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Damage introduced i n t o  DNA by v a r i o u s  phys ica l  (e.g., u l t r a v i o l e t  l i g h t  and 

The s t u d i e s  of t h e  r e p a i r  of DNA damage induced by energy r e l s t e d  physic21 

P; 

and chemical damaging agen t s  i n  human ce l l s  proposed I n  t h i s  program are, t h e r e f o r e  
of fundamental importance t o  b a s i c  molecular  biology as w e l l  as t h e  h e a l t h  sc i ences  

I n  t h i s  program w e  p l a n  t o  s t u d y  e x c i s i o n  r e p a i r  of DNA l e s i o n s  of t h e  5 , 6 -  
dihydroxy-dihydrothymine-type induced by ion iz ing  r a d i a t i o n  and u l t r a v i o l e t  l i g h t  
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RESULTS TO DATE: 
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SUMMARY OF PROPOSED WORK (Continued) 

sobserved i n  c e l l s  from p a t i e n t s  w i th  both d i s e a s e s ,  t h e  proposed s tudy  may 
shed l i g h t  on t h e  r e l a t i o n s h i p  between DNA damage, DNA r e p a i r  and 
carc inogenes is .  

The mode of process ing  of DNA-adducts formed i n  metabol iz ing human 
cells upon exposure t o  t h e  energy r e l a t e d ,  ub iqu i tous  p o l l u t a n t  benz(a)- 
pyrene w i l l  be  i n v e s t i g a t e d  i n  i n t a c t  normal and d i seased  human s k i n  
f i b r o b l a s t s  and i n  Epstein-Barr v i r u s  p o s i t i v e  and nega t ive  human lympho- 
b l a s t o i d  cells. The DHA-benz(a)pyrene adducts  formed have been cha rac t e r i zed  
chemical ly  and t h e  e x c i s i o n  of i n d i v i d u a l  l e s i o n s  can be s tudied .  Ind iv idua l  
s t e p s  i n  t h e  r e p a i r  of benz(a)pyrene DNA-adducts w i l l  be  s tud ied  i n  -- i n  v i t r o  
experiments u s ing  damaged DNA and i s o l a t e d  chromatin as  exogenous s u b s t r a t e s .  

The proposed s t u d i e s  are expected t o  supply  information about t h e  
mechanisms of process ing  of  DNA lesions i n  human cells and t h e  r e l a t i o n s h i p  
between d i f f e r e n t  t ypes  of DNA damage and t h e i r  b i o l o g i c a l  e f f e c t s .  
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SUMMARY 

Damage introduced i n t o  DNA by v a r i o u s  phys ica l  (e.g. ,  
u l t r a v i o l e t  l i g h t  and ion iz ing  r a d i a t i o n )  o r  chemical agents ,  
t he  spontaneous l o s s  of a small number of DNA bases  and m i s -  
matched base-pa i rs  introduced by errors i n  repair  o r  r ep l i ca -  
t i o n  may impai r  t h e  b io log ica l  func t ions  of DNA by s i m i l a r  
mechanisms. Most c e l l s  have evolved e l a b o r a t e  mechanisms f o r  
the  repair  of DNA damage or  more gene ra l ly  of d e f e c t s  i n  t h e  
DNA s t r u c t u r e .  
e f f i c i e n t  i n  human cel ls .  
incomplete,  t h e  cy topa thologica l  e f f e c t s  may range from c e l l  
death,  i n d u c t i o n  of mutat ions t o  mal ignant  t ransformat ion  and 
poss ib ly  ce l l  ag ing .  The s t u d i e s  of t h e  r e p a i r  of DNA damage 
induced by energy r e l a t e d  phys ica l  and chemical damaging agents  
In human cel ls  proposed i n  t h i s  program are, t h e r e f o r e ,  of 
fundamental importance t o  b a s i c  molecular  biology as w e l l  as 
t h e  h e a l t h  sc i ences .  

P r e r e p l i c a t i o n  e x c i s i o n  r e p a i r  i s  p a r t i c u l a r l y  
I f  r e p a i r  does no t  occur or remains 

- 
I n  t h i s  program w e  plan t o  s tudy  exc i s ion  r e p a i r  of DNA 

l e s i o n s  of t h e  5,6-dihydroxy-dihydrothymine-type induced by 
ion iz ing  r a d i a t i o n  and u l t r a v i o l e t  l i g h t  i n  human cells. 
mode and c a p a c i t y  of damage p rocess ing .wi l1  be s tud ied  i n  normal 
human s k i n  f i b r o b l a s t s  and i n  f i b r o b l a s t s  from p a t i e n t s  with t h e  
h e r e d i t a r y  d i s e a s e s  Xeroderma pigmentosum and Ataxia t e l a n g i e c t a s i a  
wh ich ' a re  cha rac t e r i zed  by increased cancer  incidence.  Since DNA 
r e p a i r  d e f i c i e n c i e s  have been observed i n  cells  from p a t i e n t s  w i t h  
both d i s e a s e s ,  t h e  proposed s tudy may shed l i g h t  on t h e  r e l a t i o n -  
s h i p  between DNA damage, DNA-repair and carc inogenes is .  

The 

The mode of  processing of DNA-adducts formed i n  metabol iz ing 
human ce l l s  upon exposure t o  t h e  energy r e l a t e d ,  ub iqui tous  
p o l l u t a n t  benz(a)pyrene w i l l  be i n v e s t i g a t e d  i n  i n t a c t  normal and 
diseased human s k i n  f i b r o b l a s t s  and i n  Epstein-Barr virus p o s i t i v e  
and nega t ive  human lymphoblastoid c e l l s .  
adducts  f o m e d  havc been chemically cha rac t z r i zed  and t h e  exc i s ion  
of i n d i v i d u a l  l e s i o n s  can be s tudied .  Ind iv idua l  s t e p s  i n  t h e  
r e p a i r  of benz(a)pyrene DNA-adducts w i l l  be  s tud ied  i n  i n  v i t r o  
experiments using,damaged DNA and i s o l a t e d  chromatin as exogenous 
s u b s t r a t e s .  

The DNA-benz(a)pyrene 

The proposed s t u d i e s  are expected t o  supply information about  
t h e  mechanisms of processing of DNA l e s i o n s  i n  human ce l l s  and t h e  
r e l a t i o n s h i p  between d i f f e r e n t  types  of DNA damage and t h e i r  bio- 
l o g i c a l  e f f e c t s .  
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I, INTRODUCTION 

A shor t  i n t r o d u c t o r y  d i s c u s s i o n  is  given i n  o r d e r  t o  re la te  the  
s p e c i f i c  aims of our  program t o  t h e  fundamental q u e s t i o n s  concerning DNA 

account  of the  s ta te  of t h e  f i e l d  and our  c o n t r i b u t i o n s  t o  it is  given 
i n  t h e  “Final  Report” f o r  t h e  las t  t h r e e  years  of o u r  A.E.C.-E.R.D.A. Con- 
tract  and i n  some r e c e n t  review a r t i c l e s  by t h e  p r i n c i p a l  i n v e s t i g a t o r .  

. damage formation, DNA r e p a i r  and t h e i r  b i o l o g i c a l  consequences. An 

Epidemiological ev idence  i n d i c a t e s  t h a t  many forms of human d i sease  
are induced by t o x i c  a g e n t s  i n  our  environment, e .g .  t h e  most comon forms 
of cancer ,  such as cancer  of t h e  lung and l a r g e  i n t e s t i n e s  appear t o  be due 
t o  p o l l u t a n t s  i n  t h e  a i r  or t o  d i e t a r y  f a c t o r s .  There are phys ica l  and 
chemical t o x i c  agents .  Phys ica l  agen t s  inc lude  s u n l i g h t ,  i on iz ing  r a d i a t i o n  
and h e a t .  Chemical damaging agen t s  are  found i n  ou r  n a t u r a l  environment or 
normal d i e t  o r  are added t o  t h e  environment i n  t h e  form of i n s e c t i c i d e s ,  
he rb ic ides ,  drugs,  food a d d i t i v e s ,  i n d u s t r i a l  p o l l u t a n t s ,  etc. The chromo- 
somal DNA r ep resen t s  a s e n s i t i v e  c e l l u l a r  t a r g e t  t o  many of t hese  agents .  
The b i o l o g i c a l  consequences of DNA damage.can be c e l l  dea th ,  mutat ion,  
mal ignant  t ransformat ion  and poss ib ly  c e l l u l a r  ag ing .  
t i f i c a t i o n  of t h e  DNA damage produced by t h e  long list of phys ica l  and 
chemical damaging a g e n t s ,  t h e  c h a r a c t e r i z a t i o n  of  t h e  mechanisms of damage 
process ing  employed by l i v i n g  cells  and the  e l u c i d a t i o n  of t h e  r e l a t i o n s h i p  
between d i f f e r e n t  t y p e s  o f  DNA damage and s p e c i f i c  b i o l o g i c a l  e f f e c t s  are of 
obvious importance t o  b a s i c  molecular  biology and t h e  Heal th  Sciences.  For 
s e v e r a l  years  my l a b o r a t o r y  has  been addressing i t s e l f  t o  t h e s e  quest ions.  

The s t r u c t u r a l  iden- 

The h e t e r o c y c l i c  bases of DNA i n  s i t u  i n  t h e  l i v i n g  c e l l  undergo 
photochemical r e a c t i o n s  upon exposure t o  u l t r a v i o l e t  l i g h t  and r a d i c a l  addi- 
t i o n  r e a c t i o n s  l e a d i n g  t o  r ing - sa tu ra t ion  o r  homolyt ic  f ragmentat ion upon 
exposure t o  i o n i z i n g  r a d i a t i o n .  They react r e a d i l y  w i t h  a l a r g e  v a r i e t y  of 
e l e c t r o p h i l i c  chemicals  i n  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  at t h e  r ing-  
or exocycl ic  heteroatoms.  The pyrimidine bases  are f a r  more r e a c t i v e  than t h e  
p u r i n e s  t o  u l t r a v i o l e t  l i g h t  and s l i g h t l y  more r e a c t i v e  t o  ion iz ing  r a d i a t i o n .  
I n  c o n t r a s t ,  t h e  p u r i n e s  react more r d a d i l y  wi th  most e l e c t r o p h i l i c  chemicals.  
A g r e a t  v a r i e t y  of s t T u c t u r a 1  changes i s  induced, t h e r e f o r e ,  by t h e  l a r g e  num- 
b e r  of  DNA damaging a g e n t s ,  i n  p a r t i c u l a r  s i n c e  most agen t s  produce more than  
one type  of l e s i o n .  
c e s s i n g  of a l l  DNA base  damage i n  d iv id ing  cells  (1) Pre-Repl icat ion:  t h e  
damage i s  removed by e x c i s i o n  r e p a i r  o r  remains I n  t h e  DNA (2) Replicat ion:  
t h e  remaining damage does  no t  i n t e r f e r e  wi th  r e p l i c a t i o n ,  t h e  damage a c t s  as 
temporary o r  permanent r e p l i c a t i o n  block, t h e  damage is circumvented o r  re- 
moved during r e p l i c a t i o n  (3) Post-Repl icat ion:  incomplete  daughter s t r a n d s  
are completed, remaining damage may be removed, 
t h e s e  a l t e r n a t i v e s  f o r  damage processing i s  expected t o  vary  f o r  d i f f e r e n t  
c e l l  types and d i f f e r e n t  classes of DNA l e s i o n s .  The b i o l o g i c a l  e f f e c t ( s )  of 
a given  class of  l e s i o n s  w i l l  be  co-determined by t h e  s t r u c t u r a l  charac te r -  
i s t ics  of the l e s i o n s ,  t h e  q u a l i t y  and ex ten t  of t h e  l o c a l  d i s t o r t i o n  of t h e  
DSA h e l i x  and t h e  rcode(s) of damage processing used by t h e  ce l l .  It may be 
specula ted  t h a t  c e r t a i n  l e s i o n s  have p a r t i c u l a r l y  h i g h  k i l l i n g - ,  mutagenic-, 
o r  t ransformat ion-ef f ic iency .  

The fo l lowing  p r i n c i p a l  a l t e r n a t i v e s  e x i s t  f o r  t h e  pro- 

The relat ive importance of 



A major long range goal  i n  t h i s  area of r e sea rch  and i n  our own 
work is t o  develop experimental  d a t a  which w i l l  a l low t h e  d e f i n i t i o n  of 
classes of DNA base damage on t h e  basis of t h e  chemical s t r u c t u r e  of t h e  
l e s i o n s  and t h e i r  e f f e c t  on l o c a l  DNA (and chromatin) conformation. A 
u s e f u l  c l a s s i f i c a t i o n  should a l low p r e d i c t i o n s  about t h e  mode(s) of 
damage processing and t h e  predominant b i o l o g i c a l  e f f e c t ( s )  e l i c i t e d  by 
a s p e c i f i c  lesion i n  a given t y p e  of c e l l .  
long range goal  which can only be achieved by the  cooperat ive e f f o r t s  of 
many l a b o r a t o r i e s  working on d i f f e r e n t  aspects of t h i s  problem. 
s t u d i e s  extend from t h e  chemical s t r u c t u r e  e l u c i d a t i o n  of the l e s i o n s  
induced i n  DNA ( i n  s i t u  i n  t h e  c e l l )  by important phys i ca l  and chemical 
damaging agents ,  t o  s t u d i e s  of t h e  e f f e c t  of s p e c i f i c  l e s i o n s  on DNA (and 
chromatin) conformation, t o  t h e  c h a r a c t e r i z a t i o n  of t h e  molecular s t e p s  of 
DNA (and chromatin) r e p a i r  and t h e  enzymes which are involved, t o  t h e  
d e f i n i t i o n  of t he  cellular and molecular  processes  lead ing  t o  s p e c i f i c  
b i o l o g i c a l  endpoints.  

. 

This  r ep resen t s  obviously a 

Relevant 

I n  t h i s  framework we are c o n c e n t r a t i n g  on s t u d i e s  of t h e  formation 
and p r e r e p l i c a t i o n  exc is ion  repair of two d i f f e r e n t  types of DNA l e s i o n s  i n  
mammalian and, i n  p a r t i c u l a r ,  i n  human cells.  The f i r s t  type of l e s i o n s  are 
monomeric, r ing-sa tura ted  thymine d e r i v a t i v e s  of the  5,6-dihydroxy-dihydro- 
thymine type which a r e  formed i n  DNA as major l e s i o n s  by ion iz ing  r a d i a t i o n  
and as minor l e s i o n  by u l t r a v i o l e t  l i g h t .  Products  of t h i s  type are expected 
to  in t roduce  " s i g n i f i c a n t  but  minor d i s t o r t i o n  of t he  DNA hel ix"  according 
t o  a prel iminary c l a s s i f i c a t i o n  of DNA base  damage proposed by u s  as a working 
hypothes is  ( C e r u t t i ,  1975). 
adenine- benz(a)pyrene adducts  formed i n  t h e  DKA of metabolizing mammalian 
cells. 
is expected t o  cause "major h e l i x  d i s t o r t i o n " .  
p a i r  of t hese  two ca tegor i e s  of l e s i o n s  i s  being inves t iga ted  i n  normal human 
s k i n  f i b r o b l a s t s  and s k i n  f i b r o b l a s t s  from p a t i e n t s  wi th  the  autosomal re- 
c e s s i v e  d i s e a s e s  Xeroderma pigmentosum and Ataxia t e l a n g i e c t a s i a .  It is  hoped 
t h a t  t h e  comparison of t he  repair  c a p a b i l i t i e s  of t h e  normal and d iseased  
cel ls  which have e s t ab l i shed  or  sugges ted  d e f i c i e n c i e s  i n  DNA r e p a i r  w i l l  
y i e l d  information about t he  molecular  s t e p s  i n  human DNA r epa i r  and allow 
t h e  cons t ruc t ion  of experimental  systems for t he  i d e n t i f i c a t i o n  and charac- 
t e r i z a t i o n  of human r e p a i r  enzymes. S ince  t h e  inc idence  of t he  formation 
of malignancies i s  increased i n  p a t i e n t s  w i th  t h e s e  d i seases ,  t h e  proposed 
s t u d i e s  may a l s o  shed l i g h t  on t h e  r e l a t i o n s h i p  between DPlA-damage, DNA- 
r e p a i r  and carcinogenesis .  

The second type  of l e s i o n s  a r e  t h e  guanine- and 

The benz(a)pyrene s u b s t i t u e n t  is bulky and i ts  in t roduct ion  i n t o  DNA 
P re rep l i ca t ion  exc is ion  re- 

- 



XI. SPECIFIC AIMS 

A, Excision r e p a i r  of gama-ray induced products  of the  5,6-dihydroxy- 

dlhydrothymine t y p e  ( t Y )  by normal and Ataxia  t e l a n g i e c t a s i a  (AT) 

sk in  f i b r o b l a s t s .  

Since a number of y e a r s  w e  have focused our e f f o r t s  on s t u d i e s  of 
t h e  exc is ion  repair of i o n i z i n g  r a d i a t i o n  induced DNA base damage i n  mammalian 
cells  ( see  "Fina l  Report"). 
con t inua t ion  of t hese  interests. 

Th i s  p a r t  of t h e  proposed program represents  a 

Recent r e s u l t s  of Taylor  et  a l ,  (1975; 1976) and Paterson -- e t  a1 (1976) 
suggest  t h a t  t h e  human autosomal r eces s ive  d i s e a s e  A t a x i a  t e l a n g i e c t a s i a  (AT) 
may r ep resen t  an " ioniz ing  r a d i a t i o n  counterpar t"  t o  Xeroderma pigmentosum 
(XP). A s h o r t  summary 
"Final  Report" (Sec t ion  B ( 3 ) ) .  I n  p a r t i c u l a r ,  t h e r e  i s  an i nd ica t ion  t h a t  t he  
r e p a i r  of anoxic X-ray damage o t h e r  than s t r and  breakage may be d e f i c i e n t  i n  
some AT-skin f i b r o b l a s t  l i n e s .  We are planning t o  s tudy  exc i s ion  r epa i r  of 
damage of t h e  5,6-dihydroxy- dihydrothymine type  (ty) int roduced under aerobic  
and anoxic cond i t ions  us ing  t h e  assays and experimental  des ign  developed i n  
our l abora tory .  

of t h e  present  s ta te  of AT r e sea rch  is  given i n  t h e  

Excis ion  of ty (ae rob ic  and anoxic) w i l l  b e  s t u d i e d  i n  i n t a c t  normal 
and AT-skin f i b r o b l a s t s  a t  h igh  gamma-ray dgses.  
be grown and l abe led  wi th  thymidine-methyl( H) i n  s p e c i a l  small r o l l e r  b o t t l e s .  
Following i r r a d i a t i o n ,  dead c e l l s  w i l l  be removed by g e n t l e  shaking and the 
c u l t u r e s  w i l l  be  incubated a t  37' i n  f r e s h  growth medium. 
of t y  from a c i d  p r e c i p i t a b l e  DNA w i l l  be determined by t h e  a lka l i -ac id  degra- 
d a t i o n  assay.  
-- et a1 (1975) .  
e n t l y  being cu l tu red  i n  our  l abora to ry .  

Normal and AT-cells w i l l  

The disappearance 

Th i s  p ro toco l  is similar t o  t h a t  used previous ly  by Mattern 
Normal human s k i n  f i b r o b l a s t s  and s e v e r a l  AT-lines are pres- 

Y A series of i n  v i t r o  t -excis ion experiments are planned with i s o l a t e d  
These experiments w i l l  be  analogous t o  those  

-- 
chromatin as exogenous s u b s t r a t e .  
descr ibed  f o r  -- i n  v i t r o  tuv-excis ion by AT and XP ce l l  e x t r a c t s  ( see  below i n  
Sec t ion  B(2b)) .  

B. Formation and Repair  of products  of t h e  5,6-dihydroxy-dihydrothymine 

- type  induced by u l t r a v i o l e t  l i g h t  i n  human c e l l s .  

B a c h e t t i  -- et  a1 (1972) descr ibed  an endonuclease a c t i v i t y  i n  homo- 
genates  of HeLa S-3 cells and s e v z r a l  s t r a i n s  of XP s k i n  f i b r o b l a s t s  which 
recognizes  damage o the r  than  pyrimidine photodimers i n  u l t r a v i o l e t  i r r a d i a t e d  
DNA. They l a t e r  p u r i f i e d  an endonuclease from c a l f  thymus which i s  capable 
of i n c i s i n g  photoreac t iva ted ,  u l t r a v i o l e t - i r r a d i a t e d  DNA and gamma-irradiated 
DNA. It w a s  estimated t h a t  t h i s  enzyme recognizes  l e s i o n s  which are formed 
at an approximately 35 times lower l e v e l  than pyrimidine photodimers i n  DNA 
i r r a d i a t e d  a t  254nm. 
VanLancker and Tomura (1974) from r a t  l i v e r .  Evidence for t h e  presence of 

An enzyme wi th  s i m i l a r  p r o p e r t i e s  has  been i so l a t ed  by 

I 
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non-photoreac t ivable  l e s i o n s  i n  t h e  DNA of uv- i r rad ia ted  chicken f i b r o b l a s t s  
w a s  ob ta ined  by Pa te r son  and  Lohman ( 1 9 7 5 ) . F e l d b e r ~  and Grossman (Second I n t e r n a  
t i o n a l  Workshop on DNA r e p a i r  mechanisms, The Nether lands,  May 1976) have 
r e c e n t l y  d e s c r i b e d  a DNA binding p ro te in  from human c e l l s  which recognizes  
non-dimer damage i n  w - i r r a d i a t e d  DNA. Thymine-photoproducts o ther  than 
cyclobutane-type dimers  were de tec ted  i n  uv- i r rad ia ted  DNA by Wacker (1963) 
and evidence sugges t ing  t h e  formation of 5,6-dihydrothymine i n  DNA was la te r  
p re sen ted  by Yamane -- et a1 (1967). A cons ide rab le  amount of d a t a  is a v a i l a b l e  
on t h e  photo-oxidat ion of f r e e  thymine t o  r ing - sa tu ra t ed  hydroxy-hydroperoxides 
(Danie ls  and Grimison, 1967; Hahn and Wang, 1974). The formation of tnymine- 
photohydra te  (6-hydroxy-dihydrothymine) w a s  suggested by Miller and C e r u t t i  
(1969) and c l e a r l y  demonstrated by Fishe r  and Jonns (1973).  We have r e c e n t l y  
s t a r t e d  a s e a r c h  f o r  U l t r a v i o l e t  products  of t h e  5,64ihydroxy-dihydrothymine 
type i n  f r e e  DNA and DNA -- i n  s i t u  i n  HeLa S-3 c e l l s  u s ing  t h e  a lka l i - ac id  
deg rada t ion  a s s a y  (Hariharan and Cerutti, 1974).  Our r e s u l t s  i n d i c a t e  t h a t  
such  products  are formed and w e  propose t o  c a r r y  out  a sys temat ic  study of t h e  
photochemistry and photobiology of t h e s e  lesions. 

The fo l lowing  should be recognized: The a l k a l i - a c i d  degradation a s s a y  
i 

.. I 
measures a group of s t r u c t u r a l l y  similar thymine r ing - sa tu ra t ion  products 

d u c t  d i s t r i b u t i o n  and t h e  r e l a t i v e  y i e l d s  of t h e  d i f f e r e n t  components are 
d i f f e r e n t  f o r  uv and ion iz ing  r a d i a t i o n .  Fur thernore ,  t h e  spectrum of o the r  
DNA l e s i o n s  ( i . e . l e s i a n s  no t  determined by t h e  a fka l i - ac id  degradation assay)  
is v e r y  d i f f e r e n t  for  u l t r a v i o l e t -  and i o n i z i n g  r a d i a t i o n .  
pyyimidine-photodimers are t h e  major l e s i o n s  produced by uv-l ight  i n  DNA whi le  
s t r a n d  breakage o c c u r s  only  i n  very low y i e l d  - s i n g l e  s t r and  breakage is a 
major type of l e s i o n  formed by ion iz ing  r a d i a t i o n  b u t  pyrimidine-dimerizat ion 
does  n o t  occur .  I n  summary, DNA exposed i n  vivo o r  i n  v i t r o  t o  u l t r a v i o l e t  
l i g h t  o r  i o n i z i n g  r a d i a t i o n  both con ta in  monomeric, r ing-sa tura ted  thymine 
p roduc t s  bu t  d i f f e r  i n  many o t h e r  r e s p e c t s  from each o t h e r .  These d i f f e r -  
ences  may be impor tan t  f a c t o r s  i n  determining t h e  mode of r e p a i r  and the  

rather than a s i n g l e  product i n  i r r a d i a t e d  DNA. It is  expected t h a t  t he  pro- 

For ins tance ,  I f 
r 
f 
i 
t -- -- 
I 
I 
i b i o l o g i c a l  e f f e c t s  of t h e s e  l e s ions .  
I 

(1) Formation of products of t h e  5,6-dihydroxy-dihydrothymine 

t y p e  (tUV) by u l t r a v i o l e t  l i g h t  
, 
! 

(a) P r o p e r t i e s  of t h e  u l t r av io l e t - induced  thymine l e s i o n s  
determined by t h e  a l k a l i - a c i d  degrada t ion  assay. 

I Experiments are p r e s e n t i y  be ing  c a r r i e d  out and w i l l  
be cont inued t o  c h a r a c t e r i z e  t h e  l e s i o n s  measured i n  uv- i r rad ia ted  DNA by t h e  
a l k a l i - a c i d  deg rada t ion  assay  ( tUV) and t o  c l e a r l y  d i s t i n g u i s h  them from 
thymine-photodimers. (1) The f o m a t i o n  of tUV from TKP-~nethyl(~H) is being 
determined. RIP i n  d i l u t e  aqueous s o l u t i o n  does no t  photodimerize. The 
a s s a y  y i e l d  f o r  t h e  formation of tUV re la t ive  t o  t o t a l  r ing-sa tura t ion  w i l l  
be measured by comparing t h e  f r a c t i o n  of  THP which has r eac t ed  t o  tUV as a 
f u n c t i o n  of dose  t o  t o t a l  thynine r ing - sa tu ra t ion  (measured by t h e  loss of 
t h e  abso rp t ion  a t  26Onm). (2) According to Yamane e t  a1 (1967) 5,6-dihydro- 
thymine i s  formed i n  DNA by uv-light.  Based on chemical cons idera t ions ,  i t  
I s  u n l i k e l y  t h a t  dihydrothymlne i n t e r f e r e s  w i t h  t h e  a l k a l i - a c i d  degradation 
a s s a y  b u t  t h i s  q u e s t i o n  should be checked e x p e r h e n t a l l y .  
~ n e t h y l ( ~ H )  w i l l  be prepared by c a t a l y t i c  reduction of thy~nid ine- t re thyl (~8)  

-- 

Dihydrothymidine- 
. 
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according t o  Green and Cohen (1957) and t r e a t e d  under ou r  s tandard  
a s say  condi t ions  (3) The a c t i o n  spectrum of the formation of tu" and thymine- 
photodimers w i l l  be compared for free DNA and DNA -- i n - s i t u  i n  HeLa S-3 ce l l s  
(see sec t ions  b & c below) (4) Two s t e p  i r r a d i a t i o n  experiments wi th  280 
and 240nm l i g h t  are planned i n  o rde r  t o  compare the  p h o t o s t a b i l i t y  of tUV 
r e l a t i v e  t o  thymine-photodimers ( 5 )  The chemical s t a b i l i t y  of tUV I n  DNA t o  
changes i n  pH and tempera ture  w i l l  be measured and w i l l  a l low a clear d i s -  
t i n c t i o n  of tu" from thymine-photohydrates.  ( 6 )  It i s  l i k e l y  t h a t  r a d i c a l  
addi t ion-photooxidat ion r e a c t i o n s  are respons ib le  for t h e  formation of tu". 
A s tudy  of t h e  e f f e c t  o f  r a d i c a l  scavengers (such a s  h i s t i d i n e )  and mild 
reducing agents  (such as  c y s t e i n )  I s  planned and should y i e l d  information 
concerning t h e  chemical mechanism of tu" formation ( c f .  Roti-Roti  and 
C e r u t t i ,  1974). 

' 

(b) Formation of tUV i n  DNA -- i n  v i t r o  

The e f f i c i e n c y  of ormation of tUV and thymine-photo- 5 dimers  i n  h ighly  p u r i f i e d  thymine-methyl( H) l abe led  co l iphage  T 7  DNA w i l l  
be determined. Light  i n  t h e  240, 260, 280 and 313nm reg ion  of t h e  uv- 
spectrum from our  Schoffel-High-Intensi ty  W-Monochromator w i l l  be used. 
Th i s  da ta  w i l l  y i e l d  a c t i o n  s p e c t r a  and r a t i o s  of tUV over  photodimers i n  
t h i s  range of t h e  uv-spectrum and i s  of obvious importance t o  photobiology. 

(c) Formation of tUV -- i n  s i t u  i n  ReLa 5-3 cells 

An analogous series of experiments t o  those  descr ibed  
i n  t h e  previous s e c t i o n  w i l l  be c a r r i e d  ou t  with ReLa S-3 cells which were 
l abe led  i n  t h e i r  DNA w i t h  thymidine-methyl(%) and chased wi th  cold thymi- 
d i n e  t o  dep le t e  t h e  r a d i o a c t i v e  pool. 
dimer formation w i l l  be  ob ta ined  and r a t i o s  of tUV over  photodimers calcu-  
l a t e d .  

Action-spectra f o r  tUV and photo- 

(2) Exc i s ion  repair  of u l t rav io le t - induced  products  of t he  

5,6-dihydroxy-dihydrothymine type  ( tUV) by normal, 

Xeroderma pigmentosum (XP)and Ataxia  t e l a n g i e c t a s i a  

(AT) s k i n  f i b r o b l a s t s  

For a d e s c r i p t i o n  of t h e  s ta te  of XP and AT r e sea rch  i n  
r e l a t i o n  t o  our  program, i t  is  r e f e r r e d  t o  Sect ion C(3) (p. 11) of t h e  
" F i n d  Report". I n  s h o r t ,  w i t h  the except ion of XP-variants a l l  XP-skin 
f i b r o b l a s t s  l i n e s  p o s s e s s  decreased l e v e l s  of uv-induced unscheduled DNA 
s y n t h e s i s  and as f a r  as  such d a t a  is a v a i l a b l e  decreased c a p a c i t i e s  f o r  
photodimer removal. Nuclear  f r a c t i o n s  from normal and XP ce l l s  (comple- 
mentat ion groups A,B,C, and D)' have comparable c a p a c i t i e s  for t h e  i n  v i t r o  
exc i s ion  of products  of t h e  5,6-dihydroxy-dihydrothymine type  from gamma- 
i r r r a d i a t e d  exogenous DNA and according t o  prel iminary r e s u l t s  from uv- 
i r r a d i a t e d  DNA ( C e r u t t i  and Remsen, i n  p r e s s ,  and Har iharan  and C e r u t t i ,  
unpublished r e s u l t s ) .  
c reased  s e n s i t i v i t i e s  to X-rays (aerobic) .  Some AT-strains appear p a r t i a l l y  
d e f i c i e n t  In the removal of X-ray induced (anoxic)-M. luteus gama- 
endonuclease s e n s i t i v e  s i tes  as w e l l  a s  i n  t h e i r  c a p z b i l i t y  t o  c a r r y  

S e v e r a l  s t r a i n s  of AT s k i n  f i b r o b l a s t s  e x h i b i t  in- 



o u t  r e p a i r  r e p l i c a t i o n  (Paterson e!-&, 1976).  
t h e  exc i s ion  r e p a i r  of tUV (and t Y ,  see belov)  i n  i n t a c t  XP- and AT-skin- 
f i b r o b l a s t s  and i n  i n  v i t r o  component systems. .  

We are planning t o  s tudy  

(a) High dose  experiments wi th  i n t a c t  c e l l s  

Monolayer c u l t u r e s  of normal, XP- and AT-skin 
f i b r o b l a s t s  (from American Type Cul ture  Co l l ec t ion ;  a l l  l i n e s  are 
p r e s e n t l y  be ing  cu l tu red  i n  o u r  l abora to ry )  w i l l  be grawn i n  l a r g e  P e t r i  
d i s h e s  and p re l abe led  in t h e i r  DNA wi th  thymidine-methyl( H). 
t u r e s  w i l l  be i r r a d i a t e d  wi th  a h igh  dose of l i g h t  a t  254nm (Hg low 
pres su re  lamp) a t  0 C. 
t h e  c u l t u r e s  w i l l  be incubated a t  37' i n  f r e s h  growth medium f o r  d i f f e r e n t  
l eng ths  of time. The d isappearance  of tuV from ac id  p r e c i p i t a b l e  DNA w i l l  
be determined by t h e  a lka l i - ac id  degrada t ion  assay.  
similar t o  t h a t  used previous ly  by Mattern et  a1 (1975). 

3 The cu l -  

Dead ce l l s  w i l l  be  removed by g e n t l e  shaking and 

This  p r o t o c o l  is 

(b) Excision of tUV from i s o l a t e d  normal, XP- and AT- 
Chromatin by c e l l u l a r  e x t r a c t s  

The c o n s t r u c t i o n  of "open systems'' a l lowing  s imple 
mixing and r e c o n s t i t u t i o n  experiments  i s  c r u c i a l  f o r  t h e  e l u c i d a t i o n  of 
t h e  molecular  d e f i c i e n c i e s  i n  t h e s e  d i s e a s e s .  This may be  r a t h e r  m3re 
d i f f i c u l t  t han  i t  appeared i n i t i a l l y .  
Cleaver,  Duker and Teebor and t h e i r  c o l l a b o r a t o r s  discovered t h a t  crude 
p repa ra t ions  of XP-cells had normal c a p a c i t i e s  t o  i n c i s e  uv - i r r ad ia t ed  
exogenous phage DNA and t o  e x c i s e  photodimers from free DNA 
More encouraging r e s u l t s  were obtained i n  our  own l abo ra to ry  i n  similar 
experiments w i t h  Fanconi 's  Anemia p r e p a r a t i o n s  (Remsen and C e r u t t i ,  i n  
p re s s ) .  

It w a s  d i sappoin t ing  when Fr iedberg ,  

We are planning experiments us ing  i s o l a t e d  chromatin 
as exogenous s u b s t r a t e .  
t h e i r  DNA w i t h  thymidine-methyl( H) and t h e  chromatin i s o l a t e d  by a modifi-  
c a t i o n  of t h e  procedure used by Rot iRot i  -- e t  a1 (1974). The chromatin w i l l  
be i r r a d i a t e d  wi th  a high dose  of monochromatic l i g h t  and u n i r r a d i a t e d  
unlabeled ce l l  e x t r a c t s  w i l l  be added i n  l a r g e  excess.  Removal or' tuv ' f rom 
t h e  exogenous chromatin will be  determined ( incubat ion cond i t ions  are 
similar t o  t h o s e  descr ibed by Mattern and C e r u t t i ,  19754. Prelminary ex- 
per iments  i n d i c a t e  t h a t  t h e  "spontaneous" release of tu from chromatin is  
small f o r  sk in - f ib rob la s t  p repa ra t ions  b u t  s u b s t a n t i a l  ( Z 1 5 X )  f o r  HeLa S-3 
chromatin. T h i s  experimental  design a l lows  p o t e n t i a l l y  i n t e r e s t i n g  permu- 
t a t i o n s  r e l a t i v e  t o  t h e  o r i g i n e  of t he  chromatin-substrate  and t h e  c e l l  
extracts: XF-cell e x t r a c t s  w i t h  chromatin of normal cells; XP-cell extracts 
with XP-chromatin (from t h e  same and d i f f e r e n t  complementation groups)  etc.  

Normal- XP- and AT- c e l l s  w i l l  be l a b e l e d  i n  3 



I 

C. Repair of DNA-benz(a)pyrene adducts by human cells 

There are numerous DNA damaging agents which introduce sterically 
bulky substituents. Aromatic amines such as 2-aminonaphtalene, benzidine 
and 4-amino-biphenyl and polycyclic hydrocarbons contained in tars, o i l s ,  
soots and cigarette smoke such as benz(a)pyrene, benz(a)anthracene, dibenz- 
(a,h)anthracene and their methylated derivatives are potent carcinogens. 
All these chemicals have to be metabolically activated to the reactive, 
ultimate carcinogen. There are many examples where the formation of DNA 
as well as RNA and protein adducts can be demonstrated in animals and 
cultured cells exposed to these agents. 
of these compounds have been synthesized which do not need to be metabo- 
lized in order to react with the cellular macromolecules in vitro and - vivo. 
acetoxy-2-acetyl-amino-fluorene, benz(a)pyrene-4,5-oxide and most recently 
7,8-dihydroxy-9,10-epoxy-tetrahydrobenz(a)py~ene. Reaction of these chem- 
icals with DNA leads to lesions involving the purine bases which.are expected 
to cause major distortion of the helix (Class III type damage "Causing major 
helix distortion" according to our classification; Cerutti, 1975). It is 
expected that the mode by which cells process such lesions together with 
the chemical, properties of the damaged residues co-determine the biological 
effects of these damaging agents. Since chemicals of the type listed above 
are produced industrially or represent ubiquitous pollutants of our environ- 
ment and since their detrimental influence on human health are well esta- 
blished, the study of their effects on the cellular and molecular level is 
of practical importance. (For recent reviews, see e.g. Heidelberger (1973; 
1975; Kriek (1974); Sims and Grover (1974); Trosko and Chu (1975). 

Reactive derivatives of a number 

Examples for such agents are 7-brommethylbenz(a)anthracene, N- 

Important studies on the structure of the DNA lesions and their 
repair in mammalian cells have been carried out with 7-bromomethylbenz(a)- 
anthracene (7-BrMeBA) . Lieberman and Dipple (1972) demonstrate9 the 
excision of N6-(benz(a)anthryl-7-methyl)deoxyadenosine and of N -(benz(a)- 
anthryl-7-methy1)deoxyguanosine from the DNA of non-dividing human lympho- 
cytes. The excision of the adenosine lesion vas considerably faster than 
of the guanosine lesion. Similar studies have more recently been carried 
out by the same authors with rapidly dividing hamster V79 cells and human 
HeLa S-3 cells (A. Dipple and J. Roberts, personal communication). In 
lymphocytes from Xeroderma pigmentosum patients 7-BrMeBa induced only 
approximately one-tenth the level of unscheduled DNA synthesis relative 
to lymphocytes from normal controls suggesting the participation of ultra- 
violet-type repair in the processing of at least some of the damage produced 
by this carcinogen (Slor, 1973). An endonuclease was isolated from rat 
liver which recognizes lesions in ultraviolet and 7-BrMeBA treated DNA 
maher -- et al, 1974). 
lesions -- in vivo. 
identified a repairable major lesion, N- (guanine-8-yl)-2-acetylaminof luorene 
and a persistent lainor lesion, 3-(guanine-N-yl)-2-acetylaminofluorene in 
the liver of rats which had received 2-acetylaminofluorene or its activated 

This enzyme may participate in the excision of 7-BrMeBA 
Kriek (1974) and Kriek and Westra (personal comm.) have 
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d e r i v a t i v e s ,  Evidence f o r  the formation of p e r s i s t e n t  damage i n  rat  
l i v e r  DNA was obta ined  ear l ier  by Warwick and Roberts  (1967) fol lowing 
t h e  admin i s t r a t ion  of t h e  carcinogen b u t t e r  yel low (dimethylaminoazoben- 
zene).  
occurred In  normal human amnion c e l l s  (60% excised  i n  24 hrs )  but  not  
XP c e l l s .  Mouse A31-714 c e l l s  (a 3T3 c lone )  a l s o  had t h e  c a p a b i l i t y  t o  
remove 4NQ0 l e s i o n s .  (Ikenaga -- et  a l ,  1975; t h r e e  s t a b l e  4-NQO adducts :  
2 on G, 1 on A, some uns tab le  products  r e l e a s i n g  4-NQO; exact  s t r u c t u r e  
of adducts  is unknown(?)). An I n t e r e s t i n g  r e l a t i o n s h i p  between the  pro- 
l i f e r a t i v e  s ta te  of human pe r iphe ra l  lymphocytes and t h e i r  capac i ty  t o  
excise DNA damage induced by N-acetoxy-2-acetylaminofluorene was r e c e n t l y  
observed by S t r a u s s  (TNO 2nd I n t .  Workshop on DNA Repair ,  Holland, 1976). 
The p o s s i b i l i t y  t h a t  some chemical carc inogens  may, bes ides  a l t e r i n g  t h e  
DNA, act  as i n h i b i t o r s  of r e p a i r  has  t o  be considered (such 8 s i t u a t i o n  
may e x i s t  f o r  benz(a)pyrene,  R. Rasmussen, pe r sona l  corn. ,  and 7-BrMeBA 
damage, J. Roberts  and A. Dlpple, TNO Meeting on DNA r e p a i r ,  Holland, 1976).  

by t h e  groups o f  chemicals under d i s c u s s i o n  comes from the  de te rmina t ion  
of unscheduled DNA s y n t h e s i s  and r e l a t e d .  phenomena i n  cu l tu red  cel ls  ( f o r  
human cel ls ,  see e.g. ,  Regan and Setlow, 1974; S t i c h  -- e t  a l ,  1973; S t r a u s s  
-- et al ,  1975). Fu r the r  va luable  Informat ion  is  being der ived from conpara- 
t i v e  s t u d i e s  of t h e  t o x i c i t y  and mutagenic i ty  of t h e s e  chemicals i n  rodent  
cells (e.g. Duncan and Brookes, 1973),  i n  normal and Xeroderma pigmentosum 
s k i n  f i b r o b l a s t s  (Maher -- et al, 1975a,b; Maher and Wessel, 1975; Maher and 
McCormick, pe r sona l  corn.)  and in ce l l s  from o t h e r  human diseases w i t h  
r e p a i r  d e f i c i e n c i e s .  

Excis ion of pur ine  adducts formed by 4-nitroqulnollne-N-oxide 

I n d i r e c t  conclusions concerning t h e  r e p a i r  of DNA l e s i o n s  induced 

W e  propose t o  s tudy  t h e  mode(s) of damage processing used by 
human ce l l s  f o r  DNA l e s i o n s  induced by benz(a)pyrene.  As mentioned above 
polycyl ic  hydrocarbons are ubiqui tous  contaminants  of our environment (*). 
They are carc inogenic  i n  animals and probably  i n  man. Most of t hese  chem- 
icals have t o  be me tabo l i ca l ly  a c t i v a t e d  i n  o r d e r  t o  e x e r t  t h e i r  b i o l o g i c a l  
e f f e c t s .  Exc i t ing  progress  has been made dur ing  t h e  l a s t  few y e a r s  i n  t h e  
i d e n t i f i c a t i o n  of t h e  b i o l o g i c a l l y  most a c t i v e  and important me tabo l i t e s  
of benz(a)pyrene (see e.g.  Borgen e t  a l ,  1973; Rasmussen and Wang, 1974). 
As f i r s t  proposed by Sims -- et a 1  (1974) and Sims and Grover (1974) and now 
c l e a r l y  e s t a b l i s h e d  by t h e  work of Brookes, Gelboin,  J e r i n a  and Sachs and 
t h e i r  c o l l a b o r a t o r s ,  t h e  most s t r o n g l y  mutagenicmetabol i tes  of benz(a)pyrene 
are t h e  two i somer ic  7,8-diol-9,10-epoxide-derivaties((+)7a,8B-dihydroxy- 
9a,lOa-epoxy-7,8,9,lO-tetrahydrobenzo(a)pyrene: diol-epoxide I1 Z f a s t  
isomer E syn-isomer; (+) 7a,8B-diliydroxy-9B,lO8-epoxy-7,8,9,10-tetrahydro- 
benzo(a)pyrene: diol-epoxide 1 5  slow isomer anti-isomer; Huberman et a l ,  

and co l l abora to r s ) .  
1976; Wislocki -- e t  a l ,  1976; syn-ant i  nomenclature is used by P. Brookes i 

(*) Committee on b i o l o g i c a l  e f f e c t s  of atmospheric p o l l u t a n t s  
(1972) "Pa r t i cu la r  P o l y c y c l i c  Organic Matter" (Nat ional  
Academy of Sciences,  Washington, I). C. )  
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While t h e  fas t  isomer of t h e  diol-epoxide i s  more mutagenic and 
more c y t o t o x i c  i n  Salmonella typhimurium than  t h e  slow Isomer (Wislocki 
et  a l ,  1976 and D. J e r i n a ,  pe r sona l  corn . )  t h e  oppos i te  resul t  i s  obtained 
wi th  Chinese hamster V79 c e l l s  (mutation t o  ouabain or 8-azaguanine re -  
s i s t e n c e ;  Hubenan  -- e t  a l ,  1976; Wislocki e t  a l ,  1976; P. Brookes, personal  
communication). According t o  t h e s e  r e s u l t s ,  t he  slow isomer of t h e  d i o l -  
epoxide i s  a n  extremely po ten t  mutagen i n  V79 a t  e s s e n t i a l l y  non-toxic 
doses  and h a s  been r e f e r r e d  t o  as a "supermutagen". 
P. Sims and B. Weinstein and t h e i r  c o l l a b o r a t o r s  s t rong ly  sugges t s  t h a t  t h e  
major " in  -- vivo" DNA adduct formed by benz (a)pyrene by metabol iz ing cel ls  
(such as mouse embryo cells, baby hamster kidney cells, primary human lung 
cel ls)  invov les  guanine ( see  e.g.  Osborne -- et a l ,  1975; Brookes -- e t  a l ,  1975; 
King e t  a l ,  1975; Thompson e t  a l ,  1976; Alexandrov et a l ,  1976; Pie t ropao lo  
and Weinstein,  1975; Sims et a l ,  1975; P. Brookes, personal  communication). 
S u b s t i t u t i o n  a t  the  06-posi t ion of guanine has  been excluded and a l l  avail- 
a b l e  evi ence  i n d i c a t e s  t h a t  t h e  benz(a)pyrene moiety is  l inked  t o  t h e  exo- 
c y c l i c  N -aminofunction of guanine.  
be formed a t  approximately 1 / 1 2  t h e  r a t e  of t h e  guanine adduct (P. Brookes, 
personal  co rn . ) .  
damage p rocess ing  used by human cel ls  fo r  t h e s e  " in  L- vivo" pu r ine  
benz (a )pyrene  adducts.  

The work of  P. Brookes, 

9 A minor product involving adenine may 

In  our  program w e  p l a n  t o  e l u c i d a t e  t h e  mode(s) of 

-- . The p r i n c i p a l  i n v e s t i g a t o r  r e c e n t l y  spent  s i x  weeks a t  t h e  Chemi- 
cal Carcinogenesis  Divis ion,  Chester Bea t ty  Cancer Hospi ta l  i n  England and 
had t h e  oppor tun i ty  t o  l e a r n  t echn iques  and t o  p a r t i c i p a t e  i n  many d i s -  
cuss ions  r e l a t e d  t o  t h e  t o p i c  of t h i s  p a r t  of t h e  proposal w i t h  D r s .  Pe t e r  
Brookes, P h i l  Lawley and John Roberts .  H i s  s t a y  a t  t he  Chester  Bea t ty  was 
i n  p a r t  supported by E.R.D.A.. The s p e c i f i c  program ou t l ined  below i s  no t  
meant t o  be comprehensive but  should g i v e  t h e  reviewers  s u f f i c i e n t  informa- 
t i o n  about  t h e  type of experiments  t h a t  are planned. I n  t h i s  f a s t  moving 
f i e l d ,  i t  w i l l  undoubtedly become necessa ry  t o  modify some of ou r  pro tocols  
and t o  add and t o  d e l e t e  certain experiments .  

.. 

. _  (1) Formation of DNA-benz(a)pyrene adducts i n  c u l t u r e d  human 
-.  

c e l l s .  

Metabolism of p o l y c y c l i c  hydrocarbons has  been  observed 
i n  human t i s s u e s  (see e.g. Kellerman -- et  a l ,  1973; Grover -- et a l ,  1973; Bast 
et a l ,  1974; Booth e t  a l ,  1974).  The format ion  of a s p e c i f i c  " in  vivo" 
benz (a )pyrene  adduct i n  i n t a c t ,  metabol iz ing  cells  has been demonstrated 
by LH Sephadex chromatographyof DNA d i g e s t s  from mouse embryo cel ls  and 
baby hamster kidney BHK) c e l l s  and d i s t i n g u i s h e d  from -- i n  v i t ro  products  
i n  DNA r e a c t e d  wi th  benz (a )pyrene~4 ,5 -ox ide  (Baird et  al, 1975) or with  
benz(a)pyrene a c t i v a t e d  by r a t  l i v e r  microsomes (King e t  a1 1975). 

-- 
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In a first part of our program we will attempt to demonstrate 
benz(a)pyrene metabolism and the formation of benz(a)pyrene-DNA adducts 
in cultured human skin-f ibroblasts and lymphoblastoid cells (an informal 
poll of investigators in this field concerning the occurrence or absence 
of benz(a)pyrene metabolism in cultured human skin fibroblasts yielded 
inconclusive results! Preliminary experiments look promising). In case 
no or insufficient metabolism is observed in human cells, cocultivation 
with BHK will be attempted o r  feeder layers may be used. 
approach has recently been taken by L. Sachs and his collaborators fo r  
the demonstration of polycyclic hydrocarbon mutagenicity i n  V79 hamster 
cells. ) 

(A similar 

The methodology will be similar to that of King et al, 1975 and 
has successfully been used in experiments with BHK-cells in our laboratory. 
The skin fibroblast lines are from ATCC and have been cultured by us for 
a number of years, while Epstein Barr Virus (EBV) positive and negative 
lymphoma lines were recently obtained from Dr. G. Klein (Stockholm; see 
Steinitz and Klein, 1975). 
presence of EBV in part of the lymphoma lines (EHRA-Ramos, EHRB-Ramos) 
affects benz(a)pyrene metabolism and DNA-adduct formation. 

It will be interesting to see whether the 

(2) Repair of DNA-benz(a)pyrene adducts in intact rodent 
and human cells. 
(a) Fxclsion of DNA-benz(a)pyrene adducts. 

The fate of D i  benz(a)pyrene adducts during post- 
treament growth will be investigated in baby hamster kidney cells (BHK- 
clone 21), normal and Xeroderma pigmentosum (XF') human skin fibroblasts 
and EBV positive and negative human lymphoblastoid cells. 
experimental design will be used. 
thymidine before and during incubation with ( H)-benz(a)pyrene (low, non- 
toxic benz(a)pyrene.doses will be used). 
growth continued up to two additional generations (growth will be moni- 
tored using appropriate cell counting procedures). 
treatment incubation high molecular weight DNA will be extracted by a 
modi ied Kirby procedure (see e.g. Baird et al, 1975). A change in the 
%l/l C ratio of the DNA as a function of incubation time will give a 
first indication of the fate of DNA-benz(a)pyrene adducts. The DNA 
samples will then be digested enzymatically and the nucleoside mixtures 
chromato raphed on LH-Sephadex (see e.g. Baird-et al, 1975). The atio 

a function of the length of post-treatment incubation will yield unam- 
biguous information concerning the removal or persistence of these 
products (P.S. recovery of radioa$tivity from the LH-Sephadex columns 
is very good according to our experience with BHK). Differences between 
normal and XP-skin fibroblasts, if observed, may allow conclusions about 
repair mechanisms which are operative in the excision of benz(a)pyrene 
adducts and differences between EBV positive and negative lymphoblastoid 
lines about the effect of the presence of the EBV-genome on repair. 

The ff#lwing 
Cells willjbe labeled with 2- C- 

The cells will be washed and 

Following post- 

d 

1Z -- 
of the ( 9 H)-content in the benz(a)pyrene-adduct peak over total C as 

. .-..-hrc7 . - -- rrru^ . .  
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The following should be kept in mind in interpreting he results 5 of these experiments. Prolonged treatment of cultures with ( H)benz(a) 
pyrene is necessary to obtain measurable amounts of DNA-adduct. It is 
conceivable that a steady state is reached between damage formation and 
removal, that transitory damage is  formed which is rapidly removed and 
escapes detection and that only irrepairable damage accumulates in the 
DNA. In order to distinguish some of these possibilities, experiments 
are planneg at a later stage in'which active benz(a)pyrene metabolites, 
i.e. the ( H)-labeled 7,8-dihydroxy-9,10-epoxides, will be directly re- 
acted with the cultured cells. 
small quantities of the radioactive metabolites are avallable in our 
laboratory; see below.) 

(Thanks to the courtesy of Dr, Don Jerina 

(b) Incision of DNA in human cells treated with the 
7,8-diol-9,10-epoxy-metabolites of benz(a)pyrene. 

A very sensitive filter elution procedure which 
allows the detection of DNA strand breakage and avoids the problem of 
alkaline sucrose gradient sedimentation of high molecular weight DNA has 
been developed by 
(Fornace -- et al, 1976). 
damage in normal and diseased human cells (Xeroderma pigmentosum, F nconi's 

thymidine) cells will be treated with the non-radioactive slow and fast 
7,8-diol-9,10-epoxy-metabolites of benz(a)pyrene (from Dr. D. Jerina). 
Since metabolism is unnecessary DNA damage is expected to be formed rap- 
i d l y  and it should be possible to follow the kinetics of DNA fragmentation 
and resealing during post-treatment growth of the cultures. 

Kohn -7 et a1 (1974) and successfully used in XP-research 
We are proposing to study repair of benz(a)pyrene 

Anemia, Ataxia telangiectasia) using this procedure. Prelabeled ( (  3 HI- 

(3) In vitro excision of DNA-benz(a)pyrene adducts from free - _  
- DNA and isolated chromatin by cellular extracts from 

human cells. 

The capacity of preparations from normal human skin fibro- 
_- 

blasts and lymphoblastoid cells to remove purine-benz(a)pyrene adducts from 
exogenous DNA and isolated chromatin will be measured. 
have been described above in section IIA and IIB(2b) for our studies of ex- 
cision repair of monomeric, ring-saturated thymine damage induced by gamma- 
rays and ultraviolet light. It is referred to those earlier sections of the 
proposal for a discussion of the experimental design and some of the advan- 
tages and the drawbacks of these "open systems." 

14 The following exogenous substrates will be used (1) C- 
thymidine labeled coliphage T7-DNA treated with the slow or fast, (3H)- 
labeled isomer of the 7,8-diol-9 ,lo-epoxy-metabolite of benz (a)pyrene (2) 
14C-thymidine labele 

Analogous experiments 

e 

chromatin isolated from skin-f ibroblasts treated with 
the slow or fast, ( 4 8)-labeled,behz(a)pyrene metabolite. The disappearance 

, 



of t h e  adducts  from high  molecular  weight DNA w i l l  be  inves t iga t ed .  
is evident  t h a t  a mul t i - s tep  process  is measured which may inc lude  endo- 
n u c l e o l y t i c  i n c i s i o n  ( c f .  Maher e t  al, 1974), c leavage of t he  N-glycosidic 
bond i n  the  adduct by a g lycos idase  ( c f .  Kritlkar e t  a l ,  1975; Lindahl ,  
1976) followed by cha in  s c i s s i o n  by a n  a p u r i n i c - s i t e  enzyme (c f .  Verly 
-- e t  a l ,  1973) and exonuc leo ly t l c  degradat ion (cf.  Doniger and Crossman, 1975). 
Attempts will also be made t o  s tudy the  s t e p s  lead ing  t o  DNA f ragmentat ion 
us ing  t h e  f i l t e r  e l e c t i o n  method developed by Fornace -- et a1 (1976: s e e  
previous s e c t i o n ) .  

It 

P re l imina ry  observa t ions  from our  s t u d i e s  on t h e  r e p a i r  
of benz(a)pyrene adducts  i n  BHK-cells i n d i c a t e  t h a t  ac id  p r e c i p i t a t i o n  of 
t h e  DNA fo l lowing  incuba t ion  of t h e  s u b s t r a t e  w i th  t h e  c e l l  e x t r a c t s  may not 
y i e l d  s a t i s f a c t o r y  r e s u l t s .  
43 simple column chromatography s t e p  f o r  t h e  i s o l a t i o n  of h igh  molecular  
weight DNA from t h e  r e a c t i o n  mixtures .  I n  t h e  experiments w i th  i s o l a t e d  
chromatin t h e  DNA w i l l  be e x t r a c t e d  by a s i m p l i f i e d  Kirby procedure s i n c e  
it is expected t h a t  chromosomal p r o t e i n s  w i l l  become l abe led  by r e a c t i o n  
wi th  t h e  benz(a)pyrene me tabo l i t e s .  

Therefore ,  we are i n  t h e  process  of developing 

I f  t h e  experiments d i scussed  above are s u c c e s s f u l ,  i t  
will be of obvious i n t e r e s t  t o  a t tempt  the  p u r i f i c a t i o n  of enzymes 
a c t i v i t i e s  involved i n  t h e  removal of t h e  benz(a)pyrene adducts  from 
DNA.and t o  u s e  c e l l  p r e p a r a t i o n s  from Xeroderma eigmentosum, Fanconi 's  
Anemia and Ataxia t e l a n g i e c t a s i a  c e l l s .  

.e$- 

* 
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I n t e r n a t i o n a l ,  r e f r i g e r a t e d  c e n t r u u g e  . IEC 2 2 9 4 ;  $3695 $3,695.00 
Rotors: I E C  2 6 9  ( w i t h  a c c e s s o r i e s )  237.00 

I E C  259 (with accesso r i e s )  552.00 

Beckman Liquid  S c i n t i l l a t i o n  Counter w i t h  300 sample changer; 
s lmul tv leous  counting on 3 channels; quench co r rec t ion  
T o t a l  p r i c e ,  $18,500; c o n t r i b u t i o n  r eques t ed  from E.R.D.A., 
$6,500.00. $6,500.00 

3. Suppl ies  

Chemicals 
Rad i o  is0 topes 
Biochemicals 
Tissue  Cul ture  Media 
Glass and P l a s t i c  Ware 

4. Travel 

Domestic 
Foreign 

5 .  Other Expmses 

Instrument Se rv ice  Contracts 
Pub l i ca t ion  Cos ts  

$4,500.00 
3,000.00 

6,000.00 
4,000.00 

2,000.00 

- $2,000.00 
0 

$2,500.00 
i,soo.ao 

6. Lndirec t  Costs  (51% of S a l a r i e s ,  Wages and 
Fringe Benef i t s )  $11,434.10 

1 0 3 5 0 0 4  



EUDGET AND BUDGET JUSTIFICATI0:I 

Budget f o r  t h e  Per iod  of Scptember - I ,  1377 to August 31, 1978 

1. S a l a r i e s  

Yame T i t l e  / f of Time A m o u n t  

To 3e Ap?ointed PS.D., Post-doctoral  Assoc ia te  (100%) $10,500.00 
k‘. asek Laborator;  Technolos is t  11 (1GOZ) 9 , 2 7 5 . 3 4  

Fringe B e n e f i t s  (3. h s e k )  15.5% + Health Ins. 1,599.6& 
Fr inge  B e n e f i t s  (Post-doc. Assoc.) .6% t!.C. 63.00 

T o t a l  S a l a r i e s ,  Wages, & Fr inge  Ecne f i t s  $21,438.02 

2. Permanent Equipment 

Lzs?ecif i e d  $ 2,000.00 

3. Supplies 

Ct.aicals 
?.E i i o  is0 tope s 
Ei i c  chemicals 
Tissue Culture Xedia 
Clzss and P la s t i c  Ware 

4. Travel 

Dc=?s t i c  
Forzign 

5 .  Other E q e n s c s  

k s  trument Se rv ice  Cont rac ts  
P u l l i c a t i o n  Costs 

$ 4,500.00 
3,000.00 
2,000.00 
6,000.00 
4,000.00 

$ 2,000.00 
1,500.00 

$ 2,500.00 
1,500.00 

6. I n d i r e c t  Costs (51% of Salaries, Wages, and 
Fringe Benef i t s )  $1 0,933.39 

$61,371.41 - TOTAL: 

I O 3 5 U O 5  



BUDGl3 AVD BUDGET JUSTIFXCATXON 

Budget f o r  t h e  Period of September 1, 1378 t o  August 31, 1979  

1. S a l a r i e s  

.- - _- - 

Name Title 1 % of T i m  Amount 

To Be Appointed Ph.D., Post-doctoral  Assoc ia t e  (1OOX) $11,550.00 
W. Dusek Laboratory Technologis t  11 (100%) 9,924.61 

Fr inge  Benef i t s  (Xs. Dusek) 15.5% + Health Ins. 
Fringe Benef i t s  (Post-doc. Assoc.) .6% W.C. 

1,700.32 
69.3a 

T o t a l  S a l a r i e s ,  Wages, & Fr inge  B e n e f i t s  $23,244.23 

3. Suppl ies  

Chemicals 
Rad i o  i s o t o p e s  
Biochemicals 
T i s sue  Cul ture  taledia 
Glass and P l a s t i c  Ware 

4. Trave l  

Domestic 
Foreign 

5. Other Expenses 

Lnstrument Se rv ice  Contracts 
Pub l i ca t ion  Casts 

$ 4,500.00 
3,000.00 
2,000.00 
6,000.00 
4,000.00 

$ 2,000.00 
0 

$ 2,500.00 
1,500.00 

6. I n d i r e c t  Costs (51% o f  Salaries, Wages and 
Fringe Benefits) $11,854.56 

TOTAL: $60,598.79 



BUDGET JUSTIFICATION 

Request f o r  a Liquid S c i n t i l l a t i o n  Counter: 
i n  i n s t rumen ta t ion  i n  our r e sea rch  group Is l i q u i d  s c i n t i l l a t i o n  
counting. Mostly t h e  i n v e s t i g a t o r s  have t o  w a i t  i n  l i n e  u n t i l  
they  can count t h e i r  s a m p l e s  and t h i s  s i t u a t i o n  d iminishes  our 
p r o d u c t i v i t y  s i g n i f i c a n t l y ,  
mental  p o i n t  have t o  be counted i n  our  s tandard  a s say  f o r  gamma- 
ray products  of t h e  5,6-dihydroxy-dihydrothymine t ype  and 
approximately 150 samples have t o  be  counted f o r  each LH-Sephadex 
chromatogram used f o r  t h e  a n a l y s i s  of DNA-benz(a)pyrene adducts.  
Our needs  f o r  count ing  time are t h e r e f o r e  very  s u b s t a n t i a l .  
p r e s e n t ,  we have one 200 sample  counter  d i r e c t l y  ass igned  t o  our  
group, and we.are competing w i t h  o t h e r  r e sea rch  groups f o r  access  
t o  t h e  t h r e e  departmental  coun te r s .  
ins t rument  would, t h e r e f o r e ,  enhance our p r o d u c t i v i t y  s u b s t a n t i a l l y .  
A c o n t r i b u t i o n  of $12,000 towards t h e  purchase of such an instrument 
has  been made by t h e  Nat iona l  I n s t i t u t e s  of General Medical Science. 

Request f o r  a r e f r i g e r a t e d ,  low speed I n t e r n a t i o n a l  Type I E C  2294 
c e n t r i f u g e  wi th  l a r g e  c a p a c i t y  swinging bucket r o t o r s :  

Such an  instrument i s  needed f o r  t h e  i s o l a t i o n  of s u b c e l l u l a r  
f r a c t i o n s  such as i s o l a t e d  n u c l e i  and chromatin. The ins t rument  
which i s  p r e s e n t l y  being used i s  an I n t e r n a t i o n a l  Cen t r i fuge  type  
PR2 of venerable  age which obviously i s  on its l a s t  l e g .  Repair 
and r e f u r b i s h i n g  of t h i s  ins t rument  would be r a t h e r  c o s t l y  and 
probably  no t  worthwhile. 
t h a t  t h i s  is a c r u c i a l  p i e c e  of equipment without which t h e  p r o j e c t  
cannot be completed. 

The major bo t t l eneck  

Approximately 10 samples per  exper i -  

At 

The purchase of an  a d d i t i o n a l  

From t h e  proposa l ,  i t  should be evident  

Supply funds 

Our t i s s u e  c u l t u r e  ope ra t ion  i s  a t  least  "medium scale". 
l a r g g  numbers of cells are needed i n  most of our experiments (usua l ly  
5x10 cel ls  p e r  experimental  p o i n t ) .  Expensive r a d i o i s o t o p e s  have 
t o  be used i n  a l l  our experiments. 

R e l a t i v e l y  
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