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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P.O. BOX E I AREACODE 615 , 

OAK RIDGE, TENNESSEE 37830 TELEPHONE 483-861 1 

November 8, 1972 

Charles W .  Hill  Chief Counsel 

REQUEST FOR CONTRACT ACTION 

I t  i s  requested t h a t  you take the necessary steps t o  process the 
f o l  1 owi ng described c o n t r a c t  act ion ( C A )  : 

1.  Nature of Action Requested: 

[: 3 Select ion o f  New Contractor and/or Negotiation of Contract 
Number: 
Contractcr: 

2. 

3 .  

4. 

5. 

6. 

7 .  

[ X] Modification of Contract 
Number: AT- (40-1)-4155 
Contractor: Univers i ty  of F l o r i d a  

Nature of Services To Be Covered by Contract: Research - 

i tl e : "Formation and Repair of Gamma-Ray Induced Nucleic Acid Base 
Damage i n  Bac te r i a  and Mammalian Cel l s"  

Type o f  Contract: 
w3 Support Agreement [ 3 Cost Type [ 3 Other 

Amount of AEC Funds To Be Obligated by this CA: $46,000 

AEC Percentage of Est. Total Cost To Be Shown by th i s  CA: 100% 

Description of Other Changes' To Be Covered by this CA: 
Modify con t rac t  t o  provide f o r  t h e  performance of a d d i t i o n a l  research  
during t h e  pe r iod  9-1-72 - 8-31-73. Increase  AEC Support Cei l ing  from 
$69,209 t o  $115,209. T i t l e  t o  equipment s h a l l  v e s t  i n  t h e  cont rac tor  
under a u t h o r i t y  of PL 85-934. 
Au thori  ty; 
Form AEC- 81 (CA)  f r o m 3 R .  To t t e r  da ted  October 2, 1972. 

n 

and Reports Branch . 
Contract Division 
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APPENDIX "A" 

I 

For t h e  con t r ac t  per iod  September 1, 1972 through August 31, 1973. 

D ARTICLE A - I .  RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor  w i l l  continue s t u d i e s  of the formation and r e p a i r  of 
gamma-ray induced nuc le ic  ac id  damage i n  b a c t e r i a  and i n  mammalian 
c e l l s ,  p a r t i c u l a r l y  thymine damage, t o  inc lude  (1) a study of t h e  
e f f i c i ency  of t h e  i n t r a c e l l u l a r  formation of damage i n  E. c o l i ,  
Chinese hamster ovary c e l l s  and human embryonic lung f i b r o b l a s t s  
r e l a t i v e  t o  f r e e  DNA i n  s o l u t i o n  and mononucleotide mixtures.  Estimation 
w i l l  be made of the ex ten t  of nuc le ic  ac id  base  damage r e l a t i v e  t o  
o ther  types caused by ion iz ing  r a d i a t i o n  under i n  vivo condi t ions;  
( 2 )  a s tudy of t h e  molecular mechanism of t h e  removal of gamma-ray 
damaged thymine from i r r a d i a t e d  DNA i n  v i t r o ,  and the cont r ibu t ion  
of nuc le ic  a c i d  base damage t o  t h e  b i o l o g i c a l  e f f e c t s  of gamma- 
i r r a d i a t i o n  w i l l  be assessed  i n  phage system, and (3)  a study of t h e  
pos t - i r r ad ia t ion  removal of gamma-ray damaged thymine from the  DNA 
of Chinese hamster ovary c e l l s  and human embryonic fibroblasts i n  
unsynchroni zed and synchronized c u l t u r e s .  

The P r i n c i p a l  I n v e s t i g a t o r ,  D r .  P.  A. C e r u t t i ,  expects t o  devote ap- 
proximately 25% of his  time o r  e f f o r t  t o  the p r o j e c t .  

.ARTICLE A-11.  WAYS AI?D MEANS OF PERFORMANCE 

(a) Items Included i n  To ta l  Estimated Cost: 

(1) S a l a r i e s  and Wages ( Inc ludes  Fringe Benefi ts  ) : 

( 2 )  Equipment t o  be Purchased o r  Fabr ica ted  
by t h e  Contractor:  

$19,653 

$ 3,309 

- a EqGipment Estimated t o  Cost Less than $1,000: 

Vaccum pump and r o t a r y  evapo-mix 

b - Equipment Estimated t o  Cost i n  Excess of $1,000: 

R o l l a c e l l  apparqtus and absorbance monitor 

$ 1,400 ( 3 )  Travel:  

A - l  



- 2 -  

UNIVERSITY OF FLORIDA 

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

( 4 )  Other Di rec t  Costs: 

( 5 )  I n d i r e c t  Costs (Based on a predetermined 
r a t e  of 49.427 of S a l a r i e s  and Wages and 
Fringe Benefi ts  ): 

( b )  I tems,  i f  any, S i g n i f i c a n t  t o  t h e  Performance of t h i s  
Contract ,  b u t  Excluded from Computation of Support Cost 
and from' Consideration i n  Proport ioning Costs:  

(1) Items t o  be Contributed by t h e  Contractor:  

A l l  c o s t s  of t h e  P r i n c i p a l  Inves t iga to r  

( 2 )  Items t o  be Contributed by t h e  Government: 

$11,925 

$ 9,713 

None 

( c )  Time o r  E f fo r t  of P r i n c i p a l  I n v e s t i g a t o r  Contributed 
by Contractor ,  bu t  Excluded from Computation of S u p o r t  
Cost and from Consideration i n  Proport ioning Costs: 

\ 

None under t h i s  paragraph. 

qRTICLE A-111. The t o t a l  es t imated  cos t  of items under A - I 1  (a) above f o r  t h e  
con t r ac t  p e r i o d  s t a t e d  i n  t h i s  Appendix "A" i s  $116,000; t h e  
Commission will pay 100% of t h e - a c t u a l  cos t s  of t hese  items incur red  
during t h e  con t r ac t  p e r i o d  s t a t e d  i n  t h i s  Appendix "A", sub jec t  t o  
t h e  provis ions  of A r t i c l e  I11 and A r t i c l e  B-XXIX. The est imated AEC 
Support Cost f o r  t h e  con t r ac t  per iod  s t a t e d  i n  t h i s  Appendix "A" i s  
$46,000. 

The es t imated  AEC Support Cost i s  funded 8s follows: 

( a )  Estimated uneqended balance from t h e  
p r i o r  per iods:  

( b )  New funds f o r  t h e  cu r ren t  per iod:  

The new funds being added i n  A - I 1 1  (b)  c o n s t i t u t e  
t h e  b a s i s  f o r  advance payments provided under 
A r t i c l e  B-XI. 

A-2 

$ 0 

$46,000 
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6 u. S.XTOMIC ENERGY COMWIISSION 

CONTRACT AUTHORIZATION OCT 2 l 7 2  
2. AUTHORIZATION 

RO. 

0 9 7  7 3- 1 9 8 

Note change i n  project t i t l e .  

S.A. TO 

Robert J. Hart, Manager 
Oak Ridge Operations O f f i c e  

4.A. CONTRACTOR (Name,  dddrrn, Dr$artmen~. rtr.) 

UNIVERSITY OF FLORIDA 
Gainesvi l le ,  F l o r i d a  32601 

Department of Biochemistry 

16. SCOPE OF WORK 

Stud ies  on t h e  photobiology and photohydrat ion of DNA. 

S.8. FROM 

John R. T o t t e  
D i v .  of Biome 
0.B. PRINCIPAL INVESTIGATOR ( S )  

PETER A. CERU"1  

. 

6. TERM OF CONTRA= 5. 

0 NEW CONTRACT B RENEWAL o OTHER 9-1-72 t h m  8-31-73 
a. RECOMMENDED TYPE OF CONTRACT: S.-EPUIPMENT TITLE TO VEST IN: 

0 AEC n FIXED PRICE 0 OTHER 

0 COST REIMBURSEMENT 

a SPECIAL RESEARCH S U P P O R T  A G R E E M E N T  (SRSAI 

CONTRACTOR 

C' 2384. 

7. CONTRACT NUMBER 

AT (40-1) -4155 
10. SECURITY CLASSIFICATION: 

Work to be performed is under c a t e g o v A  
as defined by AEC Manual Appendix 3401. 
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t ' - -  - THE? . .  HILLIS MlLLEk HEALTH C E O  
UNIVERSITY OF FLORIDA 

e 

Phone: 904-392.3361 
Goinesville, 32601 

Department of Biochemistry 

November 1, 1972 

A. H. F r o s t ,  Jr. ,  Chief 
Research Con t rac t s ,  Procedures and Reports  Branch 
Contract  D iv i s ion  
U. S. Atomic Energy Commission 
Pos t  O f f i c e  Box E .  
Oak Ridge, Tennessee 37830 

Dear D r  . Frosf : 

Enclosed p l e a s e  f i n d  a r e v i s e d  budget  f o r  the per iod 

I a m  a l s o  sending you a copy of a l e t te r  t o  
of September 1, 1972 t o  August 31, 1973 of c o n t r a c t  AT- 
(40-1)-4155. 
my p r o j e c t  d i r e c t o r  i n  Washington which I thought might be  
of i n t e r e s t  t o  you. 

S ince re ly  yours ,  

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

Budget Approved: George K. Davis 
D i r e c t o r ,  Sponsored Research 

PAC : a l f  

Enciosur es c/\ 
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BUDGET 
t 

Revised Budget f o r  f i r s t  year period (September 1, 1972 t o  August 31, 1973) 
of renewed Cont rac t  AT- (40-1)-4155 

1. Salar ies  x of 
T i m e  

Name T i t l e  

J. L. R o t i  Ro t i ,  Ph.D. Pos tdoc tora l  Assoc ia te  100  $ 8,650 (no f r i n g e  b e n e f i t s )  
F. Roquemore, M.S.  Lab. Technologis t  I1 100 7 ,371 ,  
E. Walker Dishwasher 50 2,486 

Fringe Bene f i t s  (9.8%) 
( inc ludes  unemployment compensation) 

p l u s  $180 f o r  h o s p i t a l i z a t i o n  insurance  3 1,146 - 
SUBTOTAL $19,653 

2. Permanent Equipment 

1 Forma r o l l a c e l l  appa ra tus  with 3 a d d i t i o n a l  t iers 
1 I s c o  absorbance monitor UA 4 
1 I s c o  drop d e t e c t o r  model 6000 F . 
1 Duo-seal vaccum pump 
1 Buchler r o t a r y  evapo-mix 

SUBTOTAL 

3.  Supp l i e s  

Chemicals 
Radioisotopes 
Biochemicals 
Tissue-cul ture  media 
Glass and p l a s t i c  ware 

SUBTOTAL 

4. Other Expenses 

Instrument  service c o n t r a c t s  ' 

Pub l i ca t ion  c o s t s  

SUBTOTAL 

5. Travel  

Domestic 
Foreign * 

SUBTOTAL 

$ 1,225 
1 ,295  

75 
355 
434 

$ 3,384 

' $  500 
2,500 
1,500 
2,500 
2,500 

$ 9,500 

$ 1,500 
8 50 

$ 2,350 

$ 800 
6 09 

$ 1,400 

TCYIAL DIRECT COSTS $36,287 

IhDIECT COSTS (49.422 of 
$ 9,713 sa la r ies ,  wages and f r i n g e  b e n e f i t s  

TOTAL $46,000 
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FORXITION AND REPAIR OF y-RAY INDUCED NUCLEIC ACID BASE DAMAGE 

IN BACTERIA AlD MA.??IAN CELLS 

- _  
Unive r s i ty  of F lo r ida  
G a i n e s v i l l e ;  F l o r i d a  

September 1, 1972 - August 31, 1975 

- .  Renewal Proposa l  for Contrac t  No. AT-(40-1)-4155 of t h e  U. S. 
Atomic Energy Commission 

- .  

.~ . .  
. . . .  

. . .  
. . I .  

.. . -  . ._ _.  . . . . . . . .  . . . . .  . I  . ._ . .................... - .  . . . .  ..--'. :.:: . .  . . .  . . . .  
1 0 3 9 2 . W . .  , . .  . .  . . :  . . . . .  

. . .  . .  



ABSTRACT 

The threat t o  be a t  some p o i n t  exposed t o  dangerous l e v e l s  of i o n i z i n g  
r a d i a t i o n  remains. Means f o r  t h e  p r o t e c t i o n  t o  i o n i z i n g  r a d i a t i o n  can only  
be dev i sed  i f  t h e  major e f f e c t s  of r a d i a t i o n  on l i v i n g  organisms are  under- 
s tood  on a c e l l u l a r  l e v e l .  I n  p a r t i c u l a r ,  t h e  type of damage produced i n  

. t h e  cell  and t h e  mechanisms which a l low t h e  c e l l  t o  s u r v i v e  exposure t o  a 
l i m i t e d  r a d i a t i o n  dose  have t o  be e luc ida ted .  
r a d i a t i o n  remains one of t h e  most p o t e n t  t o o l s  i n  cancer therapy. 
i n  r a d i o t h e r a p y  w i l l ,  t o  a cons ide rab le  e x t e n t ,  depend on progress  i n  our 
unders tanding  o f  t h e  e f f e c t s  of i o n i z i n g  r a d i a t i o n  on normal and cancerous 
human cells. 
p r o t e c t i o n ,  t h e  study of t h e  a c t i o n  of r a d i a t i o n  on l i v i n g  cel ls  has  made and 
undoubtedly w i l l  make s u b s t a n t i a l  c o n t r i b u t i o n s  t o  b a s i c  molecular  biology. 

On t h e  o t h e r  hand, i o n i z i n g  
Progress  

Beyond t h e  d i r e c t  r e l evance  t o  the  medical s c i e n c e s  and rad io-  

There is l i t t l e  doubt t h a t  chromosomal DNA r e p r e s e n t s  a major t a r g e t  f o r  
t h e  l e t h a l -  and mutagenic e f f e c t  of i o n i z i n g  r a d i a t i o n  on l i v i n g  t i s s u e s .  
However, t h e  chemistry of y-ray induced DNA damage, i n  p a r t i c u l a r  of damzge 
i n v o l v i n g  the h e t e r o c y c l i c  bases ,  i s  l a r g e l y  unknown. 
r e c e n t l y  been  developed i n  our l abora to ry  which f o r  t h e  f i r s t  tine a l low t h e  
s t u d y  o f  the format ion  and p o s t - i r r a d i a t i o n  r e p a i r  of n u c l e i c  a c i d  base  damage 
induced by  i o n i z i n g  r a d i a t i o n .  
t o  i n v e s t i g a t e  t h e  rad iochemis t ry  and rad iobio logy  of y-ray induced thymine 
darnnze h ? c + _ ~ r j ?  mammgl ian c ~ l - l q -  W P  will rancentra te  on t h r e e  maior 
a s p e c t s  : 

Techniques have 

During t h e  coming t h r e e  year  pe r iod ,  w e  propose 

(I) The s tudy  of t h e  e f f i c i e n c y  of t h e  i n t r a c e l l u l a r  formation of 
thymine damage i n  E. c a ,  Chinese hamster ovary cel ls  and human embryonic 
lung  f i b r o b l a s t s  (VI-38) r e l a t i v e  t o  f r e e  DNA i n  s o l u t i o n  and mononucleotide 
mixtures .  These s t u d i e s  w i l l  a l low a n  e s t ima t ion  of t h e  e x t e n t  of n u c l e i c  
a c i d  b a s e  damage r e l a t i v e  t o  o t h e r  types  of damage caused by i o n i z i n g  r a d i a t i o n  
under  in v i v o  cond i t ions .  

(2) 

. -- 
The s tudy  of t h e  molecular  mechanism of t h e  removal of y-ray 

damaged thymine from i r r a d i a t e d  DNA i n  v i t r o .  
a c i d  b a s e  damage t o  t h e  b i o l o g i c a l  e f f e c t s  of y - i r r a d i a t i o n  w i l l  be a s ses sed  
i n  a w e l l  de f ined  phage system. 

The c o n t r i b u t i o n  of n u c l e i c  

(3) The s tudy  of t h e  p o s t - i r r a d i a t i o n  removal of y-ray damaged 
thymine from the DNA of Chinese hamster ovary cells  and human embryonic 
lung f i b r o b l a s t s  i n  unsynchronized and synchronized c u l t u r e s .  



OUTLINE 

I. INTRODUCTION 

11. SPECIFIC .ALYS 

A. Radiochemistrv of  T'nvnine i n  s i t u  i n  t h e  DNA i n  E.  c o l i ,  Chinese 
Hamster Ovary Cells (CHO) aEd Human Embryonic Lung F i b r o b l a s t s  
(WI-38). 

-- - -  

B. The Molecular Mechanism of t h e  Removal of y-Rav Damaged Thvmine From 
I r r a d i a t e d  DXA i n  v i t r o .  The B io log ica l  E f f e c t  of Nucleic  Acid -- ~ 

Base Damage. 

1. Recognition of y-ray damaged bases  i n  0x174 RF DNA by W 
s p e c i f i c  endonuclease.  

a. 

b. 

Removal of y-ray damaged thymine from $3374 RFI* and RF* by 
exonucleo ly t ic  a c t i v i t y .  

P r e p a r a t i o n  .of endonuclease and DNA. 

Assay f o r  nuc lease  b inding  and s i n g l e  s t r a n d  s c i s s i o n .  
- ,  

2. 
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b. Charac t e r i za t ion  of r e l eased  material. 

Action of DXA polymerase I from E. c o l i  on QX174 RF* 2nd endo- 
- _  

3.  
.- nuclease  t r e a t e d  0x174 RFI*. 

4. 

Repair of y-Rav Induced Thymine DamaRe i n  Chinese Hamster Ovary 
Cells (CHO) and Human Embrvonic Lung F i b r o b l a s t s  (WI-38). 

I n f e c t i v i t y  s t u d i e s  w i t h  0x174 RFI* and $X174 RF*. 

' C. 

1. Analysis  of t h e  r a d i o a c t i v e  material released dur ing  post-  
i r r a d i a t i o n  incuba t ion .  

2. P o s t - i r r a d i a t i o n  removal of damaged and undamaged thymine and 
i t s  d e r i v a t i v e s  from t h e  DNA as a func t ion  of t h e  ce l l  cyc le .  

The e f f e c t  of i n h i b i t o r s  of macromolecular s y n t h e s i s  on t h e  
process  of product  removal. 

t 

- 
3 .  

111. REFERENCES 

I V .  SUPPORTING DATA 

A. Personnel .  Biographica l  Sketches and Se lec ted  Personal  Pub l i ca t ions  
Related t o  P resen t  Proposa l .  

, .  . 
.. 

. . .  
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I. INTRODUCTION 

The impress ive  p r o g r e s s  made i n  photobiology is  t o  a good p a r t  due t o  
the i d e n t i f i c a t i o n  of  cyclobutane-type pyrimidine dimers  as t h e  major 
l e s i o n s  produced by W - l i g h t  i n  DNA. The major s t e p s  Of UV-repair i n  
bacteria have been i d e n t i f i e d  (Setlow, 1966*; Howard-Flanders, 1968*) and 
t h e  d e t a i l e d  mechanisms l ead ing  t o  t h e  removal of photodimers from DXA are 
be ing  s t u d i e d  by several l a b o r a t o r i e s  i n  w e l l  def ined  i n  v i t r o  systems 
(Grossman e t  a l ,  1965; Hei jneker  e t  a l ,  1971; Nakayana e t  a l ,  1971; Carrier 
and Setlow, 1970; =plan  e t  a l ,  1971a and b) .  
W-damage i n  mammalian cel ls  has been obtained ( P a i n t e r ,  1970*). 
c o n t r a s t ,  p rog res s  i n  ou r  understanding of t h e  a c t i o n  of i on iz ing  r a d i a t i o n  
on l i v i n g  material has been comparatively slow. Although much of t h e  work 
i n  r ad iob io legy  h a s  concent ra ted  on s t u d i e s  of t h e  formation and repair  of 
DNA s t r a n d  breakage,  t h e r e  i s  no reason  t o  b e l i e v e  t h a t  s t r a n d  breaks a re  
t h e  on ly  t-ype of b i o l o g i c a l l y  s i g n i f i c a n t  l e s i o n s  formed i n  DXA. 

Evidence f o r  t h e  r e p a i r  of 
I n  

We concen t r a t e  i n  ou r  l abora to ry  on s t u d i e s  of t h e  radiochemistrv and 
r ad iob io lozv  of y-rav induced base  damage i n  b a c t e r i a l  and mammalian 
systems. 
deoxynucleot ides  i n  v i t r o  us ing  GUT new methods f o r  t h e  de te rmina t ion  of 
t h e  format ion  of 5-methylene-uracil r a d i c a l s  from thymine and of products  
df t h e  6-hydroxy (or hydroperoxy)-5,6-dihydrothymine t y p e  suggest  t h a t  base  
damage r a t h e r  than  s t r a n d  breakage are t h e  major l e s i o n s  produced i n  DNA 
by y-rays (Sar iharan  and C e r u t t i ,  1971, 1972a; C e r u t t i  et  a l ,  unpublished 
r e s u l t s ) .  
U I  iiir pruciucrion of base damage i n  t h e  DNA i n  s i t u  i n  b a c t e r i a  and 
mamnalian cells.  I n  t h i s  p r o j e c t  (Sec t ion  A) we pronose t o  determine t h e  
e f f i c i e n c v  of t h e  product ion  of thymine damage bv 'j'Cs y-rays i n  E. c o l i ,  
Chinese hamster ova rv  ce l l s  and human embryonic lung f i b r o b l a s t s  (VI-= 
These s t u d i e s  w i l l  allow a n  e s t ima t ion  of t h e  e x t e n t  of n u c l e i c  ac id  base  
damage r e l a t i v e  to o t h e r  types  of damage caused by i o n i z i n g  r a d i a t i o n  under -- i n  v ivo  cond i t ions .  

Recent rad iochemica l  S t u d i e s  w i t h  s y n t h e t i c  and n a t u r a l  pcly- 

However, no r e l i a b l e  d a t a  i s  a v a i l a b l e  s o  f a r  on t h e  e f f i c i e n c y  

'* The p o s t - i r r a d i a t i o n  removal of damaged thymine from y - i r r ad ia t ed  E .  
rad iodurans  has  been demonstrated (Hariharan and C e r u t t i ,  1971, 1972). 

. However, the 'molecular  mechanism of the p o s t - i r r a d i a t i o n  r e p a i r  of n u c l e i c  
a c i d  base  damage caused by i o n i z i n g  r a d i a t i o n  remains l a r g e l y  unknown. 
Some of the d a t a  i n  t h e  l i t e r a t u r e  sugges ts  t h a t  a t  least  p a r t  of t h e  s t e p s  
i n  bacteria used t o  r e p a i r  W-damage may also  occur i n  t h e  r e p a i r  of DNA 
damage introduced by i o n i z i n g  r a d i a t i o n  (see e.g. ,  Emerson  and Howard- 

However, t h e r e  i s  no doubt tha t  s i g n i f i c a n t  d i f f e r e n c e s  
between UV and X-ray r e p a i r  exist i n  b a c t e r i a  (Fangman and Russe l ,  1971) 
and mammalian ce l l s  (Cleaver, 1969).  In  t h i s  p r o j e c t  (Sec t ion  B) w e  
propose t o  s tudy ,  i n  v i t r o ,  vhe the r  t h e  enzvmes involved i n  reDair of W 
damape can  rernove y-rav damaned thymine r e s i d u e s  from i r r ad ia t ed  DSA. and 
if s o ,  t h e i r  mechanism of actio?. 
enzyme p r e p a r a t i o n s  and y - i r r ad ia t ed  4x174 RFI DNA. 
t h e  ques t ion  o f  whether  endonucleo ly t ic  i n c i s i o n  i s  necessary  f o r  t h e  
removal of  damaged r e s i d u e s  from y - i r r ad ia t ed  DNA ( c f .  Hariharan and C e r u t t i ,  
1972a and b ) ,  and on t h e  biochemical  a n a l y s i s  of t h e  material which i s  

* A r e f e r e n c e  w i t h  an asterisk i n d i c a t e s  a review. 

,,' Flanders ,  1965).  - 

-.___ 

These s t u d i e s  w i l l  be done with p u r i f i e d  
Emphasis w i l l  be  on 
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,=leased from i r r a d i a t e d  DNA upon creztment  w i t h  r e p a i r  enzymes. 
b i o l o g i c a l  e f f e c t s  of  n u c l e i c  a c i d  base damage w i l l  be inves t iga t ed  us ing  
i r r a d i a t e d  9x174 RFI DNA con ta in ing  base  damawl  r e s i d u e s  b u t  no s t r and  
breakage. 

The 

The p o s t - i r r a d i a t i o n  rsmoval from t h e  DNA of cyclobutane-type photo- * 

dimers has  been demonstrated i n  human c e l l s  (Regan e t  a l ,  1968; Setlow e t  
a l ,  1969: Cleaver and Trosko, 1970) b u t  n o t  i n  rodent  c e l l s  (Klimek, 1965, 
Trosko and Kasschau, 1967)  or ce l l s  of p a t i e n t s  w i th  t h e  h e r e d i t a r y  d i s e a s e  
Xeroderma pippentosum. 
l i t e r a t u r e  f o r  t h e  occurrence  of exc i s ion  r e p a i r  i n  mammalian systems 
fol lowing exposure t o  i o n i z i n g  r a d i a t i o n .  
r e p a i r  r e p l i c a t i o n  and unscheduled DNA s y n t h e s i s  can b e s t  be  understood i n  
molecular terms i f  i t  i s  assumed t h a t  damaged (and undamaged) r e s idues  
are f i r s t  removed from the DXA i n  e a r l y  s t e p s  o f  p o s t - i r r a d i a t i o n  r e p a i r  
(see e.g., Painter ,  1970*). 
y-ray damaged r e s i d u e s  h a s  n o t  been demonstrated i n  mammalian' cel ls .  
major e f f o r t  is  beinE made i n  our lab-oratorv t o  determine t h e  k i n e t i c s  and 
the ex ten t  of tZle rernoval ~f damaged thvnine  from y - i r r ad ia t ed  Chinese 
hamster ovarv cel ls  and hunan enbrvonic lung, f i b r o b l a s t s  (WI-38) us ing  t h e  
experience ga ined  w i t h  11. radiodurans.  
and we propose t o  p u r s u e  t h e s e  s t u d i e s  f u r t h e r  (Sect ion C) both  i n  unsyn- 
chronized and synchronized  c u l t u r e s .  

There i s  cons ide rab le  i n d i r e c t  evidence i n  t h e  

I n  p a r t i c u l a r ,  X-ray induced 
. 

However, t h e  a c t u a l  exc i s ion  from t h e  DNA of 
A 

Pre l iminary  r e s u l t s  are encouraging 

The p r i n c i p a l  - i n v e s t i g a t o r  has r e c e n t l y  reviewed t h e  s ta te  of our know- .,---. i d g e  a h u r  
con t r ibu ted  t o  a monograph e n t i t l e d  Photochemistry Photobioloav of 
Nucleic  Acids (eds.  S. Y. Wang and N. P a t r i c k )  , Gordon and Breach, Science 
Pub l i she r s ,  Inc., New York. 
should g i v e  t h e  reviewers a d e t a i l e d  and c r i t i c a l  a p p r a i s a l  of t h e  areas 

ULW base  Oamzge lnduced by Ion iz ing  Radiat ion" i n  a chapter  

A copy of t h i s  manuscript  i s  included and . 
deal t  w i t h  i n  t h i s  proposa l .  

. .. 
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11. SPECIFIC AIMS 

A. Radiochemistry of Thvmine i n  -- s i t u  -.- i n  t h e  DNA i n  E. - c o l i ,  Chinese 
H a m s t e r  Ovarv Cells (CE10) and Human Embryonic Lung F i b r o x l a s t s  (IJI-38). 

While t h e  rad iochemis t ry  of the f r e e  n u c l e i c  a c i d  bases  i n  pa r t i cu -  
l a r  of thymine has  been s tudied  i n  sme d e t a i l ,  our  knowledge of t h e  rad io-  
chemical r e a c t i o n s  of r e s i d u e s  i n  o l i g o n u c l e o t i d e s ,  RNA and DNA i s  ve ry  
l i m i t e d .  It i s  n o t  known whether major r e a c t i o n s  of t h e  f r e e  bases  are 
also major  r e a c t i o n s  of t h e  r e s i d u e s  i n  a polynucleo t ide .  Furthermore, 
most of t h e  experiments on polynucleo t ides  r epor t ed  i n  t h e  l i t e r a t u r e  w e r e  
c a r r i e d  o u t  i n  non-protect ive sa l t  media and on ly  t o t a l  base  d e s t r u c t i o n  
w a s  determined (see e .g . ,  Scholes  e t  a l ,  1960). 140 r e l i a b l e  conclus ions  
about  t h e  rad iochemica l  behavior of n u c l e i c  a c i d s  i n  s i t u  i n  t h e  c e l l  are 
t h e r e f o r e  p o s s i b l e  on t h e  b a s i s  of t h e s e  r e s u l t s .  

. 

We have r e c e n t l y  developed radiochemical  techniques which a l low 
the r e l i a b l e  de te rmina t ion  of t h e  format ion  of products  of t h e  6-hydroxy 
(or hydroperoxy)-5,6-dihyd.rothymine t ype  ('dariharan and C e r u t t i ,  1972a) 

'and of,  5-methylene-uracil  r a d i c a l s  (Cerutt i  e t  a l ,  unpublished r e s u l t s )  
. fron t h p i n e  i n  y - i r r a d i a t e d  polydeoxynucleot ides  (Figure 1) . These 

- 
- .  Prscipal steps in tho reductive away for the radio1y.i.- products or thlmine atid it - derkatire3 of the 6-:hyrlrosy or h ~ d r o p c r o ~ y ) - ~ , 6 - d i h ~ ~ r o t h ~ m i n o  type. 
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methods are p r e s e n t l y  be ing  used i n  s t u d i e s  of t h e  radiochemical  r e a c t i v i t y  
of thymine i n  s y n t h e t i c  and n a t u r a l  polydeoxynucleotides i n  p r o t e c t i v e  and 
non-pro tec t ive  media (see F i n a l  Report ,  Sec t ion  I A  and I B ) .  We propose t o  
extend t h e s e  i n v e s t i g a t i o n s  and t o  s tudy  t h e  radiochemical  r e a c t i v i t y  of 
thymine i n  D 3 A  i n  s i t u  i n  t h e  l i v i n g  c e l l  (E. c o l i ,  -CHO and WI-38). The 
major ques t ions  which will be  asked are: (1) What is  t h e  r e a c t i v i t y  of 
thymine i n  s i t u  i n  E. c o l i  r e l a t i v e  t o  f r e e  E. c o l i  DNA and r e l a t i v e  t o  a 
nuc leo t ide  m i x t u r e  of t h e  same composition i n  v i t r o ?  
t ies under p r o t e c t i v e  (e.g., c y s t i n e ,  AET) and non-protect ive condi t ions?  
(2) What is t h e  r e a c t i v i t y  of thymine i n  s i t u  i n  CHG and WL-38 cel ls  
relative t o  f r e e  DXA i n  So lu t ion  o r  a corresponding nuc leo t ide  mixture? 
(3) What is t h e  r e a c t i v i t y  of thymine i n  CHO as a func t ion  of t h e  c e l l  
cyc le?  These s t u d i e s  w i l l  y i e l d  informat ion  on t h e  e f f e c t  of t h e  i n t r a -  
c e l l u l a r  m i l i e u  on t h e  r a d i o s e n s i t i v i t y  of thymine and on t h e  c o n t r i b u t i o n  
of d i r e c t  and i n d i r e c t  r a d i a t i o n  a c t i o n  t o  base  damage. A comparison of 
t h e  r e s u l t s  ob ta ined  f o r  t h e  formation of products  of t h e  6-hydroxy- (or  
hydroperoxy) -5,6-dihydrothymine type  and 5-methylene-uracil r a d i c a l s  may 
g ive  some c l u e s  about  t he  r e l a t i v e  a c c e s s i b i l i t y  t o  r a d i c a l s  of t h e  t k p i n e -  
methyl group and carbon atoms 5 and 6 of t h e  thymine r i n g  i n  t h e  chromosome. 
It w i l l  be of  p a r t i c u l a r  i n t e r e s t  t o  compare d i f f e r e n c e s  observed i n  t h e  
radiochemical  r e a c t i v i t y  of thjmine f o r  the d i f f e r e n t  s t a g e s  i n  t h e  c e l l  
cyc le  w i t h  the known c y c l e  de2endent f l u c t u a t i o n s  i n  t h e  k i l l i n g  e f f i c i e n c y  
of i o n i z i n g  r a d i a t i o n .  Procedures  used i n  these  experiments:  The reduc- 
t ive as say  has been modif ied s l i g h t l y  f o r  the a p p l i c a t i o n  t o  higl ,  molecular 
weight DNA. 
backgrounds are  s t i l l  obta ined  f o r  t h e  u n i r r a d i a t e d  c o n t r o l s .  Fur tker  work 
A D  y A d i e u L L y  &Lug &one EO lnprove this s i t u a t i o n .  
cells p r e p u r i f i c a t i o n  o f  t h e  DNA m,ay b e  necessary  (e .g . ,  b a t c h  t r e a t n e n t  
o r  col6&n'c&romatogra?hy w i t h  hydroxyapat i te  - according t o  B r i t t e n  e t  a l ,  
1970) o r  e x t r a c t i o n  of n u c l e a r - f r a c t i o n  wi th  phenol followed by t reatment  
w i t h  RNAse b e f o r e  the r e d u c t i o n  w i t h  sodium borohydride) .  For t h e  de t e r -  
minat ion of  t h e  fo rma t ion  of 5-methylene-uracil r a d i c a l s  t h e  amount of 
[3HJH20 from thqmine-methyl[3H] i s  de tern ined  i n  t h e  a c i d  s o l u b l e  f r a c t i o n  
of the samples (i.e.,  corobined a c i d  s o l u b l e  f r a c t i o n  of t h e  c u l t u r e  medium 
and the c e l l  p e l l e t ) .  
on Dowex 1 (OH') - Dowex 50 (&) double  columns. The [3H]H20  i s  e lu t ed  i n  
the exc lus ion  volume of t h e  column. For t h e  computation cjf t h e  amount of 
5-methylene-uracil r a d i c a l s  formed from the amount of [3H]H20 re leased  

. c o r r e c t i o n s  are  made f o r  t h e  i s o t o p e  e f f e c t  and t h e  p r o b a b i l i t y  of t h e  
release of hydrogen i n s t e a d  of t r i t i u m .  The r a d i o a c t i v i t y  i n  t h e  column' 
exc lus ion  volume h a s  been i d e n t i f i e d  as [%]H20 by va?or phase chromatography 

What are the  r e a c t i v i -  

The v a l u e s  obtained , - &re rep roduc ib le  a l though r e l a t i v e l y  h igh  

1 -  --- . f  I n  t h e  ca se  of mammalian 

A f t e r  n e u t r a l i z a t i o n  t h e  samples a r e  chromatographed 

, i n  experiments  on f r e e  DNA i n  v i t r o .  The a s say  is  ve ry  r e l i a b l e  and g ives  
- *. low backgrounds f o r  u n i r r a d i a t e d  samples. 

Our l a b o r a t o r y  i s  f a m i l i a r  w i t h  the procedures f o r  t h e  growth and 
thymidine l a b e l l i n g  of  E. c o l i ,  CHO and 141-38 cells.  

B. The Molecular  Mechanism of t h e  Removal of y-Ray Damaged Thymine from 
I r r a d i a t e d  DNA i n  v i t r o .  The B io log ica l  E f f e c t  of Nucleic Acid Base Damage. -- 

As mentioned i n  the IhmODUCTION rad iobio logy  i s  f a r  behind photo- 
biology i n  the e l u c i d a t i o n  of t h e  molecular  mechanism of exc i s ion  r e p a i r  of 
damaged r e s i d u e s  from DNA.. Vhile the l e t h a l  and mutagenic e f f e c t s  of 



cyclobutane-type photodimers has been  demonstrated t h e  c o n t r i b u t i o n  of  y- 
r a y  induced base  damage t o  t h e  b i o l o g i c a l  e f f e c t s  of r a d i a t i o n  has  no t  been 
c l e a r l y  assessed  (see review on "DXA Base Damage Induced by Ion iz ing  
Radiat ion" con t r ibu ted  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 ) .  We f e e l  t h a t  
s u b s t a n t i a l  p rogress  could be  made on t h e s e  problems by combining our 
methodology f o r  t h e  de te rmina t ion  of y-ray induced thymine damage i n  poly- 
nuc leo t ides  wi th  procedures  which p r e s e n t l y  are being developed i n  D r .  L. 
Grossman's l abora to ry  (Brandeis Un ive r s i ty )  f o r  t h e  s tudy  of t h e  i n c i s i o n  
s t e p  i n  UV-repair and procedures used  by D r .  T.  Blok ( V r i j e  U n i v e r s i t e i t ,  
Amsterdam) us ing  Coliphage 4x174 RFI DXA. 

I n  ou r  s t u d i e s  we p lan  t o  i r r a d i a t e  $X174 RFI DNA wi th  137Cs y-rays 
and t o  separate molecules wi th  no s t r a n d  breaks  b u t  which are expected t o  
con ta in  base  damaged r e s idues  (RFI*) from molecules  con ta in ing  both  s t r a n d  
breaks  and base  damage (RF*). 
appears  t o  c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  b i o l o g i c a l  e f f e c t s  of y- 
r a d i a t i o n  on ax174 RF DNA (T. Blok, pe r sona l  communication), t h e  p repa ra t ion  
of RFI* appears  f e a s i b l e .  .RFI* (and PZ*) w i l l  be u s e d i n  i n  v i t r o  s t u d i e s  on 
t h e  mechanism of  t h e  removal of y-ray damaged r e s i d u e s  us ing  t h e  p u r i f i e d  
UV-endo- and W-exonuclease f r o n  M. - l u t e u s .  Furthermore,  a c o r r e l a t i o n  of 
t h e  e x t e n t  of base  damage i n  RFI* w i t h  t h e  r e s i d u a l  i n f e c t i v i t y  of E. c o l i  
s p h e r o p l a s t s  w i l l  a l low a n  e s t ima t ion  of t h e  k i l l i n g  e f f i c i e n c y  of  y-ray 
induced base  damage. 

S ince  damage o t h e r  than  s t r a n d  breakage 

1. Recoani t ion of y-rav damaged bases  i n  dX174 RF DNA bv UV s p e c i f i c  _ .  
pnrlnnmr_l_aa~~. 

Kushner e t  a1 (1970), S e t l o v  e t  a1 (19701, and Nakayama e t  a1 
(1971) have shown t h a t  a p u r i f i e d  endonuclease from g. l u t e u s  can  i n  v i t r o  
r ecogn ize  cyclobutane type  photodirners i n  DNA and make a s i n g l e  s t r a n d  
s c i s s i o n  on t h e  5' s i d e  of t h e  dimer.  The obse rva t ion  t h a t  E .  c o l i  K12 
uvr-, l ack ing  W-endonuclease a c t i v i t y ,  exh ib i t ed  increased  r a d i a t i o n  
s e n s i t i v i t y ,  sugges ts  t h e  involvement of a n  endonucleo ly t ic  a c t i v i t y  a l s o  
i n  t h e  r e p a i r  of damage introduced by i o n i z i n g  r a d i a t i o n  (see e.g. ,  
Grossman e t  al, 1968).  Our o m  work w i t h  E.  rad iodurans ,  on t h e  o t h e r  hand, 
suggested that  a n  i n c i s i o n  s t e p  may n o t  b e  necessary  f o r  removal f r o n  the 
DNA of  y-ray damaged thymine a t  least  du r ing  the e a r l y  phase of pos t -  

i n t e r e s t i n g ,  t he re fo re ,  t o  t e s t  whether t h e  W-endonuclease from M,. l u t e u s  
can recognize  y-ray damaged bases  i n  @X174 RFI* DNA. 

. 

. i r r a d i a t i o n  r e p a i r  (Hariharan and C e r u t t i ,  1972a and b) .  It w i l l  b e  

a. P repa ra t ion  of t h e  endonuclease and DNA. The W-endonuclease - w i l l  be p u r i f i e d  from g. l u t e u s  u s i n g  t h e  procedure of Kushner and Gross- 
man (1971). 
from $X174 i n f e c t e d  E .  c o l i  us ing  procedures  from th is  l a b o r a t o r y  (J. 
Swinehart ,  personal  communication), and those  of Lindquis t  and Shinsheimer 
(1968). Af t e r  i r r a d i a t i o n  wi th  y-rays,  t h e  RF molecules  which con ta in  
on ly  damaged bases  (RFI*) w i l l  be sepa ra t ed  from RF* con ta in ing  both  s t r a n d  
breaks  and base  damage by CsC1-ethidium bromide d e n s i t y  g r a d i e n t  cen t r igu-  
g a t i o n  i n  t h e  dark.  

[35]methyl-thymine l a b e l l e d  4x174 RFI D.U w i l l  b e  i s o l a t e d  

b. Assay f o r  nuc lease  b inding  and s i n g l e  s t r a n d  s c i s s i o n .  A 
new assay  f o r  t h e  de te rmina t ion  of t h e  b inding  of UV-endonuclease t o  W- 
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i r r a d i a t e d  DXA, and t h e  subsequent  i n t r o d u c t i o n  of s i n g l e  s t r a n d  breaks,  
has been  developed i n  L. Grossman's l a b o r a t o r y  (L. Grossman, personal  
communication) and t r i l l  b e  used i n  our experiments.  
Mgft i s  omi t ted  from t h e  r e a c t i o n  mixture  con ta in ing  endonuclease acd RFI*. 
T h i s  p reven t s  t h e  nuc lease  from caus ing  s t r a n d  s c i s s i o n  b u t  s t i l l  ecables  
i t  t o  b ind  t o  t n e  DKA. 
d e t e c t e d  by pass ing  t h e  r e a c t i o n  mixture  through a n i t r o c e l l u l o s e  f i l t e r ,  
which r e t a i n s  t h e  DNA-enzyme complex, b u t  no t  f r e e  RFI*. 
DNA-enzyme conplex formed w i l l  be  r e l a t e d  t o  t h e  amount of damaged thymine 
in RFI*, as measured by t h e  r e d u c t i v e  a s say  of Har iharan  and C e r u t t i  (1972a). 
An estimate for t o t a l  base  d e s t r u c t i o n  w i l l  be  obta ined  us ing  a c i d  hydro- 
l y s i s  of the DNA followed by paper chromatographic s e p a r a t i o n  of t h e  r e s i d u a l  
bases accord ing  t o  Scholes  e t  a 1  (1960). To determine whether the W- 
endonuclease in t roduces  s i n g l e  s t r a n d  breaks  i n  RFI*, t h i s  DNA w i l l  be 
treated w i t h  endonuclease under cond i t ions  which a l l o w  t h e  enzyme t o  ''nick" 
w i r r a d i a t e d  DNA. 
f i l t e r e d  through a n i t r o c e l l u l o s e  f i l t e r  under c o n d i t i o n s  under which only  
s i n g l e  s t r anded  DNA i s  r e t a i n e d .  
measure of t h e  number of s i n g l e  s t r a n d  breaks in t roduced ,  and th i s  w i l l  b e  

. r e l a t e d  t o  t h e  amount Of  damaged thymine determined by t h e  r e d u c t i v e  a s say  
and  t o  t h e  e x t e n t  of t o t a l  base d e s t r u c t i o n .  S imi l a r  s t u d i e s  may be 
c a r r i e d  o u t  w i t h  endonuclease I1 from E. c o l i  desc r ibed  by Fr iedberg  and 
G-oldthwait (1968). 

To a s say  f o r  binding,  

The b inding  of t h e  nuc lease  t o  t h e  RFI* can be 

The amount of 

The nuc lease  t r e a t e d  RFI* w i l l  then  b e  denatured and 

The amount of material r e t a i n e d  is  a 

2 .  Removal of y-rav damaped thymine from 6x174 RFI* and RF* bv 
exg-nusLezLy t i c  act  i v i  t v  . 

I n  a d d i t i o n  t o  a UV s p e c i f i c  endonuclease,  Kaplan and Grossman 
(1971) have a l s o  i s o l a t e d  a W s p e c i f i c  exonuclease from g. l u t e u s .  They 
have shown t h a t  the p u r i f i e d  enzyme can e f f i c i e n t l y  degrade W i r r a d i a t e d - .  
DM, w h i l e  o t h e r  exonucleases ,  such as snake venom phos?hodiesterase,  were 
s t r o n g l y  i n h i b i t e d  under similar cond i t ions  (Grossman e t  a l ,  1968). 
t h i s  p r o j e c t  w e  p l a n  t o  s tudy  t h e  a c t i o n  of W-endonuclease as w e l l  as o t h e r  
exonucleases  on RF* and UV-endonuclease t r e a t e d  =I*. S p e c i a l  em?hasis w i l l  
be p laced  on t h e  c h a r a c t e r i z a t i o n  of t h e  material r e l e a s e d  from t h e  DNA. 

I n  

a. Enzyme p u r i f i c a t i o n  and DNA s u b s t r a t e s .  The UV s p e c i f i c  
exonuclease  w i l l  b e  p u r i f i e d  from M..>uteus according t o  Kaplan and Gross- 
man (1971).  RF* [prepared as i n  l ( a ) ]  w i l l  be t e s t e d  d i r e c t l y  as a 
s u b s t r a t e  s i n c e  i t  c o n t a i n s  r a d i a t i o n  induced s i n g l e  s t r a n d  breaks.  
w i l l  be t e s t e d  a f t e r  t rea tment  w i t h  UV-endoncclease or DNAse I. 

induced breaks)  and endonuclease t r e a t e d  RFI* may y i e l d  v a l u a b l e  information 
on the chemis t ry  of  r a d i a t i o n  induced s t r a n d  breaks .  The c h a r a c t e r i z a t i o n  
of  t h e  products  r e l e a s e d  from t h e  two DNA's  w i l l  p rov ide  information about  
the s e l e c t i v i t y  of  t h e  endonucleo ly t ic  i n c i s s i o n  s t e p  and t h e  d i s t r i b u t i o n  
o f  damaged thymidine r e s i d u e s  i n  t h e  i r r a d i a t e d  DNA. I n  a d d i t i o n ,  several 
of t h e  commercially a v a i l a b l e  nuc leases  (e.%.,  snake venom phosphodiesterase)  
w i l l  be t e s t e d  on RF* and RFI* ( a f t e r  endonuclease t r ea tmen t ) ,  and t h e i r  
a b i l i t y  to degrade  t h e s e  i r r a d i a t e d  D N A ' s  compared t o  tha t  of the W 
s p e c i f i c  exonuclease.  

RFI* 

. s o n  of t h e  a c t i o n  of  the W-exonuclease on t h e  RF* (which c o n t a i n s  y-ray' 
A compari- 

- .  
b. C h a r a c t e r i z a t i o n  of r e l eased  material .  The r a d i o a c t i v e  

material renoved from t h e  DNA by exonucleolytic.  d i g e s t i o n  w i l l  b e  t e s t e d  

1 0 3 4 2 5 3 %  
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fo r  a c i d  s o l u b i l i t y  and analyzed by chromatography on c e l l u l o s e  acetate,  
DECLE paper ,  and by colunn chromatography. 
ana lyzed  f o r  t h e i r  con ten t  of damaged thymine us ing  t h e  r educ t ive  assay .  
End group a n a l y s i s  ( i .e. ,  whether 5'-P04, 5'-UH, 3'-OH) w i l l  be carried o u t  
us'ing s p e c i f i c  phosphatases  and k inases .  

The products  w i i l  a l s o  be 

3 .  & t i o n  of 3NA p o l m e r a s e  I from - -  E.  c o l i  on RF* and endonuclease . 
treated SI*. 

Kel ly  et  a1 (1969) have demonstrated t h a t  DNA polymerase I 
f r o m  E. coli i s  able t o  excise pyrimidine dimers  and i n s e r t  new nuc leo t ides  
into the  DXA cha in  i n  t h e  5 '  and 3 '  d i r e c t i o n .  Hei jneker  e t  a1 (1971) were 
able t o  r e s t o r e  t ransforming s c t i v i t y  of UV-inactivated E .  s u b t i l i s  DNA 
u s i n g  E. c o l i  DNA polymerase I i n  conjunct ion  w i t h  UV-endonuclease and DNA- 
l i g a s e .  
i r r a d i a t e d  DNA. 

We w i l l  t e s t  DNA p o l m e r a s e  I f o r  similar ac t iv i t ies  us ing  y- 

The polymerase w i l l  b e  p u r i f i e d  from E. c o l i  u s ing  t h e  procedure 
of Englund (2971). 
as substrates f o r  t h e  enzyuie under cond i t ions  f avor ing  either i t s  nuc lease  
or polymerizing a c t i v i t y .  Excis ion  of damaged bases  due t o  t h e  exonucleo- 
l y t i c  a c t i v i t y  of t h e  polymerase w i l l  b e  t e s t e d  f o r  and t h e  products  
ana lyzed  as  i n  2(b) .  
n u c l e o t i d e s  w i l l  b e  t e s t e d  for under polymerizing cond i t ions .  
i n t e r e s t i n g  t o  a t t empt  r e c o n s t i t u t i o n  of RFI molecules from RF* molecules 
u s i n g  the combined a c t i o n  of t h e  p o l m e r a s e  and several o t h e r  "repair 
e n z p e s "  . 
and d e t e r m i n a t i o n  of i n f e c t i v i t y  of t h e  t r e a t e d  W*. - 

Both RF* and endonuclease t r e a t e d  RFI* w i l l  be t e s t e d  

Replacement of t h e  y-ray damaged by undamaged 
It w i l l  be . 

P-econst i tut ion will b e  de tern ined  bo th  by sed imenta t ion  a i d y s i s  

4, I n f e c t i v i t v  s t u d i e s  w i t h  RFI* and RF*. 
- 

R F i *  w i l l  be used t o  i n f e c t  E-. c o l i  K12 uvr- sphe rop la s t s  and 
the sTherop la s t s  from t h e  wi ld  t y p e  s t r a i n ,  u s ing  t h e  procedure of Guthr ie  
and Sinsheirner (1963). 
that o f  u n i r r a d i a t e d  RFI.  
and RFI w i l l  p rovide  a di rec t  t es t  of t h e  e f f e c t  on v i a b i l i t y  of  y-ray 
induced b a s e  damage i n  t h e  absence o f  s t r a n d  breaksge.  
a p p a r e n t l y  lacks a UV s p e c i f i c  endonuclease,  comparing t h e  r e l a t i v e  
e f f i c i e n c y  o f  i n f e c t i o n  of RFI* i n  wild type  and uvr- st rains  of E. c o l i  
w i l l  p r o v i d e  i n  v ivo  informat ion  f o r  t h e  r o l e  o f  t h e  W s p e c i f i c  endo: 
n u c l e a s e  i n  t h e  r e p a i r  of y-ray damaged bases. 

The e f f i c i e n c y  of i n f e c t i o n  w i l l  b e  compared t o  
The re la t ive e f f i c i e n c y  of i n f e c t i o n  of RFI* 

. Since  E .  coli uvr- 

, 

- C. Re2air of y-Ray Induced Thymine DamaOe i n  Chinese Eamster Ovary 
C e l l s  (CEO) and Embryonic Human Lune, F i b r o b l a s t s  (!?I-38). 

Arnajor  e f f o r t  w i l l  be made i n  t h i s  program t o  demonstrate  t h e  
removal of damaged thymine from y - i r r a d i a t e d  CHO and WI-38 cel ls .  The 
fo l lowing  g o a l s  Ere set: 
material r e l e a s e d  from t h e  DNA dur ing  p o s t - i r r a d i a t i o n  incubat ion ,  (2) 
d e t e r m i n a t i o n  of t h e  e x t e n t  and kinetics of  product  removal, (3)  elucida-  
t i o n  of t h e  r e l a t i o n  between p o s t - i r r a d i a t i o n  degrada t ion  (removal of 
undamaged r e s i d u e s )  and removal of damaged r e s i d u e s ,  ( 4 )  i n v e s t i g a t i o n  of 
product removal as a f u n c t i o n  of the c e l l  c y c l e  i n  CHO, (5) s tudy  of t h e  

(1) unambiguous chemical c h a r a c t e r i z a t i o n  of the 

e f f e c t  of i n h i b i t o r s  of macromolecular s y n t h e s i s  on t h e  process  of product - .. - 

: 1 0 3 9 ' 2 5 1  
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removal. 

- A c o n s i d e r a b l e  m o u n t  of pre l iminary  work has  been and i s  being 
done i n  o u r  l a b o r a t o r y  most ly  us ing  CdO. 
and have e s t a b l i s h e d  o p t i m a l  cond i t ions  f o r  t h e  growth of l a r g e  amounts of 
CHO and WI-38 c e l l s  i n  monolayers, for t h e  thynidine-methyl[3H] l a b e l l i n g  
of the  ce l l s ,  f o r  the i r r a d i a t i o n  of t h e  c u l t u r e s  i n  l a r g e  r o l l e r  b o t t l e s ,  
f o r  the  chromatographic  analysis of t h e  r a d i o a c t i v e  material re leased  i n t o  
t h e  c u l t u r e  medium and t h e  ac id  s o l u b l e  f r a c t i o n  of t h e  c e l l s ,  etc. (see 
a l s o  "F ina l  Report"  , S e c t i o n  111 ) . 

We have become familiar wi th  

1. Analysis of the r a d i o a c t i v e  m a t e r i a l  r e l eased  during post-  
i r r a d i a t i o n  incuba t  ion. 

Cel ls  are p r e l a b e l l e d  i n  t h e i r  DNA wi th  thymidine-methyl[ 3H] , 
i r r a d i a t e d  and incuba ted  under growth cond i t ions  f o r  va r ious  l eng ths  of 
time. The t o t a l  r a d i o a c t i v e  m a t e r i a l  r e l eased  i n t o  t h e  c u l t u r e  medium is 
chromatographed on sephadex and t h e  f r a c t i o n s  are f u r t h e r  analyzed by DEAE- 
chromatography and t h e  r e d u c t i v e  assay  f o r  products  of t he  6-hydroxy (or 
hydroperoxy) -5,6-dihydroth$nine type.  
c u l t u r e  medium and the  ce l l  p e l l e t  is  chromatographed s e p a r a t e l y  on Dowex 
50 (H+) ion-exchange columns. 
14C-thymidine are cochromatographed as i n t e r n a l  markers.  Conditions have 
been found which allox t h e  s e p a r a t i o n  of thymidyl ic  a c i d ,  thymidine and 
thymine and r a d i a t i o n  products .  
ion-exchange columns is f u r t h e r  analyzed hy t h e  red i ic t+ve  acq;cy and tbiq-  
layer chromatography. 

The ac id  s o l u b l e  m a t e r i a l  of t h e  

I r r a d i a t e d  and u n i r r a d i a t e d  14C-thymine and 

The material  which i s  e lu t ed  from t h e  

2. P o s t - i r r a d i a t i o n  removal of- damaged and undanazed t h w i n e  and 
its d e r i v a t i v e s  from the DNA as  a func t ion  of t h e  c e l l  cy:&. 

The r a d i o s e n s i t i v t y  of mammalian ce l l s  i s  known t o  v s r y  wi th  

The exact p a t t e r n  of r a d i o s e n s i t i v t y  i s  dependent upon a given c e l l  
t h e  c e l l  cycle s ta te  (Terasina and Tolmach, 1 9 6 1 ;  S i n c l a i r  and Morton, 
1963). 
l ine .  It has so  f a r  not been p o s s i b l e  t o  r e l a t e  t h e  changes i n  rad io-  
s e n s i t i v i t y  w i t h  the product ion  or r epa i r  of a p a r t i c u l a r  tyFe of DNA 
damage. The r e j o i n i n g  of s i n g l e  s t r and  breaks does n o t  show any depen- 
dency on c e l l  c y c l e  s t a g e .  Unscheduled DX4 s y n t h e s i s  occurs  throughout 
the ce l l  c y c l e ,  e x c e p t  i n  S s t a g e ,  where i t  is  undefined.  Repair r e p l i c a -  
t i o n  i s  d i f f i c u l t  t o  measure du r ing  S ,  i t  occurs  i n  GI (Brent and Wheatly, 
1971) bu t  Richold and A r l e t t  claim t h a t  i t  does no t  occur i n  G2 (1972). 
The evidence f o r  the la t ter  i s  n o t  very  good because of t h e  l a r g e  amount 
of S contaminat ion  i n  the G2 populat ion.  
r e p a i r  r e p l i c a t i o n  i n  G2 fo l lowing  i r r a d i a t i o n ,  then r e p a i r  r e p l i c a t i o n  

I f  t h e r e  i s ,  i n  f a c t ,  a l a c k  of 

'would c o r r e l a t e  q u a l i t a t i v e l y  as f a r  as GI and G2 are concerned, wi th  t h e  
~ c e l l  c y c l e  dependence of  r a d i o s e n s i t i v i t y .  
regarding the c e l l - s t a g e  dependence on t h e  r e p a i r  of double-strand c u t s .  
I n  t h i s  p r o j e c t  w e  plan t o  s tudy  t h e  removal of r a d i a t i o n  damaged thymine 

. 
There are no r e l i a b l e  d a t a  

' from t h e  DNA i n  CHO cells as a func t ion  of t h e  c e l l  cyc le .  

Because a l a r g e  number of ce l l s  are requ i r ed ,  CEO cells  w i l l  
b e  synchronized by a combination of colcemide b locking  and "shake-off" 
techniques (Ter~sima aad  Tolmach, 1961; S t u b b l e f i e l d  and Klevecz, 1965). 

. . . . . . . . - .. ~ -. 
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This  method w i l l  give a f a i r l y  l l C l t - O  M-stage popula t ion  wi th  a h igh  y i e l d .  
The ce l l s  w i l l  b e  i r r a d i a t e d  in Gl, S S  bL and M and analyzed f o r  the e x t e n t  

Depending on the outcome of t h e  above 
exper iments ,  a n a h g o u s  experiments  w i l l  b e  done XJith emhryonlc human l ung  
f i b r o b l a s t s  (111-38) and ce l l  l i n e s  which have a p a t t e r n  of ce l l  c y c l e  
r a d i o s e n s i t i v i t y  d i f f e r e n t  from that of CHO (as e.g. ,  mouse L c e l l s )  (whi t -  
more e t  a l ,  1967). If t h e  r e p a i r  of base  damaged plays a n  important  r o l e  
i n  the s u r v i v a l  of cells, then  t h e  p a t t e r n  of base  damage repair du r ing  t h e  
c e l l  c y c l e  should c o r r e l a t e  i n v e r s e l y  w i t h  t h e  p a t t e r n  of c e l l  c y c l e  rad io-  
s e n s i t i v i t y .  
t h e s e  experiments  with t h o s e  of the s t u d i e s  of t h e  r a d i o s e n t i v i t y  of thymine 
as a f u n c t i o n  of the c e l l  c y c l e  proposed under Sec t ion  A of t h i s  proposa l .  

,---of r m n v a l  of damaged thymine. 
~ //-- 

It w i l l  b e  i n t e r e s t i n g  to compare t h e  r e s u l t s  obtained i n  

3.  The e f f e c t  of i n h i b i t o r s  of macromolecular s v n t h e s i s  on t h e  
p r o c e s s  of p roduc t  removal. 

E f f e c t  of metabol ic  i n h i b i t i o n  on t h e  r e p a i r  of base  damage i n  
synchronized cells:  
w i t h  t h e  v a r i a t i o n  of r a d i . o s e n s i t i v i t y  du r ing  t h e  c e l l  c y c l e ,  t h e  repair  
p rocess  should  b e  s e n s i t i v e  t o  a g e n t s  which b lock  progress  though t h e  c e l l  
c y c l e .  The  rolc of p r o r e i n ,  RNA and DNA s y n t h e s i s  i n  t h e  a b i l i t y  of ce l l s  
t o  repair  y-ray induced b a s e  damaged as r e l a t e d  t o  changes i n  t h e i r  rad io-  
r e s i s t a n c e  as ce l l s  p a s s  from one s t a g e  t o  t h e  next  w i l l  b e  s tud ied .  
experiments  w i l l  he13 c l a r i f y  t h e  r o l e  of r e p a i r  of y-ray damaged thymine 
i n  c e l l  s u r v i v a l  f o l l o w i n g  y - i r r a d i a t i o n .  It  is  recognized t h a t  t h e  
i n c r e a s e d  r a d i o r e s i s t a n c e  may b e  due  t o  a m i x t u r e  of r e v a i r  a b i l i t v  and 
i n c r e a s e d  p r o t e c t i o n .  

i f  a r e p a i r  p rocess  i s  i d e n t i f i e d  which c o r r e l a t e s  

These 

a. Blocking  p r o t e i n  and RNA s y n t h e s i s :  Cells w i l l  b e  t r e a t e d  
a t  v a r i o u s  times b e f o r e  t h e  onse t  of a r a d i o r e s i s t a n t  phase us ing  cyclo-  
heximide. Th i s  w i l l  measure t h e  t i m e  a t  which t h e  process(es )  l e a d i n g  
to i n c r e a s e d  r epa i r  a b i l i t y  and/or  r a d i o r e s i s t a n c e  became i n s e n s i t i v e  t o  
the b lock ing  a g e n t -  Th i s ' de t e rmines  t h e  t ime a t  which new p r o t e i n  s y n t h e s i s  
is needed f o r  t h e  i n c r e a s e d  r e p a i r  a b i l i t y  o r  r a d i o r e s i s t a n c e  t o  occur  
( c f .  Terasima and Yasukawa, 1967; Schneiderman e t  a l ,  1971; Doida and Okada, 
1972). 
s y n t h e s i s  i s  n e c e s s a r y  fo r  increa6ed a b i l i t y  t o  r e p a i r  y-ray induced thymine 
damage (cf . Tobey et al, 1966; Doida and Okada, 1972). 

Analogously, act inonycine-d w i l l  b e  used t o  determine i f  new RNA 

b. Blocking  DNA s y n t h e s i s :  S i n c e  i t  is known t h a t  DNA s y n t h e s i s  
is  necessa ry  f o r  the inc reased  r e s i s t a n c e  du r ing  S of hamster V79 c e l l s  
( S i n c l a i r ,  1968), the e f f e c t  o f  s topp ing  DNA s y n t h e s i s  by excess thymine 
or f luo rodeoxyur id ine  on the a b i l i t y  of cel ls  t o  r e p a i r  y-ray induced 
thymine damage w i l l  b e  determined.  
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Suppor t  is" 'obtained from t h e  Nat iona l  I n s t i t u t e s  of Heal th ,  I n s t i t u t e  
* '  *.i+ . 

for General  Medical Sciences (Grant Number 5 R01 GX 18617-02) for a p r o j e c t  
e n t i t l e d  " S t r u c t u r e  and Function of  Ribonucleic  Acid" i n  t h e  amount of 
$34,953 ( d i r e c t  c o s t s )  f o r  the  c u r r e n t  year .  

D. Faci l i t ies  

L a b o r a t o r i e s  w i t h  f a c i l i t i e s  t o  accommodate 1 0  persons are a v a i l a b l e  
to our  r e s e a r c h  group on t h e  t h i r d  floor of t h e  Medical Science Building i n  
the J. Elillis Miller Heal th  Center. The lahorntnriec  a r e  efpS=\=)erl ~ i t h  211 
the i n s t r u n e r i t s  needed f o r  t h i s  r e s e a r c h  p r o j e c t ,  inc luding  cen t r i fuges  
(Beclanan Model L2-65B), S o n a l l ,  -etc.) , s c i n t i l l a t i o n  counters  (Beclaan L250), 
135Cs-Source, s p e c i a l  "Schoff e l"  h igh  i n t e n s i t y  monochromator, Laminar flow 
hoods, C02-incubators,  r o l l e r  appara tus  f o r  l a r g e  s c a l e  product ion of cel ls ,  
etc. 
chromatography room, etc. Library f a c i l i t i e s  are loca ted  w i t h i n  t h e  
Department of Biochemistry and the  Heal th  Center.  
a v a i l a b l e  i n  t h e  Department of--Biochemistry.  

C o m u n a l  f a c i l i t i e s  include co ld  mom, cons tan t  temperature room, 

S e c r e t a r i a l  service i s  

. .  
. .  
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* 
* V. BUDGET 

Budget f o r  three-year  per iod  of September 1, 1972 u n t i l  August 31, 1975 

A. Budget f o r  f i r s t  yea r  (September 1, 1972 t o  August 31, 1973) 

1. S a l a r i e s :  

Name T i t l e  % of 
Time 

3.  F. Remsor l ,  Ph*D* Assoc ia te  Sc ien t i s t  60 $ 8,000 
J. L. Rot i  R o t i ,  Ph.D. Pos tdoc to ra l  Assoc ia te  100 8,700 (no f r i n g e  b e n e f i t s )  
G .  S. Warren, 3.S.  Research A s s i s t a n t  100 9,900 

F r inge  Bene f i t s  (9.8%) 
$ 1,754 

SUBTOTAL $28,354 
( inc ludes  unemplo p e l t  compensation) 

2. Permanent Equipment: 

Pu f fe r  Hubbard r e f  i g e r a t o r  
2 Duo-seal vacuum pumps (2-stage, .Welch 1402B) 
3 Cornwall cont inuous  p r o p e l l e r s  
Accessories  f o r  Zeiss-microscope - ( s p e c i a l  mechanical 

s t a g e ,  $289; r e t i c u l o c y t e  d i s c ,  $45; eye-piece micrometer,  $37; s t a g e  micrometer, $36) 407 
Buchler r o t a r y  eyapo-mix 43 6 

$ 1,150 
710 

70 

SU~L'U'LAL $ 2,773 . 

-- 3 .  Suppl ies :  - _  

Chemicals 
Rad i o  i so  topes  

. Tissue-cul ture  media 
G l a s s  and p l a s t i c  w a r e  
Unspecif ied 

- Biochemicals . .  - 

SUBTOTAL 

$ 1,000 
3,000 
1,500 
3,000 
3,000 
300 

$11,800 

4. Other Expenses: 

$ 2,000 
1,000 

SUBTOTAL $ 3,000 

Instrument  service contracts 
. .  /' P u b l i c a t i o n  c o s t s  

.- 5.' Travel :  

Domestic . 
Foreign 

SUBTOTAL 

$ 1,000 
600 

$ 1,600 
TOTAL DIRECT COSTS $47,527 

IhQIRECT COSTS (47.67% of 
salaries, wages and f r i n g e  b e n e f i t s )  $13,516 1 0 3 9 2 b 9  TOTAL $61,043 

- -  
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B. Budget f o r  second y e a r  (September 1, 1 9 7 3  t o  August 31, 1974)  

1. S a l a r i e s :  

N a m e  T i t l e  % of 
Time 

J. F. Remsen, Ph.D. 60 
J. L. R o t i  R o t i ,  Ph.D. P o s t d o c t o r a l  Assoc ia t e  100 

As so  c i a  t e S c i en t is  t 

G. S .  Warren, B.S. Research A s s i s t a n t  100 

F r inge  Bene f i t s  (9.8%) 
( inc ludes  unanployment compensation) 

SUBTOTAL 

2. Permanent Equipment : 

For u n s p e c i f i e d  needs . 

3. Suppl ies :  

Chemicals 
Radio i so t o p  es 
Biochemicals  
T i s sue -cu l tu re  media 
Glass and p l a s t i c  ware 
U n s  p e c i f  i e d  

SUBTOTAL 
- .  

4. Other Expenses: - -  

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

SUBTOTAL 

.' 5 .  Travel :  

D0m-S t i c  

J 

- 

. .  
-- 

. _  

TOTAL DIRECT COSTS 

$ 8,800 
9,570 (no f r i n g e  b e n e f i t s )  

10,890 

$ 1,930 

$31,190 

$ 1,000 

$ 1,000 
3,000 
1,500 
3,000 
3,000 
300 

$11,800 

$ 2,000 
1,000 

$ 3,000 

$ 1,000 

$47,990 

INDIRECT COSTS (47.67% of 
$14,868 

TOTAL $62,858 
salaries, wages and f r i n g e  b e n e f i t s )  

1 0 3 9 2 1 0  



C. Budget f o r  t h i r d  yea r  (September 1, 1974  t o  August 31, 1975) 

1. S a l a r i e s :  

N a m e  

3. F .  Remsen, Ph.D. 
J. L. R o t i  Ro t i ,  Ph.D. 
G. S .  Warren, B.S. 

( includes 
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T i t l e  % of 
T ime  

Assoc ia te  S c i e n t i s t  60 $ 9,680 
Pos tdoc to ra l  Assoc ia te  100 10,527 (no f r i n g e  b e n e f i t s )  
Research A s s i s t a n t  100 11,979 
Fr inge  Benef i t s  $ 2,123 

unemployment compensation) 

SUBTOTAL 

2. Permanent Equipa2nt : 

For unspec i f ied  needs ,, 

3 ,  Suppl ies :  
. .  

Chemicals 
Radio is0 topes 
Biochemicals 
Tissue-cul ture  media 

U n s  p ec i f  i ed 

- 

Glass and p l a s t i c  ware _.  

6 U&ij-J '2. 

4. Other Expenses: - _  
Instrument  s e r v i c e  c o n t r a c t s  
Pub l i ca t ion  c o s t s  

SUBTOTAT, 

5 .  Travel :  

Domes t i c  

TOTAL DIRECT COSTS 

$34,309 
i- 

$ 1,000 
.- 4 

$ 1,000 
3,000 
1,500 
3,000 . 

3,000 
300 

'.. $11,800 

$ 2,000 
1,000 

$ 3,000 

$ 1,000 --.- - '  - 
.. 

$51,109 

INDIRECT COSTS (47.67% of 
salaries, vages and f r i n g e  b e n e f i t s )  $16,355 

TOTAL $67,464 
i - 

- ,, . .  

. .&..' . . .  . .; .. . . . . . .  
: - _  
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Budget J u s  ti f ica t i o  n : 

S a l a r i e s  : 

A l l  the personnel  f o r  whom suppor t  i s  reques ted  are h ighly  t r a ined  
i n  the area i n  which they  w i l l  p a r t i c i p a t e  i n  t h e  p r o j e c t .  
has been v e r y  s u c c e s s f u l  i n  our l abora to ry  i n  h e r  work on the photochemistry 
and photobiology oE Coliphage R17 and will have major r e s p o n s i b i l i t y  f o r  t h e  
proposed work on t h e  repair  of Coliphage 4X174-DNA (Section E).  Dr. J. R o t i  
hti, who has ob ta ined  h i s  t r a i n i n g  i n  Drs. S. Okada's and M. Ebe r l e ' s  
l abo ra to ry  (U. of Roches te r ) ,  i s  a s p e c i a l i s t  i n  ce l l  c y c l e  a n a l y s i s  i n  
mammalian cells. H e  w i l l  be a b l e  t o  u s e  h i s  experience i i l  t he  s t u d i e s  
on the c e l l  c y c l e  dependence of t he  y-ray damaged thymine i n  CHO and WI-38 
cells.  Pliss l a r r e n  is thoroughly f a m i l a i r  w i t h  a l l  techniques used i n  t h e  
c u l t u r i n g  of mammalian cel ls  and i s  a most v a l u a b l e  member of our s t a f f .  

D r .  J. Remsen 

The i n c r e a s e  i n  salaries r e l a t i v e  t o  t h e  previous per iod is due 
t o  the c o n t r i b u t i o n  (60%) reques ted  t o  the  s a l a r y  of D r .  Remsen. 
i s  a par t - t ime I n s t r u c t o r  i n  the Department of Biochemistry. 

Dr. Remsen 

S u p p l i e s  : 

A major increase i n  funds for '  s u p p l i e s  is reques ted  r e l a t i v e  t o  
previous y e a r s  mostly due  t o  our  expansion i n t o  work on mammalian c e l l s  i n  
t i s s u e  c u l t u r e .  
l a b e l l e d  com;lcurids sre needed f o r  our  a s says  of y-ray damaged thymine which 
are based on rad iochemica l  procedures.  

Add i t iona l lv .  r e l a t i v e l y  l a r g e  amounts of r a d i o a c t i v e l y  

- -  
-. Foreign Travel :  

A $600 t r a v e l  allowance is  r e q u e s t e i  f o r  1973.  These funds will 
be used  f o r  the a t t e n d a n c e  by the p r i n c i p a l  i n v e s t i g a t o r  of t h e  I n t e r n a t i o n a l  
Congress of  Biochemistry i n  Stockholm i n  J u l y  of 1973 .  
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