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11. SFECIFIC AIMS 

: 
A .  FOr2'ATION N':D REPAIR OF y-ILlY AHD NEAR-ULTRAVIOLET 

I N D U C E D  DNA DIGLAGE Ih' H U ? W  CELLS 

(1) The involvement  of supe rox ide  r a d i c a l s  i n  r a d i a t i o n  70784g 

- induced  DY.4 damage i n  nxma1j.an ce l l s  

(.a) I o n i z i n g  r a d i a t i o n :  

T h e r e  i s  much ev idence  t h a t  011-radicals are impor t an t  
i n t e r m d i a t e s  i n  t h e  i n d u c t i o n  of DNA damage by i o n i z i n g  r a d i a t i o n  
(Johensen and Iloward-Flanders, 1965; Roots and Okada, l ? 7 2 ;  Ro t iKo t i  a id  
C e r u t t i ,  1974;  Reinsen and R o t i R o t i ,  1 9 7 7 ) .  . -OH-rndicals  are p r i q a r y  
p r o d u c t s  of t h e  r a d i o l y s i s  of water b u t  t h e  p o s s i b l i t y  has t o  be con- 
s i d e r e d  t h a t  t h q -  are also formed i n  secondary r e a c t i o n s  v i a  t h e  
in t e rmed iacy  of s u p e r o x i d e  r a d i c a l s  (UT). It i s  p o s t u l a t e d  t h a t  0' 
is formed by the r e a c t i o n  of s o l v a t e d  t? lectrons and hydrogen atom$ 
w i t h  n o l e c u l a r  oxygen. The r e a c t i o n  of 07'with hydrogen  pe rox ide  t h e n  
l eads  t o  t h e  f o r n a t i o n  of 0 8 - r a d i c a l s  (OT2+ H,O,+ by + OX- + 0,) 
(Gregory -- et a l ,  1 3 7 4 ) :  The involvcinent of 0; i n  t h e  &),en enhance 
ment of k i l l i n g  of E.  coli by X-rays (l-lisra and F r i d o v i c h , '  1976) .  
and t h e  c y t o t o x i  c e f f e c t s  .of y - r ays  i n  v a r i o u s  maiimalian s y s t e m  is  
i n d i c a t e d  by the f a c t  t h a t  superoxidedisnutaseescrts a p r o t e c t i v e  
e f f  zc t  . 
molecu la r  oxygen .(20T + 23 +11202+ 02) F r i d o v i c 5 ,  1975) .  
c e n t r a l  q r t e s t ions  a r i se  (1) Docs nuc-lear DHA r e p r e s e n t  a n  impor tan t  
t a r g e t  f o r  r a d i a t i o n  induced 0 2  (2)  Is i n t r a -  and /o r  e x t r a c e l l u l a r l y  
forrncd 0; i nvo lved  i n  DSA damage format ion?  

. 

. 

Superoxide dismutq-se d i s m i t a f e s  0: t o  hydrogen-peroxide and 
The fo l lowing  2 

We are a t t e m p t i n g  t o  answer t h e  . f i r s t  q u e s t i o n  by 
measur ing  t h e  e f f i c i e n c y  of t h e  fo rma t ion  of thymine damage by a e r o b i c  
y-rays i n  human c a r c i n o n a  XeLa S-3 c e l l s  i n  t h e  p r e s e n c e  ar,d absence  of 
exozenous s u p e r o x i d e  d i smutase  and /o r  catalase,  The f o l lowin2  e x p a - i -  
m e n t a l  d c s i g n  1.511 be used. HeLa cells w i l l  be p r e l a b e l e d  i n  t h e i r  DSA 
w i t h  thymine-methyl t3H] and t h e  e f f e c t  of the  a d d i t i o n  of t h e s e  enzynes 
t jns , the  f o i m t 2 o n  of .  t r i t i a t e d  water (by a b s t r a c t i o n  of t r i t i u m  from the 
thymine-methyl s u b s t i t u e n t  b y  OH-radicals) and of p r o d u c t s  of t h e  5,6- 
dfhyc:r-osy-di~iy2rothsmine t y p e  w i l l  be i n v e s t i g a t e d .  
clevclopcd i n  o u r  l a b o r a t o r y  f o r  t h e  d e t e r m h a t i o n  of r a d ' i a t i o n  induced  
thyrnint daaiage w i l l  b2 u s e d .  . (see e . g .  S e i n e h a r t  c t  a l ,  1374) ' 

The mcthodology 

The  q u e s t i o n  whethcr  i n t r a c e l l u l a r  l e v e l s  of 0: 
af fec t  t h e  e f f i c i e n c y  of DNA damage f o r n a t i o n  by aerobic .  i o n i z i n g  r a d i a -  
t i o n  w i l l  b e  i . n v e s t i g a t c d  i n  hunan s k i n  f i b r o b l a s t s .  
i t  is  p o s t u l a t e d  t h a t  DSA damage i s  produced.  by OH-rad-icais which are  

c a t a l a s e  is  expec ted  t o  d c c r c a s c  the amount of OH-radica1.s which i s  
produced by t h i s  pathway. 
w i t h  b a c t e r i n  a r g u e  a g a i n s t  ' t h e  ixiportance of > n t r a c e l J . u l a r  d i s h u t a s c  
and  catalase f o r  t h e  foi-niatioii o €  3.e.tlial r a d i a t i o n  damage induced b y  
i o n i z i n g  r= ld is t i .on  (Flisra and F r i d o v i c h ,  1976) . 
chcraical  d a t a  of t h i s  t y p e  i s  .avnjT:ihlc f o r  mctr.ir.\slian cells. We arc 

As mentioned obovr), - 
0 . formzd by t h e  reac t ion  of 0; w i t h  H202. TlicreFore,  removal of H20;by 
w 
-0 
6 
cx> 
4 

I t  s h o u l d  be mentioned t h a t  b i o l o g i c a l  ' r e s u l t s  

No b i o l o g i c a l  o r  bio-  
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5. Voucher f o r  Concluding Padpent. In the  event t h e  Contract i s  renewed, 
t he  rsmaining ten percent payment f o r  t h e  cu r ren t  period will be added 
t o  f u n d s  t o  be provided under t h e  Le t t e r  of Credi t  f o r  the renewal 
period. 
n o t  necessary. 

Therefore ,  submission of a voucher covering this  payment i s  

The renew21 proposal s h o u l d  be signed by t he  pr incipal  i nves t iga to r  and 
by an o f f i c i a l  authorized t o  sign f o r  t h e  i n s t i t u t i o n ,  and the expenditure 
statement should be endorsed by t h e  proper adminis t ra t ive o f f i c i a l s  and 
six copies o f  each, together w i t h  six copies o f  the  progress r e p r t  and 
four  copies of the 290-word sutpary should be submitted a t  the same time t o :  

U. S. Energy Research and  Development Administration 
Contract  Division 
Post  Off ice  Box E 
Oak Ridge, Tennessee 37830 

* . . -  

If you do not  contemplzte requesting renewal, we sha l l  apprec ia te  your 
adv i s ing  us a s  soon a s  poss ib le .  In add i t ion ,  we should l i k e  t o  i n v i t e  

, your a t t e n t i o n  t o  Paragraph (b) of Ar t i c l e  B - X X ,  which provides f o r  sub-  
I mission o f  a f i n a l  technical  repor t  upon expi ra t ion  date  o f  the  Contract.  
I 

The c e r t i f i e d  expenditure statement required by Art i c l e  B - X X I X ,  follcwing 
the format s e t  f o r t h  i n  Appendix ' IC" t o  t he  Contract,  i s  t o  be submitted,  
i n  t r i p l i c a t e ,  w i t h i n  th ree  months a f t e r  t he  expi ra t ion  o f  the  cu r ren t  
cont rac t  period. I t  i s  important t h a t  receive the c e r t i f i e d  expenditure 

I f  i t  i s  n o t  rece'ved on time, payment'r;?.ay be withheld. 

i 

- s t a t m e n t  on time. 

All references t o  the U. S. Atonic Energy Corrniss'on ("AEC" o r  "Commission") 
i n  t h e  Contract have been changed t o  Energy Research and Development 
AdninistrztioE (ERDA). 

Your cooperation and ass i s tance  in' t h i s  matter a r e  appreciated.  
- Sincere ly ,  

b 
W 
-0 
.a 
: -  
43 

ACR: Contract Division 

Enclosures : 
1. Guide 
2. 
3. Form LWA-427 (2 )  
CC: 

Notice of Research Project  Form (5)  

T)r. Kxrry :I, S l c l e r ,  U of Floi%du - 



DEADLINEDATE 1 October I, 1 9 7 7  I 
UNIVERSITY OF F L O R I D A  {Date Proposal Must Be Received By Granting Agency) 

GainesviIIc, Florida 3267 1 2 

SEND NOTICE OF AWARD TO 

219 Grinter Hall 

RESEARCH tX DIVISION OF SPONSORED RESEARCH 

APPROVAL OF PROPOSAL TRAINING D ‘ 

OTHER E 
(Check One)  - - SeRtgdsr 2dL922 

DATE 
FO~?’AT’ON AND =PAIR OF PKYSICALLY A X )  CHEMICALLY INDUCED DNA DhMAGE IN Title of Proposal 

U. S .  E n e r n  Research and Development Administration 
H W  CELLS 

Submitted To: (Agency) 

. . (Division) 

. .  
(Program) .- - 

University Unit Responsible for Research or Training and the Unit 
to  Receive the ‘Appropriate Indirect Cost Return 

Department of  Biochemistry and 

Co l l ege  of Nedic ine  
Molecular  Eiology 

Principal 

- --- - - - 
NAr*’E: P. A .  Cerutti, Pl.D,Ph.D. 
TELEPHONE:  P rofessor  and Chairman 

Co.Principal Investigator: ( I f  Applicable) 

T I T L E :  

904 392-3361 

-------- 
Acting Dean TITLE:  

Approval by Dean or dircctor :  
( I f  more than onc) 

------------------------------- 
N A M E :  
TITLE: 

pGer, 7h.D. 
Akfing Vice P r e s i d e n t  

Approval by Vice-Pi esident Academic Affairs 
(For All Proiects Emanating From Research Centers) 

Department Head: ( I f  marc than one involved) 

............................... 
NAME:  
TITLE: DIVISION O F  SPONSORED RESEARCH 

U N I V E R S I T Y  O F  FLORIDA 

1039089 904.392-4800 

SEND ALL CORRESPONDENCE RELATING TO: 

-GI ant  Ad mi nist r atiorr: Dflr- o€ S p M s n r - d m r h  0 

P.I. Check one: 
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UNIT,~S@YES; c. . *l,h +: 11 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

OAK RIDGE OPERATIONS 
P. 0. BOX E 

OAK RIDGE, TENNESSEE 37830 
AREA CODE 615 
TELEPHONE 481 et311 

D e a r  Dr, -ti: 

Your e t t en t ion  i s  inv i t ed  t o  A r t i c l e  B-XX of A2peDdix "B" of t h e  
Contract per tabir!!  t o  t h e  submission of a rene-dal proposal and 
progress report  which w i l l  be due S e p M e r  I, ly?". 

The r e n e m l  proposzl an3 progress r epor t  may be s u m t t e d  at  EUQY t i n e  
a f t e r  six months of perfo-mmce u d e r  t h e  currezt  contrzct  period. 
any event, they should reach us EO l a t e r  thpn t h e  due dzte.  Later su5- 
mission vill, i n  2 . l l  pro5abi l i ty ,  resu l t  i n  our r ece ip t  of t h e  decision 
on r e a e d  a f t e r  t he  current  contract  period hes e-ired. Theref'ore, ve 
u r g e  p q  t o  su5niC, any r o n e x a l  proposzl no l a t e r  than  the above date.  
The infomation t o  be subl l l i t ted i s  as follows: 

'. 
In 

1. Progress Recort. I n c l d e  information requested in Purzgrash (2) of 
A l t i c l e  B-,U of A2pezdi;c -B-'* As indic&ted there in ,  t h e  progress . 
report should b r i e f l y  describe t h e  scQe of the  inves t iga t ions  

' 

. uiidertiken a d  t h e  s igo i f i can t  results obtzind.  Technical reports ,  
preprints ,  m d  a r t i c l e s  p r e p r e d  for publicz-lion c i i i i ng  the  c u r r a t  
period should be l i s t e d  with bibl iogrzphic  references.  Reprints of 
ell such mzterial not previously subslitted should be a.p-pended and 
u t e r i g l  contained the re in  need not be dusl icated 
Progress repor t s  a=ld p rep r in t s  should be m b e r e d  consecutively u s k g  
a s y s t m  based on t h e  f o m t  "OR0 - l a s t  four d i g i t s  or' t h e  c o n t r a & - -  
number- - report number". 

The submission of a c o e l e t e d  Fora ETiDA-427. "Contrzctor ' s  Reconmend- 
e t ion  for  D i q o s i t i o n  of Reseerch Document; i s  required with respect  

' .  

t h e  repor t .  

- to  Annual Progress Re-ports, Special  Topic21 Reports, and t h e  Final c__ 

ReDort 

_-  . . . . . . 
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4. 

I 1 1  

R e f i e V a l  Pro?osel. InclLCe infomat ion  oct1ine.l i *he enclosed "Guide n 
for t h e  Subzissi  ,:of Research Proposals frm Edc.-:.;ional In s t i t u t ions ,  
rcvfsed May, 1975, unless the  i n f o m e t i o n  is alre2dy contdned i n  
earlier propos2.l~ or ia t'ne a c c q m y i n g  p r q p e s s  report .  
attention s' lvdd be given t o  includi-n-T, the n e c e s s q  inforsat ion i n  the  
budget f o r  the next period. 

,I" 

Careful 

Finencial  StztP-ezt. 
s t i k a e z t  f o r  t he  presect contract  period. 
based on t h e  e s t i m t e d  t o t 2 1  costs  ofthe project i n c l u 5 i r ~ ' s q p o r t  
by both the  i n s t i t u t i o n  &id E?9A as sho-m in A - I 1  (a) of P-?Fe=ldix 

A t o  the  'Coctrzct co-ieririg the  current Deriod. "he stztePeEt 
should r e f l ec t :  

(1) 

Inclule  i n  the  rene-.ail progosal a f inanc ia l  
The statement should be 

n I? 

Total  zctuzl project  cost  t o  date  f o r  the 
current period $ 

(2) Est7kated t o t a l  cost  f o r  r d c d e r  of p e r i d  $ 
. .  

(3) T o t a l  actual and estLn-zted cost c3zrgez51e t o  
ERDA fcr currenk period base3 on percefitege of 
cost  agreed Lzon as contained i n  A-111 of 
Appendix "A" t o  Cpntract $ 

(A)  Accmulateci costs ckageEbl'e t o  EXIA (include 

preceding period(s) ar?a t h e  costs  s ta ted i n  
. *  F -  .r 

costs reported i n  ce r t i f i ed  s t a t a e n t  f o r  - .  
.. 

. I ta  (3) zbove) $ 

W i c l e  IIi of ContracS $ 
(5) Accumlzted EDA S q q o r t  Ceiling as stzted i n  ' 8 

(6) Totel e s t h t e d  E 3 P -  furLs rexzi-ning u7der 
Contract (suktract  I t e x  ( 4 )  f r o r  ( 5 ) )  X X C ~  zzy 
be  used t o  reduce e z m ~ ~ t  of Rev fm5s required 
from EP.DA fo r  propose2 r eneml  period $ 

200-IIord S u 1 2 z - y .  The enclosed form " b t i c e  of Zesearch ?reject" 
should be c o q l e t e d  i n  200 words o r  l e s s  suzmarizirig the  proposed 
research. 
t o  us together k i th  the ram21 proposcl and prclgress re2ort. 

Four cDpies of t h e  coqleCYed fora s'llmld be fonr225e3 

! 
.-.-- ... .- 

e. ' .  - - - -  - . 

. d  
, 

. .  . -. , 
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SUPPORTING DIV. OR O F F I C E : ~ C L L E G E _ O F W . W ~  
- 

NAME & ADDRESS OF CONTRACTOR OR INSTITUTION: lS!ate the division, departmcnt. or profeaional school, medical, graduate 
Or other, with which this proiect should be  identified.) 

. Departmefit of Biochemis t ry  and I4olecular  Biology 
J .  H i l l i s  P i i l l e r  Hea l th  Center ,  Box 5-245 
U n i v e r s i t y  of F l o r i d a  
G a i n e s v i l l e ,  F l o r i d a  32610 

TITLE OF PROJECT: 
FOILsiATION ASD REPAIR OF PHYSICALLY AND CIIMICALLY INDUCED DNA DAFlAGE I N  lllJHiu CET, 

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATaRS AND OTHER PROFESSIONAL SCIENTIFIC 
PERSONNEL: (not including graduate students) engaged o n  the project. and fraction Of man-year devoted to the project by each person. 

P .  A .  C e r u t t i ,  P r o f e s s o r  and Chairman, P r i n c i p a l  I n v e s t i g a t o r  20% 
J. F. Rensen, Research A s s i s t a n t  P r o f e s s o r ,  Co-Pr inc ipa l  Invest igator3OZ 
M. S. Netrawali, P o s t d o c t o r a l  Research Fe l low 607: 

60 NO. OF GRADUATE STUDENTS ON PROJECT:-?- NO. OF GRADUATE STUDENT MAN-YEARS:: 

SUhIhdARY OF PROPOSED \YORK: (200.300 words, omit Confidential Datal. Sumrn~ries are exchanged with government and private 
e c n c i e s  supporting rewatch, are supplied to inwestig3tcrs upon request, and may be pvblished in documenrs. Make summaries sub- 
nantiwe, giving initially and for each annual revision the following: OBJECTIVE; SCIENTIFIC BACKGROUND FOR STUDY; PRO- 
POSED PROCEDURE; TEST OBJECTS AND AGENTS. 

O u r  program c o n c e n t r a t e s  on s t u d i e s  o f  t h e  format ion  and r e p a i r  of DNA dzmage 
induced i n  human ce l l s  by ene rgy- re l a t ed  p h y s i c a l  and chemical  carc inogens .  
An impor t an t  g o a l  i s  t h e  development of a f u n c t i o n a l  c l a s s i f i c a t i o n  of GSA 
damage which should a l low p r e d i c t i o n s  about  t h e  b i o l o g i c a l  e f f e c t s  of a g iven  c l a  

. 

.of l e s i o n s  on t h e  b a s i s  of t h e i r  s t r u c t u r a l  c h a r a c t e r i s t i c s .  

We a re  a t t e m p t i n g  t o  answer t h e  q u e s t i o n  whether  supe rox ide  r a d i c a l s  are inter-  
med ia t e s  i n  t h e  fo rma t ion  of DSA damage i n  mammalian ce l l s  by t h e s e  f o r m  of 
r a d i a t i o n .  
damage w i l l  be i n v e s t i g a t e d  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  w i t h  t h e  g e n e t i c  'diseases Xeroderma pigmentosum and Ataxia 
t e l a n g i e c t a s i a .  

O u r  s t u d i e s  w i t h  chemical  DN-4 damaging a g e n t s  c o n c e n t r a t e  cin t h e  energy-re la ted  
u b i q u i t o u s  p o l l u t a n t  benzo(a)pyrene.  
of t h e  r epa i r  of c o v a l e n t  benzo(a)pyrene-DXA adduc t s  i n  t h e  human a l v e o l a r  
tunor  l i n e  A549  and s k i n  f i b r o b l a s t s  from normal i n d i v i d u a l s  and p a t i e n t s  w i t h  
Xeroderma p imen tosum and Ataxia  t e l a n g i e c t a s i a .  

The molecu la r  mechanism of r e p a i r  of n e a r - u l t r a v i o l e t  induced DNA 

We are p lann ing  t o  con t inue  o u r  s t u d i e s  

RESULTS TO DATE: 

Excis ion  r e p a i r  of thymine p roduc t s  of t h e  5,6-dihydroxy-dihydrothynine t y p e  
which a r e  induce'd by i o n i z i n g  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  h a s  been 
demonstrated 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 
Xeroderma pigmentosum and A'tsxia t e l a n g i e c t a s i a  p a t i e n t s .  
DNA of c o v a l e n t  b c n z o ( a ) p ~ r c n e - p u r i n e  Edducts was s t u d i e d  i n  baby hamster  
kidney c e l l s  and mouse embryo f i b r o b l a s t s  . 

The removal from 
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PROGRA!A CATEGORY NO. 
BUDGET Signature of Principal tnvcsrigatot P. A. CERUTTr 
P R I M  A f7Y \- S E C 0 N D A n Y - -- -- 

INVES'I IGATOR -- DO DATE: rJo7 USE fAlS  SPACE 



(See Insrrucrions on Reverse Side) . 

Date 

2. TITLE 
FORhlATION NKJ REPAIR OF PHYSICALLY AND 1. ERDA REPORT NO. 

CHEFIICALLY INDUCED DNA DANAGE IN HUMAN CELLS ' 

3. T Y P E  OF DOCUMENT (Check One): ' 

GI 
D 

u 

a. Scientific and technical report 

b. Conference wxr: 
Title of conference 

Da te  of conference 

Exact location of conference 

Sponsoring organization 

L Other (Specify) 

4 .  RECOMMENDED ANNOUNCEMENT A N D  DISTRIBUTION (Check one): 

0 a. ERDA's normal announcement and distribution procedures may b e  followed. 

b. Make available only within EROA and  t o  E R O A  contractors and Other  US. Government agencies and their  contractors. 

5.  REASON FOR RECOMMENDED RESTRICTIONS: 

P r i v i l e g e d  s c i e n t i f i c  i n fo r rnz t i cn  

6. SUDMITTED BY: NAME AND POSITION (P leax  print o r  t ype )  
P. A .  CERUTTI, M.D. ,  Ph.D., Professor and Chairman 
Dept. o f  Biochemistry and Molecular  Biology 
U n i v e r s i t y  of F l o r i d a  ' 

G a i n e s v i l l e ,  F l o r i d a  32610 
Organization 

Un ive r s i ty  of F l o r i d a  
. .  

8.  PATENT CLEARANCE: 

0 
0 
0 c. Patent clearance no1 required. 

a. ERDA patent clearance hasbeen g r m t c d  by responslbb ERDA palcnt proup. 

b. Report has besn scnl t o  responsible E R D A  patent group tor clcaranco 
- 



P. A .  C e r u t t i ,  P r i n c i p a l  I n v e s t i g a t o r '  

J. F. R e m e n ,  Co-Pr inc ipa l  I n v e s t i g a t o r  

Department of Biochemis t ry  and l l o l e c u l a r  Eiology 
U n i v e r s i t y  of F l o r i d a  
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During t h e  p e r i o d  of Dcc. 1, 1977 t o  Nov. 30, 1378 of o u r  E.R.D.A-  
c o n t r a c t ,  we arc  p lannin i :  t o  c o n t i n u e  our s t u d i e s  of t h e  f o n n a t i o n  and 
r e p s i r  of DNA daniagc i d u c e d  i n  liuc13n c e l l s  by e n e r g y - r e l a t e d  physical 
an3 chemical ca rc inogens .  An impor t an t  goa l  of o u r  program is t h e  
d e v e l o p l e n t  of a f u n c t i o n a l  c l a s s i f i c a t i o n  of DXA damage which should 
allow p r e d i c t i o n s  abou t  t h e  b i o l o g i c a l  e f f e c t s  of a g iven  class of 
l e s i o n s  on  the b a s i s  of t h e i r  s t r u c t u r a l  c h a r a c t e r i s t i c s .  

I n  o u r  s t u d i e s  w i t h  p h y s i c a l  ca rc inogens  we w i l l  focus on the 
mechanism of a c t i o n  of a e r o b i c  y-rays an3  n e a r - u l t r a v i o l e t  l i g h t .  We 
w i l l  a t t e m p t  t o  Enswer t h e  question whcther  s u p e r o s i d e  r a d i c a l s  are 
i n t e r m e d i a t e s  i n  the format ion  of D U i  danage i n  xmniialian cells by 
t h e s e  forms of r a d i a t i o n .  
u l t r a v i o l e t  induced  DNA damage w i l l  be i n v e s t i g a t e d  i n  normal  human 
s k i n  f i b r o 3 l a s t s  and s k i n  f i b r a b l a s t s  from p a t i e i l t s  w i t h  t h e  g e h e t i c  
d i s e a s e s  Xeroderna pigmentosum and Ataxia t e l a n g i e c t a s i a .  
are c h a r a c r e r i z e d  c l in i ca l1 .y  by i n c r e a s e d  s u s c e p t i b i l i t y  for the forma- 
t i o n  of m a l i g n a n c i e s  and o n  a c c l l u l a r - i i ~ o l e c u l c r  level  b y  d e f i c i e n c i e s  
i n  DNA r e p a i r .  

The molecu la r  mechanisai of r e p a i r  of nea r -  

These d i s e a s e s  

O u r  s t u d i e s  w i t h  chemical  DXA datxaging a g e n t s  c o n c e n t r a t e  on t h e  
c n e r g y - r e l a t e d  u b i q u i t o u s  p o l l u t a n t  benzo(a)pyrene.  
s t u d i e s  trc. are n t t cmpt ing  t o  demons t r a t e  t h a t  heiizo ( a )py rene  i n d u c e s  
r a d i c a l - t y p e  damage i n  c e t a b o l i z i n g  cel ls  by i n d i r e c t  a c t i c n  i n  addi t j .on  
t o  covalent adducts between the p o l y c y l i c  hydrocarbon moie ty  and t h e  - 
p u r i n e  bases. 

I n  m e c h a n i s t i c  

\.le a r e  p l a n n i n g  t o  c o n t i n u e  o u r  s t u d i e s  of t h e  r e p a i r  of  c o v a l e n t  
benzo(a)pyrene-DXA adduc t s  i n  t h e  human a l v e o l s r  tumor l i n e  A 5 4 9  and 

. s k i n  f i b r o b l s s t s  f r o n  n o r r a l  i n d i v i d u a l s  and p a t i e n t s  w i t h  Xeroderma 
p igmen tbsm and A t a x i a  t e l a n g i e c t a s i a .  
o f  t h e s e  l e s i o n s  vi11 bz  s t u d i e d .  
DNA adducts b y  d i r e c t  chroxacographic  a n a l y s i s  (2)  b reakage  and resealing 
of benzo(a )pyrene  damaged p a r e n t  DNA (3)  e f f e c t  of benzo(a)pyrene  damage 
on the. s y n t h e s i s  of dauzh te r  strands ( 4 )  e f f e c t  of t h e  chromosomal~ 

Different f a c e t s  of t h e  repair 
(1) rernoval of ,covalent  bsnzo(a)pyrene-  

d i s t r i b u t i o n  of bcnzo (a) pyrene lesions on t h e i r  r e p a i r a b i l i t y .  . .  

\ 
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O v e r  t h e  last decade i t  has become evident. t h a t  human c a n c e r  is 
t o  .a large' p a r t  caused  by exogenous envi ronmenta l  f a c t o r s .  While mankind 

. h3s always been  exposed t o  u l t r a v i o l e t  l i g h t ,  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  n a t u r a l  t o x i n s ,  t h e  amounts and - t y p e s  of a g e n t s  i n  o u r  environment  
have  been s t e a d i l y  i n c r c a s i n g  w i t h  i n d u s t r i a l i z a t i o n , ,  u r b a n i z a t i o n  and 
"modernization" of o u r  l i f e  s t y l e  which are  accompanied by ' e x t r a o r d i n a r y  
needs  f o r  energy .  Not i n  t h e  l e a s t ,  t h e  Gevelopnent of o r g a n i c ,  n u t r i -  
t i o n a l ,  pha rmaceu t i ca l '  and a g r i c u l t u r a l  chemis t ry ,  etc.  ; with 211 t h e i r  
recognized  b l e s s i n g s  has '  of t e n  l e d  t o  exposure t o  c h e m i c a l s  which h a d  n o t  
been s u f f i c i e n t l y  tested f o r  d e t r i m e n t a l  s i d e  e f f e c t s .  Great efforts are 
b e i n g  made t o  i d e n t i f y  and e l i m i n a t e  such  heal th  h a z a r d s  2nd t o  evaluate  
t h e  r i s k  and b e n e f i t  of impor t an t  c h e n i c a l s . s u c h  as d r u g s ,  food ' a d d i t i v e s ,  
h e r b i c i d e s ,  p e s t i c i d e s ,  c tc .  Our program c o n c e n t r a t e s  on the e l . uc ida t ion  
of t h e  ce l lu l . a r  and n o l c c u l a r  mechanisms o f - m a l i g n a n t  t r a n s f o r m a t i o n  of 
human ce l l s  by ene rgy- re l a t ed  chenic21 and p h y s i c a l  a g e n t s .  Emphasis is 

' p laced  on two' major aspeccs of t h i s  g e n e r a l  t o p i c .  . .  

(1) I d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  of  carc inogen- induced  

chromosonal dzrnage i n  huinzn cel ls :  . . 

Many p h y s i c a l  and chenical a g e n t s  i n  th2 en\vironner?t 
t h a t  a r e  hazardous  t o  human h e a l t h  have  been demonst ra ted  t o  produce  
damage i n  t h e  chrornosozal DSA. The c h a r a c t e r i z a t i o n  of DNA clni;.age 
induced by i m p o r t a n t  ene rgy- re l a t ed  huxar, c a r c i n o g e n s  r e p r e s e n t s  a 
major  g o a l  i n  o u r  s t u d i e s .  A f i r s t  c lass  of l e s i o n s  under  i n v e s t i g a t i o n  
a rc  produced by a c t j - v e  oxygen r a d i c a l  s p e c i e s .  
i m p o r t a n t l y  hydroxy l  r a d i c a l s ,  are f 0 i ~ 2 d  i n  t h 2  c e l l  by i o n i z i n g  raclia- 
t i o n  and u l t r a v i o l e t  l i g h t  and i n d i r e c t l y  as a consequence of p o l y c y c l i c  

Such r a d i c a l s  , most 

. hydrocarbsn metabol isni .  

A second c lass  of DXA l e s i o n s  v h i c h  are under  i n v z s t i -  
g a t i o n  i n  c u l t u r e d  Iiuaan tissues are induced  by u b i q u i t o u s  c n v i r o n n e n t a l  
p o l y c y c l i c  hydrocarbon ca rc inogens  such as bcnzo ( a )  pyrene  . 
r e s e a r c h  teams i n c l c d i n g  o u r  o m  have  i d e n t i f i e d  benzo (a) pyrene n e t a b o l f t e a  
which a c t  as p o t e n t  p r o x i m t e  mutagens and ca rc inogens  i n  r o d e n t  c e l l s  and 
are i n t e m 2 d i a t c . s  i n  t h e  c o v a l e n t  b i n d i n g  of benzo(a)pyrene  t o  DKA. A 
major a i n  i n  o u r  work w i t h  t h e s e  and o t h e r  ca rc inogens  i s  t o  deve lop  2 
c l a s s i f i c a t i o n  of  D:?A dmage  which a l l o r ~ s  p r e d i c t i o n s  abou t  t h e  bio1o; ; ical  
e f f e c t s  of s p e c i f i c  l e s i o n s  on t h e  bas i s  of t h e i r  s t r u c t u r a l  p r o p e r t i e s .  

S e v e r a l  

(2) C e l l u l a r  mec11anis~s of DN.4 r e p c i r  and  t h e i r  r e l a t i o n s h i p  

- t o  mutagcnes is  and c a r c i n o z e n e s i s :  
- 

I n  macnnalian ce l l s  darnaged r e s i d u e s  can  bc rcnioved aucl 
the  s t r u c t u r e -  of the IrNA. t o t a l l y  - reconst i tuted by  e r r o r - f r e e  r e p a i r  path- 
ways which o p e r a t e  w i t h  h igh  f i d c l i . t y .  
a pni - t icu l=t r  l e s i o n  by an c r r o r - i r e e  patliwny - t o  a large clcgrce cIetcrninSs 
the! mgni tuc lc  of thc  b i o l o g i c a l  e f f e c t s .  --Lesions wIii.ch arc: not e x c i s e d  i n  
time before Di\TA replication rl:nclic.s t h c  clanaged segment - p c r s i s  t e n t  
lcs ions - may l c n d  t o  c e l l  d c a t h ,  m u t n t i o i ,  i n i t : i a t i . o i i  o f  maliSnant. t r a n s -  
forniat iou o r  p o s s i b l y  c e l l u l a l -  agini;. 

.'i'he c a p a c i t y  of a cc'll  t o  remove 
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I n  o u r  prozrarn w e  a re  a t t e m p t i n g  t o  e l u c i d a t e  t h e  
mechanisms of  DW, repair and the r c l a t i o n s h i p  of DJA r e p a i r  t o  muta- 
g e n e s i s  and carcinogenesis i n  huxan cells. 
t h e  repair oE DNA lesions induced by a c t i v e  oxygen r a d i c a l  i n t e r m z d i a t e s  
(produced n o s t l y  by p h y s i c a l  ca rc inogens )  and by p o l y c y c l i c  hydrocarbon 
carcinozens.  The m o l e c u l a r  b i o l o g y  o f  t h e  r e p a i r  of DXA l e s i o n s  produced 
by these a g e n t s  is hci i ig  i n v e s t i g a t e d  i n  e p i t h e l o i d  c e l l s  and f i b r o b l a s t s  
from normal i n d i v i d u a l s  and p a t i e n t s  w i t h  the h e r e d i t a r y  d i s e a s e s  Xero- 
d c m s  p i p e n t o s u m  and Ataxia t c l a n g i c c t a s i a .  
c l l a r a c t e r i z c d  by p r e d i s p o s i t i o n  f o r  cance r  and ev idence  has been o b t a i n e d  
on t h e  c e l l u l a r  and m o l e c u l a r  level f o r  d e f i c i e n c i e s  i n  DNA r e p a i r .  They 
prornisc t o  be ex t r eme ly  i n t e r e s t i n g  f o r  t h e  e l u c i d a t i o n  of the r c l r t i o n -  
s h i p  between chromosomaldamage induced  by cnvi roninsnta l  f a c t o r s ,  damage 
r e p a i r  and  c a r c i n o g e n e s i s  i n  man. 

A t t e n t i o n  is focused  on 

. 
These d i s c a s e s  are 
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pltlnninp, t o  s t u d y  t h i s  q u e s t i o n  by c o ~ p a r i n g  t h 2  e f f i c i e n c y  of the 
fo rma t ion  of t h y n i n e  dsnagc by a e r o b i c  y-rays i n  n o m a 1  skin fibro- 
b l a s t s  and f i b r o b l s s r s  f r o a  p a t i e n t s  w i t h  Acata lasemia  (Aebi and S u t e r ,  
1972). 
paragraph  w i l l  be used .  . 

Tnc g e n e r a l  e x p e r i m c n t s l  d e s i g n  d e s c r i b e d  i n  t h e  p rev ious  

(b) S e a r - u l t r a v i o l e t  l i g h t  

We have d e n o n s t r a t e d  (see S e c t i o n I ( 2 ) o f  P r o g r e s s  Repor t )  
t h 3 t  monomeric r i n g - s a t u r a t e d  t h y n i n e  p r o d u c t s  of t h e  5,6-dihydro$y- 
d i h y d r o t h p i n e  ' t y p e  (t 
ce l l s  with a n  ef f i c i c n c y  which i s  c o n p a r a b l e  t o  cyc lobutane- type  
p y r i n i d i n e  d in .z r iza t io11  (Har-iharan and C e r u t t i ,  1977) .  The. nechanisin 
of tUV forna t ion  has n o t  been i n v e s t i g a t e d .  The p o s s i b i l i t y  t h a t  0; 
and OH r a d i c a l s  a re  forned as i n t e r m e d i a t e s  i n  t h e s e  r e a c t i o n s  h a s  t o  
be c o n s i d e r e d  ( R o s e n t h a l ,  1975) .  T h e r e f o r e ,  we are propos ing  t o  c a r r y  
ou t  a ser ies  of expe r imen t s  of t h e  t y p e  d e s c r i b e d  above f o r  y-rays w i t h  
n e a r - u l t r a v i o l e t  l i g h t .  These e s p e r i n e n t s  are of p r a c t i c a l  r e l e v a n c e  . 
f o r  h e a l t h  2nd e n e r g y  r e s e a r c h  s i n c e  t -product ion  r e l a t i v e  t o  pyrinl i -  
d i n e  d i m e r i z a t i o n  reaches a maximun i n  t h a t  p a r t  o f  t h e  s o l a r  spec t rum 
which is s u s p e c t e d  t o  be most e f f e c t i v e  f o r  t h e  i n d u c t i o a  of s k i n  cance r  
i n  nan  (Har iha rnn  and C e r u t t i ,  1977) .  

uv ) a r e  formed by n e a r - u l t r a v i o l e t  l i g h t  i n  HeLa 

uv 

(2) R e p a i r  of DSA damage induce'd by n e n r - u l t r a v i o l e t  l i g h t  

i n  Xeroderma p igmentsour  a'& Atasia  t e l a n g i e c t a s i a  . 

Rumerous r ev iews  have been  w r i t t e n  abou t  X e r o d e r m  
p i p e n t o s u n  (XP) and  Ataxia  t e l a n g i e c t a s i a  (AT) (Cleavsr  , 1974; Robbins 
- et -' a1 1 9 7 4 ;  Kraemer, i n  press) and t h e  r e l e v a n c e  o f  t h e s e  d i s e a s e s  t o  
c a n c c r  r e s e a r c h .  A s p e c t s  of s p e c i a l  i n p o r t a n c e t o  o u r  r e s e a r c h  program . 
have been  d i s c u s s e d  i n  l a s t  y e a r ' s  r enewa l  propas31 and i n  ou r  p u b l i c a -  
t i o n s  and are n o t  r e p e n t e d  h e r e . ( R m s e n  and C e r u t t i ,  1376; Rensen and 
C e r u t t i ,  1377;  C e r u t t i  aid Reusen, i n  p r e s s ) .  

Nos t  of the pho tdb io logy  of XE' has been  c a r r i e d  o u t  w i t h .  
l i g h t  o f  t ~ ~ v e l c n g t l i s  h e h  .300nm (far uv). 
a v a i l a b i l i t y  of monochromt ic  l i g h t  s o u r c e s  at 254nm and t o  t h e  f a c t  t h a t  
most of tlis b a c t e r i a l  photobio logy  and p h o t o c h c n i s t r y  has been c a r r i e d  o u t  
in t h i s  u a \ 7 e l c n z t h  r ange .  . However, t h e  s o l a r  i r r a d i a t i o n  r each ing  the 
su rEace  o f  t h z  e a r t h  does n o t  c o n t a i n  s i e n i f i c a n t  anounts of r a d i z t i o n  
below 300nn. I n  c o n t t x s t  , n e a r  u l t r a v i o l e t  of wavclengths  3CO-380nm 
r e p r e s e n t s  a p o r t i o n  of the. s u n  spec t rum which is  of p a r t i c u l a r  impor tnnce  
t o  energy  2nd h e a l t h  r e s e a r c h ,  e . g .  a t e n t a t i v e  a c t i o n  s p c t r u m  f o r  t h e  
induct.i.on of a c t i n i c  cancer  i n  r,im h a s  i t s  nasinum between 305 and 
315 nm (IlAriharzln and C e r u t t i ,  1977; Se t low,  1974).  ' Far- and 

ncnr  u l t r a v i o l c t  phot .ochcnis t ry  and pl iotohiology may b e  q u i t e  d i f f e r e n t ,  

cli7isrs a r c  formcd i.n s i g n i f i c n u ' t  y i . c lds  by 31,311m l i g h t .  The re fo re ,  5 t 
is of obv ious  i i : iportancc t o  s t u d y  t l ie near u l t r a v i h l c t  photobio logy  of 
normnl sl..in fibroblasts - a n d  of XP c e l l s .  \.le are plann. ing t o  s tudy  'the 
rnolccu1.ar mechan i sm o f  t h e  r e p a i r  of ?)XI l e s i o n s  i n t r o d u c e d  by mono- : 

chromat i c  l i g h t  a t  313nm i n  n o m a 1  and XP-skin f i b r o h l a s t s .  . ' . . .. . 

T h i s  i s  mos t ly  d u e  t o  t h e  ready 

. 

. c.  6.  w e  h a v e  shown t h a t  phoLolcsious o t h e r  t'han CyclobuLanc-type photo-  

. .  
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I n  c o n t r a s t  t o  XP, AT s k i n  f i b r o b l a s t s  are n o t  
s e n s i t i v e  t o  ( f a r )  u l t r c i v ' i o l e t l i g h t  i n  c u l t u r e  and a c c o r d i n g  t o  t h e  
l i m i t e d  amount of d a t a  a v a i l a b l e ,  t hey  r epa i r  UV-cudonuclcasc 
s e n s i t i v e  s i t e s  norinal ly  (Kraerner, in p r e s s ) .  A nuabcr  of AT-lines 
have bcen shown t o  bc d c f i c i e n t  i n  t h e  r e p a i r  of a n o x i c  y- ray  damage 
measured by t h e  d e t e r x i n a t i o n  of repa i r  r e p l i c a t i o n  and t h e  removal  
of 1.1. lutfus y iendonuc lcase  s e n s i t i v e  s i t e s ,  on t h e  o t h e r  hand 
( l 'a tcrson -- et a l ,  1376) .  
dihydrosy-dihydrothymine type  from y-ray i r r a d i a t e d  D>?A o r  chromat in  
by AT-prepara t ions  was n o m a 1  (Xemsen and C t r i i t t i ,  1 9 7 7 ) .  These 
f i n d i n g s  d o  n o t  allow t h e  c o n s t r u c t i o n  of a molecu la r  model for the 
( r e p a i r )  d e f i c i e n c y  i n  AT, indeed  t h e  s i t u a t i o n  is c o n f u s i n g .  t?e h o p  
t o  c l a r i f y  the s i t u a t i o n  by a coi i ipaiat ive s t u d y  of t h e  r e p a i r  of y-rzy 
and n e a r - u l t r a v i o l e t  induced DNA l e s i o n s  i n  i n t a c t  AT-skin f i b r o 5 l a s t s .  
Note  t h a t  b o t h  y - r ays  and n e a r - i : l t r a v i o l e t  i n d u c e  p r o d u c t s  of t h e  5,6-  
dihydroxy-dihydrothymine type. 
used  i n  o u r  expe r imen t s  w i th  XP and  AT f i b r o b l a s t s .  

-- I n  v i t r o  e x c i s i o n  of p r o d u c t s  of t h e  5,G- 

The fol lowir ig  esper i r r .enta1 d e s i g n  \.:ill be 

(a] Study of t h e  r e p a i r  of n e a r - u l t r a v i o l e t  danase  

i n  XP- and AT- s k i n  f i b r o b l a s t s  by t h e  a l k a l i n e -  

elu t i o n  method : 

Ski  f i b r o 3 l a s t s  w i l l  bc gram i n  p e t r i  d i s h e s  2nd 
C-thymidine. P4 l a b e l e d  i n  t he i r  DNA v i t h  

w i t h  a sinall  dose of 3 1 3 m  l i g h t :  f rom c u r  S c h o f f e l  High I n t e n s i t y  l.:ono- 
c h r o n a t o r  and i n c u b a t e d  f o r  d i f f e r e n t  t im p e r i o d s  a t  37". Cefore  the 
ce l l s  arc h a r v e s t e d ,  t h e y  w i l l  be pu l sed  f o r  39 min. w i t h  3H-thyiii.idine 
and chased with fresh n o n - r a d i o a c t i v e  media f o r  60 n i n .  The  ce l l s  w i l l  
t h e n  b= h a r v e s t e d  by t r y p s i n i z a t i o n  and c o l l e c t e d  on a f i l t e r  disc: T k  
s i z e  d i s t r i b u t i o n  of t h e  p a r e n t a l  and  nev ly  s y n t h g s i z e s  DSA will t h e n  l ? ~  
ana lysed  by t h e  very s e n s i t i v e  a l k a l i n e  e l u t i o n  p rocedure  developed by 
K o h  and c o l l a b o r a t o r s  (1976) - A s i m i l a r  p r o t o c o l  i s  successfu1l .y  b e i n g  
used i n  o u r  l a b o r a t o r y  f o r  t h e  s t u d y  of t h e  r e p a i r  of benzo(a)pyrene d m a g e  
on daughter  s t r a n d  s y n t h e s i s  3H-labcl) and -the o v e r a l l  UXA s y n t h e t i c  - 

c a p a c i t y  of the c u l t u r e s  ( H/ .C r a t i o s )  a s . a  f u n c t i o n  of the d u r a t i o n  of . 

p o s t i r r a d i a t i o n  incu3:ition (human a l v e o l a r  tumor l i n e  A 5 4 9 )  . 

They will t hcn  be i r r a d i a t e d  

- 

3 $4 . 

(b) Study of t he  r epa i r  of n e a r - u l t r a v i o l e t  drrmage i n  

XY- and XT- s k i n  f i b r o 5 l z s t s :  d i s a p p e a r a n c e  cf 

endonuclease  seasit ivc s i - .  

- 
a t h e  rc.inova1 oE s p e c i f i c  classes of  n e a r - u l t r a v i o l e t  l e s i o n s  from t h s  DXA , I 

W i n  XP and A'l' ce l ls .  The cells will be g r a m ,  l a b e l e d ,  i r r a d i a t e d  and 
a 

0 

- . lysec? on t h e  f i l t c r ,  they  vi11 h c  t r e a t e d  w i t h  rep3ir-endonuc.leasc before 

The f o l l o w i n g  approach  vi11 be t a k e n  t o  i u v e s  t i g a t e  

a p p l i c d  O:I f i l t e r  d i s c s  as described i n  t h e  p reced ing  pa rag raph  w i t h  t h e  
e x c e p t i o n  t h a t  they  w i l l  nor r e c e i v e  a 3H-thyz~i.dirie p u l s e  before - t h e  
te r in innt ion  of p o s t t r e a t m e n t  iricu11stion. A f t c r  the cel ls  have becn 

t1iei.r IXiA i s  ana lyzed  by t h e  a l k a l i n c  eliit j . c n  procedure., 
t i m e  an2 tlic q u n t i t y  of  t h e  ?>!A f rnznicnts  rirli.ich arc! eluted from t h e  fjlter 
v i 3 . 1  dcp:+id oil t h c  nu!nbcr of I.csions i n  thr.  DNA w1i:tch arc rc .cognizcd by a 
s p c  c i  f i c cndo i ~ u t  lcns e.  . T h i s  conb i nn  t i o n  of th  c ciidoniicl CXI s c - s e n s i  L ivc si t  C. 

- 
- 

Ttie r e t cn t i . cn  

' assay w l t h  tbc. Kohn-nlk:ilin'c c I . u ~ i o n  pro.ccdiii-c.' yroi!iisee t o  y i c l d  a n  
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ext remely  s e n s i t i v e  tool f o r  the scudy of e x c i s i o n  r e p a i r  i n  i n t a c t  
c e l l  s. Thc follo:.ring endonucleases  will be used i n  our s t u d i e s :  
(1) UV-endonucl.case from ? e l .  l u t c u s  which r e c o g n i z e s  cyc lobutnne- type  
py r imid ine  d imers  (2) pczk 111 endonuc lease  from - PI. luteus which 
a p p a r e n t l y  r e c o z n i z c s  p roduc t s  of t h e  5,6-dihydroxy-dihydrothymine t y p e  
in t roduced  i n t o  DYA by osnium t e t r o x i d e  o x i d a t i o n  o r  y - i r r a d i a t i o n  
(3 )  a p r i n i c  s i t e  enzync from E. coli. A l l  t h e s e  enzymes have been b io-  
chemica l ly  c h a r a c t e r i z e d  and w i l l  be  s u p p l i e d  t o  11s i n  h i g h l y  p u r i f i e d  
form by D r .  L.  crossman's l a b o r a t o r y , .  Johns ' l lopkins ,  (1974) , (Gates and 
S .  Linn ,  1977) .  

B. FOPJLITION AND REPAIR OF EEKZC(A)PYREKE INDUCED DNA .: 

. .  
DJQLZGE IF! P~'CL'iLIAN CELLS 

(1) I n d u c t i o n  of DNA damage by oxcgen r a d i c a l  s p e c i e s  as  

a consequence of benzo(2)pyrene  metabol i sm 

Most of t h e  s tab le ,  and t h e r e f o r e  r e a d i l y  i d e n t i f i e b l e  
m e t a b o l i t e s  of p o l y c y c l i c  hydrocarbons  have  been sho:.m t o  be p r o d u c t s  of 
two-e lec t ron  o x i d a t i o n  r e a c t i o n s .  However, t h e r e  i s  c o n s i d e r a b l e  e v i d e n c e  
v h i c h  i n d i c a t e s  t h a t  one -e l ec t ron  ox id -a t ions  also take p l a c e  i n  t h e s e  
n e t a b o l i c  p r o c e s s e s .  
o r g a n i c  free r a d i c a l s .  I f  t h e  o x i d a n t  is molecu la r  oxygen, r eac t ive  
oxygen s p e c i e s  such  as t h e  super -oxide  r a d i c a l  a n i o n ,  
r a d i c a l ,  and/or hydrogen peroxide can be produced a s  s i d e  p r o d u c t s  i n  
t h e s e  r e a c t i o n s .  These  r e a c t i v e  reduced  oxygcn s p e c i e s  can  cause  c e l l  
injury and a re  known t o  be i n v o l v c d  i n  r a d i a t i o n  danage ( R o t i R o t i  and 
C e r u t t i ,  1974; Renscn a n d  R o t i R o t i ,  1977) .  

The o n e - e l e c t r o n  o x i d a t i o n s  are  known t o  produce  

t he  hydroxy l  

One of t h e  major m e t a b o l i t e s  of B ( a ) P  m e t a o l i s n  is 6- 
' hydroxy-benzo(a)pyrcne and i t s  d e g r a d a t i o n  p roduc t ,  t h e  6-oxo-benzo ( a )py rene  

The 6-oxo-benzo ( a ) p y r e n e  r a d i c a l  i s  then  r a p i d l y  o x i d i z e d  t o  three r a d i c a l .  
major d i o n c s ,  6,12- B(a)P  d i o n e  (15%, 1,6-B(a)P d i o n e  ( 4 1 % ) ,  and 3,6- B(a)P 
d ione  ( 4 4 % )  (Lesko -- ct: al, 1975) .  I n  t h i s  o x i d a t i o n  p r o c e s s ,  i t  i s  most 
l i k e l y  t h a t  hydrogen pe rox ide  (€I,02), s u p e r o x i d e  r a d i c a l s ,  and hydroxy l  
r a d i c a l s  are t r a n s i e n t l y  formed. 

t 
I n c u b n t i o a  of B(a)P-diones with T DXA produces  DXA 7 s t r a n d  breakagz  as xneasured by a l k a l i n e  s e d i m e n t a t i o n ,  

damnse DXA i s  i n h i b i t e d  by removing oxygen and by t h e  p r e s e n c e  of e i t h e r  
super -oxide  disii :utase or EDTA. A l t e r n a t e l y ,  i t  is i n c r e a s e d  by the p r e s e n c e  
of a cellular reclucing agen t ,  HADPH, o r  a t r a n s i t i o n  metal i o n ,  cuSt (TS'Q, 
in p r e s s ) .  
by r e a c t i v e  reduced  oxygen species produced i n  a o n e - e l e c t r o n  r e d o x  re- 
a c t i o n  i n v o l v i n g  E ( a ) P  d iones .  
peroxide or perox ide  a n d  h y c l ~ o s y l  r a d i c a l  g e n e r a t o r s  are kno:m t o  cause 
DSA s t rand breaks,  base m o d i f i c a t t o n s ,  c r o s s l i n k i n g ,  a n d  i m a c t i v a t i o n  of 
t r ans fo rming  a c t i v i t y  of DNA (Lorentzen, -- e t  a l .  1975; & o t i r \ o t i  and C e r u t t i ,  
1374; Rcnsen and RoL.iKoti, 1 9 7 7 ) .  \?e arc  a t t c m p t i n g  t o  e s t a b l i s h  t h a t  
thc! a c t i v e  osygcn s p c c i c s  formed as a consequence of t h i s  E ( a ) P  nicta?)ol ism 
l e a d s  t o  DNh-T!iyminc dain~gc i n  j n t n c  t nianncllian c e l l s .  

This a b i l i t y  t o  

Thus i t  h a s  been suggested t h a t  DXI  s t r a n d  s c i s s i o n  i s  c a s e d  

I n  a d d i t i o n  t o  s t r a n d  b r e a k s ,  hydrogcn 

. .  



T h e  b a s i c  expc r imen ta l  d e s i g n  w i l l  i n v o l v e  d o u b l e  
l a b e l i n g  of EIK cel ls  w i t h  b n r h  t r i t i u n  and carbon-14 ( t h e  3H w i l l  be  
on the  t l ryn ine  methyl  group a n 3  t h e  3-4C w i l l  be on the 2-pos i t i on  of 
t h e  thymine r i n g )  a t  about a 1 6  t o  I ratio respectively. T h e  dOUblC- 
l a b e l e d  ce l l s  w i l l  t hen  be i ncuhn ted  w i t h  c o n c e n t r a t i o n s  o f  B(a)? in t h e  
range of 2pgs/ml t o  10 pgs/ml. Afte r  an  i n c u b a t i o n  p e r i o d  s u f f i c i e n t  for 
m e t a h o l i s n  of t h e  U ( n ) P  t o  take p l a c e  (approx. 20-60 h r s ) .  
be h a r v e s t e d  by  t r y p s i n i z a t i o n  (0.057 T r y p s i n ) ,  t r e a t e d  w i t h  TCA, 
n e u t r a l i z e d  i n  NaOi l ,  and c?n a l iquo t :  cpunted d i r e c t l y  i n  a q u a s o l .  

The cel ls  1,211 

Hydrogen 3 b s  
H/ 

a c t i o n  from t h e  thymine-methyl [ H ]  and concomi tan t  d e c r e a s e . i n  the 
C r a t i o  can  be  t aken  a s  i n d i r e c t  ev idence  of B(a)P r a d i c a l  a t t a c k  a t  9 R 

t h a t  p o i n t  on t h e  D3A. I n  a d d i t i o n ,  t h e  [3H]l120 produced by t h e  a t t a c k  of 
OH-radicals  a t  t h e  thynine-methyl  group w i l l  be fo l lowed  by ana lyz ing  a 
p o r t i o n  (approx.  1 / 3  of t h e  t o t a l  arn0ur.t of the medicm) o f  t h 2  TCA s o l u b l e  
f r a c t i o i l  a c c o r d i n g  t o  t h e  co lunn  chroaa tography procedure.  d e t a i l e d  by 
Swinehar t  -- e t  a1  (1974).  

. .  
' (2) Esc i s io i i  r epa i r  of c o v a l e n t  benzo(a) pyrene-pur ine  adduc t s  i n  

'human a l v e o l a r  t unor  ce l l s  

T h i s  p r o j e c t  r e p r e s e n t s  a c o n t i n u a t i o n  of our  work 
w i t h  r o d e n t  ce l l s  which is d e s c r i b e d  i n  l a s t  y e a r ' s  Renewal P roposa l  and 
t h e  P r o g r e s s  Repor t  f o r  1976/77 which is enc losed .  
turnor l i n e  A549 (Lieber - et -' al. 1376) h a s  r e t a i n e d  sone  d i f f e r e n t i a t e d  
f u n c t i o n s  i n  c u l t u r e ,  e. g: i t  produces  surEacta i l t  and m e t a b o l i z e s  poly-  
c y c l i c  n r o n a t i c  hydrocarbons .  Alveolar l u n g  c e l l s  mqy rc .present  a n  
i m p o r t a n t  target i n  hunan l u n g  c a r c i n n 2 e n c s i s .  
carcinomas are t h e  major  form of l u n g  c a n c e r  i n  huaans ,  a m i n x  b u t  sig- 
n i f i c a n t  f r a c t i o n  of cance r  o r i g i n a t e s  fros a l v e o l a r  c e l l s .  Tinerefore, i t  
seemed p 2 r t i c u l a r l y  i n t e r e s t i n g  t o  us  t o  s t u d y  t h e  m o l e c u l a r  steps of 
e x c i s i o n s  r e p a i r  of benzo(a)pyrenc  l e s i o x  i n  A549 ce l l s .  
men ta l  'design i s  t h e  s a n e  cs i n  o u r  s t u d i e s  w i t h  r o d e n t  c e l l s  (Shinohara 
and C e r u t t i ,  1977) and i t  i s  not  f u r t h e r  d i s c u s s e d  here. 

The huinan a l v e o l a r  

W i i l e  bronchogenic  

The e s p c r i -  

( 3 )  Chromosoml d i s t r i b u t i o n  of c o v a l e n t  benzo(a)pyrene-pur iae  - 
a d d u c t s  in humail a l v s o l a r  t u n o r  cells A549 and i n  secondr..ry 

mouse embryo f i b r o 5 l a s t s  

The e f f e c t  of l o c a l  chroniat in  s t r u c t u r e  on the 
reactivLty of DNA to:Jards t h e  a t t a c k  by dalnaSii>S a g e n t s  and  t h 2  r e p a i r -  
. a b i l i t y  oE l e s i o n s  i n  c ? i f f c < s c i i t  p a r t s  of t h e  cliroriiosonic's nay p l a y  ar. 
i r n p o r t n n t  role i n  physical 'and chemica l  c a r c i n o g s n e s i s  . With t h e  r e c c n t  
p rog res s  i n  t h e  unde r s t and ing  of c h r o z a t i n  s t r u c t u r e  (Kornberg,  1977) and 
t h e  dcvelopr,ient of s imple  rccthods fo r  t h e  d i s t i n c t i o n  o f  n u c l e o s o n a l  and 
s p a c e r  n3A, i t  has b e c o m  p o s s i b l e  t o  approach t h i s  problcin e s p e s i m m t a l l y .  
S e v e r a l  s t u d i e s  on t h e  d i s t r i l u t  i on  o f .  a3.kylation. and a r y l a l k y l a t i o n  
damage i n  t h e  chroinosonial D??.4 have b t c n  carr ied o u t  (Cooper e t  al, 1.975; 
I-Ictzgcr -. e t  - al, 1977'; 1:etzger -- et nl, 1377; J n l i n  anrl Litm;in, 1977).  
Hig1ie.r da;?..age 1evcI.s havc usunl3.y b e m  d e t e c t e d  i n  t h e  spacer DXA r e l a t i v e  
t o  niicIcosor.inl PX\. 
actin;: proximate ca rc inogens  v c r e  L I S ~ ~ .  

c o i l d i t j  CKLS o f  po l .ycyc l i c  aroliliitic I iydrocarbon c a r c i n o g e n c s i s  i n  the animal. 

. 

In most studies - i n  vitro ----- conponent  syst:ccis nncl d i r e c t l y  
In o r d c r  t o  Lc!t-t.cr s i m u l a t e  t h e  

-11- 
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and in man we are zlnalyzinz the chrormsonal  d i s t r i b u t i o n  of covalen t  
benzo (a )  pyrcnc -pur ine  a d d u c t s  in t h e  a c t i v e l y  nctabolizing alveolar 
tumor l i n e  A549 and i n  secondary  mouse embryo f i b r o b l a s t s  which had 
been exposed t o  berizo ( a )  pyrcne.  h d d i  t l o n a l l y  we are  comparing t h e  
re la t ive  rates of the removal  of bcnzo(a)pyrcnc  e d d u c t s  i n  nuc lcosona l  
and spacer DNA d u r i n g  post  t r e a t m e n t  i ncuba t ion .  

Growth, l a b e l i n g  and ca rc inogen  t r e a t m e n t  of  t h e  c u l t u r e s  
haye been described by Shinohara  and C e r u t t i .  (1977).  Following d i f f e r e n t  
l e n g t h s  of  i n c u b a t i o n ,  n u c l e i  a r e  p repa red  and t r e a t e d  w i t h  n i c r o c o c c a l  
n u c l e a s e  under t h c  c o n d i t i o n s  of Sollncr-!.;ebb and F e l s e n f c l d  (1975). The 
n u c l e a s e  r e s i s t a n t ,  nuc leosomal  DNA is p r e c i p i t a t e d  w i t h  a lco l io l  2nd 
f u r t h e r  analyzcd f o r  i t s  c o n t e n t  i n  benzo (a) pyrene-pur ine  adduc t s  by 
ScpIiadex LH 20 chromatography as d e s c r i b e d  by Shinohara  and C e r u t t i  (1977a).  
The i n i t i a l  dannge ].eve1 and '  t h e  k i n e t i c s  o f  p roduct  removal are ccmpared 
between t o t a l  D W  and  nuclcosowal  DNA. 

. .  

(Co-sponosred by  N . I . I i . )  . 

( 4 )  F o m a ' t i o n  of  c o v a l e n t  b2nzo(a)pyrene-pur ine  adduc t s  i n  

c u l t u r e d  e x p l a n t s  of p e r i p h e r a l  hurian lung 

Ve .are i n v e s t i g a t i n g  the ' fo rma t ion  of cova len t  ber.zo(a)- 
pyrene-DNA a d d u c t s  i n  o rgan-cu l tu red  specimens of p e r i p h e r a l  hu7.m lung  ob- - "  

t a i n e d  from s u r g e r y .  ' The- c u l t u r e  m.edia and t h e  growth . c o n d i t i o n s  developed 
by Harris and c o l l a b o r a t o r s  f o r  b r o n c h i a l  e x p l a n t s  a re  beir .g used '(Earret e t  
al, 1976) and t h e  p r o t o c o l  t he  16C-thyxidine l a b e l i n g ,  t h e  t r e n t n e n t .  with- 
%-benzo ( a )py rcne ,  DNA-extrzction , DXA-digestion and chromatographic  a n a l y s i s  
are s i m i l a r  to our  p u b l i s h e d  n e t h o d s  (Shiilohara am1 C e r u t t i ,  1 9 7 7 4  .. 
dence  f o r  the f o r n a t i o n  of d i a s  t e r o n e r i c  deoxyguanosine a d d u c t s  (*ti- (10- 
{ 79 , 8B,%- .and 98-tr ihydroxy-7 , E ,  9 ;  10- te t rahydrobenzo  (a) pyrcne)yl)dcoxy- 
guanosine)  vas o b t a i n e d  i n  a l l  s i x  l u n g  spccircens which have s o  f a r  been 
i n v c s t i g a t e d .  The 7!3 ,8~<,9u-d ias te reoner  r e p r e s e n t s  tire rrajor  adduct .  Phis 
work i s  b e i n g  c o a t i n u e d .  
c o r r o b o r a t e  the s t r u c t u r a l  a s s i g n n e n t s  by Nigh P r e s s u r e  L i q c i d  Chroaato- 
grap?iy i n  c o l l a b o r a t i o n  w i t h  D r .  .Don J e r i n a '  a t  t h e  N.1.A.EI.D.  A 
p r e l i m i n a r y  r e p o r t  of this work is  i n  p r e s s  (Shinohara and C e r u t t i  , 137;b). 

EvL- 
' 

I n  p a r t i c u l s r ,  b7e a r e  a t t e m p t i n g  t o  f u r t h e r  

. 

(5) R e p a i r  of coval .ent  bcnzo(a)  pyrene-pur ine  a d d u c t s  i n  XekoZerz?. 

pigmentostxi and Atmia t e l a n g i c c t a s i a  s k i n  f i b r o b l a s t s .  

It car1 bc s a f e l y  concluded t h a t ' X P - f i b r o b l a s t s  a,re 
. .  

d e € i c i e n t  i n  e;.:cision r e p a i r  of cyc lobu tanc  t y p e  p y r i m i d i n e  diczrs (Clearer ,  
1974; RoSbins -- e t  al, 1974;  Kraemer, i n  p r e s s )  and d a t a  froa Paterson and 
c o l l a b o r a t o r s  sugscst  t h a t  sone  'AT-f i b r o b l a s t s  ~ r e  d e f i c i e n t  i n  the  e x c i s i o n  
of anosic r a d i a t i o n  3.esions ( P a t e r s o n  -- et al., 1976) .  
g o a l s  i n  o u r  l a b o r a t o k y  rcniinds t o  deve lop  a c l a s s i f i c a t i o n  of DNA ddae?rrge' . 

v h i c h  allows p r e d i c t i o n s  abou t  thc? b i o l o g i c a l  e f f e c t s  of a s t r u c t u r a l l y  rc- 
lat.cd g r o u p  of l e s i o n s  (Ceru t t i ,  1974;  C e r u t t i ,  1975) .  One p o s s i b i l i t y  i s  
t o  organize l c s i o r i s  a c c o r d i n s  t o  t h e i r .  r c p a i r z h i l i t y  b y  c e l l s  with g e n e t i c  
DXA r e p a i r  c1cfcc . t~ .  T h i s  approacii  has been taken  by a nti!nl)er of i n v c s t i g a -  
t o r s  (Cleaver ,  1 9 7 4 ;  Rt?zan and Sctlow, 1973) .  It s!muld d s o  be kept: i n  
n im]  t l i a t  tlic c l i n i . c n 1  s!*nptoniF i n  p a t i e n t s  wi t11  ~; imct ic  DNA repair de fec t s  
may be d u e  t o  t h e i r  i m h i l i t y  t o  repair a n  e n t i r e  class of r e l a t e d  lcsiclns 
r t t t h c r  thnn a s i u y , l c  p r o t o t y p e .  T h c r e f o r c ,  thc s t u d y  oE the r e p a i r  oE a . . .  . 

vari.cty o f  s t r i t c t i i r n l l y  rcl.aCcd and unrcl3tcd DNA J c s i o n s  i n  cc1l.s w i t h  
g c n c t i c  i:cpai r dr.Cc?c.ts s l iould y i e l d  v a l u a b l e  i i i f o r w t : i o n .  

One 0% t h e  major  

- 
a .  
W '  
10. 

pc 
c .... 

L 

. . 
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We are p l a n n i n g  t o  i n v c s t i E a t e  t h e  repair of benzo(a)- 
py rcne  a d d u c t s  i n  s k i n  f i b r o b l a s t s  from XP and AT p a t i e n t s . ,  
c u l t u r e d  hunan s k i n  f i b r o b l a s t s  have e s s e n t i a l l y  l o s t  t h e i r  a b i l i t y  t o  
m e t a b o l i z e  p o l y c y c l i c  a r o n z t i c  hydrocarbons t h e  h i g h l y  r e a c t i v e  diol- 
epo:.ride n e t a b o l i t c s  of benzo(a )pyr tne ,  i. e. 73,8a-dihydroxy-9u,lOa- 
epo:cy-7,8,9,10-tetrahy~robenzo(a)Dyrene and t h e  correspoilding-g:!,lO~- 
i somer ,  w i l l  be used (Reasen e t  a l ,  1977) .  

S i n c e  

(a) Study  o f  t h e  r e p a i r  of benzo(a)pyrene-pur ine  - 
a d d u c t s  i n  XP- and AT- s k i n  f i b r o b l a s t s  by the 

a l k a l i n e - e l u t i o n  ne thod:  

The d e s i g n  of t h e s e  e s p e r i n e n t s  will b e  as 
d e s c r i b e d  above ' for  o u r  studies of  t h e  repair of n c a r - u l t r a v i o l e t  damage 
( s e e  S e c t i o n  11-A(2a)). 

(b)  Study of. t h e  r e p a i r  of benzo(n)pyrene-pur ine  

a d d u c t s  i n  XP- and  AT- s k i n  f i b r o b l a s t s :  d i s -  

. appearance  of endonuclease  s e n s i t i v e  s i tes :  ' 

The d e s i g n  of t h e s e  exper iments  will be as - 

d e s c r i b e d  above f o r  our studies of the r e p a i r  of n e a r - u l t r a v i o l e t  dama- 
(see S e c t i o n  I I -h (2b) ) .  

I039 1 0 5  
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12. Remsen, J., Jcrina, D., Yagi ,  H. and C c r u t t i ,  p-9 I n  vitro r e a c t i o n  

0 f rad i oa c t iv 7 fc 8a-d il ly d r o x y - 9 ~ ,  102- c p OXY-7 ,8,9,10 -1: e t r nhy d rob enzo L 
(a)pyrenc and 7c,8q-dihydroxy-9B, 103-epo~y-7 ,E , 9  , lo- tc t r r \~lydrobenzo(a)-  
pyrene w i t h  DKA. Biochern. Riophys.  Res. Comun.  - 74 934 (1977) .  

l e s i o n s  by p r e p a r a t i o n s  fron Ataxia t e l a n g i e c t z s i a  f i b r o b l a s t s .  
Muta t ion  R e s .  43 139 (19771, 

C e r u t t i ,  P . ,  S h i n o h a r a ,  1:. and Remsen, J., R e p a i r  of DNA d a a g e  i n d u c e d  
by i o n i z i n g  r a d i a t i o n  and benzo(a )pyrcne  in r c a m a l i a n  cells. J. T o s i c o l .  
and  Envi ronr ren tz l  Health 2 1375 (197.7). 

t ype  p r o d u c t s  i n  DK'A by hydroxyl  r a d i c a l s .  I n t .  J.  R a d i a t .  Biol. 32 
1 9 1  (1977). 

C e r u t t i ,  P . ,  S h i n o h a r a ,  K., I d e ,  11. L., and Reinscn, J. 
r e y i r  of benzo  (a) pyrene-induced DXA damage i n  m m n a l i a n  cells", i n  : - P o l y c y c l i c  Hydrocarbons and Cancer:  Chen i s t ry ,  Molecular Biology and 
Env i ronaen t  ( i n  press). 

Cp_ru t t i ,  P.  A.  and R e m e n ,  J .  F. ,  " F d m a t i o n  and r e p a i r  of .D:iA daiage 
induced by oxyeen r a d i c a l  s p e c i e s  i n  hunan cells",  i n :  DXA k p 2 i - r  
P r o c e s s e s : ~ C e l l u l a r  Senesence and  S o z a t i c  C e l l  Genetics (eds.: IJ. W. 
N i c h o l s  and  D. Xurphy. Syinposium S p e c i a l i s t s ,  t!ic?ni) 137.7 (i9 -press). 

13. Rcmseii, J .F .  and Ceru t t i ' ,  P . A . ,  E x c i s i o n  of 'ganma-ray  induced  t h y d n e  

14. 
-. 

15. flemsen, J .  F .  and R o t i R o t i ,  J .  L . ,  Format ion  of 5,6-dihydroWdihyclrothpine 

11 . 16 .  F o r - a t i o n  and.  
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3. 11.. s.. He.tFawali. 

N-M E : M,S. Nrtrawali, Ph.D 
TITLE : 
BIRTH DATE/ P, I P.T ir? L AC E : 
PRESENT NATIONALITY: 
SEX: ' .  
EDiTCAT ION : 

Nale 

I n s t i t u t i o n  Degree . ' . . Year S p e c i a l t y  

F r e e  U n i v e r s i t y  of B r u s s e l s ,  Govt. of Btl&ium 1964- ' 

P r o f .  J. E r a c h c e ' s  -Laboratory Scho la r  f o r  h i g h e r  1967 ' 

r e s e a r c h  i n  n u c l e a r  
s c i e n c e s  . 

French  A t o n i c  Energy C o m i s s i o n  
S a c l a y ,  F r a n c e  

one of t h e  20 1963 
s e l e c t e d  p a r t i c i -  
p a n t s  i n  the Ad- 
vanced c o u r s e  i n  
r a d i o b i o l o g y  

RESEARCH AXD/OR PROFESSIONAL EXPERIENCE : 

1970-Present  S e n i o r  S c i e n t i s t  and Group Lcader 
h 'uc l e i c  a c i d s  s t r u c t u r e - f u n c t i o n  
B i o c h e a i s t r y  & Food Technology Div. 
Ehabha Aton ic  Resea rch  C e n t r e ,  T r o d m y  
Bombay, I n d i a  

Worked f o r  6 months i n  tile Radiobio logy  
Labora to ry ,  A ton ic  Engrgy Research Censr 
Noi ,  Belgium. 

Research  G u i d e  f o r  t h e  pos t -g radua te  
d e g r e e  of the U n i v e r s i t y  of Roz3ay. 

RES~OXSIDILITY IX THE PROPOSED PROJECT AND PERCELT TIMX DEVOTED TO IT: 

S t u d i e s  on the e s c i s i o n  repa i r  of DNA base d a m g e  induced  by chemica l  
c a r c i n o g e n s  i n  n.ormsl and d i s e a s e d  human ce l l s ;  60% of t i m e  devo ted  
to pro jec t .  
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K. Pasups thy ,  1.l.S. NctrawaJ.i ,  I). S .  Pradhan and A. S r e e n i v a s a n ,  Re- 
j o i n i n g  of s i n z l e - s t r a n d  s c i s s i o n s  i n  n u c l e a r  and m i t o c h o n d r i a l  DNAs 

.. ,:. i n  Tetrahynena p y r i f o r m i s .  Radia t .  Res. - 66,.147-157, 1976. . ' .* :. . 

R. K. Prakah ,  N . S .  h'ctr ,?val i ,  D.  S. Ptadhau.  
r e s i d u a l .  F3:A syn thes i . s  i n  E. c o l i  c e l l s  exposed to  u . l t r m i o l e t '  r a d i a t i o n  
and ,  combina t ion  of  u l r r a v i o l c t  and g a m a  r a d i a t i o n s .  Photochen.  Photo- 
b i o l .  2& 295-297, 1976. 

R i fampic in  s e n s i t i v i t y .  of . 

..- . . 

I;. C. Che t ty ,  1I.S.  N e t r a w a l i ,  I>. S. Prsdhan;  Mechanisins u n d e r l y i n g  dec reased  
p r o t e i n  and mTk s y n t h e s i s  i n  t h e  r a t  spleell  f o l l o w i n g  whole-body x - i r r a d i a t i o n .  
S t r a h l e n t h e r a n i e ,  151, 228-235, 1976; 
S. B. E;ull:arni, M. S. Ketratrali ,  D. S. Pradkan ,  and A s -  S r e e n i v a s a n .  Act ion  
of h y d r o c o r t i s o n e  a t  t r a n s l a t i o n a l  l e v e l  i n  r a t  l i v e r .  
Endocr ino l .  5, 195-202, 1976. 
M.K.S. Pko, N . S .  E.:etrai;ali, D. S. Pradhan .  Regu la t ion  of  t r a n s c r i p t i o n  i n  
e u k a r y o t i c  cel ls .  P roc .  Symp. on 'Regu la t ion  and growth of d i f f e r e n t i a t e d  
f u n c t i o n  i n  e u k a r y o t i c  c e l l s ,  (ea. G .  P.  T a l m r ,  Raven P r e s s )  pp. 129-138, 
1975. 

R.  K. Prakash ,  1:. S. h 'e t rmal i ,  D. S. Pradhan and A.  S r e e n i v a s a n .  
n e s s  of r i f a m p i c i n  i n  in l i i b i t i np ,  PWA s y n t h c s i s  . in  E s c h e r i c h i a '  -- c o l i  2nd  T4- 
i n f e c t e d  E s c h e r i c h i a  c o l i  ce l l s  a f t e r  exposure  t o  u l t r a v i o l . c t  r a d i a t i o a .  
E ioch in .  Biophys.  A c t a ,  383, 4 3 5 - 4 4 0 , '  1375. 

P1.S. N e t r a w a l i ,  K. Pasuprithy and D. S. Pradhan.  Repairs of n u c l e a r  and 
m i t o c h o n d r i a l  D2:As i n  Tetrahymena by nuc leocy  Loplasrnic r e l a t i o n s h i p s .  
E l s e v i e r  S c i e n t i f i c  P u b l i s h i n g  Co. , The Ne the r l ands ,  p p .  139-143, 1S75. 

Piole. C e l l  

I n e f f e c t i v e -  

K. Pasupah ty ,  1.1. S. R e t r a v a l i  and D. S .  Pradhan.  O x i d a t i v e  p h o s p h o r y l a t i o n  
by Te t r ahyaena  p y r i f o r m i s  n i t o c h o n r i a  exposed t o  g a m a  r a d i a t i o n  i n  v i v o  . 
and -- i n  v i t r o .  I n t .  3. .Radia t . ,  E i o l . ,  28, 593-597, 1975. . 

M.N.S.  Rao, N.S. Netrawali, and D: S. Pradhan.  Changes a t  t r a n s c r i p t i o n a l  
l e v e l  i n  t h e  ra t  l i v e r  fo l lowing  whole-body x - i r r a d i a t i o n .  FECS L e t t s .  
-' 48 160-163, 1974. 

S.C. Satav, S. S .  Kafpare, N . S .  Nctrarrali, P.  F a t t c r p a k e r .  The s i g n i f i c a n c e  
of p romt tochondr i a l  s t r u c t u r e s  i n  r a t  l i v e r  f o r  m i t o c h o n d r i a l  b i o g e n e s i s .  
Biochcm. J . ,  134, 687-695, 1973. . 

11. S. K e t r a w s l i .  Chen ica l  r a d i o p r o t e c t i o n  i n  t h e  absence  of the n u c l e u s  i n  
-- A c c b a t u l a r i a  med i t c r r a n e a .  R a d i a t i o n  Botany. E, 365-370. 1970. 

N. S. Nctrawali. O n  t h e  p resence  of h i s t o n e s  i n  - E u G n a  - E i c j l i s  -- var .  
b a c i l . l a r i s .  E x p t l .  le.13.. Res., 63, r i22-426,  1970. 
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Biochem. J,, 96, 552-556,  1965. 

M. S. K e t r a w a l i ,  Radiolysi and r a d i o p r o t e c t i v e  effect of glutathione. 
Int. J. Radiat. E i o l . ,  15, 275-277, 1970. 
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€5. Suppor t  r e c e i v e d  f r o x  o t h e r  'Federa l  c -  . .  h g c n i c c s ;  

Suppor t  is o b t a i n e d  from t h e  Nat ion21 I n s t i t u t e  of General 
>{cdica l  Sc iences-Grant  KO. 2RO1-GPI-18617-07 a t  a l e v e l  of $55,931. 
( d i r e c t  c o s t s  f o r  c u r r e n t  y e a r ) .  

O u r  M I M .  program c o n c e n t r a t e s  on: 

(1) FIol.eculczr b io logy  of t h e  r e p a i r  of y-ray-, n e a r -  
v i o l e t -  and bcnzo(a)pyrene  induced LNA daaagc  i n  
F a i c c n i '  s Anemia. 

' 

(2)  D i s t i n c t i o n  of  d i f f e r e n t  e x c i s i o n  r e p a i r  pathways i n  
human a l v e o l a r  tumor ce l l s :  e x c i s a b i l i t y  of d i f f e r e n t  
guzn ine  l e s i o n s .  

(3)  K o d u l a t i o n  of DXA r e p a i r :  e f f e c t s  of growth c o n d i t i o n s  
and  v i r a l  i n f e c t i o n  on DXA r e p a i r  i n  monkey and human 
ce l l s .  

C. F a c i l i t i e s  a v a i l a b l e  

A 2,000 s q u a r e  . t oo t  a r e a  of l a b o r a t o r y  s p a c e  on t h e  t h i r d  f loor  
of t h e  l l e d i c a l  S c i e n c e s  Bu i ld ing  (:J. H i l l i s  Ffiller Hea l th  Center )  has been 
r enova ted  f o r  my r e s c a r c h  group. Plost of t h e  e q u i p m n t  n e c e s s a r y  to c a r r y  
o u t  t h i s  p i o j  ect  i s  a l r e a d y  a v a i l a b l e  to u s  

s o u r c e ,  a Sch'df f e l  h i g h  i n t e n s i t y  U l t r a v i o l e t  k n o c h r o n a t o r ,  c e n t r i f u g c s ,  
ctc. A spec ia l  h'C6-hood recorr.r.endcd by t h e  N a t i o n a l  Cancer  I n s t i t u t e  f o r  
t he  h a n d l i n g  of b i o h a z a r d s  .is p r s senLly  bc ing  i n s t a l l e d  i n  one  of m y  
labcratories. A d d i t i o n a l l y ,  t h e  Department of B iochemis t ry  and H o l e z u l a r  
Bio logy  possesses 311 t h e  u s u a l  co!rmunal f a c i l i t i e s  such  2 s  co ld  r o o x s ,  
c o n s t a n t  t empera tu re  rooms, a u t o c l a v e s ,  e t c .  O f f i c e  s p a c e ,  s ec re t a r i a l  
s e r v i c e s ,  t h e  dcpa r t l acn ta l  l i b r a r y ,  and t h e  Health Center  L i b r a r y  are 
avai lab 1 e. 

i n c l u d i n g  three t i s s u e - c u l t u v e  hoods ,  microscopes ,  Coul ter c o u n t e r ,  roller a p p a r a t u s ,  CO 2 i n c u b a t o r s  137cs- 

r 
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0. BUDGET FOR PERIOD OF DECEXEER 1, 1977 to NOVEXBER'30, 1978. 

1. Salaries 

N ame T i t l e /  X of Time Am0 un t 

11. Netrmali Ph. D. ,  P o s t - d o c t o r a l  A s s o c i a t e  604: $ 5,862. 
*E. Walker L a b o r a t o r y  Techn ic i an  I 75% 6,669. 
A. Lusby Assistant-In BiocLemistry 75% . 7,850. 

F r i n g e  E e n e f i t s  (31. Netrawal i )  .0065 U . C .  38. 

( A .  Lusby) 15.5% 6 Health Ins. 1,379. 
( E .  Walker) 15.5% & H e a l t h  Ins. 1,196.  . 

T o t a l  Salary, Wages t F r i n g e  E e n e f i t s  

2. P e n a n e n t  Equipment 

._ . U n s p e c i f i e d  

3. S u p p l i e s  

Chemicals 
R a d i o i s o t o p e s  
Biochemicals  
T i s s u e  C u l t u r e  I k d i a  
Glass and P l a s t i c  Vare 

Total S u p p l i e s  

$ 22,994. 

$ 4,252. 
3,000. 
2,000. 
6,000. 
4,000. 

$ 19,252. 

4. Travel 

b m e s  t i c  $ 2,000. 

5 .  O t h e r  Expenses 

I n s  t r u m m t  S e r v i c e  Con t rac ts  $ 3,000. 
P u b l i c a t i o n '  C o s t s  \ 2,000. 

- Total O t h e r  E q c n s e s  , $ 5 , d .  

-.I 

P e r s o n n e l  Assessml-nt '$8. p e r  FTE per  Q u a r t e r  til 6/30/77' 27. u 
Q 

h3 

$9. p e r  FTE p e r  Q u a r t e r  as of  7/1/77: . ,  

- 
. 6. I n d i r e c t  Costs '(51% of S a l a r i e s ,  Nages and 

F r i n g e  B e n e f i t s )  $ 11,727.  

TOT hL $ 63,000. 

*The Sta te  University System i s  p u r s u i n g  the dev2lopment of an evcrhead r a t e  for a 
statewide cos t  al locat ion agreement. \!e will  a p p l  t h i s  additional aniount when the 
r a t a  -- ,,,, i i3hln rind t h p  f i n a l  n l a n  1 s  annrovpr i  K v DHFld i i i tClitnr<. 



P r o g r e s s  Repor t  f o r  the Period of September 1, 1976 t o  

NovernScr 30, 1977 of  Cont rac t  EY-76-S-05-4155 of the 

. United S t a t - e s  Encrgy Research and Development A d m i n i s t r a t i o n  

T i t l e :  F o r n a t i o n  and Repai r  of Physically and 

Chemical ly  Induced DXA Dainaee i n  Human 

C e l l s .  

P.  A .  C e r u t t i ,  P r i n c i p a l  I n v e s t i g a t o r  
Department of Biocheniis t r y  and Iblecular Bio logy  
U n i v e r s i t y  of F l o r i d a  . 
G a i n e s v i l l e ,  F l o r i d a  32613 

Prepared  f o r  the United S t a t e s  Energy R-esearch and Dcvel.opnent 
Admin i s t r a t ion  under Con t rac t  EY-76-S-05-4155. 
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During  t h e  p e r i o d  o f S c p t . 1 ,  1976 t o  Xov. 39, 1972 of o u r  E.R.D.A. 
c o n t r a c t ,  we have  con t inued  o u r  s t u d i e s  of t h e  fo rnmt ion  and  r e p a i r  of 
chroniosonal 'damage which is induced i n  n m n a l i a n  ce l l s  by ene rgy- re l a t ed  
c a r c i n o g e n s .  
y - r ays  and u l t r a v i o l e t  l i g h t  and t h e  chemical  ca rc inogen  benzo(a)pyrene .  

. 
We have  focused  o u r  a t t e n t i o n  on the p h y s i c a l  ca rc inogens  . 

Me have  i n v e s t i g a t e d  t h e  f o r m a t i o n  of nonomeric t h y n i n e  d a m g e  of the 
5 , 6 - d i h y d r o x y - d i h y d r o t h p i n e  typ2  i n  t h e  DNA of human c a r c i n o n a  HeLa c e l l s  
by t h e  a c t i o n  of a e r o b i c  y-rays arid u l t r a v i o l e t  l i g h t .  Our s t u d i e s  w i t h  
s p e c i f i c '  r z d i c a l '  s cavqnger s  d e q o n s t r a t e  t h a t  a e r o b i c  y-rays i nduce  such 
l e s i o n s  p redominan t lyby  i n d i r e c t  a c t i o n  via  t h e  i n t e r m e d i a c y  o f ' h y d r o x y l  
r a d i c a l s .  The f o r m a t i o n  of p r o d u c t s  of t h e  5,6-dihydroxy-dihydrothymine 
t y p e  i n  a d d i t i o n  t o  py r imid ine  p h o t o d i n e r s  i s  a l s o  obse rved  upon i r r a d i i - .  
t i o n  of HcLa ce l l s  w i t h  u l t r a v i o l e t  l i g h t .  
t h e  major  DS.4 les-ions i n  t h e  far.ultraviolet,conparable amounts of  photo- 
d i n e r s  and monomeric, r i n g - s a t u r a t e d  t h y n i n e  l e s i o n s  are f o r n e d  i n  t h e  
n e a r - u l t  raviolet  (313114 . 

While photodimers  r e p r e s e n t  

E x c i s i o n  repair  o f  y-ray p r o d u c t s  of  t h e  5,6-dihydroxy-dihydrothyriine 
t y p e  was s t u d i e d  i n  ce l l s  from p a t i e n t s  w i t h  t h e  g e n e t i c  d i s e a s e  Atax ia  
t e l a n g i e c t a s i a  (AT) . 
deve lppxen t  of ma l ignanc ie s .  Ce l l s  o b t a i n e d  f r o 3  A T  p a t i e n t s  show inc rezsed  
frequencies of  chror.osona1 a b e r r a t i o n s  and are .h igh ly  s e n s i t i v e  t o  i o n i z i n g  
r a d i a t i o n '  i n  c u l t u r e .  We have s t u d i e d  t h e  c a p a c i t y  of son5.cates of. AT 
skin f i b r o b l a s t s  f o r  t h c  e x c i s i o n  of y-rap p roduc t s  from i r r a d i a t e d  D2A 
znd c h r o a a t i n .  For p r e p a r a t i o n s  from f i v e  d i f f e r e n t  AT c e l l  l i n c s  and 
unde r  a ' v a r i e t y  of e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  e x c i s i o n  c a p a c i t y  was 
comparable  t o  p r e p a r a t i o n s  f.roin normal human s k i n  fibrob1.ast .s .  

AT-pat ients  possess i n c r e a s e d  s u s c e p t i b i l i t y  f o r  t h e  

IJe s t u d i e d  t h e  fom-a t ion  2nd r e p a i r  of c o v a l e n t  benzo(a)pyrene-purine 
a d d u c t s  i n  a c t i v e l y  m e t a b o l i z i n g  r o d e n t  and human tissues. Adduct forniat ion 
v a s  observed  i n  baby hamster  k idney  ce l l s  (B*% 21/C13), secondary  mouse 
enibryo f i h r o b l a s t s ,  huiiian a l v e o l a r  tumor cells A549 and c u l t u r e d  explants of 
p e r i p h e r a l  hunan l u n g .  The benzo (a )pyrene-pur ine  a d d u c t s  were c h a r a c t e r i z e d  
c h r ~ m a t o g r a p h i c a l l y  . Adduct r e n o v a l  d u r i n g  p o s t  t r e a t m e n t  i n c u b a t  i o n  .ems 
s t u d i e d  i n  baby h a m t e r  kidney ce l l s  and mouse ecibryo f i b r o b l a s t s .  
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I.' Formation and repair  of 'y-ray and u l t r a v i o l e t  . . .  . . . .  induced  . .  DNA 

dan3gc i n  human ce l l s  . 

(1) H y d r o x y l r a d i c a l s  a re  i n t e r n e d i a t c s  i n  t h e  fo rma t ion  of pro- 
d u c t s  of t h e  5,6-dihydroxy-dihydro thymine t y p e  by a e r o b i c  y - r ays  
i n  NeLa S3 cells.' 

The fo rma t ion  i n  D:!A of r i n g - s a t u r a t e d  p r o d u c t s  of t h e  5 , 6 -  
d i h y d r o x y - d i h y d r o t h p i n e  t y p e  ( t  ') a f t e r  gamma-ray i r r a d i a t i o n  
of i n t a c t  ce l l s  has been e s t a b l i s h e d  i n  a number of m m . a l i n n  
c e l l - l i n e s  ( I fa t te rn ;  Har iha ran ,  Dunlap and C c r u t t i ,  1973,  N a t t e r n ,  
Har iha ran  and C e r u t t i ,  1975.). The mechanism Ey which these prod- 
uc t s  are formed i n  DSA can  b e  s t u d i e d  by  t h e  ' u s e  of . s p e c i f i c  
rad ica l  s c a v e n g c r s ,  .a method in t roduced  by Jobansen  and  Howard- 
F l a n d e r s  (1965).. f o r  E.  c o l i .  
shown t o  be r e s p o n s i b l e  f o r  t h e  f o r n a t i o n  of [3€I]H20 by hydrogen 
abstract  i o n  from' . the  methyl  group of thymine i n  p r e - l a b e l e d  CIIO 
cel ls  ( R o t i R o t i  and  C e r u t t i ,  1974)  a s  we11. asfor t h e  p r o d u c t i o n  of 
s i n g l e - s t r a n d  b r e a k s  i n  DJA (Roots and Okada, '1972; Achey and 
Duryea,  1974) .  The  purpose  of t h i s  s tudy  was t o  de t e rmine  
wlx t l ie r  t '  i n  p u r i f i e d  DSA and i n t a c t  ce l l s  r e s u l t s  f rom d i r e c t  
o r  i n d i r e c t  a c t i o n  and i f  i n d i r e c t ,  which r a d i c a l  s p e c i e s  is  
p r i n a r i l y  r e s p o n s i b l e .  
o f  th,e 5,6-dihydroxy-dihydrothymine typ.e are p r i m a r i l y  f orned 
by i n d i r e c t  r a d i a t i o n  a c t i o n  via t h e  in tc r rnsd iacy  of hyc l ro iy l  

The hydroxyl  r a d i c a l  h a s  been 
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(2) Formation of  p roduc t s  of t h e  5 ,G-d ihydroxy-d ihydro thp ine  

t y p e  by u l t r a v i o l e t  l i g h t  i n  NeLa S3 ce1l.s 

We have u-ndertaken a s t u d y  of  t h e  fo rma t ion  o f  thymine . 
phorodimers  (TT) and.monomeric,  r i n g - s a t u r a t e d  thymine l e s i o n s  
of the 5 ,G-d ihydrosy -d ihydro thp ine  t y p e  ( tUV) i n  human carcinoma 
HeLa S3 c e l l s  upon i r r a d i a t i o n  w i t h  n o n o c h r o n a t i c  l i g h t  a t  2 4 0 ,  
265, 280, and 313 nm under  a e r o b i c  c o n d i t i o n s .  W e  have also 
measured t h e  fo rma t ion  of t r i t i a t e d  water from [ m ~ t h y l - ~ i i ]  
t h y x i d i n e - l a b e l c d  c e l l s  which g i v e s  a measure of the photocheni ical  
r e a c t i v i t y  of t h e  methyl  group o'f thymine. The e f f i c i e n c y  of t h e  
fo rma t ion  of all ' three p r o 2 u c t s  was maxins l  a t  280 nix and d r - p p e d  
t o v a r d s  l o n g e r  and s h o r t e r  wavelengths  . 
f or inat ion dropped mare s t r o n g l y  towards l o n g e r  and s h o r t e r  wave- 
l e n g t h s  t h a n  t h e  e f € i c i c n c y  of tu" fo rma t ion ' ( compnr i son  a t  a dose  
o f  5s103 J I U - ~ ) .  T o t a l  mononeric  thymine r i n g  s a t u r a t i o n  (tsat) 
was e s t i m a t e d  from th,e t L I V  d a t a .  It w a s  c a l c u l a t e d  t h a t  0.06 tSat 
was forined f o r  e a c h  TT at: 280 nm, b u t  0.73 tSat p e r  T?' a t  313 nm. 
It follows t h a t  monon!ilric thymine r i n g  s a t u r a t i o n  r e p r e s e n t s  a 
minor photochcmlca l  r e a c t  Ton r c l a  t i v e  t o  py r imid ine  d i m e r i z a t i o n  
i n  t h e  fa r -u l t rav . 'o le t  but a major  r e a c t i o n  i n  the n e a r - u l t r a v i o l e t .  
The fo rma t ion  of 11[20 by u l t r a v i o l e t  l i g h t  from [ i ~ t h y l - ~ t l ]  tliymidine- 
l a b e l e d  lleLa c e l l s  uiost l i k e l y  i n d i c a t e s  the a t t ack  of hydroxyl  
r a d i c a l s  on the cc l lu l i i r  DNA; 5-i;icfhyl.enctiracil.  rhd5 ca l s  fornkd as 
a conscqucncc of: the r c a c t i . m  mny hc i i q ' o r t an t  fritcrmediatcs i n  
ultrav i o l c t - i n d u c 4  DNA-lX!A a n d  DXh-protein c r o s s l i n k i n g .  

The ef f i c i c n c y  of TT 
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Epidemiological d a t a  i n d i c a t e s  t h a t  s u n l i g h t  plays a major  
E p s t e i n ,  r o l e  i n  the ctio3.ogy of s k i n  c a n c e r  i n  man (see, 

1370) .  No experimental  d a t a  is  a v a i l a b l e  which allows t h e  
d e f i n i t i o n  'of an a c t i o n  s p e c t r u m  f o r  s k i n  cance r .  
from t h e  s u n  s p c c t r u n  a t  t h e  s u r f a c e  of t h e  e a r t h  and a n  a c t i o n  
spec t rum f o r  u l t r a v i o l e t - i n d u c e d  D;;A damage and i ts  l e t h a l  and 
mutagenic  e f f e c t s  i n  b a c t e r i a l  s y s t e m ,  Se t low (1974) s p e c u l a t e d  
t h a t  l i g h t  i n  t h e  300-304 nn r e g i o n  should  p o s s e s s  maximal 
e f f e c t i v e n e s s  f o r  t h e  i n d u c t i o n  of  s k i n  cancer .  
t o  n o t e  i n  t h i s  co i l tex t  t h a t  t h e  r a t i o  of tUV over  TT 
d r a m a t i c a l l y  i n  t h i s  r eg ion  of  the s p e c t r u n .  (Har iharan  and ,. 
C e r u t t i ,  1977) .  

(3)  I n  v i t r o  e x c i s i o n  of  y-ray induced thvrnine l e s i o n s  bv n r e p x a -  
t i o n s  f r o n  Atax ia  t e l a n z i e c t a s i a  s k i n  f i b r o b l s s t s  is  normal .  

However, 

It I s  i n t e r e s t i n g  
i n c r e a s e d  

Ataxia  t e l a n g i e c t a s i a  (AT) i s  a n  a u t o s o n a l  r e c e s s i v e  d i s e a s e  of 
man w i t h  i n c r e a s e d - f r e q u e n c i e s  of  spontaneous and X-ray induced 
ch ronsona l  a b e r r a t i o n s  and cance r .  (Taylor  -- e t  a l ,  1975) .  

C u l t u r e d  s k i n  f i b r o b l a s t s  from AT p a t i e n t s  e x h i b i t  i n c r e a s e d  
s e n s i t i v i t y  t o  k i l l i n g  by gama- rays  d e l i v c r e d  undcr  a e r o b i c  condi -  
t i o n s  and t o  t h e  cheiaical mutagea act inomycin D and ,  p o s s i b l y ,  t o  . 

methyl  n e t h a n e s u l p h o n a t e  and mi tozyc in  C (Hoar and S a r g e n t ,  1976; 
Tay lo r  _. et  -' a1 1975) .  
s i n g l e -  and  dovble-s t rand  b reaks  w a s  normal  i n  AT ce l l s  (Pacerson  
- e t  -' a 1  1976; Vincen t  -- e t  21, 1 9 7 5 ) ,  
a d e c r e a s e d  a b i l i t y  of sone AT s t r a i n s  t o  undergo r e p a i r  r e p l i c a t i o n  
f o l l o w i n g  exposure  t o  gama- rays  d e l i v e r e d  under anox ic  c o n d i t i o n s .  
The  same i n v e s t i g a t o r s  a l s o  observed  a dec reased  r a t e  of r e z o v a l  
froin C Y 4  of Pr. l u t e u s  gamma-enzonuclease s e n s i t i v e  sites i n  l i n e  
AT331 which ha3 been  i r r a d i a t e d .  under  a n o x i c  c o n d i t i o n s .  The 
damage r ecogn ized  by Pi .  l u t e u s  ganiia-endonuclease most l i k e l y  
i n v o l v e s  t h e  h e L e r o c y c l i c  DKA b a s e s .  

While t h e  r e s e a l i n s  of r a d i a t i o n  induced D?lA 

P a t e r s o n  -- e t  al, 1976,  observed 

The c a p a c i t y  of whole c e l l  s o n i c a t e s  of s k i n  f i b r o b l a s t s  of 
n o r n a l  i n d i v i d u a l s  and p a t i e n t s  w i t h  t h e  autosomal  r e c e s s i v e  
d i s e a s e  Ataxia t e l a n g i e c t a s i a  (AT) t o  remove a e r o b i c  gamma-ray prod-  
u c t s  of t h e  5,G-di l iyclrosy-dihydrothpine t y p e  ( t  0 2  ) from exogenous 
DNA s u b s t r a t e s  was i n v e s t i g a t e d .  
AT CRL 1343, AT GI1 367, AT 4B1, AT 3BI) possessed  normal c a p z b i l i t i e s  
t o  e x c i s e  tx2 froin i r r ad ia t e s  b a c t e r i o p h a g e  DNA and i r r a d i a t e d  
chromzt in  i s o l a t e d  f roni normal and AT-skin f i b r o b l a s t s  (Rmsen and  
Cerut  t i  , 1977) .  

Y 
A l l  f i v e  AT s t r a i n s  (AT C U  1312, 
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11. Fomia t ion  and rcpair  of bcnto(a)pyrcnc-pur ine  adducts ‘in bahy 

hams te r  k i d n e y  ce l l s  and secondary mouse- embryo f i b r o b l a s t s .  

It i s  e s t i m a t c d  t h a t  approximate ly  1300 tons of B(a)P are 

B(a)P 
emitted i n t o  t h e  a i r  of t h e  United S t a t e s  p e r  year by combust ion 
e n g i n e s ,  h e a t i n g  s y s t e m s ,  e l e c t r i c a l  power p l a n t s ,  etc.  
i s  a l s o  one of the na jor  p roca rc inogens  c o n t a i n e d  i n  tobacco  
smoke. Work by s e v e r a l  g roups  i n c l u d i n g  o u r  orm has i d e n t i f i e 6  
t h e  d i s a s t e r o n e r i c  n ic tabol ies  7,8-dihydroxy-9,lO-epoxy-tetra- 
h y d r o b t n z o ( a ) p y r e n e s  (E(a)P-diol-eDoxides) a s  p o t e n t  proximate  
mutagens i n  r o d e n t  cs l ls  and as i n t e m e d i a t e s  i n  t h e  c o v a l e n t  
b i n d i n g  o f  B(a)P t o  DSA i n  i n t a c t  warnmalian ce l l s .  The major  DNA - 
a d d u c t s  are s u b s t i t  t i o n  p r o d u c t s  i n v o l v i n g  t h e  e x o c y c l i c  amino- 
group of g u a n i n e ,  I? - (10-(7B,8~~,9a or 98- t r$1ydrosy-7 ,8 ,9 , lO- te t r~-  
hydrobenzo ( a )py renc}y l )  deoxyguanosine (dGua-B(a)P I and 11). 
Ninor  a d d u c t s  are  a l s o  formed t o  aden ine  and p o s s i b l y  c y t o s i n e .  
-- I n  v i t r o  r e a c t i o n  of h i g h l y  p u r i f i e d  
c h e n i c a l l y  s y n t h e s i z e d ,  r a d i o a c t i v e  B(a)P-diol-epoxide c o r r o b o r a t e s  
t h e s e  s t r u c t u r a l  n s s i g n n c n t s  (Remsen e t  a i ,  1377;  Sh inoha ra  a d  
C t r u t t i ,  1977a  and  refs .  t h e r c i n ) .  We have  s t u d i e d  the f o r m a t i o n  
and  e x c i s i o n  r e p a i r  of t h e s e  c o v a l e n t  benzo(a)pyrene  a d d u c t s  i n  
a nunber  of rodent and hunan t i s s u e s .  

. 

Y 

b a c t e r i o p h a g e  DSA with 

(I) Excis ior !  r e p a t r  of benzo (a)pyrene-purine a d d u c t s  i n  baby - 

hamster k i d n e y  c e l l s  ( N I X )  and secondary  mouse einSryo 

f i h r o b l a s t s  (KEF) 

The f o r m a t i o n  and e x c i s i o n  of  benzo (a)pyrene-deoxyguanosine 
. a d d u c t s  i n  n a t a b o l i z i n g  baby hamster  k idney  c e l l s  (21/C13) and 
secondzry  mouse en3rpo f i b r o b l a s t s  (C57BL/6J) was i n v e s t i g a t e d .  
Eo t 11 d i a  s t c r eonier i c adducts  , N2- ( 10.- { 7 8 ,  Sa, 9 us- t r i hy d r o xy-7 ,8,9,10 - 
t e t r a h y d r o b e n z o  (a)pyrene)yl)deoxyguanosinc and N2-(10-(75,&r, 95- 
t r i h y d r o s y - 7 , 8 , 9 , 1 @ -  t e t r ahydrobcnzo(a )pyrene )y l )deosySuanos i~c ,  v 2 r c  
d e t e c t e d  i n  b o t h  c e l l . l i n e s  and both c e l l ’ l i n e s  were c a p a b l e  of ex- 

’ 

c i s i n g  t h e s e  l e s i o n s ,  a l b e i t  w i t h  low e f f i c i e n c y .  A p p r o s i m t e l y  80% 
of the benzo(a )pyrene  gttanine a d d u c t s  had been reinovcc! from the  
DSA in BHK c e l l s  i n  72  h o u r s  p o s t t r e a t m e n t  i n c u b a t i o n  a t  a n  
approximate  i n i t i a l  d a m g e  level 1.1 a d d u c t s  p e r  106 undanage6 
n u c l e o t i d e s .  
i n  72 h o u r s  a t  a n ’ i n i t i d  a d d u c t  l e v e l  of 1 . 2  p e r  lo5 tinclanaged 
n u c l e o t i d e s .  T h i s  d i f f e r e n c e  i n  the i n i t i a l .  l eve l  of d a m g e  may 
e x p l a i n  t h e  d i f f e r e n c e  i n  t h e  deg ree  of c o a p l e t i o n  of t h c  exc is j . cn  
p r o c e s s  d u r i n g  t h e  sane t i m e  p e r i o d  f o r  t h e  two. c e l l  types .  . 
(Shinohara  and  C c r u t t i ,  1 9 7 7 4 .  

The  cor responding  d a t a  f o r  V i F  was 392 adduc t  reEov;?l 

. 
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(2) Formation of hcnzo(a)pyr tne-pur ine  .adducts  i n  human a l v e o l a r  

tumor c e l l s  and  i n  e x p l a n t s  of p e r i p l w r a l  human lunp, 
Y 

Evidence f o r  format ion  of DXA-E(a)P a d d u c t s  i n  c u l t u r e d  human 
bronchus (Yang -L et a l ,  1977) and p e r i p h e r a l  l u n g  h a s  been  o b t a i n e d  
(Harris -- e t  al, 1976) .  
the  l e v e l  of B(a)P b ind ing  t o  b r o n c h i a l  e x p l a n t s  was observed  
(Yang c- et  al, 1977)  and may r e p r e s e n t  a f a c t o r  d e t e r m i n i n g  s u s c e p t i -  
b i l i t y  t o  lung  c a n c e r  i n  t h e  g e n e r a l  populati 'on.  
ma l ignanc ie s  of t h e  huc;an lung  o r i g i n a t e  f r o x  t h e  b r o n c h i a l  e p i t h e l i u n .  
I n  a d d i t i o l l  t o  t h e  bronchogenic  c a r c i n o a a s  a small f r a c t i o n  of the 
pr imary  neoplasms of t h e  lung  d e r i v z s  f r o n  a l v e o l a r  cells (Adanson 
and S e n i o r ,  1976;  Coalson e t  a l ,  1970; Dobbins et al, 1973) .  
s t u d i e d  the f o r m a t i o n  of covale i l t  benso(a)pyrcne-pur ine  a d d u c t s ,  
i n  t h e  DNA of a l v e o l a r  t u n o r  cel ls  A549 (L iebe r  -- e t  a l ,  
c u l t u r e d  e x p l a n t s  of p e r i p h e r a l  hunan lung  o b t a i n e d  from s u r g e r y .  
The lung  e x p l a n t s  were c u l t u r e d  acco rd ing  t o  E a r r e t  e t  a1 (1976) 
Fron  t h e  c h r o n a t o g r a p h i c  a n a l y s i s  of d i g e s t s  of DNA e x t r a c t e d  
froin t h e s e  t i s s u e s ,  i t  was concluded t h a t  boLh t h e  l u n g  specimens 
and A549 ce l l s  me tabo l i zed  benzb(a)pyrene  t o  d i a s t e r e o n e r i c  7,6- 
dihydroxy-9,lO-epoxy-tetrahydrobenzo (a )pyrene  i n t e m e d i a t e s  v h i c h  
n o s t i y  r e a c t e d  w i t h  t h e  e x o c y c l i c  amino-groups of deoxygumos ine  
t o  N -(10-{7l3,8c,9a- and 9~-trihydrs?ry-7,8,9,10-tetrahydrobenzo(a)- 
p y r e n e l y l )  deoxyguanosine (dCua-E (a)P I and 11). While  c o n p a r s b l e  
amounts of dCua-E(a)P I and I1 were f o m e d  i n  A549 c e l l s ,  dGua- 
B(a)P'I r e p r c s c u t s  . t h e  -predoninant  adduc t s  i n  t h e  1)SA of  l u n g  
spec imns .  f rom s i x  d i f f e r e n t  donor s  (Shinohara and Ceru t  ti, 
1977b).  

.Cons iderable  i n t c r i n d i v i d u a l  var-is t i o n  i n  

Most primary. 

We have  

) and 

. .  

1'039 f 2 8  
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