procedure.  . 

E. The molecular  mechanism of t h e  exc . i s ion  from t h e  DNA of  
y-ray damaged t'nimine i n  nzvmalian c e l l s .  

I f  i t  i s  p o s s i b l e  to s u b s t z 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 n i n a t i o n  of t h y n i n c  damage expe r inen t s  
on  t h e  c e 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  h a s  s o  far c o t  been 
p o s s i b l e  t o  re la te  t h e  chang,es 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  t h e  e f f i c i e n c y  of  t h e  p roduc t ion  o r  
r e p a i r  of a p a r t i c u l a r  type  of. DKA damage. P u l s e  l a b e l i n g  of t h e  , 

fo l lowing  type  may bc most promosing : Chinese  hams ter ovary ce l l s  
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(CHO) o r  hunan embryonic lui>z f i b r o b l a s t s  WI-38 w i l l  b 2  p u l s e  l a b e l e d  
fqr a s h o r t  t ine  pe r iod  ( e .g . ,  o c e  hour)  with [3ki]thymidine and chased 
w i t h  co ld  thymidine (e.g., f o r  one-half  t o  one  h o u r ) .  Tne k i n e t i c s  
of p roduc t  e x c i s i o n  vi11 b e  s t u d i e d  f o r  t h e '  case there i r r a d i a t i o n  
immediately f o l l c v e d  te rminz t io l l  of t h e  l a b e l i n g  procedures  (mcst ly  
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  with 
approximate ly  20% G 2  c o n t a n i n a t i o n  f o r  a 10-hour S-2er iod) .  A l t e r n a t i v e l y ,  
i r r a d i a t i o n  w i l l  b e  c a r r i e d  o u t  af ter  a l a g  pe r iod  conparable  to t h e  
l e n g t h  of S (a m i x t u r e  of G 2 ,  1.1, GI ce l l s  w i l l  b e  i r r a d i a t e d  uader  
t h e s e  c o n d i t i o n s  ( f o r  t h e  assay  f o r  danzged' thymine, see i n t r o d u c t o r y  
pa rag raph  t o  S e c t i m  111). 

S t u d i e s  on t h e  e f f e c t  o f  n e t a b o 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 becone p o s s i b l e  v i t h  t h e  kelp of a more s e n s i t i v e  a s say  f o r  base  
damage. 
s y n t h e s i s  ( e . g . ,  cyclok,exiT.lidc; e.g., Terzsima and Yasukarna, 1967; 
Doida and OXada, 1972)  , K<A--synthesis ( x t i n o m y c i n  D ( s e e  e . g . ,  Tojey 
- e t  -> a1 1966;  Doida an3 Okad2, 1972) ar,d DXA-synthesis (e.g., hydroxy- 
u r e a  and f l u o r o d e o x p r i d i n e )  . 

E s 2 e c i a l l y  j.nteres;iilz would be i n h i b i t o r s  of p r o t e i n  
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SUMMARY 

During t h e  t h i r d  year period of t h i s  p r o j e c t ,  we p lan  t o  
continue our 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 -  
cular,  t he  s t a b i l i t y  of products of t h e  5,6-dihydroxy-dihydrothymine 
type i n  DNA and the formation of apyr imidin ic  s i tes  w i l l  be  inves- 
t i g a t e d .  The presence of s i g n z i c a n t  amounts of apyrimidinic- and 
poss ib ly  apur in i c  s i tes  i n  y - i r r ad ia t ed  DNA could exp la in  t h e  wel l  
known s imi 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  exerted by ion iz ing  
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  agents  which are known t o  produce 
apur in i c  sites. 

Major emphasis i n  our program w i l l ,  however, b e  placed on 
s t u d i e s  of the exc i s ion  r e p a i r  of p roducts  -- of t h e  5,6-dihydroxy- 
dihydrothymine type = b a c t e r i a  and i n  normal and diseased  mammalian 
cells.  "Open systems" w i l l  be used, i .e .  crude 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 cu l tu red  mammalian cells  on 
t h e  o the r ,  and t h e  exc i s ion  of damaged r e s i d u e s  from an exogenous, 
damaged DNA'substrate w i l l  be inves t iga t ed .  

' 

Some of t h e  ques t ions  which w i l l  be asked i n  our experiments 
with E. c o l i  e x t r a c t s  are: (1) What are t h e  func t ions  of t h e  rec- 
genes i n  t h e  repair  of y-ray induced thymine damage i n  E. c o l i ?  
(2) What i s  t h e  r o l e  of t h e  exr-gene i n  repair  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 following t h e  removal from tfie DNA of 
r i n g  damaged thymine? 
i n c i s i o n  s t e p  wi th  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 ?  

- -  

(3) Is polynucleotide l i g a s e  respons ib le  

Is it  poss ib l e  t o  l e a r n  more about t h e  

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 
damaged thymine i n  mammalian cells, we p lan  t o  concent ra te  on two 
major questions:  (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 exc is ion  
r e p a i r  c a p a b i l i t y  of normal and transformed human and rodent 
c e l l s ?  (2)  What is  t h e  Y-ray exc i s ion  r e p a i r  c a p a b i l i t y  of n u c l e i '  
fromnormalhuman sk in - f ib rob la s t s  .and n u c l e i  from Xeroderma pigmen- 
tosum sk in  f i b r o b l a s t s ?  

- 

i 
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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 an  t o  
con t inue  our  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. 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 
type i n  DNA and t h e  format ion  of apyr imid in ic  sites w i l l  b e  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  s i tes  ( c f .  radiomimetic  e f f e c t s  of methylmethanesulfonate  
o r  e thylmethanesul fona te) .  

. 
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 systems" 'wil1 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 c e l l s  (Remsen 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 
a n  exogenous, damaged DNA s u b s t r a t e  w i l l  b e  i n v e s t i g a t e d .  These 
open s y s t e m s  have a number of a t t ract 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, well-defined DNA specimens 
o r  i n  c e r t a i n  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  out  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 the bacterial and t h e  mammalian system are p r e s e n t l y  success-  
f u l l y  be ing  used i n  o u r  l a b o r a t o r y .  The selective e x c i s i o n  of 
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 ra l  DNA and from Os04-oxidized polyd(A-T) by  crude g. 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) .  

Major emphasis i n  ou r  program w i l l ,  however, be placed on 

I Some of t h e  q u e s t i o n s  which w i l l  b e  asked i n  our  experiments  - w i t h  E. - -  c o l i  extracts are: 
genes i n  t h e  r e p a i r  of y-ray induced thymine damage i n g .  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 t h e  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 i t  p o s s i b l e  t o  l e a r n  more about  t h e  

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 
damaged thymine i n  mammalian ce l l s ,  w e  p l a n  t o  concen 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 is  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  ou 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  
1(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  impor tan t  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 DXA 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 BIMS and EMS. 
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  
sites,"), y-endonuclease from E. c o l i  (Wallace, 1974),  endonuclease I1 
from - -  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  ' (Verley e t  a l . ,  1973) .  

The f u r t h e r  chemical  

W e  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  sites 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  our  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. Products  of t h e  
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. 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  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  PM-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  de f ined  
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 50(+) and DEAE-Sephadex columns. 
thymine, thymidine and thy'midylic a c i d  w i l l  be cochromatographed 
as markers. 
bac te r ia l  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 ia te  p o r t i o n s  of t h e  e l u a t e s  w i l l  be 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 '  is indeed r e l eased  from the DNA as 
free base under  format ion  of i n t e r n a l  apyr imidin ic  sites. A t  t h e  
same t ime,  i t  w i l l  be 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 t h e  DNA backbone ). For t h e  case o f - 0 ~ 0 4 - o x i d i z e d  polyd(A-T), 
t h e  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  be 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  dena tu r ing  cond i t ions .  

Gamma- 

I 

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

Au then t i c  

A second series of samples w i l l  b e  p r e t r e a t e d  w i t h  
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Depending on t h e  p rogres s  i n  t h e s e  experiments t h e  g e n e r a l i t y  
of ou r  f i n d i n g s  concerning "athyminic sites" i n  y - i r r a d i a t e d  PM-2 
DNA w i l l  be t e s t e d .  The ques t ion  whether a p u r i n i c  s i tes  are formed 
i n  y - i r r ad ia t ed  DNA w i l l  be s t u d i e d  i n  a n  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 abe led  i n  adenine i s  

111. Repa i 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  
the r e p a i r  of UV- 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  s t e p s  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  W - l i g h t  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 h a n  t h e  wild 
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).  For t h e  case of W- 
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  
the 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) .  I 

The molecular  s t e p s  i n  which t h e  rec-enzymes 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  r e d ,  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  
s l o w ,  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  first 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  a l . ,  1973).  
While recA-mutants are comple te ly  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 r o c e s s  (Kapp and Smith,  1970) some r e s i d u a l  r e s e a l i n g  appears  to 
occur  i n  recBrecC-mutants (Town et a l . ,  1973 ). It may b e  
specu la t ed  t h a t  t h e  recBrecC-enzyme (exonuclease V) may be needed 
f o r  end-prepara t 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  d rugs  on 
slow break r e p a i r  i n  wi ld  t y p e  E. - -  c o l i  and ret'-mutants i t  w a s  
suggested by Town -- e t  a l .  (1973) t h a t  t h e  r ec - 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  r i p a i r  
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 UV-base damage; Rupp and Howard-Flanders, 
1968; Smith and Meun, 1970) .  

There i s  cons ide rab le  
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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  b e  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  excise p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine 
t y p e  ( t ' )  from y - i r r a d i a t e d  PM-2 DNA and from Os04-oxidized polyd(A-T) 
w i l l  be  s t u d i e d .  (As mentioned i n  t h e  i n t r o d u c t o r y  paragraph y- 
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) on ly  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 p e r  r i n g  damaged r e s i d u e  t ' ) .  

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

- -  E. c o l i m u t a n t s  d e f i c i e n t  i n  t h e  exrA (1exA)-gene are 2 
t o  4 t imes  more sensi t ive t o  X-rays than  t h e  corresponding wild t y p e  
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  s low r e s e a l i n g  
of rad ia t ion- induced  DNA s t r a n d  b reaks  (" 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 i t  h a s  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, e t  a l . ,  1973) .  

We 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 - -  E. c o l i  exrA- us ing  t h e  ''open E. c o l i  system" and 
t h e  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 r e a k s  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  o f  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 W-photodimers i n  b a c t e r i a  h a s  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 p lanning  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  o f  5,6-dihydroxy-dihydrothymine 
(t') i n  Os04-oxidized poly(A-T). The removal from t h e  polymer of 
t '  by crude e x t r a c t s  of E. c o l i  endo I- l i g 4  a t  t h e  permiss ive  and 
non-permissive t empera tu re  w i l l  b e  measured by ou r  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 .alkaline suc rose  g r a d i e n t  
sed imenta t ion  (Note: 
occu r s  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  comple t ion  of t h e  r e p a i r  p r o c e s s ,  i .e. gap- 

no degrada t ion  of Os04-oxidized polyd(A-T) 

1 0 3 9 2 1 9  
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r o t o r  at  20c f o r  1 2  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 ( N E ? ) .  These expe r 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  is indeed d e f i c i e n t  a t  t h e  non-permissive temperature  of 
t h e  l ig4-mutant o r  i n  t h e  wi ld  type  i n  t h e  presence  of NMN as 
sugges ted-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  carried ou t  and look  r a t h e r  
promising. 

An analogous series of 

I f  s t r a n d  

I V .  Exc is ion  Repai r  of y-Ray Damaged Thymine by I s o l a t e d  Nucle i  
From Normal and Diseased Mammalian Cells. 

- 1  

As mentioned i n  t h e  ' ' In t roduct ion ' ' ,  we have developed an  
open system'' u s i n g  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 type  (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  be ing  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 c e l l s  and human embryonic 
lung  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 ) .  
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  f o u r  
deoxynucleosidetriphosphates. 
rendered  a c i d  s o l u b l e  d u r i n g  t h e  same t i m e  per iod .  

. op t ima l i z ing  t h e  c o n d i t i o n s  of  our  system and we 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 i s  the e f f e c t  of f r e e z i n g '  
of t h e  n u c l e i  p r e p a r a t i o n s  (Mammalian endonucleases  appear t o  be 
extremely s e n s i t i v e  t o  f r eez ing ! )? '  What is 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.' 

II 

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  

Only 6% undamaged thymine was  
We are p r e s e n t l y  

I n  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  we 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 cells; (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 .  
experiments  proposed below w i l l  be  c a r r i e d  .out 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 reaks ,  on t h e  e x c i s i o n . r e p a i r  p rocess .  

Most of t h e  
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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  b e  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  was 
observed i n  mal ignant  cel ls  (see e.g.  i n  P a i n t e r ,  1970, 1972) .  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 f o r  o u r  p re l imina ry  r e s u l t s  w i t h  HeLa S-3 ce l l s ,  no d a t a  i s  
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 
r e l a t i v e  t o  normal cells .  

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 p laz i  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 a n d a r d  i s o l a t e d  n u c l e i  system w i l l  b e  used wi th  y - i r r a d i a t e d  PM-2 
DNA and OsO4-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  concerning t h e  gap f i l l i n g  s t e p  of 
the e x c i s i o n  r e p a i r  p rocess .  
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 cells  >< 
SV-40 and polyoma transformed 3T3; ts-3 3T3 (tsPy) a t  t h e  permiss ive  
and non-permissive tempera ture  (ts-3 3T3 is  a polyoma transformed 
ce l l  l i n e  which exhibits a l l  t h e  c h a r a c t e r i c s  of a t ransformed l i n e  
at t h e  pe rmis s ive  tempera ture  b u t  h a s  normal growth p r o p e r t i e s  
a t  the non-permissive tempera ture ;  t h e  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 . ,  1971);  
t s  s p t r  3T3 a t  t h e  pe rmis s ive  and t h e  non-permissive t e m p e r a t u r e .  
cts s p t r  3T3 i s  a spontaneously t ransformed 3T3 l i n e  which is 
t empera ture  s e n s i t i v e  f o r  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 D r .  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-rav reDair c a D a b i l i t v  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 sk in -  
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 h e  development of 
leukemia and sys temic  cancer  (e.g.  Fanconi ' s  Anemia, Bloom's Syndrome, 
Louis-Bar Syndrome, Xeroderma pigmentosum). 
.be cons idered  t h a t  a d e f i c i e n c y  i n  DNA r e p a i r  may form t h e  molecular  
basis 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  

- . .  


