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SUMMARY: M. L. Minthorn,  Jr. 

T h i s  c o n t r a c t  h a s  supported a v a r i e t y  of s t u d i e s  aimed a t  a s s e s s i n g  
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 l i v i n g  systems and t h e i r  components. 
During the  f i r s t  e l e v e n  y e a r s  of t he  c o n t r a c t ,  t h e  r e s e a r c h  e f f o r t  
c o n s i s t e d  d two u n r e l a t e d  a c t i v i t i e s :  ( a )  a n  ep idemio log ica l  s tudy  
(by Dr. Hempelmann) on the  inc idence  of leukemia i n  a popu la t ion  of 
humans who had been exposed i n  ch i ldhood t o  i o n i z i n g  r a d i a t i o n  f o r  
medical r e a s o n s  and ( b )  a s e r i e s  of biochemical  s t u d i e s  on r a d i a t i o n  
e f f e c t s  a t  t h e  molecu la r  l e v e l ,  conducted by a s s o c i a t e s  of  D r .  Hempelmann. 
About seven y e a r s  ago ,  suppor t  of the  ep idemio log ic  s tudy  w a s  t r a n s f e r r e d  
t o  Rad H e a l t h  (USPHS) and, s i n c e  t h a t  t ime,  t he  c o n t r a c t  h a s  supported 
on ly  a b a s i c  program i n  molecular  r a d i a t i o n  b io logy  d i r e c t e d  by D r .  S. 
Okada. However, D r .  Hempelmann h a s  r e t a i n e d  t h e  t i t l e  of P r i n c i p a l  
I n v e s t i g a t o r  and h a s  cont inued  t o  c o n t r i b u t e  t o  t h e  program ( a d m i n i s t r a t i v e l y ) .  

A f t e r  comple t ing  ongoing s t u d i e s  on r a d i a t i o n  i n a c t i v a t i o n  of DNase I 
and e f f e c t s  of r a d i a t i o n  on the  b i o s y n t h e s i s  of DNA i n  r e g e n e r a t i n g  r a t  
l i v e r ,  D r .  Okada o r i e n t e d  h i s  e n t i r e  r e s e a r c h  e n t e r p r i s e  around the  
r a d i a t i o n  b i o l o g y  of c u l t u r e d  mouse leukemia c e l l s  ( F i s c h e r  L 5178 Y c e l l s ) .  
Cons iderable  t ime and e f f o r t  was spen t  i n  p r e l i m i n a r y  work t h a t  was r e q u i r e d  
t o  become f a m i l i a r  w i t h  the  c h a r a c t e r i s t i c s  of t h e s e  mammalian c e l l s ,  t o  
work o u t  expe r imen ta l  p rocedures ,  and t o  o b t a i n  b a s e l i n e  d a t a .  
D r .  Okada e s t a b l i s h e d  a v igo rous ,  v a r i e d ,  and p roduc t ive  program aimed a t  
e l u c i d a t i n g  medhanisms whereby v a r i o u s  d o s e s  of i o n i z i n g  r a d i a t i o n  damage 
o r  k i l l  the  L 5178 Y c e l l s  i n  v i t r o .  Among o t h e r  t h i n g s ,  t h i s  e f f o r t  
e n t a i l e d  the  s t u d y  of t h e  f o l l o w i n g :  t h e  na tu re  and cause of r a d i a t i o n -  
induced r e p r o d u c t i v e  d e a t h  and r ad ia t ion - induced  i n t e r p h a s e  d e a t h ;  
r a d i o s e n s i t i v i t y  of the  c e l l s  a t  v a r i o u s  s t a g e s  of t he  c e l l  c y c l e ;  
the  r e l a t i v e  k i l l i n g  e f f i c i e n c y  of i n t r a c e l l u l a r  t r i t i u m  incorpora ted  
i n t o  DNA, RNA, or p r o t e i n s  ( c e l l  s u i c i d e  e x p e r i m e n t s ) ;  DNA r e p l i c a t i o n  
and c h a r a c t e r i s t i c s  of the r e p l i c a t i n g  u n i t  or r e p l i c o n ;  e f f e c t s  of 
r a d i a t i o n  on DNA b i o s y n t h e s i s  and DNA s t r u c t u r e ;  r e p a i r  of r a d i a t i o n -  
damaged DNA molecu le s ;  e f f e c t s  of r a d i a t i o n  on RNA b i o s y n t h e s i s  and 
RNA s t r u c t u r e ;  enzyme b i o s y n t h e s i s  a t  d i f f e r e n t  t imes  i n  t h e  c e l l  
cyc le  and e f f e c t s  t h e r e o n  of  r a d i a t i o n ;  and r a d i a t i o n  e f f e c t s  on 
c e l l  membranes. The m a i n  emphasis ,  however, has a lways  c e n t e r e d  on DNA. 
s t r u ' c t u r e ,  f u n c t i o n ,  and b i o s y n t h e s i s  a s  a f f e c t e d  by i o n i z i n g  r a d i a t i o n .  

T h e r e a f t e r ,  

-- 
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During the  p a s t  y e a r ,  D r .  O k a d a ' s  r e s e a r c h  team completed work on 
the  fo l lowing  s t u d i e s ,  a l l  of which involved use of c u l t u r e d  L 5178 Y c e l l s :  
( 1 )  e f f e c t s  of cysteamine and cystamine on normal DNA s y n t h e s i s  and on 
r ad ia t ionLinduced  breakage and r e  j o i n i n g  of DNA (Dr .  Sawada), ( 2 )  
q u a n t i t a t i v e  a s p e c t s  of t h e  p rocess  l e a d i n g  t o  t h e  r e j o i n i n g  of s i n g l e -  
s t r a n d  b reaks  i n  DNA (Dr. Okada), ( 3 )  s y n t h e s i s  of DNA-hybridizable 
RNA i n  normal and X - i r r a d i a t e d  c e l l s  ( M r .  Mel tz ) ,  and (4) i n t e r p h a s e  
d e a t h  of i r r a d i a t e d  c e l l s  and d e a t h  of c e l l s  (bo th  i r r a d i a t e d  and 
u n i r r a d i a t e d )  i n  t h e  s t a t i o n a r y  phase of growth (Mr. Golds t e in ) .  

The work w i t h  cysteamine and cystamine e s t a b l i s h e d  t h a t  t he  former i s  
t o x i c  a t  low c o n c e n t r a t i o n s  (0.5mM). A t  t h i s  c o n c e n t r a t i o n ,  cysteamine 
induces  s i n g l e - s t r a n d  b r e a k s  i n  DNA ( i n  both  i r r a d i a t e d  and u n i r r a d i a t e d  
c e l l s ) ,  d e p r e s s e s  DNA b i o s y n t h e s i s ,  and r educes  t h e  r a t e  of r e j o i n i n g  
of r ad ia t ion - induced  s i n g l e - s t r a n d  b reaks  i n  DNA. A t  h ighe r  c o n c e n t r a t i o n s ,  
cysteamine p r o t e c t s  DNA a g a i n s t  r ad ia t ion - induced  s i n g l e  and double- 
s t ra f id  breaks .  Cystamine w a s  found t o  be devoid of t o x i c i t y  and t o  
a f f o r d  l i t t l e  p r o t e c t i o n  a g a i n s t  DNA damage. 

I n  the q u a n t i t a t i v e  work on the  DNA r e j o i n i n g  p rocess ,  it w a s  demonstrated 
t h a t  t h e  number of b r e a k s  i n c r e a s e  l i n e a r l y  w i t h  t o t a l  dose  (up t o  a 
dose  of 50 Krads),  b u t  e x p o n e n t i a l l y  w i t h  r e s p e c t  t o  dose r a t e .  
of r e  j o i n i n g  a c t i v i t y  t h e .  number of s i n g l e - s t r a n d  b reaks  i n  DNA d e c r e a s e s  
e x p o n e n t i a l l y  w i t h  i n c u b a t i o n  time a f t e r  i r r a d i a t i o n .  
r e  j o i n i n g  a c t i v i t y  i s  tempera ture  s e n s i t i v e  and,  t h e r e f o r e ,  p robably  
enzymatic  i n  na tu re .  S i n c e  the  two p rocesses  d i f f e r  q u a n t i t a t i v e l y  i n  
t h e i r  response  t o  t empera tu re ,  t hey  a r e  presumably c a t a l y z e d  by 
d i f f  e r e  n t enzyme s .' 

Because 

Like DNA s y n t h e s i s ,  

The work by Mr. Meltz  y i e l d e d  u s e f u l  i n fo rma t ion  on the  r a t e  of b i o s y n t h e s i s  
th roughout  t he  c e l l  cyk le ,  r a d i a t i o n  e f f e c t s  on b i o s y n t h e s i s ,  and 
tu rnove r  r a t e  of DNA hybr id i zab le  RNA. 
RNA d i f f e r i n g  i n  t u r n o v e r  r a t e s  were i d e n t i f i e d  ( t  1/2 = 10 minutes ,  1-1 1/2 
hours  and 20 hours ) .  X - I r r a d i a t i o n  (of c e l l s )  produced no d e t e c t a b l e  
changes i n  base sequence or  tu rnove r  r a t e  of h y b r i d i z a b l e  RNA. However, 
i r r a d i a t i o n  did reduce the  o v e r a l l  r a t e  of RNA b i o s y n t h e s i s  somewhat, 
w i t h  h y b r i d i z a b l e  RNA l e s s  a f f e c t e d  than  o t h e r  s p e c i e s  of RNA. On the  
b a s i s  of Mr. G o l d s t e i n ' s  work, it i s  concluded t h a t  membrane leakage 
i s  a g e n e r a l  phenomenon a s s o c i a t e d  w i t h  i n t e r p h a s e  d e a t h  and is ,  
t h e r e f o r e ,  no t  un ique ly  a s s o c i a t e d  w i t h  r ad ia t ion - induced  c e l l  dea th .  
Evidence w a s  a l s o  o b t a i n e d  t h a t  t h e  leakage phenomenon may r e l a t e  t o  
c e l l u l a r  enzyme a c t i v i t y .  

Three groups  of h y b r i d i z a b l e  
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Work i n  p r o g r e s s  a t  t h e  end of t h e  c o n t r a c t  y e a r  w a s  concerned w i t h  
s t u d i e s  of ( 1 )  the  r e j o i n i n g  of s i n g l e - s t r a n d  b r e a k s  i n  DNA produced 
by small r a d i a t i o n  d o s e s  (Dr. Sawada), ( 2 )  t h e  r o l e  of r e j o i n i n g  
p rocesses  i n  t h e  j o i n i n g  of newly syn thes i zed  r e p l i c o n s  i n  normal 
c e l l s  (Dr. Sawada), ( 3 )  t h e  a c t i o n  of r a d i o s e n s i t i z e r s  (BUdR and NEM) 
on the  r e j o i n i n g  p rocess  i n  i r r a d i a t e d  c e l l s  (Dr. Sawada), (4) t he  
r o l e  of p r o t e i n s  and p r o t e i n  s y n t h e s i s  i n  t h e  i n i t i a t i o n  of DNA 
s y n t h e s i s  and m i t o s i s  (Mr. R o t i  R o t i ) ,  (5)  enzyme s y n t h e s i s  a t  
d i f f e r e n t  s t a g e s  of t h e  c e l l  cyc le  (Mr. Kapp), and ( 6 )  t h e  r e l a t i o n  
of s i n g l e - s t r a n d  DNA b r e a k s  t o  r a d i a t i o n  induced c e l l  k i l l i n g  ( M r s .  
Roots) .  D r .  Sawada's work on the  r e j o i n i n g  of DNA b r e a k s  i s  
p a r t i c u l a r l y  wor thy  of note .  He h a s  developed a n  improved method 
of c e l l  l y s i s  which pe rmi t s  DNA breaks  t o  be q u a n t i t a t e d  w i t h  
enhanced s e n s i t i v i t y .  Th i s  improvement, i n  t u r n ,  has  made it  f e a s i b l e  
t o  perform q u a n t i t a t i v e  s t u d i e s  on s i n g l e - s t r a n d  DNA b reaks  i n  c e l l s  
exposed t o  b i o l o g i c a l l y  meaningful doses  of  r a d i a t i o n  (100-1000 r a d s ) .  
Data r e c e n t l y  o b t a i n e d  by D r .  Sawada i n d i c a t e  t h a t  t h e  r e j o i n i n g  
p rocess  i s  o p e r a t i v e  i n  u n i r r a d i a t e d  c e l l s  and t h a t  it i s  de layed  
by BUdR and t o t a l l y  i n h i b i t e d  by NEM. 
a lso found it p o s s i b l e  t o  demonst ra te  t h e  r e  j o i n i n g  of double-s t rand  
DNA b reaks  i n  c e l l s  exposed t o  v e r y  h igh  d o s e s  of r a d i a t i o n  (10,000- 
20,000 rads ) .  

I n  a d d i t i o n ,  D r .  Sawada has  

During t h e  p a s t  y e a r ,  D r .  Okada accepted  a permanent p o s i t i o n  i n  Japan  
and a l l  members of h i s  r e s e a r c h  team, excep t  two g radua te  s t u d e n t s  
(Mr. R o t i  R o t i  and Mrs. Roots ) ,  have l e f t  t h e  program. A D r .  Chr i s tophe r  S. 
Lange h a s  r e c e n t l y  j o i n e d  D r .  Hempelmann's s t a f f  t o  r e p l a c e  D r .  Okada. 
D r .  Lange w i l l  d i r e c t  t h e  a c t i v i t i e s  of t h e  two remain ing  g radua te  
s t u d e n t s ,  ex tend  c e r t a i n  a s p e c t s  of D r .  Sawada 's  work on the  r e j o i n i n g  
p rocess ,  and i n i t i a t e  new s t u d i e s  of h i s  own des ign .  A s  r e g a r d s  the  
c o n t i n u a t i o n  of D r .  Sawada 's  work, D r .  Lange h a s  noted t h a t  t he  
re  j o i n i n g  of double-s t rand  b reaks  i n  L 4178 Y DNA o c c u r s  a t  t h e  same 
time d u r i n g  t h e  c e l l  c y c l e  t h a t  Elkind type r e p a i r  o c c u r s  i n  He La 
c e l l s .  D r .  Lange)who h a s  done ex tens ive  work on r e p a i r  a c t i v i t y  i n  
He La c e l l s ,  p l a n s  t o  r e p e a t  i n  He La c e l l  mrk of  t h e  type  done by 
D r ,  Sawada i n  t h e  F i s c h e r  c e l l s .  T h i s  should shed l i g h t  on t h e  
i n t e r e s t i n g  p o s s i b i l i t y  t h a t  Elkind type r e p a i r  may be e x p l a i n a b l e  
i n  te rms  of t h e  r e j o i n i n g  of double-s t rand  DNA breaks .  The new work 
t h a t  D r .  Lange h a s  i n  mind invo lves  (1)  a s y s t e m a t i c  s tudy  of  stem 
c e l l  k i n e t i c s  and c e l l  d i f f e r e n t i a t i o n ,  u s ing  P l a n a r i a  a s  a simple 
modei system and (2)  s t u d y  of d e t a i l s  of t he  r e p a i r  system i n  
mammalian c e l l s  (p robab ly  He La c e l l s ) .  

s' 

4054400 
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PROJECT EVALUATION : 

The r e s e a r c h  e f f o r t  suppor ted  by t h e  c o n t r a c t ,  which h a s  been h i g h l y  
product ive  and programmatic,  i s  being r a p i d l y  phased out t o  be 
rep laced  by a new program under  new l e a d e r s h i p .  I n  view of t h e s e  
e x t e n s i v e  changes p l u s  t h e  f a c t  t h a t  D r .  Lange i s  comple te ly  new 
t o  t h e  program, it seems t o  me that t e r m i n a t i o n  of t h e  c o n t r a c t  i s  
a p p r o p r i a t e .  D r .  Hempelmann h a s  expressed  agreement  w i t h  t h i s  
cou r se  of a c t i o n  and D r .  Lange i s  now p r e p a r i n g  a new proposa l  f o r  
submission. The main c o n s i d e r a t i o n  i n  r e g a r d  t o  t h e  t e r m i n a l  
c o n t r a c t  p e r i o d  i s  t h a t  of p r o v i d i n g  a d e q u a t e  s u p p o r t  f o r  the  
o r d e r l y  t e r m i n a t i o n  of work i n i t i a t e d  under  D r .  Okada. D r .  Hempelmann 
h a s  s t a t e d  t h a t  s u p p o r t  a t  t h e  60  p e r c e n t  l e v e l  would be adequate  
' f o r  t h i s  purpose.  

RECOMMENDATION : 

Terminal  y e a r  a t  6 0  p e r c e n t  of the  p r e v i o u s  y e a r  o r  $25,200. 
$6,000 h a s  a l r e a d y  been provided d u r i n g  a 3-month e x t e n s i o n ,  t h i s  
would amount t o  $19,200 f o r  t h e  ba lance  of t h e  t e r m i n a l  per iod.  

Since 


