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1. Scope of Investigation and Significant Results 

The experimentation during the initial period of study has focused on 

three cell lines and three agents known to act as mutagens or carcinogens. 

The cell lines are the mouse L - 9 2 9  fibroblast, the IJIL2-A3 human lympho- 

blastoid cell clone, and the Raji line of Burkitt's lymphoma. The agents 

are ultraviolet light, methyl methanesulfonate, a direct acting alkylating 

agent, and benz(a)pyrene. The latter was chosen for study because of its 

production during combustion of fuels for energy purposes, because it must 

be metabolized to an active chemical form before being carcinogenic, and 

because its metabolism is dependent on the presence of the enzyme aryl 

hydrocarbon hydroxylase. 

A. G929 Mouse Fibroblast Cell Line 

The studies to date have been concerned with measuring two 

phenomena, (a) the effects of ultraviolet light on the levels of DNA 

precursor uptake and incorporation immediately after irradiation, and 

(b) the extent of DNA repair replication in units of dpm/pg of DNA 

as a function of W dose and of time after exposure to a single dose. 

The former study was initiated because of reports of resistant 

DNA synthesis immediately after X-ray exposure of L5178Y cells ( 1 ), 

and the realization that the radioactive DNA precursor incorporation 

after exposure of cells to W light is a function of at least two 

components, (a) residual normal semi-conservative synthesis, and (b) 

repair replication. Our initial study was to determine whether a UV 



resistant DNA synthesis Component (or rather 3H-TdR incorporation 

component) was present. 

As can be seen in Figure 1, after an exposure of L-929 cells 
to LJV light (9.4 ergs/mm2 sec) for 24 secs, the 3 H-TdR incorporated 

(dpm/ pg DNA) plateaus, indicating a possible "radio-resi s t ant" 

component. 

combination of several phenomena; i.e., (1) induced repair replica- 

tion occurring at an unusually high rate (compared to the normal 

semi-conservative incorporation rate for such a short 30 min incuba- 

tion time), or (2) due to an increased uptake of radioactive label 

(which appears to be the case at exposures greater than 24 secs; 

Figure l), or (3) due to a radio-resistant component of DNA synthesis. 

This component may actually be due to either one or a 

To further examine this component, L-929 cells were exposed in 

a second experiment to 0, 12, and 30 sec of W light. In this 

experiment, instead of using a modified Fleck and Munroe (2) hydrolysis 

procedure as for the first experiment, the DNA was isolated using our 

standard isolation procedure of lysis with shearing in the presence 

of SDS, RNAse and pronase digestion, and deproteinization with 

ch1oroform:isoamyl alcohol. 

density gradient centrifugation at neutral pH. 

fractionated by top collection in the Isco density gradient fractionator, 

pooled, and dialyzed. 

of percent of control incorporated radioactivity fter UV exposure in 

the two experiments was similar. 

The DNA was further purified by CsCl 

The samples were 

As can be seen in Table 1, the response in terms 



Table  1 
3 Percent  of Control 11-Thymidine Inco rpora t ion  i n t o  L-929 C e l l  DNA 

During 30 Hin Pu l se  a f t e r  UV Exposure 

Experiment 1 Experiment 2 

Hydrolys is  DNA I s o l a t i o n  
Percent  of Percent  of 

dpm/pcg DNA Cont ro l  dpm/pg DNA Contro 1 
a 

Contro l  20586 100 42991 100 

8 s e c  16815 81.7 

12 sec 26995 62.8 

16 s e c  13076 63.5 

28 sec 8082 39.3 

30 s e c  16036 37.3 

32 sec 7384 35.9 

1 0 4 1 5 4 0  
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The latter samples have been frozen, and will be examined for the 

distribution of DNA precursor incorporation into DNA sequences of 

differcnt repetitive frequencies in March, 1975, using the improved 

DNA/DNA Cot procedures at low Cot values to be described below. 

believe that this is the first time that this type of analysis is being 

applied to DNA precursor incorporation studies immediately after treat- 

ment with a DNA synthesis inhibiting agent; we will be examining 

similar events occurring as a result of chemical carcinogen treatment. 

I 

In preparation for the DNA/DNA Cot studies, we have labeled semi- 

conservatively synthesized DNA by incubating L-929 cells for 24 hrs 

with either 2.0 pCi/ml (5 x M) 

( 5  x M). The DNA has been isolated from the cells, and further 

purified by CsCl (neutral pH) density gradient centrifugation. Bulk 

L-929 cell nonradioactive DNA has similarly been isolated and purified, 

and is currently being concentrated by centrifugation at 42,000 rpm 

for 16 hrs. This bulk DNA will be added to appropriate amounts of 

experimental radiolabeled L-929 cell DNA for shearing as described 

below. 

3 H-TdR or 0.5 pCi/ml 14C-TdR 

Establishment of Conditions for blaximum Repair Replication Labeling of 

W-Damaged L-929 Cell DNA. 

1. Repair replication vs. UV dose. 

In this experiment, repair replicated DNA was purified by 2 

sequential CsCl (neutral pH) density gradient centrifugations, followed 

by one alkali CsCl - Cs2S04 (4.8 gms CsCl + 1.0 gm Cs2S04 + 4.5 ml DNA 

solution at 0.1 N NaOli) density gradient centrifugation. This was the 



f i rs t  r e p a i r  r e p l i c a t i o n  experiment performed under t h i s  c o n t r a c t .  

The n e u t r a l  C s C l  g r a d i e n t s  were co l l ec t ed  by top  c o l l e c t i o n  us ing  an 

I sco  dens i ty  g r a d i e n t  f r a c t i o n a t o r  ( 0 . 3  m l  f r a c t i o n s )  and t h e  a l k a l i  

g r a d i e n t s  were c o l l e c t e d  by bottom c o l l e c t i o n  us ing  a Buchler bottom 

c o l l e c t i o n  device  and I sco  Golden Ret re iver  F rac t ion  C o l l e c t o r  

(10 drop f r a c t i o n s ) .  

modified i n  our  shop by welding t h e  needle end of an I s c o  needle ,  with 

s i d e  holes ,  t o  t h e  h o l d e r  end of t he  Buchler needle ,  which was found 

t o  p lug  on punctur ing  t h e  polyallomer tubes.  

The needle  i n  t he  Buchler appa ra tus  had t o  be 

\ 

The r e s u l t s  of  t h i s  first experiment a r e  presented  i n  Figure 2. 

In  t h i s  experiment,  we followed a s tandard procedure f o r  r e p a i r  r e p l i -  

c a t i o n  as fol lows:  Pre incubate  f o r  1 h r  with M f l u o r o d e o x p r i d i n e  

(FUdR) and 5 x M 5-bromodeoxyuridine (BrUdR); r i n s e  t h e  c e l l s  

with warm s a l i n e  A t o  remove r e s i d u a l  serum, expose t o  W l i g h t ,  add 

l a b e l i n g  media con ta in ing  20 p C i / m l  3H-BrUdR (adjus ted  t o  5 x M 

BrUdR with nonradioac t ive  BrUdR), M FUdR, and M hydroxyurea 

(HU), incubate  f o r  3 h r s ,  wash with warm s a l i n e  A t o  remove r a d i o l a b e l ,  

and re incubate  f o r  1 h r  wi th  E.1 FUdR and 5 x M BrUdR. 

As can be seen i n  F igure  2, t h e  r e p a i r  r e p l i c a t i o n  occur r ing  

dur ing  3 h r s  appears  t o  s a t u r a t e  a t  a dose of less than  10 sec 

(9.4 ergs /sec) .  

experiment due t o  c o l l a p s e  of t h e  tube conta in ing  t h e  16 sec exposure 

time samples; we have chosen 16 sec, however, as a dose-time t o  

o b t a i n  maximum r e p a i r  r e p l i c a t i o n  rad io labe l ing .  

The exac t  va lue  was not  determined i n  t h i s  f i r s t  
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2. Repair r e p l i c a t i o n  of L-929 c e l l  DNA a f t e r  16 s c c  exposure as a 

func t ion  of r ad io l abe l ing  time. 

I n  t h i s  experiment, t h e  times a1 lowed f o r  r e p a i r  r e p l i c a t i o n  

r a d i o l a b e l i n g  t o  occur were 30 min, 1 h r ,  3 h r ,  and 5 h r .  In  Figure 3 ,  

we see t h a t  r e p a i r  r e p l i c a t i o n  r a d i o l a b e l i n g  i n  terms of dpm/pg appears 

t o  cont inue  t o  inc rease  through t h e  5 h r  t ime po in t .  A s  can be seen i n  

Table  2, t h e  DNA y i e l d  (DNA recovered)  from t h e  same number of exposed 

d i s h e s  a t  each time po in t  i s  s i g n i f i c a n t l y  l e s s  a t  3 and 5 h r s  than a t  

30 min and 1 h r .  

r i n s e  of  t he  p l a s t i c  a t t ached  ce l l s  immediately a f t e r  r ad io l abe l ing ,  

and be fo re  a f u r t h e r  1 h r  incubat ion  wi th  BrUdR-FUdR media, I am con- 

cerned  t h a t  we may be lo s ing  ce l l s  which d i d  not  remain attached;and 

which d id  not  undergo r e p a i r ,  t hus  r a i s i n g  t h e  average dpm/pg of r e p a i r  

r e p l i c a t e d  DNA above the  l e v e l  which might otherwise have r e s u l t e d  

had they  riot been removed from t h e  f i n a l  c o l l e c t e d  c e l l  populat ion.  

I have not  explored t h i s  problem f u r t h e r ,  bu t  rather decided t o  cont inue 

us ing  a 5 h r  r ad io l abe l ing  i n t e r v a l  a f t e r  UV exposure i n  p repa ra t ive  

experiments f o r  obtaining maximally l abe led  r e p a i r  r e p l i c a t e d  DNA f o r  

DNA/DNA Cot s tud ie s .  

Since the  procedure used f o r  r a d i o l a b e l i n g  inc ludes  a 

+ 

P r e p a r a t i v e  Experiments f o r  DNA/DNA Cot S tud ie s .  

Mouse L-929 c e l l s  were exposed t o  16 secs  of UV l i g h t  us ing  t h e  

3 s t anda rd  pro tocol ,  a id  incubated with 100 p C i / m l  H-BrUdR ( a t  approxi- 

mately 0.83 x 10’’ M BrUdR) f o r  5 h r s  b e f o r e  r i n s i n g  and re- incubat ing.  

The DNA from these  c e l l s  is being i s o l a t e d  and CsCl d e n s i t y  g rad ien t  

p u r i f i e d  a t  t h e  present  t ime, and w i l l  be a v a i l a b l e  by March 1 f o r  

DNA/DNA Cot s tudies .  

1 0 4 ’ 1 5 4 4  



Q) 

E .- 
I- 

n 

O C  a 0  m 
1 -  

I I I I 1 
0 0 0 0 0 
0 0 0 0 0 
0 

VNO 6u/ uJdp 

1 



Table  2 

L-929 Cell  DNA Repair Rep l i ca t ion  as a Function of Repair  
Labeling Time af ter  UV Exposure (16 sec; 9.4 ergs/m&-sec) 

Incubat ion Total DNA 
1 Time (hrs)  Yield (p ) 

0 28 42 

0.5 141 47 

1 255 44 

3 663 18 

5 964 
. . .  

15 

f 0 4 1 5 4 b  



Because of the expensc of 3H-BrUdR, we have also attempted to 

radiolabel W-induced (16 sec) repair replicated DNA with high specific 

activity 'H-TdR and nonradioactive 5-BrUdR such that the total DNA 

precursor analog concentration is lo-' M; the TdR:BrUdR ratio is 

approximately 1:9. In the published procedures, the ratio is usually 

1:lOO; such a ratio would not be useful in our DNA/DNA Cot experiments 

requiring maximally labeled repair replicated DNA, The DNA from these 

cells is also currently being isolated and purified by CsCl density 

gradient centrifugation. It also will be available for DNA/DNA Cot 

studies in March. 

As will be indicated below for the human cell lines studied, 

extensive repair replication of DNA occurred after a 1 hr incubation 

with the direct acting alkylating agent methyl methanesulfonate at 

a concentration of M. We have therefore treated L-929 cells for 

5 hrs with 

'H-BrUdR at 10'' M) plus 1 m!l HU and 

period preceeded and followed by incubation with 

BrUdR for 1 hr intervals, 

purified, and will be ready for DNA/DNA Cot studies in March. 

M M I S  in the presence of radiolabel (120 pCi/ml 

M FUdR, this treatment 

M FUdR + 10'' M 

This DNA is currently being isolated and 

The reason for the procedural change, i.e., the co-incubation 

with carcinogen and repair replication radiolabel, is our desire to 

measure all of the repair replication occurring upon carcinogen 

treatment, and not just the repair replication of residual damage left 

after a prior incubation with carcinogen. It must be mentioned that 



i n  t h i s  experiment ,  t h e  incubat ion b o t t l e  was p laccd  on a slowly 

moving rocke r  p l a t fo rm i n  our warm room dur ing  t h e  5 h r  incubat ion ,  

and more than  50% of  t h e  c e l l s  had detached by 5 hrs .  In  o rde r  not  

t o  l o s e  t h e s e  cel ls ,  a l l  of t h e  ce l l s  were scraped f r e e  i n t o  so lu t ion ,  

and washed by c e n t r i f u g a t i o n .  

r e tu rned  t o  a new b o t t l e  f o r  t he  1 h r  chase incuba t ion  with BrUdR-FUdR 

media. No s u b s t a n t i a l  c e l l  attachment was observed dur ing  t h i s  

1-hr i n t e r v a l .  

The resuspended c e l l s  were then 

As i n d i c a t e d  above, a number of  exper imenta l  samples have been 
\ 

prepared for DNA/DNA Cot s t u d i e s ,  and t h e s e  w i l l  be i n i t i a t e d  i n  March 

and cont inue  on a r e g u l a r  b a s i s  f o r  t he  remainder of t h e  c o n t r a c t  

per iod .  

t o  maximize t h e  s p e c i f i c i t y  of t h e  DNA/DNA Cot r e a c t i o n  t o  be used i n  

t h i s  s tudy,  and t h e s e  modi f ica t ions  w i l l  be descr ibed  i n  the  procedural 

mod i f i ca t ions  section. 

As w i l l  be  descr ibed  l a t e r ,  we are making a s u b s t a n t i a l  e f f o r t  

B.  Human Lymphoblastoid Cell  Lines: "Normal" WIL -A3 and B u r k i t t ' s  2 
Lymphoma Raji Line 

The WIL -A3 and Raj i  c e l l  l i n e s  a r e  maintained on t h e  r o t a t i n g  2 

shaker  i n  our 37' C warm room i n  capped c u l t u r e  f l a s k s  i n  Eagles 

Minimal E s s e n t i a l  Medium with 101 f e t a l  ca l f  serum supplemented with 

sodium pyruvate  (1 mM), L-glutamine (4 mM), tw ice  the  normal amount of 

non-essent ia l  amino ac ids ,  and a n t i b i o t i c s .  Growth curves f o r  these  

ce l l  l i n e s  are shown i n  Figures  4 and 5 .  As can be seen for both c e l l  



. Fig. 4 W I L 2 - A 3  Growth Curve: 
Cel I concentration and (Percent Viability) 

Incubation Time (hrs) 



Fig. 5 RAJ l  Growth Curve; 
Cel I Concentration and (Percent Viability) 
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l i n e s ,  a f t e r  t h e  maximum c e l l  number i s  achieved,  t h e r e  i s  r a p i d  death 

of t h e  c e l l s ,  as measured by u s i n g  dye exclus ion  ( t rypan  b l u e ) ,  and 

a l s o  as i n d i c a t e d  by t h e  decreasing c o u l t e r  count  (decreased c e l l  

capac i tance) .  

Addit ion of  ce l l  free-media prepared a f t e r  c e l l s  were i n  t h i s  

"death phase" t o  ce l l s  i n  logari thmic growth d i d  n o t  a f fec t  t h e  pro- 

l i f e r a t i o n  of  t h e  l a t t e r .  

In p repa r ing  t o  perform t h e  experiments wi th  u l t r a v i o l e t  l i g h t  
\ 

i r r a d i a t i o n  us ing  t h e  human ce l l  l i n e s ,  we d iscovered  e a r l y  i n  our  

i n v e s t i g a t i o n  t h a t  t h e  human WIL2-A3 c e l l s ,  on removal of  serum before  

i r r a d i a t i o n ,  r a p i d l y  and ex tens ive ly  a t t ached  t o  t h e  walls of a l l  

glassware used dur ing  t h e  washing procedure and exposure . ,  Th i s  

occurrence n e c e s s i t a t e d  our  i n i t i a t i n g  an ex tens ive  ser ies  o f  exper i -  

ments t o  develop a p ro toco l  which would a l low us  t o  s a t i s f a c t o r i l y  

perform t h e  UV study. This  attachment l o s s  d i d  n o t  occur  with Raj i  cel ls .  

In  our  i n i t i a l  r e p a i r  r e p l i c a t i o n  pro tocol  f o r  suspension c e l l s ,  t he  c e l l s  

were f i r s t  cen t r i fuged  out  of t h e i r  growth media wi th  n e g l i g i b l e  c e l l  

l o s s ,  and resuspended i n  BrUdR-FUdR pre incubat ion  media. After 1 h r  

incubat ion,  t h e y  were again cent r i fuged  from complete media so as t o  

resuspend them i n  wash s o l u t i o n  containing no f e t a l  calf  serum. 

as t h i s  resuspens ion  was performed, ex tens ive  c e l l  l o s s  by attachment 

t o  t h e  c e n t r i f u g e  and p i p e t t e  wal ls  began, whether g l a s s  o r  p l a s t i c  

tubes o r  p i p e t t e s  were employed, 

problem by t e s t i n g  a v a i e t y  of s a l t  s o l u t i o n s  as t h e  wash so lu t ion ;  

As soon 

Ile i n i t i a l l y  a t tempted  t o  so lve  the  



t h e s e  inlcuded ( a )  MI31 without  f e t a l  calf  serum, (b) Dulbecco's PBS 

(Ca+* and FIR++ f r e e ) ,  (c )  Dubecco's PBS (with Ca++ and Clg"), (d) EESS 

(Ca" and big++ f r e e ) ,  (e) EBSS (with Ca++ and Mg 

Ca++ and Mg"), and (g) Spinne r ' s  s a l t  s o l u t i o n  wi th  Earles s a l t s  

and without  f e t a l  calf  serum. 

our  r e s u l t s  were u n s a t i s f a c t o r y .  

++ 
), ( f )  HBSS (with 

With e i t h e r  p l a s t i c  o r  g l a s s  labware, 

We then  took advantage o f  a procedure descr ibed  i n  t h e  l i t e r a t u r e  

f o r  growing HeLa ce l l s ,  normally g l a s s  a t t ached ,  i n  suspens ion  by 

incubat ing  them i n  t h e  presence  of 5 pg/ml dext ran  s u l f a t e .  

t h a t  by us ing  a modi f ica t ion  of t h i s  procedure,  i .e.,  p re incuba t ing  

i n  BudR-FUdR media wi th  dex t r an  s u l f a t e  f o r  1 h r  and then  washing i n  

phosphate buf fered  s a l i n e  (PBS) with  dex t r an  s u l f a t e  and suspending 

i n  t h e  same f o r  i r r a d i a t i o n ,  we could o b t a i n  a c e l l  recovery  of  

approximately SO% a t  85% v i a b i l i t y  f o r  u n i r r a d i a t e d  c e l l s  as compared 

t o  ex tens ive  l o s s  i n  t h e  i n i t i a l  procedure.  

We found 

We a l s o  i n v e s t i g a t e d  and found t h a t  incubat ion  of  t h e  WIL2-A3 

cel ls  i n  the  presence of  5 pg/rnl dext ran  s u l f a t e  r e s u l t e d  i n  a growth 

p r o f i l e  e s s e n t i a l l y  t h e  same as t h a t  seen i n  Figure 4; i.e., t h e  dext ran  

s u l f a t e  a t  5 pg/ml was not  de t r imen ta l  t o  c e l l  growth. 

I n  t h e  r e p a i r  r e p l i c a t i o n  experiments with both t h e  WIL2-A3 c e l l s  

and Raji ce l l s  descr ibed  below, t h e  dext ran  s u l f a t e  was p r e s e n t  f o r  

both cel l  l i n e s  dur ing  the  p re incuba t ion  per iod ,  dur ing  t h e  f i rs t  

washing, and dur ing  UV exposure. The same dext ran  s u l f a t e  procedure 

was no t  r equ i r ed  f o r  t h e  Raji  ce l l s ,  bu t  was employed f o r  comparative 

purposes;  dext ran  s u l f a t e  a t  5 pg/ml d i d  n o t  a f f e c t  t h e  R a j i  growth curve.  



Repair  Rcpl ica t ion  of  1VIL3-A3 arid R a j i  B u r k i t t ' s  Lynphorin C e l l s  a f t e r  

UV- Induced Damnre. 

The procedure f o r  performing these  experiments  i s  e s s e n t i a l l y  as 

fo l lows:  

Four 250 m l  f l a s k s  were mass c u l t u r e d  with c e l l s  t o  a concent ra t ion  

o f  approximately 700,000 c e l l s / m l  i n  50 m l .  The media i n  t h e  f l a s k s  was 

a d j u s t e d  t o  M FUdR, 5 x bl BrUdR, and 5 pg/nl  dex t r an  s u l f a t e .  

A t  t h e  end of t h e  1 h r  p re incuba t ion  pe r iod ,  t h e  cells  i n  each f l a s k  

were decanted i n t o  two 50 m l  con ica l  t ubes ,  and cen t r i fuged  a t  800 rym 

f o r  8 min a t  room temperature  i n  an I n t e r n a t i o n a l  P R - J  c en t r i fuge .  The 

supe rna tan t  was a s p i r a t e d ,  and t h e  c e l l s  i n  each tube were suspended 

wi th  5 m l  o f  PBS-dextran s u l f a t e .  The c e l l s  from each two tubes were 

combined, and again cen t r i fuged .  The wash s o l u t i o n  was a sp i r a t ed ,  

and t h e  c e l l s ,  a t  a maximum number of 3 . 5  x 10 7 per  tube ,  were 

resuspended i n  8 m l  of PBS-dextran. For each dose (0, 2, 5, and 10 sec )  

2 m l  a l i q u o t s  of t h e  above 8 m l  were d i s t r i b u t e d  i n t o  100 mm 

p l a s t i c  o p t i l u x  d i s h e s  f o r  i r r a d i a t i o n .  

t h e  fou r  d i shes  a t  each dose,  t h e  ce l l s  were t r a n s f e r r e d  by p i p e t t e  

Immediately a f t e r  i r r a d i a t i n g  

back i n t o  a c e n t r i f u g e  tube ,  t h e  d i s h e s  were washed with a f r e s h  4 m l  

of dext ran  sulfate-PBS ( t h i s  was added t o  t h e  o r i g i n a l  suspension) ,  

Centr i fuged,  a s p i r a t e d ,  and resuspended i n  10 m l  of l a b e l i n g  medium 

con ta in ing  10 M FUdR, 1 m,! HU, and 10 p C i / m l  H-BrUdR (adjusted t o  

5 x M). Afte r  3 h r s  of r e p a i r  r e p l i c a t i o n  l abe l ing ,  t h e  c e l l s  

-6 3 
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Table 3 

Repair Replication of Human Lymphoblastoid Cell DNA 
after UV Irradiation (9.4 ergs/mm2-sec) : Dose Dependence 

Exposure WI L2-A3 Raj i 
Time (sec) dpm/ ~g dpm/ P ~ R  

0 10 11 

2 347 399 

5 695 598 

10 1059 746 

I 0 4  I 5 5 b  



Repair Rep l i ca t ion  of  I\rIL?-A3 and Raj i  Cell Lines  a f t e r  Acute Exposure (1 hr )  

t o  Methyl btethanesulfonate.  

wcre c e n t r i f u g c d ,  washed with f r e s h  BUdll-FUdR media con ta in ing  f e t a l  

c a l f  scrum, arid f i n a l l y  resuspended i n  BrUdR-FUdR media f o r  a 1 h r  

incubat ion .  

The experimental  r e s u l t s  a r e  shown i n  Figurcs  6 and 7 and a r e  

summarized i n  Table  3. The va lues  a r e  s i m i l a r  t o  a degree  which would 

i n d i c a t e  t h a t  any v i r a l  information p resen t  i n  the  DNA o f  t h e  non-virus 

producing R a j i  c e l l  l i n e  i s  act ive i n  terms of  i t s  r e p a i r  r e p l i c a t i o n  

enzyme a c t i v i t i e s  t o  no g r e a t e r  a degree than  t h a t  i n  t h e  "normal" 

WIL -A3 c e l l  l i n e ,  when the  damage i s  produced by UV i r r a d i a t i o n  

exposure. 

masking of d i f f e r e n t  DNA reg ions  by chromosomal c o n s t i t u e n t s  such as 

h i s t o n e s  and a c i d i c  p ro te ins .  In  t h e  remaining time of t h e  cu r ren t  

c o n t r a c t  pe r iod ,  t he  W study w i l l  be extended t o  t h e  B u r k i t t ' s  E B 3  

c e l l  l i n e ,  which i s  a v i r a l  producer,  t o  s e e  i f  a c t i v e  v i r a l  production 

a f f e c t s  t h e  e x t e n t  of r e p a i r  a f t e r  UV damage. 

2 

Damage by W l i g h t  would n o t  be  e f f ec t ed  by d i f f e r e n t i a l  

I n  t h e s e  experiments,  both t h e  incubat ion  medias and t h e  wash media 

included f e t a l  c a l f  serum, so  the  d i f f i c u l t i e s  w i t h  c e l l  l o s s  encountered 

i n  t h e  UV experiments were avoided. 

The procedure followed was very  similar t o  t h a t  desc r ibed  above. 

The major d i f f e r e n c e  was t h a t  a f t e r  t h e  pre incubat ion  f o r  1 h r  i n  media 

con ta in ing  10 hf FUdR and 5 x lom6 M BrUdR, the  c e l l s  were cent r i fuged  

and resuspended i n  BrUdR-FUdR media con ta in ing  e i t h e r  0, M, M, 

-6 
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Table 4 

Repair  Rep l i ca t ion  of Human Lymphoblastoid Cell  DNA a f t e r  
Acute (1 h r )  Treatment with Methyl blethanesulfonate (WlS) : 

Concentration Dependence 

MMS Concentrat ion WIL2-A3 . Raj i  
(Mo 1 a r i t  y )  dpm/ clg dpm/ clg 

-- Control  5 

M 57 1 

M 44 29 

M 403 67 

I 0 4  I559 



. . 

o r  lo” b l  methyl methanesulfonate  (bIMS). After an a d d d i t i o n a l  1 h r  of 

incubat ion ,  t h e  c e l l s  were again cen t r i fuged ,  washed one time i n  f r e s h  

media with f e t a l  c a l f  serum by c e n t r i f u g a t i o n  and a s p i r a t i o n ,  and 

then  resuspcnded i n  r e p a i r  r e p l i c a t i o n  l a b e l i n g  media f o r  a 3 h r  

incubat ion .  

BrUdR-FUdR media f o r  one h r .  

They were then washed one t ime and aga in  incubated  i n  

n e  r e s u l t s  o f  t h e s e  experiments a re  summarized i n  F igu re  8 and 

i n  Table 4.  

i n  t h e  e x t e n t  of r e p a i r  r e p l i c a t i o n  occurr ing  i n  dpm/pg between the  

WIL -A3 and t h e  Raji l i n e s  a t  an MMS concen t r a t ion  o f  lom3 M: 

be r e p e a t i n g  t h e s e  experiments i n  t h e  

range t o  v e r i f y  t h i s  observat ion;  t h e  DNA y i e l d  of  t h e  

p o i n t  was lower than  expected. 

r e p a i r  r e p l i c a t i o n  observed i n  t h e s e  experiments as performed is  of 

DNA damage remaining a t  the  end of t h e  1 hr acu te  t rea tment .  

damage can be a func t ion  of a number of v a r i a b l e s ,  i n c l u d i n g  d i f f e r e n t  

e n t r y  ra tes  of  t h e  chemical i n t o  t h e  c e l l ,  d i f f e r e n t  deg rees  of  the 

chemical r each ing  t h e  chromosomes i n  the  c e l l  because o f  d i f f e r e n t  

e x t e n t s  of compet i t ion  f o r  the  hlMS by c e l l u l a r  cytoplasmic and nuceo- 

plasmic biochemicals ,  d i f f e r e n t  e x t e n t s  of a v a i l a b l e  DNA unprotected 

by h i s t o n e s ,  a c i d i c  p r o t e i n s ,  chromosomal RNA, e t c .  Any f u r t h e r  

e l u c i d a t i o n  of t h e s e  mechanisms w i l l  awai t  our  r e p e t i t i o n  o f  t hese  

experiments.  

chemical t r ea tmen t  of t h e  two c e l l  l i n e s ,  i n  c o n t r a s t  t o  our  r e s u l t  

a f t e r  UV t r ea tmen t ,  l ends  s p e c i a l  interest t o  t h e  DNA/DNA Cot s t u d i e s  

we w i l l  be performing during the  l a t t e r  p a r t  of t h e  1st c o n t r a c t  year 

These r e s u l t s  i n d i c a t e  a p o s s i b l y  s i g n i f i c a n t  d i f f e r e n c e  

We w i l l  

t o  10’’ M MMS concent ra t ion  
2 

M WIL2-A3 

I t  must be remembered t h a t  t h e  f i n a l  

This 

The very  f a c t  t h a t  we have observed a d i f f e r e n c e  a f t e r  

( 0 4 f S b Q  



-3  
of  t h i s  proposal  wi th  ce l l s  t r e a t e d  wi th  10 

pe r iods .  

r e p l i c a t i o n  of r e s i d u a l  damage occur r ing  a f t e r  t rea tment  with l@tS 

i s  i n  any way d i f f e r e n t  from r e p a i r  r e p l i c a t i o n  occurr ing  dur ing  

exposure t o  t h e  chemical agent ;  t h i s  w i l l  be  accomplished by incuba- 

t i o n s  with MMS i n  t h e  presence  o f  t h e  r e p a i r  r e p l i c a t i o n  l a b e l i n g  

media. 

M M1S f o r  extended time 

I t  i s  a l s o  ou r  i n t e n t i o n  t o  i n v e s t i g a t e  i f  t h e  r e p a i r  

Repair Rep l i ca t ion  i n  IVIL2-A3 and Raji Cel ls  a f t e r  Acute Treatment with 

Ben zo ( a )  pyrene (BaP) 

I n  t h e s e  experiments,  t h e  r e p a i r  r e p l i c a t i o n  p ro toco l  employed 

One was e s s e n t i a l l y  t h e  same as descr ibed  above f o r  MMS t reatment .  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  procedure i s  t h e  prepara t ion  of  t h e  

chemical con ta in ing  medias; i n  t h e  blMS s tudy ,  t he  water s o l u b l e  MMS 

was d i l u t e d  i n  s t e r i l e  s a l i n e  be fo re  a d d i t i o n  i n  equal  a l i q u o t s  t o  t h e  

BrUdR-FUdr media. In  t h e  BaP s tudy,  it is  f irst  necessary t o  d i s s o l v e  

t h e  BaP i n  an o rgan ic  so lven t .  

d i s s o l v i n g  5 mg of BaP (Sigma o r  Eastman Kodak) i n  1 m l  of g l a s s  

For t h i s  purpose, we employed acetone,  

d i s t i l l e d  acetone.  

our  biohazard hood t o  100 m l  of BrUdR-FUdR media y i e ld ing  a concen- 

This  was then  added dropwise with s w i r l i n g  i n  

t r a t i o n  of  SO pg/ml BaP. 

made t o  y i e l d  f i n a l  BaP concen t r a t ions  of 5 and 0.5 pg/ml. We 

repea ted ly  observed, upon a d d i t i o n  of BaP i n  acetone, t h e  immediate 

S e r i a l  d i l u t i o n s  of 1 : l O  i n  media were 

formation of a f i n e  p r e c i p i t a t e  i n  t h e  media; t h i s  was found n o t  t o  

be due t o  t h e  ace tone  c a r r i e r ,  bu t  r a t h e r  t o  the  BaP, t h e  l a t t e r  

presumably i n t e r a c t i n g  with serum p r o t e i n .  The results of our  r e p a i r  



r e p l i c a t i o n  experiments f o r  both the  Ra j i  c e l l s ,  based on dpm/pg, 

and t h e  WIL2-A3 ce l l s  based on t h e  g r a d i e n t  p r o f i l e s  ( f i n a l  resul ts  

are awai t ing  repair  of  t h e  s p e c t r o f l u o r i m e t e r ) ,  i n d i c a t e  t h a t  no 

s i g n i f i c a n t  repair  r e p l i c a t i o n  i s  occur r ing  under the  1 h r  acu te  

t rea tment  procedure of t h i s  experiment. 

There a r e  s e v e r a l  p o s s i b l e  reasons  f o r  t h i s  r e s u l t :  (a) The 

BaP i s  removed from s o l u t i o n  i n  the  f i n e  p r e c i p i t a t e ,  and cannot 

e n t e r  t h e  c e l l  a t  a h igh  enough concen t r a t ion  t o  damage enough DNA 

so t h a t  r e p a i r  can be de t ec t ed .  

of BaP remaining i n  s o l u t i o n  during the  cour se  of  our  experiments 

us ing  spec t ro f luo romet r i c  scanning techniques  a f t e r  removing t h e  

f i n e  p r e c i p i t a t e .  We have a l r eady  i n i t i a t e d ,  i n  conjunct ion with 

another  p r o j e c t ,  a s tudy  t o  determine whether e thanol  o r  DMSO would 

be a b e t t e r  so lven t  f o r  t h e  BaP i n  terms of reducing the  amount 

of  p r e c i p i t a t e .  

fac t  t h a t  t h e  BaP which does e n t e r  t h e  c e l l  must be metabolized t o  

an  a c t i v e  form be fo re  i t  can damage t h e  DNA; i .e . ,  t h e  pre-carcinogen, 

benzo(a)pyrene, must be metabolized t o  an u l t ima te  carcinogen, e.g., 

3-hydroxybenzo(a)pyrene o r  6-hydroxybenzo(a)pyrene, before  it can 

damage t h e  DNA. 

and t h e r e f o r e  i t s  DNA damaging p o t e n t i a l  would be dependent on the  

l e v e l  of t h e  enzyme a r y l  hydrocarbonhydroxylase, with t h e  l a t t e r  being 

p resen t  i n  human lymphocytes on a g e n e t i c a l l y  determined b a s i s .  Since 

t h e  l e v e l  of  AHH can be increased  by induct ion ,  i .e . ,  by t rea tment  of 

ce l l s  with benz(a)anthracene o r  3-methylcholanthrene, o r  by incubat ion  

We w i l l  be i n v e s t i g a t i n g  t h e  ex ten t  

(b) A very  s t rong  p o s s i b i l i t y  i s  r e l a t e d  t o  t h e  

I f  t h i s  i s  t h e  case ,  t h e  r a t e  of metabolism of  BaP 



with  benzo(a)pyrene i t s c l f ,  it becomes p o s s i b l e  t o  a t tempt  t o  inc rcasc  

t h e  amount o f  DNA damage arid the re fo re  r e p a i r  i n  two ways; (1) 

t h e  c e l l s  wi th  t h e  prc-carcinogen bento (a)pyreiie i n  the  presence of 

Trea t  

t h e  r e p a i r  r e p l i c a t i o n  l abe l  f o r  an extended pe r iod  of t ime, allowing 

r e p a i r  r a d i o a c t i v i t y  t o  slowly accumulate i n  t h e  DNA over t h e  e n t i r e  

i ncuba t ion  pe r iod ,  o r  (2) pre- incubate  t h e  c e l l s  wi th  a lower concen- 

t r a t i o n  of an AHH inducer ,  f o r  an extended pe r iod  of time (1-2 days) ,  

be fo re  cha l l eng ing  f o r  a s h o r t e r  per iod of time (e.g., 5 h r s )  with t h e  

h ighe r  concen t r a t ion  of BaP i n  the  presence of  t h e  r e p a i r  l a b e l .  

p re l imina ry  experiment of t h i s  type,  which included an 18 h r  induct ion 

pe r iod  wi th  3-methylcholanthrene followed by a 1 h r  acu te  t rea tment  

wi th  50 pg/ml BaP has been attempted; the f i n a l  r e s u l t s  are riot ye t  

a v a i l a b l e .  A s  p rev ious ly  ind ica t ed ,  we a l r e a d y  p lan  t o  modify t h e  

experimental  p ro toco l  from t h e  acute  t rea tment  t o  allow more time f o r  

i nduc t ion  and metabolism. 

A 

C . Procedura 1 Modif icat ions 

In our  more r ecen t  experiments,  we have not  been performing 

n e u t r a l  C s C l  g r a d i e n t s  i n  t h e  p u r i f i c a t i o n  of normal d e n s i t y  r e p a i r  

r e p l i c a t e d  DNA , b u t  i n s t ead  have been performing two sequen t i a l  a l k a l i  

CsC1-Cs  SO g r a d i e n t s  t o  remove any a r t i f a c t u a l l y  bound r a d i o a c t i v i t y  ( 3 ) .  

This  procedure,  which reduces our c e n t r i f u g a t i o n  time by 1/3 and C s C l  

2 4  

u t i l i z a t i o n  by 1/3,  w i l l  be s tandard i n  our  f u t u r e  work. 

Add i t iona l ly ,  we have found t h a t  while  we obta in  e x c e l l e n t  

recovery of  n a t i v e  DNA a f t e r  c e n t r i f u g a t i o n  i n  C s C l  and d i a l y s i s ,  we 

are a b l e  t o  recover  only  approximately 33% of denatured DNA a f t e r  each . 

t 0 4 1 S b 3  



a lka  1 i C sC1 -Cs *SO4 g r a d i e n t  c c n t r i  fuga t  ion.  

p e l l c t i n g  of t h e  pooled CsCl-Cs2S04 f r a c t i o n s  contai l l ing normal 

dens i ty  DNA upon d i l u t i n g  w i t h  d i s t i l l e d  water,  a d j u s t i n g  t h e  pli t o  

n e u t r a l i t y ,  and c e n t r i f u g i n g  a t  40,000 rpm f o r  16 h r s  a l s o  resu l t s  

i n  only approximately 30% recovery.  

a l k a l i  g rad ien t s ,  we t h e r e f o r e  no longer in tend  t o  d i a lyze ,  bu t  

r a t h e r  add the  a p p r o p r i a t e  DNA containing pooled CsCl-Cs2S04 s o l u t i o n  

d i r e c t l y  t o  s o l u t i o n  f o r  t h e  second a l k a l i  g rad ien t .  

necessary f o r  u s  t o  d i a l y z e  a f t e r  t h e  second g rad ien t ,  s i n c e  we must 

determine the  s p e c i f i c  a c t i v i t y  of t h e  r e p a i r  r e p l i c a t e d  DNA i n  dpm/pg 

before  adding he tero logous  DNA f o r  shear ing and maximum recovery a s  

descr ibed below. 

We havc Jetermined t h a t  

Between the  f irst  and second 

I t  i s  s t i l l  

In determining t h e  DNA concent ra t ion ,  i n  pg/ml,  we no longer  r e l y  

on t h e  c o l o r i n e t r i c  diphenylamine procedure,  which i s  not  appropr i a t e  

f o r  low DNA concen t r a t ions .  

f ac to ry  f o r  a l k a l i  dena tured  and dialyzed DNA. Ins tead ,  we now 

regu la r ly  use t h e  diaminobenzoic ac id  spec t ro f luo r ime t r i c  technique (4), 

which i s  not a f f e c t e d  by dena tu ra t ion ,  and which can measure abso lu te  

DNA amounts as low a s  0.1 pg. 

Optical  dens i ty  readings  a r e  not  s a t i s -  

Procedurc f o r  the  Determination of Reassociat ion (Cot) Curves. 

A new procedure h a s  been developed f o r  processing D N A s  i n  pre-  

pa ra t ion  for  t h e  de t e imina t ion  of t h e i r  r eas soc ia t ion  (Cot) pa t t e rns .  

In  t h i s  procedure we are  a l s o  s t r i v i n g  t o  l i m i t  t he  number of mani- 

pu la t ions  o f  t h e  DNA and thereby ini i i imize losses .  This  i s  an e s s e n t i a l  



requirement because of the limited quantities and often low specific 

activities of repair replicated D N A s .  

As indicated above, the dialysis of the second alkali gradient 

fractions will result in a considerable loss of DNA; this step is 

still essential as the DNA specific activity must subsequently be 

determined. After this is done, the procedure is as follows: Two 

volumes of glycerol are added to the dialyzed experimental DNA, along 

with sufficient unlabeled carrier DNA to give a final concentration 

of approximately 200 pg/ml. 

the original sample into two parts. 

In future experiments, we plan to split 

In one part unrelated E. coli 

DNA will be used as carrier. This will prevent nonspecific adsorption 

t o  hydroxyapatite. To the second part unlabeled homologous DNA will 

be added in sufficient quantities to not only prevent adsorption, but 

also to elevate the DNA concentration to permit attainment of high 

Cot values. 

In the second step of o u r  procedure the mixture is homogenized 

in a small 5 ml virtis homogenizer flask for 30 min at 50,000 rpm to 

shear the mixture of labeled and unlabeled DNA. 

been employed to reproducibily generate low molecular weight fragments 

of DNA. We have not measured the size distribution of sheared DNA in 

this laboratory but we plan to do so. 

This procedure has 

At the completion of shearing, the third and final preparative 

step prior to hydroxyapatite fractionation is performed. 

two volumes of ethanol is added t o  the DNA mixture, along with ,02 

In this step 



volumes of a c e t a t e  bu f fe r .  

p r e c i p i t a t e  i s  c o l l e c t e d  by c e n t r i f u g a t i o n .  

resuspenced i n  0.12 Fl phosphate b u f f e r .  

procedure a c h e l a t i n g  agent  was n o t  included i n  t h e  phosphate  b u f f e r  

i n  o r d e r  t o  be a b l e  t o  monitor t h e  absorbance p r o f i l e s  of hydroxyapat i te  

columns. 

as a c h e l a t o r  o r  pass  t h e  samples over  chelex-100 i n  o r d e r  t o  prevent  

e r roneous  Cot p a t t e r n s  due t o  contamination by t r a c e  metal  i ons .  

of t h e  s t e p s  i n  t h i s  procedure,  i nc lud ing  shear ing  p r e c i p i t a t i o n  and 

metal ion  removal a r e  those  recommended by R. J .  B r i t t e n ,  D. E. Graham, 

and B. R. Neufeld (Flethods i n  Enzymology, i n  p r e s s ) .  

After s tanding  f o r  30 min a t  0-4' C,  t h e  

P e l l e t s  o f  DNA are then 

I n  t h e  i n i t i a l  t e s t  o f  t he  

I n  subsequent experiments  we s h a l l  e i t h e r  use  0,002 M EDTA 

Most 

The DNA concent ra t ion  of samples i s  aga in  determined i n  o rde r  t o  

c a l c u l a t e  t h e  s p e c i f i c  a c t i v i t i e s  of 14C-  and H-labeled semi-conservat ive 

and r e p a i r  r e p l i c a t e d  D N A s ,  Such a de te rmina t ion  a l s o  pe rmi t s  u s  t o  

c a l c u l a t e  t h e  o v e r a l l  recovery  of DNA, from t h e  process ing  of cesium 

f r a c t i o n s  through t h e  shea r ing  and p r e c i p i t a t i o n  s t e p s ,  

3 

Samples a t  t h i s  po in t  are ready f o r  process ing  f o r  HAP f r a c t i o n a t i o n .  

Appropriate  a l i q u o t s  are taken  f o r  each poin t  on t h e  Cot curve. 

from t h e  sample conta in ing  E .  c o l i  will be t aken  f o r  low Cot po in t s .  

Those from t h e  samples con ta in ing  unlabeled homologous DNA will be taken 

f o r  h igh  Cot p o i n t s  and s u f f i c i e n t l y  d i l u t e d  t o  a l s o  provide  t h e  i n t e r -  

mediate poin ts .  

a b o i l i n g  water ba th ,  

b a t h  f o r  a s u f f i c i e n t  time t o  reach the  d e s i r e d  Cot va lue .  

then  separated i n t o  s i n g l e  and double s t randed  f r a c t i o n s  i n  o rde r  t o  

Those 

A l l  p o i n t  samples a r e  then  heated f o r  10 minutes i n  

These are then  immediately immersed i n  a 60' C 

Samples a r e  

I 0 4  1 5 b b  



determine t h e  csteiit of  r e a s s o c i a t i o n .  We have chosen t o  USC t h e  

column method f o r  f r a c t i o n a t i o n  r a t h e r  t han  t h e  batch method used 

previously.  

advantage. 

The column method may be u t i l i z e d  t o  cons iderable  

For .one t h i n g ,  t h e  s h o r t  pe r iod  o f  time r equ i r ed  t o  

adsorb samples t o  HAP may bc f u r t h e r  decreased  by applying p res su re  

t o  the  columns. Thus ve ry  low Cot va lues  a r e  a t t a i n a b l e  and d i f f e r e n c e s  

between r e p a i r  and semi-conservat ively l abe led  DNA p a t t e r n s  i n  t h i s  

region may be eva lua ted .  

t o  process  t h e  low Cot ( I ' O  time") po in t  and a l s o  t o  determine i f  t h e  

To determine t h e  length  of time requi red  

column arrangement was performing s a t i s f a c t o r i l y ,  two sample p o i n t s  

were t e s t e d  i n  which dpm and AZb0 of t h e  column e l u a t e  f r a c t i o n s  were 

measured, Table  5 i n d i c a t e s  t h a t  a low Cot va lue  of approximately 10 

may be achieved because t h e  time i n t e r v a l  between removal from the  

- 4  

bo i l ing  water ba th  and adsorp t ion  t o  the  column i s  minimized t o  one 

o r  two minutes. Two o t h e r  important f e a t u r e s  a r e  i l l u s t r a t e d  by 

Table 5. First ,  even wi th  high pressure  e l u t i o n ,  both r a d i o a c t i v i t y  

and absorbance d e c l i n e  t o  background a f t e r  each wash. Secondly, a 

t o t a l  of 10 m l  i s  s u f f i c i e n t  t o  e l u t e  t h e  DNA with both 0.12 M PB and 

0.40 M PB washes a t  t h i s  input .  This i n d i c a t e s  t h a t  i n  f u t u r e  exper i -  

ments it w i l l  on ly  be necessary  t o  c o l l e c t  10 m l  a l i q u o t s  of both 

washes f o r  a l l  p o i n t s .  

determine t h e  t o t a l  dpm i n  each f r a c t i o n .  

Aliquots  of t h e s e  w i l l  then be counted t o  

To f u r t h e r  t e s t  whether t h e  

columns were f r a c t i o n a t i n g  properly,  L-929 DNA i n  t h e  n a t i v e  form r a t h e r  

than r eas soc ia t ed  DNA was loaded onto a column and exhaus t ive ly  washed 

with 0.12 PB and 0.40 M PB. Native DNA was recovered exc lus ive ly  i n  t h e  

0.40 hl PB f r a c t i o n ,  t hus  i n d i c a t i n g  t h a t  t h e r e  i s  no overlapping of  double 



Table 5 

3 F r a c t i o n a t i o n  of 11-TdR Labeled L-929 DNA by HAP Column Chromatography 

Cot = .68 x 

0.12 MPB 0.40 MPB 

A260 dPm 

1. .030 
2. . 177 
3. 2.492 
4. 2.896 
5 .  1.092 
6. .409 
7. . 280 
8. .150 
9. .018 
10. .ooo 

0 
185 

2287 
491 
736 
26 1 
107 
64 
37 
28 

0.12 MPB 

A260 dPm 

1. 
2. 
3. 
4. 
5 .  

7. 
8. 
9. 
10. 

6 .  

. 032 . 180 
2.159 
2.212 

-716 
.233 
. l o4  . 052 . 032 
.018 

co t  = 0.05 

*260 dPm 

000 
-041 
.446 
. l o 4  . 025 . 000 . 000 . 000 
.ooo 
.ooo 

0 
90 

425 
96 
58 

0 
0 
0 
0 
0 

0.40 MPB 

A260 dPm 

0 
119 

1661 
1086 
530 
168 
65 
26 
6 
3 

.002 

.216 

.807 . 245 . 073 . 043 
,013 . 006 . 004 
.002 

0 
180 
674 
127 

4 3  
27 
18 

5 
0 
0 



s t r anded  DNA i r i  t h e  s i n g l e  s t r and  0.12 I t  PB wash. 

p rog res s  i n  which we s h a l l  determine p a t t e r n s  o f  r e a s s o c i a t i o n  from 

t o  10 Cot v a l u e s  for semi-conservat ivcly s p t h e s i z c d  DNAs by the  pro- 

cedure o u t l i n e d .  I n i t i a l  de t e rn ina t ions  f o r  r e p a i r  r e p l i c a t e d  D N A s  will 

inc lude  va lues  from loe4  t o  lo2 ,  but u l t i m a t e l y  we s h a l l  a l s o  s t r i v e  t o  

determine p a t t e r n s  over  t he  f u l l  Cot range f o r  t h o s e  D N A s .  

Experiments a r e  now i n  

4 

One of  t h e  major advantages of t h e  column method over  t h e  batch 

method o r i g i n a l l y  proposed i s  t h a t  when t h e  amount of r e p a i r  r e p l i c a t i o n  

r a d i o a c t i v i t y  (dpm/pg) i s  low, la rge  volumes a t  low DNA concent ra t ions  

can be used t o  o b t a i n  low Cot values .  

These DNAIDNR Cot procedural  changes a r e  be ing  performed w i t h  t he  

c o l l a b o r a t i o n  of D r .  William Thornburg of t h e  Southwest Foundation f o r  

Research and Education s t a f f ,  using the  column appa ra tus  shown i n  the  

accompanying photograph. 

11. Compliance wi th  t h e  Cont rac t  Requirements 

The i n i t i a l  p roposa l  l i s t e d  nine aims t o  be  accomplished over a t h ree  

year  pe r iod  of s tudy .  As i n d i c a t e d  above, we a re  well underway i n  terms 

of understanding and developing appropr ia te  exposure p r o t o c o l s  and radio- 

l a b e l i n g  cond i t ions  f o r  i nc reas ing  the s e n s i t i v i t y ,  i n  terms of  t h e  amount 

of r e p a i r  r e p l i c a t i o n  r a d i o a c t i v i t y  incorporated,  o f  t h e  t h r e e  c e l l  systems 

c u r r e n t l y  under s tudy.  The expansion of t he  s tudy  i n t o  o t h e r  ce l l  l i l ies ,  

e i t h e r  p rev ious ly  l i s t e d  o r  p e r t i n e n t  t o  e s t a b l i s h i n g  more s i g n i f i c a n t  

b i o l o g i c a l  r c l a t i o n s h i p s ,  will be descr ibed below f o r  t h e  remainder of t h i s  

c o n t r a c t  pe r iod ,  and i n  t h e  renewal proposal f o r  subsequent study. 





The i n i t i a l  studies have a l s o  been l imi t ed  i n  terms of the  number of 

agents  t e s t e d ;  a s  was ind ica t ed  e a r l i e r ;  t h e  t h r c c  agents  a l r eady  under 

s tudy have d i f f e r e n t  c h a r a c t e r i s t i c s  r e l a t i v e  t o  t h e i r  e n t r y  i n t o  the  

c e l l  and damage p o t e n t i a l  of  DNA. The reasons  f o r  t h e  choice  of chemical 

carcinogeiis t o  be s tud ied  during t h e  remainder of t h i s  c o n t r a c t  term, and 

extended i n t o  t h e  nex t ,  w i l l  be descr ibed  below. 

The pre l iminary  information descr ibed  above i s  t o  be repor ted  a t  the 

May 1975 meeting of t h e  Radiat ion Research Socie ty  (see a t t ached  a b s t r a c t ) ;  

t h e  s t u d i e s  a r e  now a t  a s t age  where DNA/DNA Cot s t u d i e s  of t h e  r e p e t i t i o u s  

d i s t r i b u t i o n  of r epa i r ed  DNA w i l l  be determined. 

111. Percentage E f f o r t  o f  P r i n c i p a l  I n v e s t i g a t o r  

D r .  Martin L. Meltz,  Associate  Foundation S c i e n t i s t  and P r inc ipa l  

I n v e s t i g a t o r ,  i s  devot ing 50% of h i s  time t o  t h i s  p r o j e c t .  

remainder of  h i s  time has been appl ied  t o  development i n  h i s  labora tory  of 

t h e  L5178Y mutation assay  system. 

renewal proposa l ,  D r .  b f e l t z  w i l l  begin s t u d i e s  of  t h e  r e p a i r  r e p l i c a t i o n  

occurr ing  i n  t h i s  L5178Y c e l l  l i n e  a s  it r e l a t e s  t o  mutation r a t e  and 

s u r v i v a l  a f t e r  t rea tment  with known mutagens. 

P a r t  of the  

A s  w i l l  be descr ibed  i n  t h e  assoc ia ted  

IV.  Probable Events during Remainder of  t h e  Curren t  Cont rac t  Term 

I n  a d d i t i o n  t o  v e r i f i c a t i o n  and expansion of  t he  ind iv idua l  s tud ie s  

as descr ibed  above, and performance of t h e  DNA/DNA Cot s t u d i e s  r e l a t e d  t o  

these  i n v e s t i g a t i o n s  , we w i l l  i n i t i a t e  s t u d i e s  of UV-induced r e p a i r  r e p l i c a t i o n  



i n  E D 3  B u r k i t t ' s  lymphoma c e l l s ,  111-38 lung f i b r o b a s t s ,  and s k i n  f i b r o b a s t s  

from i n d i v i d u a l s  of d i f f e r e n t  ages. The c e l l  l i n e s  ob ta ined  w i l l  be 

i n i t i a t e d  a t  two-month i n t c r v a l s ,  so a s  t o  a l low i n i t i a t i o n  of r e p a i r  

s t u d i e s  wi thout  becoming overloaded with maintenance of  c e l l  l i n e s .  The 

development of t he  program, i n  terms of ce l l  l i n e s  being s t u d i e d ,  w i l l  

have t o  extend i n t o  t h e  second con t r ac t  year .  

The s tudy  of  r e p a i r  r e p l i c a t i o n  i n  E B  c e l l s  i s  of  i n t e r e s t  3 

r e l a t i v e  t o  t h e  s t u d i e s  underway w i t h  t he  non-virus  producing "normal" 

and Raji  lymphoblastoid c e l l  l i n e s ;  the \VI-38 lung f i b r o b l a s t s  a r e  of 

importance,  s i n c e  they  a r e  of lung o r i g i n ,  r e l a t i v e  t o  s t u d i e s  with 

benzo(a)pyrene,  a common atmospheric p o l l u t a n t ,  and t h e  s k i n  ce l l s  of 

people  of  d i f f e r e n t  ages a r e  of import r e l a t i v e  t o  a l t e r e d  response t o  

UV and chemical induced damage, e s p e c i a l l y  i n  t h e  l a t t e r  case  where 

metabolism might be involved. 

Only one a d d i t i o n a l  chemical i s  proposed f o r  s tudy  dur ing  t h e  

remainder of  t h i s  c o n t r a c t  term; t h i s  i s  4-nitroquinoline-l-oxide, which 

appa ren t ly  r e q u i r e s  me tabo l i t e  a c t i v a t i o n  be fo re  damaging DNA, but  which, 

i n  c o n t r a s t  t o  benzo(a)pyrene, i s  apparent ly  water so lub le .  S tud ie s  w i t h  

o t h e r  carcinogens w i l l  be defer red  t o  the second year  of t h i s  p r o j e c t  (see 

renewal proposal  f o r  d i scuss ion  of choice of carc inogens  f o r  s tudy) .  
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"Repair Repl ica t ion  and i t s  D i s t r i b u t i o n  i n  "Normal" and Cancerous 

Human Lyniphoblastoid Ce l l  Lines Af t e r  Physical  and Chemical Damage." 

Martin L. b Ie l tz  and William H .  Thornburg*, 

Southwest Foundation f o r  Research and Education, san Antonio, 

Texas 78284 

A comparison w i l l  be presented of t h e  a b i l i t y  of a presumptive "normal" 

human lymphoblastoid ce l l  l i n e ,  t h e  NIL  -A3 l i n e ,  and t h e  cancerous B u r k i t t ' s  2 

Lymphoma Raji l i n e  t o  r e p a i r  damage t o  t h e i r  DNA a f t e r  u l t r a v i o l e t  l i g h t ,  

a l k y l a t i n g  agent  (methyl methancsulfonate)  and benz (a)pyrene t rea tment .  

ex t en t  of r e p a i r  a f t e r  u l t r a v i o l e t  l i g h t  induced damage appears s l i g h t l y  

g r e a t e r  i n  t h e  \VIL2-A3 l i n e  a t  a very  h igh  UV dose, as measured by dpm/pg 

of incorpora ted  'H-BrUdR i n t o  p r e e x i s t i n g  DNA. 

The 

The benz(a)pyrene, i n  c o n t r a s t  t o  MMS, presumably must be metabolized 

t o  an a c t i v e  form i n  order  t o  damaze DNA. 

occu r r ing  upon BaP t reatment ,  i n  c e l l s  i n  which an at tempt  i s  made t o  pre-  

induce a r y l  hydrocarbon hydroxylase a c t i v i t y ,  will be repor ted .  

d i s t r i b u t i o n  of r e p a i r  r e p l i c a t e d  DNA (DNA/DNA Cot va lues)  w i l l  be r epor t ed  f o r  

t h e  two c e l l  l i n e s .  

The ex ten t  of r e p a i r  r e p l i c a t i o n  
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