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SCOPE : 

The o b j e c t i v e  of t h i s  s tudy  i s  t o  e l u c i d a t e  some of t h e  phys io log ica l  and biochemical 
a l t e r a t i o n s  i n  t h e  pathogenesis  of murine and human leukemias.  The ultimate a i m  
i s  t o  c o n t r i b u t e  t o  t h e  c o n t r o l  of leukemia i n  man. We are analyzing t h e  q u a l i t a t i v e  
and q u a n t i t a t i v e  a l t e r a t i o n s  i n  isozyme and p r o t e i n  p r o f i l e s  a s soc ia t ed  with leukemia 
v i r u s  i n f e c t i o n  both i n  vivo and i n  v i t r o .  These s t u d i e s  inc lude  examination o f  
BALB/c mice i n f e c t e d  w i t h  t h e  Rauscher leukemia virus and spontaneous leukemias i n  AKR/ 
mice. Radiation-induced leukemias i n  t h e  RFM mouse are a l s o  be ing  s tudied  as i s  serm 
f’rom human leukemia p a t i e n t s .  The ana lyses  are made by flat-bed g e l  e l ec t rophores i s  
and concen t r a t e  p r imar i ly ,  bu t  not  e x c l u s i v e l y ,  on c h a r a c t e r i z a t i o n  of e s t e r a s e  i S O Z p 4  
and p r o t e i n  p r o f i l e s .  The a l t e r a t i o n s  observed i n  in fec t ed  c e l l  cu l tu re s  o r  animal 

t 
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The diminution of pre-albumin e s t e r a s e s  i n  sera o f  mice fol lowing inocula t ion  of eithe:. 
RLV or sheep e ry th rocy te s  (SRBC) and t h e  in t ima te  involvement of bo th  wi th  germinal 
c e n t e r  c e i l s  l e d  t o  s t u d i e s  aimed a t  determining t h e  e f f e c t s  of  repea ted  sheep RBC 
i n o c u l a t i o n s  i n  BALB/c mice. I n  t h e  f i rs t  such experiment mice were i n j e c t e d  twice 
weekly for 1 2  weeks. Fourteen of  19 animals su rv iv ing  t h i s  t rea tment  developed RCS 
wi th in  30 weeks. These RCS were t r a n s m i s s i b l e  by inocu la t ion  o f  e i t h e r  l i v e  or 
i r r a d i a t e d  (15,000 R )  c e l l s .  

Serum p r o t e i n  p r o f i l e s  of  normal and leukemic c h i l d r e n  were prepared and analyzed. 
These samples were obta ined  through t h e  coopera t ion  of Dr. Frank Rauscher of t h e  
Natima; I n s t i t u t e s  cf Health.  P r o t e i n  phenograms of  t h e  normal con t ro l  ch i ldren  
shJwed t y p i c a l  p a t t e r n s  wi th  t h e  except ion  of a f e w  samples which had seve ra l  

1 

I 
__ 

i s s u e s  serve  as gu ide l ines  i n  t h e  search  f o r  p r e c l i n i c a l  markers and may a l s o  be 
n d i c a t i v e  c f  t h e  phys i J log ica1  r e l a t i o n s h i p  between var ious  types  of  leukemic 
i s s u e s  and ccmparable normal or f e t a l  t i s s u e s .  
ands ir, i n fec t ed  c e l l  c u l t u r e s  or leukemic mouse t i s s u e  may i n d i c a t e  t h e  s p e c i f i c  
n t igens  a s soc ia t ed  wi th  such t i s s u e .  
a p s i d  p r o t e i n s  and an t igens  from l a r g e  q u a n t i t i e s  o f  RLV propagated i n  c e l l  c u l t u r e s  
'he s i m i i a r i t y  i n  c e r t a i n  e s t e r a s e  isozyme a l t e r a t i o n s  i n  s e r a  of mice i n j e c t e d  with 
i t h e r  RLV o r  sheep e r y t h r o c y t e s  has  a l s o  prompted s t u d i e s  concerning t h e  e f f e c t s  of 
'epeated sheep e ry th rocy te  i n j e c t i o n s  i n  BALB/c mice. 

The appearance of any "new" p r o t e i n  

Attempts w i l l  be made t o  sepa ra t e  var ious  

IELATIONSHIP TO OTHER PROJECTS: 

?lese s t u d i e s  are be ing  c a r r i e d  ou t  w i th  t h e  cooperat ion of  Dr. R .  C .  Al len and D .  J .  
loore cf t h e  O a k  Ridge Technica l  Equipment Company and wi th  Dr. Frank Rauscher of  t h e  
r a t iona l  Cancer I n s t i t u t e s .  

XCHNICAL PROGRESS I N  FY 1969: 

k t e n s i v e  s t u d i e s  were made of  esterase isozyme and p r o t e i n  p r o f i l e s  of  t i s s u e  from 
iormal and leukemic BALB/c mice. The leukemias r e s u l t e d  from inocu la t ion  of e i t h e r  
tnimal-passaged RLV or RLV propagated i n  t h e  e s t a b l i s h e d  JLS V5 c e l l  c u l t u r e s .  The 
na jo r i ty  o f  leukemias examined were re t icu lum c e l l  sarcomas (RCS) with a l e s s e r  number 
)f thymic lymphomas. 

The p r a t e i n  phenograms of  s p l e n i c  RCS d i f f e r e d  from those  of normal sp leens  as shown 
3y increased  amounts of  p r o t e i n s  wi th  e l e c t r o p h o r e t i c  m o b i l i t i e s  similar t o  albumin, 
c r a n s f e r r i n  and e r y t h r o p o i e t i n .  These changes were most marked i n  RCS induced by 
mimal-passaged RLV i n  which t h e r e  i s  concomitant e r y t h r o b l a s t o s i s  not  a s soc ia t ed  
J i t h  RCS induced by RLV propagated i n  c e l l  c u l t u r e s .  Esterase isozyme p r o f i l e s  of 
Leukemic spleens showed a marked i n c r e a s e  i n  two isozymes and a diminut ion i n  pre- 
zlbumin e s t e r a s e  compared t o  normal sp leen  p a t t e r n s .  Both p r o t e i n  and e s t e r a s e  
isozyme p a t t e r n s  of  f e t a l  and newborn sp leen  more c l o s e l y  resembled leukemic spleen 
than normal adu l t  sp leen  p a t t e r n s .  Es t e ra se  isozyme p a t t e r n s  of  thymic lymphoma 
t i s s u e  a l s o  showed inc reased  a c t i v i t y  i n  two isozymes and a diminished pre-albumin 
e s t e r a s e  a c t i v i t y ,  similar t o  t h e  p a t t e r n  seen i n  s p l e n i c  RCS. P ro te in  p a t t e r n s  of 
chymic lymphoma and normal thymus t i s s u e  d i d  not  d i f f e r  markedly. A s  i n  t h e  case of 
RCS, t h e  s t e r a s e  p r o f i l e s  of  f e t a l  and newborn thymus t i s s u e  more c l o s e l y  resembled 
p a t t e r n s  of  thymic lymphoma t h a n  normal a d u l t  thymus t i s s u e .  Serum e s t e r a s e  p a t t e r n s  
of  leukemic mice d i d  not  d i f f e r  markedly from normal serum p a t t e r n s  bu t  p ro te in  
phenogrms of s e r a  from mice i n f e c t e d  wi th  animal passaged RLV showed increased 
m o u n t s  of t r a n s f e r r i n  and albumin. 
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. d d i t i o n a l  p r o t e i n  bands of l i m i t e d  e l e c t r o p h o r e t i c  mobi l i ty  similar t o  haptogiobins .  
:onverse ly ,  t h e  ma jo r i ty  of s e r a  from leukemic c h i l d r e n  showed t h e s e  a d d i t i o n a l  
r o t e i n  bands.  Moreover, a number of sera from ieukemic ch i ld ren  l o s t  t h e s e  addi-  
, i o n a l  p r o t e i n  bands a f t e r  t h e  p a t i e n t s  were treater? with chemotherapeutic agents .  

XPECTED RESULTS I N  FY 1970: 

Xudies  o f  t h e  isozyme and p r o t e i n  p r o f i l e s  of  spontaneous AKR leukemia c e l l s  and o f  
-adiat ion-induced leukemia i n  RFM mice w i l l  be made. Extensive a n a l y s i s  o f  serum 
r o t e i n s  and enzymes of  mice during t h e  f irst  f e w  days a f t e r  i n f e c t i o n  wi th  RLV w i l l  
)e made i n  a t tempts  t o  de t ec t  s p e c i f i c  p r e - c l i n i c a l  markers of t h e  impending 
.eukemias. The r e l a t i o n s h i p  of leukemic t i s s u e  t o  f e t a l  t i s s u e  both biochemical ly  
md a n t i g e n i c a l l y  w i l l  be  explored.  The s i g n i f i c a n c e  of t h e  p r o t e i n  changes i n  human 
Leukemic sera, p a r t i c u l a r l y  t h e  response t o  chemotherapy, w i l l  be  s t u d i e d .  S tudies  
if t h e  e f f e c t  o f  repea ted  an t igen  inocu la t ion  inBALB/c mice w i l l  be  cont inued,  wi th  
? a r t i c u l a r  emphasis on t h e  r e p r o d u c i b i l i t y  of  t h e  oncogenic ac t ion  of  such t r ea tmen t .  

3XPECTED RESULTS IN FY 1971: 

h e  p r o t e i n  and e s t e r a s e  a l t e r a t i o n s  founds i n  v a r i o u s  types  of murine leukemia w i l l  
>e determined and pre-leukemic markers s p e c i f i c  f o r  t h e  various types  of  leukemia 
 ill be def ined .  Vi ra l  an t igens  a s s o c i a t e d  w i t h  t h e  RLV w i l l  be p u r i f i e d  by a 
:ombination of zonal  cen t r i fuga t ion  and g e l  e l e c t r o p h o r e s i s .  Spec i f i c  p r o t e i n  or 
snzymatic markers a s soc ia t ed  wi th  human leukemia w i l l  be  de tec ted  and work w i l l  
zoncent ra te  on t h e  search  f o r  s imilar  pre-leukemic markers. The phys io logica l  r e l a -  
t i o n s h i p  between an t igen  chal lenge and RLV i n f e c t i o n  i n  BALB/c mice w i l l  be  i n v e s t i -  
gated and indigenous leukemia v i r u s e s  a s s o c i a t e d  wi th  sp len ic  germinal c e n t e r s  w i l l  
b e  i s o l a t e d .  

The only  unusual  c o s t s  expected would be for c a p i t a l  equipment. 
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The i n i t i a l  i n h a l a t i o n  s tudy phase o f  the  cooperat ive program w i t h  the  Nat iona l  Cancer 
I n s t i t u t e  and the  B io logy  D iv i s ion ,  Oak Ridge Na t iona l  Laboratory, on co-carcinogenesis 
i s  be ing undertaken t o  i n v e s t i g a t e  the  r o l e  o f  a i r  p o l l u t a n t s ,  r a d i a t i o n  and v i ruses f n  
var ious  combinations on the  i nduc t i on  o f  l ung  tumors i n  micec 
l o g i c a l  evidence has accumulated over the  pas t  years imp1 i c a t i n g  environmental f a c t o r s  
i n  t h e  r i s i n g  inc idence o f  pulmonary cancer i n  man, 
f a c t o r s  known t o  modify the  hos t ' s  absorption, r e t e n t i o n  and s e n s i t i v i t y  have been 
shown t o  be present  I n  atmospheric po l l u tan ts ,  
by  causing d i r e c t  c e l l u l a r  i n j u r y ,  create an environment favorable t o  tumor igenic  
agents admin is tered simultaneously o r  sequent ia l l y ,  
regarded as the f i n a l  s tage i n  a ser ies  o f  events i n v o l v i n g  the carc inogenic  agent, 
modify ing f a c t o r s  and the  s u s c e p t i b i l i t y  o f  the  hos t ,  

We are  concluding the s tudy o f  the  i nduc t i on  o f  pulmonary tumors i n  mice exposed t o  
- rad ia t i on ,  v i r a l  and chemical i n s u l t ,  The r a d i a t i o n  o r  v l r a l  i n s u l t  o r  combfnation 
- t h e r e o f  has been admin is tered and the animals placed i n  an i n h a l a t i o n  chamber and 

subjected t o  a chemical aerosol  atmosphere f o r  the  remainder o f  t h e f r  l i f e  span, 
Complete s e r i a l  autopsy and h i s t o l o g i c  study i s  be ing  made o f  a l l  animals i n  the  
experiment, Related f a c t o r s  t h a t  a re  being i n v e s t i g a t e d  l'nclude v i r a l  e f f e c t s  a t  the  
c e l l u l a r  and s u b c e l l u l a r  l e v e l s ,  response o f  f m u n o l o g i c  t i ssue  t o  v i r a l  chal lenge and 
d i s t r i b u t i o n  and biochemical  e f f e c t s  o f  the  chemical aerosols,  The r e s u l t s  obtained 
so f a r  i n d i c a t e  the need f o r  add i t i ona l  model systems; consequently we are  i n f t i a t i n g  
a program us ing  the  hamster as the  t e s t  animal and a known carcinogenic chemical as 
t h e  i n i t i a t o r  and superimposing the a i r  p o l l u t a n t ,  

Considerable epidemio- 

Carcinogenic agents as w e l l  as 

Atmospheric i r r i t a n t s  i n  a d d i t i o n  mayp : 

Thus the l ung  cancer may be 

he major purpose of t h i s  group i s  t h e  study o f  t h e  r o l e  of 
i n d u c t i o n  of pulmonary tumors i n  

i n  which a wide v a r i e t y  o f  
n o  programs a l l i e d  t o  the  c e n t r a l  theme and i n  the  s c i e n t i f i c  

~~ 

immune r e s w s e  t o  
e 
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Zarcinogenesis - Pathology and Immunology (14, G, Hanna, Jr,, and P o  Nettesheim), 

Iarc inogenesis  i n  general i s  charac ter ized  on the  c e l l u l a r  l e v e l  by pro1 i f e r a t i o n  o f  
: e l l s  w i t h  p a r t i a l  o r  complete l a c k  o f  d i f f e r e n t i a t i o n  r e s u l t i n g  i n  unregulated 
na l ignant  growth, Many v i r a l ,  chemical and phys ica l  agents a re  known t o  be powerful 
inducers o f  cancerous growth, However, the  na ture  o f  t h i s  induc t ion ,  t h e  neop las t ic  I 

i rans format ion  o f  a c e l l  o r  a c e l l  popu la t i on  and the  subsequent c y t o k i n e t i c  events 
i f  e a r l y  carcinogenesis are p o o r l y  understood, A model o f  induced c e l l  p r o l i f e r a t i o n ,  
: e l l  d i f f e r e n t i a t i o n  and regu la ted  growth o f  tu rnover  c e l l s  i s  t h e r e f o r e  o f  pr imary 
importance t o  ob ta in  b e t t e r  i n s i g h t  i n t o  the  i n d u c t i o n  and k i n e t i c s  o f  nonregulated 
[ma l ignant )  growth, The i n d u c t i o n  o f  i m u n o l o g i c a l l y  competent p r i m i t i v e  lymphoid 
:el 1s by a chemical ly  defined agent (an t igen)  t o  undergo p r o l i f e r a t i o n  and d i f f e r e n -  
t i a t i o n  i s  one of the  best models t o  s tudy these bas ic  b i o l o g i c a l  phenomena, 
system t h e  pool  of ant igen i n d u c i b l e  p rogen i to r  c e l l s  and the  r a t e  o f  c e l l  p r o l i f e r -  
f t i o n  and matura t ion  can be assessed w i t h  g rea t  r e p r o d u c i b i l i t y  and s e n s i t i v i t y ,  

I n  t h i s  

There a re  reasons f o r  b e l i e v i n g  t h a t  the  hos t  does e x e r t  some in f luence on the growth 
and development o f  mal ignant  c e l l  s o  
animals t h e r e  i s  a remarkable v a r i a t i o n  i n  the  response o f  i n d i v i d u a l s  t o  a un i fo rm 
carc inogen ic  s t imulus,  
res i s tance  t o  the  cancer process 
d i s t i n c t ,  t h e  r e t i c u l o e n d o t h e l i a l  system (RES) (and the immune system as an i n t e g r a l  
p a r t  o f  i t )  by v i r t u e  o f  i t s  r e c o g n i t i o n  and defense mechanism p l a y  an impor tant  r o l e  
i n  p r o t e c t i n g  the  i nd i v idua l  ( s e l f )  aga ins t  c lones o f  cancerous c e l l s  t h a t  a re  
a n t i g e n i c a l l y  d i s t i n c t  (non-se l f )  , 
i r r a d i a t i o n ,  immunosuppressive drugs, thymectomy, o l d  age) may the re fo re  permi t  
estab l ishment  o f  cancerous c e l l s  i n  s p i t e  o f  t h e i r  a n t i g e n i c i t y ,  Enhancing the  
immunopotential may become an e f f e c t i v e  means t o  increase the  bod iesB defense aga ins t  
ma l ignant  growth, The e f f e c t  o f  v i r a l  and chemical carcinogens and co-carcinogens 
a l s o  needs t o  be s tud ied i n  terms o f  t h e i r  immunogenicity and t h e i r  e f f e c t  on 
r e g i o n a l  lymphat ic  t issues and o v e r a l l  immune capaci ty ,  It a lso  seems impor tant  from 
t h e  p o i n t  o f  view of (a)  the immune response t o  a v i rus ,  (b) the  e f f e c t  o f  v i ruses on 
the  immune p o t e n t i a l ,  and ( c )  tumor i n d u c t i o n  by a v i rus ,  t o  study t h e  pers is tence o f  
oncogenic, non-oncogenic l i v e  and k i l l e d  v i r a l  ant igens i n  lymphat ic  t i ssue ,  I t  i s  
e v i d e n t  t hen  t h a t  i n  order t o  de f i ne  an t i gen  induced p r o l i f e r a t i o n  as a model t o  
s tudy  regu la ted  and unregulated growth, and the  poss ib le  r o l e s  o f  RES i n  defense 
a g a i n s t  mal ignant  clones we need t o  e s t a b l i s h  and study var ious parameters o f  the 
immune response; suppression and recovery o f  immune p o t e n t i a l  from phys ica l ,  chemical 
and v i r a l  agents and a l t e r a t i o n  o f  t he  immune s ta tus  i n  aging and thymectomized 
animals, Th i s  informat ion w i l l  be h i g h l y  r e l e v a n t  t o  our o ther  s tud ies  concerning 
t h e  i n f l u e n c e  of environmental f a c t o r s  on the  occurrence o f  cancer, 

W i  t h i n  h i g h l y  inbred  s t r a i n s  o f  exper imental  

These d i f f e r e n c e s  j u s t i f y  i n v e s t i g a t i o n s  o f  t he  hos t ' s  
Because chemical ly- induced tumors a r e  an t i gen ica l  l y  

States o f  decreased immune competence (e,g, , 

The problem of chemical carcinogenesis ( D c  G o  Doherty) is i n t i m a t e l y  concerned w i t h  
t h e  n a t u r e  of the  chemical i n s u l t  t h a t  serves t o  i n i t i a t e  the seauence o f  biochemical 
events cu lm ina t i ng  i n  the fo rmat ion  o f  a cancerous growth, W i t h ' c e r t a i n  c lasses o f  
r e a c t i v e  organ ic  compounds such as the  epoxides, imqnes, and mustards, t he  i n j u r y  
produced i s  s i m i l a r  t o  t h a t  obta ined w i th  i o n i z i n g  rad ia t i on ,  and i n  bo th  instances 
f r e e  r a d i c a l  intermediates may p l a y  a s i g n i f i c a n t  r o l e  i n  i n i t i a t i n g  damage on the  
molecu la r  l e v e l ,  A wide v a r i e t y  o f  chemicals a f f o r d i n g  p ro tec t i on  aga ins t  i o n i z i n g  
r a d i a t i o n  have a lso been found t o  p r o t e c t  s p e c i f i c  organ systems aga ins t  the  c y t o t o x i c  
e f f e c t s  of these agents, and presumably should a l s o  p r o t e c t  aga ins t  t h e i r  carcinogenic 
e f f e c t ,  Th i s  approach should be capable o f  extens ion t o  other  c lasses o f  compounds 
which may combine w i t h  and n e u t r a l i z e  carcinogens i n  v i v o p  thus prevent ing  the i n i t i a l  
l e s i o n ,  An add i t i ona l  f r u i t f u l  area f o r  e x p l o r a t i z m  i n  the  na ture  o f  the b ind ing  
o f  carcinogens t o  spec i f i c  b i o l o g i c a l  s i t e s ,  With s u f f i c i e n t  i n fo rma t ion  i t  should be 
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easible  to  devise compounds which would combine with these s i t e s  b u t  be noncarcino- 
enics and  t h u s  prevent the attack of the carcinogen 
hat of  a competitive inhibi tor  in an  enzyme system, 
pproaches as one avenue toward understanding the mechanisms of carcinogenesis, 

Such action would be similar t o ’  
The proposal i s  t o  explore these 

:ELATIONSHIP TO OTHER PROJECTS: 

:ertain phases of t h i s  work regarding the response of lymphatic t issue t o  viral agents 
md chemical carcinogenesis will be done i n  collaboration w i t h  the Mammalian Radiation 
lecovery Group, Some aspects of the cytokinetics of the imnune system will be done i n  
:ollaboration with the Radiation Imnunology Group, In addition, we are p r o v i d i n g  mice 
md technical advice t o  a related asbestos d u s t  inhalation project under Dr, Forde 
IcIver a t  the Medical College of Sou th  Carolina, Charleston, South Carolina, 

[ECHNICAL PROGRESS IN FY 1969: 

The f i r s t  chamber exposure phase of the role of air  pollutants on the induction of 
)ulmonary tumors i n  mice t h a t  have been pretreated w i t h  e i t he r  a radiation, viral  o r  
:ombined insu l t ,  i s  nearly complete, 
ind the remaining six are  down t o  small numbers of animals, The gasoline smog and 
:bromic oxide treated groups have had 3,100 chamber hours exposure, the calcium 
:hromate groups 2,200 hours chamber exposure, and  the various control groups over 
3,200 hours exposure, The median death times have ranged from as low as 18 months i n  
the animals exposed to  chemical insults t o  31 months fo r  the control untreated animals 
111 animals t o  date have remained free from pseudomonas, salmonella, internal and 
zxternal parasites,  the seven murine viruses or iginal ly  typed, and there has been a 
ninimal amount of respl’ratory disease, The s t r e s s  of l iving on wire or daily i n  the 
chambers i s  reflected i n  the average median death times of those w i t h  no exposure t o  
chemicals; e o g o p  males i n  pans 29 mos, wire 25 mos, chambers 20 mos; females i n  pans 
26 mos, wire 22 mos, chambers 23 mos, 
correlated with the incidence of genitourinary disease which is low i n  those l iving i n  
pans, fourfold higher i n  the wire group and sevenfold hlgher i n  the chamber group, 
There i s  an anomalous small increase i n  the median death time i n  the s ix  irradiated 
female groups, 
storage, retrieval and analysis and a t  present an examination o f  the various inter-  
actions between the experimental groups i s  i n  process, Preliminary indications a re  
tha t  with regard to  the age specific incidence of l u n g  adenomas, there is  a consistent 
100 day e a r l i e r  incidence in the smog treated groups over the control and chromic 
oxide group, With regard to  chemical treatment the gasoline smog i s  the most effectiu 
agent, The total  number of  tumors i s  15 i n  the washed a i r  chamber, 16 in the chromic 
oxide group and 30 i n  the smog treated group, Further analysis awaits termination of 
the other groups 

Eight of the treatment groups have terminated 

In  the male a t  l ea s t  t h i s  can be directly 

The data from th i s  study has been programmed for  automatic record 

Morphologic and cytokinetic antiqen induced lymphatic t i s sue  chanqes (M, G o  Hanna, J r ,  
and P o  Nettesheim, 

Based on the sequence of histologic and serologic events observed in our recent s tud i f  
we have developed the following concept: lymphatic tissue has two unique componentsp 
dispersed immunologically competent progenitor c e l l s  and defined areas of re t icular  
c e l l s  capable of localizing antigen extracel lular ly  and providing an excellent oppor- 
tunity fo r  surface contact of lymphoid c e l l s  w i t h  the an t igen ,  
antl’genlc stimulation, one phase o f  the pro1 i f e ra t ive  expansion o f  immunologically 
competent ce l l s  occurs i n  the region of the antigen-retaining reticulum ce l l s ,  T h i s  

After the in i t i a l  
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mesults i n  t h e  accumulation o f  l a r g e  p y r o n i n o p h i l i c  c e l l s  i n  t h i s  area and u l t i m a t e l y  
i n  the  format ion o f  a h i s t o l o g i c a l l y  w e l l  def ined germinal center ,  A t  t h e  same t ime 
; p e c i f i c  ant ibody becomes de tec tab le  i n  t h e  serum, 
the growth o f  t h e  germinal centers  s imultaneously develop t o  peak l e v e l s ,  Dur ing t h i s  
i e r i o d  t h e  s e n s i t i z e d  (memory) c e l l  compartment i s  be ing es tab l i shed i n  the  lymphat ic 
iodules, Thus the  p r o l i f e r a t i o n  o f  l a r g e  p y r o n i n o p h i l i c  c e l l s  i n  germinal  centers i s  
wobably  r e l a t e d  t o  the  development o f  ant ibody producing c e l l s  as w e l l  as memory c e l l  
Since the  l a r g e s t  p r o p o r t i o n  o f  ant ibody producing and memory c e l l s  i s  o r i g i n a l l y  foun 
3uts ide t h i s  reg ion,  t h e  lymphoid c e l l  popu la t ion  o f  the  centers  must be considered 
t r a n s i t o r y ,  Th is  concept i s  a l s o  supported by our prev ious k i n e t i c  s t u d i e s  o f  a c t i v e  
germinal centers,  The l a t e r  decrease i n  the s i z e  o f  the  centers  probably  i s  a 
n a n i f e s t a t i o n  o f  the  d i m i n i s h i n g  growth r a t e  o f  t h e  ant ibody response and o f  memory 
formation, Th is  may be a consequence o f  t h e  e l i m i n a t i o n  o r  l o s s  o f  a n t i g e n  from these 
areas , 

The serum ant ibody response and 

A study w i t h  Rauscher v i r u s  demonstrated t h a t  upon i n j e c t i o n  o f  extraneous leukemia 
v i rus ,  l o c a l i z a t i o n  o f  t h e  v i r u s  occurred f i r s t  i n  the  r e t i c u l a r  c e l l s  o f  these center 
This appeared t o  be an i n i t i a l  imnune response t o  t h e  v i rus .  However, p r o l i f e r a t i o n  o 
t h e  v i r u s  occurred i n  t h e  parenchymal lymphoid c e l l s  o f  the germinal cen ter  and as a 
r e s u l t  of the  normal d isseminat ion o f  these c e l l s  d u r i n g  the  immune response, the v i r u  
was t ranspor ted  t o  o t h e r  t a r g e t  c e l l  types, 
lymphoid leukemia i n  these mice, 
system appears t o  be f u n c t i o n a l l y  r e l e v a n t  t o  p r o l  i f e r a t i n g  oncogenic v i r u s ,  

U l t i m a t e l y  t h i s  r e s u l t e d  i n  a f a t a l  
Thus, t h e  e f f e c t i v e n e s s  o f  t h e  an t igen t rapp ing  

The concept has a l s o  been supported by s tud ies  on a l t e r a t i o n  o f  t h e  an t igen t rapping 
mechanism, These data r a i s e  the p o s s i b i l i t y  t h a t  a l t e r a t i o n  o f  an t igen capture and 
r e t e n t i o n  might  be o f  major importance i n  m o d i f i c a t i o n  o r  suppression o f  the  immune 
response by var ious phys ica l  and chemical agents, It was found t h a t  t h e  ant igen 
capture and r e t e n t i o n  capac i ty  o f  lymphat ic  t i ssue,  i n  p a r t i c u l a r  t h e  germinal center 
stroma, i s  a r a d i o s e n s i t i v e  process, The x-ray induced damage was maximum t w o  weeks 
a f t e r  x - i r r a d i a t i o n  w i t h  600 R and i t s  recovery was slow, tak ing  several  weeks t o  be 
compl e t e  

The presence o f  p e r s i s t i n g  an t igen i n  lymphat ic  germinal center r e q u i r e d  s tud ies o f  t h  
m e n t i a l  r o l e  o f  continuous a n t i g e n i c  s t i m u l a t i o n  i n  the  development and d i f f e r e n t i -  
n t i o n  o f  ant ibody forming c e l l s ,  Th is  was examined w i t h  the use o f  pass ive ly  in fused 
isologous ant ibody g iven a t  var ious i n t e r v a l s  a f t e r  a n t i g e n i c  s t i m u l a t i o n ,  This 
r e s u l t e d  i n  suppression o f  t h e  f u n c t i o n a l  ant ibody producing c e l l  Compartment, and 
c o n c o m i t a n t  enhancement o f  t h e  19s and depression o f  t h e  7s memory c e l l  pool ,  These 
3ata suggest t h a t  progeny o f  t h e  an t igen s t imu la ted  progen i to r  c e l l  were forced i n t o  
n a t u r a t i o n  a r r e s t  as a consequence o f  t h e  l a c k  o f  f u r t h e r  an t igen ic  s t i m u l a t i o n ,  Our 
s tud ies demonstrated f u r t h e r  t h a t  iso logous passive ant ibody a lso  suppresses germinal 
center  growth, which supports t h e  n o t i o n  t h a t  t h i s  h i s t o l o g i c  s t r u c t u r e  i s  the s i t e  01 
ant igen s t imu la ted  p r o l  i f e r a t i o n  o f  immunocompetent cells., We a l s o  obta ined evidence 
suggesting t h a t  the germinal cen ter  growth i s  more c l o s e l y  r e l a t e d  t o  the  7s than the 
19s ant ibody production,, 

Our s t u d i e s  concernlng suppression and recovery o f  imnunocompetence f rom x - i r r a d i a t i o r  
revealed (1)  t h a t  l o n g  term imnunological  memory was probably n o t  dependent on speci f -  
antigen, (2)  t h a t  i n  t h e  immune response recru i tment  o f  imnune progen i to r  c e l l s  by 
ant igen d imin ished w h i l e  product ion o f  ant ibody cont inues, This i n d i c a t e s  the 
ex is tence o f  a l o n g - l i v e d  popu la t ion  o f  ant ibody producing c e l l s ,  
o f  recovery o f  the  pr imary ant ibody forming p o t e n t i a l  f rom subletha l ,  as w e l l  as l e t h i  
x-ray exposure i s  thymus dependent, and ( 4 )  t h a t  t h i s  recovery i s  n o t  prevented by 
p r e - i r r a d i a t i o n  thymectomy, 

(3 )  That the r a t e  
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hemical Carcinogenesis ( D o  G o  Doherty and C, T o  Bahner), 

-(4-Dimethylaminobenzylidine)indene i s  effect ive against Walker-256 and Lymphoma 8 i n  
a t s ,  I t  i s  effective also in producing tumors in female inbred Lewis s t ra in  rats, 
he f a t e  of t h i s  compound, dissolved in ara his o i l  and injected i , p ,  or administered 
r a l l y ,  has been followed by i t s  color, by F 4 C  tagged methyl group on the amino 
, i trogen, and by 3H labeling of the benzene r i n g  in the benzylidene portion of the 
iolecule, A dose of 5 mg i n  0,5 ml i s  largely absorbed w i t h i n  2 or 3 days, b u t  
inchanged compound sometimes remains in the abdomen several weeks a f t e r  large doses, 
\bout half of the dministered 3H was found in the fecal extracts  i n  contrast w i t h  
lbout 1/7 o f  the l B C ,  Urinary excretion was much less  t h a n  fecal excretion. 
:hromatograms of urine, fecal extracts ,  and t issue extracts  support  the hypothesis 
;hat demethylation i s  one of the chief metabolic changes, and t h a t  formation o f  two 
)r more water sol ble derivatives i s  s ignif icant ,  a lso,  Autoradiograms indicating 

:or paraffin sections, b u t  such sections do retain radioactivity,  especially in f a t ,  
ipleen, l i v e r s  fo l l i cu la r  area of ovary, epi thel ia l  l ining of uterus and vagina,  
bancreas , adrenals, lung, kidney, and hair  fo l l  i c les  o 

:e l ls  were labeled, 

;ha t  much of the Y H i n  the t issues  i s  removed by the solvents i n  preparing specimens 

Walker 256 and Lymphoma 8 tumor 

:XPECTED RESULTS IN FY 1970: 

The inhalation study i n  mice will be concluded and the data completely analyzed and 
*ecorded in t h i s  year, 
For additional model systems to  study l u n g  tumors, 
in  experiment i n  hamsters u s i n g  a specif ic  carcinogen a t  low levels t o  induce a low 
incidence of tumors and superimposing on th i s  exposure t o  gasoline smog and smog i n  
:ombination w i t h  an inorganic dust,  Additional studies will be made with the direct  
i n s t i l l a t i on  of various carcinogenic agents direct ly  into the hamster lung .  

The shortcomings of the mouse system have indicated the need 
Toward this goal we are developing 

lur e f fo r t s  t o  investigate the inter-relationship of the various immune progenitor cet 
3001s and their dependence on humoral and/or ce l lu la r  factors of the thymus are being 
Eontinued, We expect t h a t  these investigations will also produce more information on 
the interaction of various ce l l  types involved i n  the in i t ia t ion  o f  the immune responsl 

Studies concerning the regulation of antigen localization by 19s 
antibody will be conducted to  obtain fur ther  i n s i g h t  in to  the ro 
induction of the antibody response, 

and 7s specific 
e o f  antigen in the 

The e f f ec t  of various immuno-suppressive agents other than x-ray on the antigen- 
retention mechanism are  being studied, We hope t h a t  these studies will help t o  
explain some of the differences i n  recovery observed a f t e r  var ious kinds of immuno- 
suppression 

The possible role of an impaired antigen trapping mechanism i n  oncogenesis and 
leukemogenesis i n  particular will be investigated, 

EXPECTED RESULTS IN FY 1971 : 

The hamster model system should be more suited t o  the study o f  lung carcinoma and lead 
t o  a fur ther  work on injury, repair  and l u n g  clearance mechanisms, These i n  depth 
studies will include the e f fec ts  of various gases, chemicals and biological agents 
and involve histological biochemical and radioactive t racer  investigations, 
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SCOPE : 

Our approach t o  t h e  s tudy of t h e  biochemical  mechanisms involved i n  t h e  induct ion  of  
cancer  i s  based on t h e  premise t h a t  one of t h e  e a r l y  events i n  carcinogenesis  r e s u l t s  
i n  a change i n  t h e  r a t e  of p r o t e i n  s y n t h e s i s  and a q u a l i t a t i v e  change i n  t h e  k inds  of  
p r o t e i n s  t h a t  a r e  synthes ized .  
must invoke,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  a change i n  DNA, RNA, o r  t h e  p r o t e i n  syn- 
t h e s i z i n g  system, t h e  polyribosome. Furthermore,  t h e  change produced i n  t h e  c e l l  
must be h e r i t a b l e  i n  t h e  progeny of t h e  i n i t i a l  c e l l .  

Therefore ,  t h e  carcinogen ( e i t h e r  chemical or v i r a l )  

S ince  r e l a t i v e l y  l i t t l e  i s  known about t h e  f a c t o r s  t h a t  c o n t r o l  t h e  r a t e  of s y n t h e s i s  
of DNA, RNA and p r o t e i n  i n  normal c e l l s .  it i s  d i f f i c u l t  t o  look f o r  f a c t o r s  t h a t  up- 
set  t h i s  c o n t r o l  i n  cancer c e l l s .  Therefore ,  w e  w i l l  s tudy a number of model systems 
i n  which t h e  r a t e  of syn thes i s  of DNA, RNA and p r o t e i n  can be a l t e r e d  i n  t h e  hope 
of o b t a i n i n g  an understanding of t h e  n a t u r e  of t h e  r egu la to ry  substances.  
neously s imilar  s t u d i e s  w i l l  be made wi th  l i v e r s  from rats f ed  chemical carcinogens,  
w i t h  an L-M f i b r o b l a s t  i n  t i s s u e  c u l t u r e ,  and wi th  mouse plasma c e l l  tumors. 

Simulta- 
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l u r ing  r e c e n t  y e a r s  mounting evidence sugges ts  t h a t  t h e  amino a c i d  s p e c i f i c  t r a n s f e r  , INA's  may p a r t i c i p a t e  i n  important  r egu la to ry  func t ions  a t  t h e  t r a n s l a t i o n  level, i . e . ,  
i u r ing  assembly of t h e  growing polypept ide  chain on t h e  messenger RNA template .  Trans 
'er RNA i s  almost unique among t h e  c e l l u l a r  nuc le i c  a c i d s  i n  t h a t  many of t he  nucleo- 
;ide bases are normally a l k y l a t e d  with methyl groups.  Since many of  t h e  chenica l  car -  
:inogens are a l k y l a t i n g  agents  or are me tabo l i ca l ly  conver ted  t o  a l k y l a t i n g  agents  it 
is p o s s i b l e  t h e s e  carcinogens a l k y l a t e  t R N A  and result  i n  a derangement of  i t s  normal 
:on t ro l  func t ion .  

de are e x p l o i t i n g  s e v e r a l  new column chromatographic procedures  developed i n  t h e s e  
Laborator ies ;  they  g ive  t h e  b e s t  r e s o l u t i o n  of i n d i v i d u a l  t R N A ' s  t h u s  far obtained 
mywhere, t o  seek f o r  changes t h a t  may occur  i n  t R N A  dur ing  carc inogenes is .  

de are s tudying  fou r  model systems: 
system, it i s  a l r eady  known t h a t  phage i n f e c t i o n  r e s u l t s  i n  an a l t e r a t i o n  of a l e u c i n e  
s p e c i f i c  tRNA.  We, ou r se lves ,  have found a new change i n  leucyl-tRNA t h a t  occurs l a te  
i n  t h e  i n f e c t i o u s  process  t h a t  results i n  t h e  appearance of  two new l e u c y l  t R N A ' s  no t  
previously observed. We a r e  s tudying  two mouse plasma c e l l  tumors, one of which 
produces an excess  of  t h e  L chains  of  gamma g lobu l in .  ( 3 )  We have been s tudying an 
L-M f i b r o b l a s t  growing i n  t i s s u e  c u l t u r e .  This c e l l  i s  de r ived  from NCTC clone 929 
D f  Ear l ' s  L c e l l  which w a s  o r i g i n a l l y  i s o l a t e d  from normal subcutaneous t i s s u e  of a 
100 day o l d  male C3H/Andervont mouse. These c e l l s  can be grown i n  serum-free medium 
e i t h e r  i n  monolayer o r  i n  suspension and they  will give  rise t o  tumors when i n j e c t e d  
i n t o  C3H mice. ( 4 )  A s  a fou r th  system, we a r e  s tudy ing  changes i n  t R N A  i n  r a t  l i v e r  
dur ing  e th ion ine  carc inogenes is .  

(1) E. c o l i  i n f e c t e d  w i t h  phage T2. I n  t h i s  

( 2 )  

The procedures  t h a t  we use are extremely s imple,  bu t  very s e n s i t i v e  and d i sc r imina t ing  
I n  gene ra l ,  t R N A  i s  i s o l a t e d  from normal t i s s u e  o r  i n  t h e  case  of  t r ansp lan tab le  tumor: 
from t h e  normal t i s s u e  of  o r i g i n .  
b a c t e r i a ,  from t h e  tumor and i n  t h e  case  of  e th ion ine  carc inogenes is  from t h e  preneo- 
p l a s t i c  l i v e r  and t h e  subsequent n e o p l a s t i c  nodule.  Each p a i r  o f  t R N A ' s  a r e  charged 
with t h e  same amino a c i d  b u t  car ry ing  a d i f f e r e n t  r a d i o a c t i v e  labe l  (I4, o r  3H) .  The 
t R N A ' s  a r e  mixed and sepa ra t ed  on one o r  both of t h e  reversed-phase systems (system I- 
i s o p e n t y l  a c e t a t e  i s  t h e  organic  phase: system I1 - u t i l i z e s  a high b o i l i n g  Freon as 
o rgan ic  phase ) .  Any l a c k  of coincidence between a I 4 C  and 3H peak i n d i c a t e s  t h e  pre-  
sence  of an a l tered tRNA.  

Transfer  RNAs are a l s o  i s o l a t e d  from T2 i n f e c t e d  

If changes i n  tRNA are no t  r e a d i l y  apparent  we w i l l  d i r e c t  our a t t e n t i o n  t o  looking 
at  changes i n  t h e  s y n t h e s i s  of  o the r  s p e c i f i c  RNA's  and f o r  changes i n  t h e  information 
con ten t  of  t h e  c e l l s .  

There are several ways t o  assess changes i n  RNA s y n t h e s i s  i n  c e l l s  and t o  i n d i r e c t l y  
determine changes i n  information content  of  c e l l s .  One of  t h e  ways i s  t o  i n j e c t  3*P 
i n t o  rats as a 20 min pulse, i s o l a t e  t h e  n u c l e i  and s e p a r a t e  nuc lear  RNA i n t o  fou r  
f r a c t i o n s  and determine t h e  base composition of  i n d i v i d u a l  f r a c t i o n s .  This technique 
w i l l  i n d i c a t e  whether any new kinds of  RNA are be ing  made. Comparable s t u d i e s  wi th  
normal rats and t h o s e  on a carcinogenic  d i e t  may r e v e a l  some s p e c i f i c  a l t e r a t i o n s  t h a t  
could  be s t u d i e d  more d i r e c t l y .  Another approach t o  t h e  same problem involves t h e  use 
of  t h e  DNA dependent RNA polymerase as an assay f o r  changes i n  expres s ib l e  information 
i n  DNA. The behavior  o f  DNA i n  t h i s  system can be a s ses sed  i n  s e v e r a l  ways: 
y i e l d  of  RNA, ( 2 )  t h e  base  sequence i n  t h e  RNA product ,  and (3)  t h e  a c t i v i t y  of t h e  
RNA t o  stimulate i n  v i t r o  amino a c i d  inco rpora t ion .  We propose t o  s tudy DNA and RNA 
nuc leopro te in  i s o l a t e d  from neoplasms, from l i v e r s  of  animals f e d  chemical carcinogens 
as pr imers  i n  t h e  RNA polymerase r e a c t i o n  t o  see i f  t h i s  reagent  can d i s t i n g u i s h  any 
changes i n  p o t e n t i a l  information of t h e s e  D N A ' s  by t h e  t h r e e  c r i t e r i a  previously 

(1) 
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Leucyl-tRNA from T2 I n f e c t e d  E.  c o l i  B 

We have cont inued our s t u d i e s  on t h e  changes i n  leucyl-tRNA t h a t  appear a f t e r  i n f e c t i n  - -  c o l i  B wi th  bac ter iophage  T2. E. 
d iscovered by Sueoka, who er roneous ly  i n t e r p r e t e d  t h e  change t o  be a conversion of 
some of t h e  l e u c i n e  i n  t h e  f i r s t  peak t o  become added t o  t h e  l e u c i n e  tRNA t h a t  chro- 
matographs later on MAK columns. On such columns, e s s e n t i a l l y  only  two peaks of leu- 
cy1 tRNA a r e  appa ren t .  However on our RPC-2 system we can s e p a r a t e  5 d i s t i n c t  spec ie s  
of leucyl-tRNA from normal c e l l s  of E. c o l i  B. A c a r e f u l  s tudy  of t h e  t o t a l  l euc ine  
acceptor  a c t i v i t y  of tRNA from c e l l s  i n f e c t e d  with T2 f o r  6 min compared wi th  t h e  
acceptor  a c t i v i t y  f o r  o t h e r  amino a c i d s  r evea led  t h a t  l euc ine  accep to r  a c t i v i t y  had 
decreased t o  about 75% of normal. I f  t h i s  f a c t  i s  taken  i n t o  c o n s i d e r a t i o n  when t h e  
data are p l o t t e d ,  t hen  t h e  e a r l y  change c o n s i s t s  of t h e  s p e c i f i c  i n a c t i v a t i o n  of one 
o r  perhaps two l e u c i n e  t R N A ' s  i n  peak 1. No f u r t h e r  change i n  t h e  5 peaks of leucyl -  
t R N A  occurs  dur ing  the - rema inde r  of t h e  i n f e c t i o n ,  except  t h a t  l a t e  i n  t h e  i n f e c t i o n  
one o r  more new peaks of l e u c i n e  tRNA appear t h a t  e l u t e  from t h e  column a f t e r  t h e  
first 5 peaks have been e l u t e d .  
hos t  o r  phage DNA are c o n s i s t e n t  with t h e  i d e a  t h a t  t h e  new leucyl-tRNA's a r e  synthe- 
s i z e d  de novo and are coded f o r  by t h e  phage genome. 
with 3 z  a f t e r  phage i n f e c t i o n  i s  too  g r e a t  t o  be accounted f o r  by t h e  new l euc ine  
t R N A ' s ,  t h a t  i s  t h e  s p e c i f i c  a c t i v i t y  of tRNA l a b e l e d  after phage i n f e c t i o n  i s  25% tha  
of  a sample from normal c e l l s  l a b e l e d  f o r  t h e  same p e r i o d  of t ime.  A r e c e n t  r epor t  by 
Kennel p r e s e n t s  evidence t h a t  a cons iderable  q u a n t i t y  of hos t  s p e c i f i c  nuc le i c  ac id  i s  
syn thes i zed  after phage i n j e c t i o n ,  a l though h o s t  p r o t e i n  s y n t h e s i s  is  shut  o f f  

We have made a c a r e f u l  s tudy of  t h e  e a r l y  change, 

- -  

3% l a b e l i n g  as w e l l  as h y b r i d i z a t i o n  s t u d i e s  w i t h  

However, t h e  l a b e l i n g  of tRNA 
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mentioned. 
of t h e  DNA t o  d i r e c t  t h e  s y n t h e s i s  of a messenger RNA f o r  a s p e c i f i c  enzyme t h a t  has  
newly appeared i n  t h e  l i v e r  as a consequence of t h e  chemical carc inogen .  

Hopeful ly ,  a last  and b e s t  c r i t e r i o n  may be app l i ed .  That i s  t h e  a b i l i t y  

RELATIONSHIP TO OTHER PROJECTS: 

Enzymology Group: This  p r o j e c t  i s  d i r e c t l y  r e l a t e d  t o  and w i l l  l e n d  a c t i v e  support  t o  
t h e  bas i c  program of  t h e  Enzymology Group which i s  concerned w i t h  c o n t r o l  mechanisms 
i n  p r o t e i n  and n u c l e i c  a c i d  b i o s y n t h e s i s .  Any e f f e c t  of a chemical carcinogen on t h e s  
processes  may p r e s e n t  a s i t u a t i o n  t h a t  w i l l  permit  a b e t t e r  unders tanding  of t h e  norm- 
a l  c o n t r o l  mechanism. 

Nucleic Acid Enzymology Group: 
of E. c o l i  i s  a c o l l a b o r a t i v e  e f f o r t  between t h e  two groups,  

The p r o j e c t  on changes i n  t R N A  fo l lowing  T2 i n f e c t i o n  
- -  

Mammalian Genet ics  Sec t ion :  A l l  s t u d i e s  dea l ing  w i t h  morphology ( i n c l u d i n g  e l e c t r o n  
microscopy) and chromosomal c h a r a c t e r i s t i c s  i n  t h e  L-M c e l l  p r o j e c t  are be ing  con- 
ducted by R.  B. Cumming of t h i s  group. 

Pathology and Physiology Sec t ion :  
na t ion  of h i s t o l o g i c a l  s e c t i o n s  a r e  be ing  c a r r i e d  out  by G. E. Cosgrove. 

Observat ions on g ross  tumor morphology and exami- 

Co-Carcinogenesis Program: V i r a l ,  as w e l l  as c e r t a i n  biochemical  s t u d i e s ,  have been 
conducted i n  c o l l a b o r a t i o n  wi th  A .  Hellman. Even though D r .  Hellman has r e tu rned  t o  
N C I  w e  expect  t o  cont inue  t h e  c o l l a b o r a t i o n .  We a r e  a l s o  c o l l a b o r a t i n g  wi th  D r .  
S t a n f i e l d  Rogers on t h e  use of v i r u s e s  as c a r r i e r s  of  gene t i c  in format ion .  

TECHNICAL PROGRESS I N  FY 1969: 
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hr c u r r e n t  i n t e r p r e t a t i o n  i s  t h a t  t h e  e a r l y  change i s  t h e  cleavage of a s p e c i f i c  leu-  
: ine t R N A  by an enzyme which i s  phage induced.  Perhaps t h i s  i s  how t h e  phage prevents  
l o s t  p r o t e i n  syn thes i s  from t a k i n g  p l a c e .  I f  a l l  E. c o l i ~ m e s s e n g e r  RNA's  conta in  t h e  
:odon f o r  t h i s  spec ie s  of l e u c i n e  t R N A ,  t hen  d e s t r u c t i o n  of t h i s  t R N A  would s t o p  a l l  
l o s t  p r o t e i n  syn thes i s .  

- -  

(80 and 20%);  L-M tumors showed 4 aspartyl-tRNA's,  two ( 8  and 2%)  migra t ing  a t  t h e  
same chromatographic p o s i t i o n s  as t h o s e  of  L-M c e l l s ,  and two d i s t i n c t  peaks (75 a n d  
15%) migra t ing  a t  d i f f e r e n t  p o s i t i o n s  where no aspartyl-tRNA's from L-M c e l l s  were 
observed.  L-M tumors had t h r e e  histidyl-tRNA peaks,  of which t h e  most proment one 
i n  f r o n t  w a s  de t ec t ed  as t h e  most minor one i n  t h e  L-M c e l l s .  

F u r t h e r  experiments showed t h e  folaowing f a c t s :  
t h e  female C3H mice were found t o  have some d i f f e r e n c e s  i n  t h e  growth and r eg res s ion  
r a t e ,  no d i f f e r e n c e s  were d e t e c t e d  i n  t h e i r  t y r o s y l  
t h e  tumor t i s s u e  w a s  t r y p s i n i z e d  f o r  d i spe r s ion , adap ted  again t o  & v i t r o  cu l tu re  by 
One passage  i n  19% horse serum-medium 199 and s e v e r a l  papsages i n  O.'-cto-peptone- 
medium 100 as a monolayer, and f i n a l l y  grown i n  suspension c u l t u r e  t o  ob ta in  enough 
material f o r  i s o l a t i n g  t R N A ,  t h e  chromatographic p a t t e r n s  of t y rosy l - a spa r ty l - ,  and 
phenylalanyl-tRNA's of t h e s e  -- i n  v i t r o  grown L-M tumor c e l l s  showed those  of the  L-M 
c e l l s  i n s t e a d  of those  of L-M tumors; ( 3 )  When 5% mouse serum o r  5% horse serum w a s  

(1) Although tumors from t h e  male and 

aspartyl-tRNA's; ( 2 )  When 

U CN-4414 A 

i e c e n t l y  we  have been s tudying  T4 amber mutants t h a t  a r e  unable t o  grow i n  E. c o l i  
; t r a i n  B. We obta ined-3  mutants from D r .  Edgar of  Cal. Tech., t h a t  a r e  blocked i n  
;ome la te  func t ion  a s s o c i a t e d  wi th  assembling t h e  phage head. 
:aused t h e  e a r l y  change, b u t  f a i l e d  t o  b r i n g  about t h e  la te  change i n  t h e  leuc ine  t R N A  

- 
A l l  t h r e e  mutants 

j t u d i e s  on Mouse Plasma C e l l  Tumors 

In o r d e r  t o  determine whether t h e  d i f f e r e n c e s  i n  seryl-tRNA's between plasmacytomas 
?reducing d i f f e r e n t  immunoglobulins ( i . e . ,  IgA vs .  IgG) were r e l a t e d  t o  t h e  syn thes i s  
3f d i f f e r e n t  p r o t e i n s ,  it becomes necessa ry  t o  a t tempt  t o  set-up an i n  v i t r o  immuno- 
g lobu l in  syn thes i z ing  system i n  o r d e r  t o  c ros s  spec ie s  of t R N A ' s .  We have found t h a t  
un l ike  mic rob ia l  ribosomes, mammalian ribosomes a r e  not  s u i t a b l e  f o r  t r i p l e t  coding 
experiments ,  s o  these  w i l l  be delayed u n t i l  we can g e t  t h e  ordered  polynucleo t ides  t o  
aork . 
L-M F ib  rob  las t Studies  
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.ncluded in the culture medium in the place of 0.5% Bacto-peptone for three passages, 
io conversion of aspartyl- and tyrosyl-tRNA's into the tumor pattern was observed; 
:4) Co-chromatography of tyrosyl-, aspartyl-, seryl-, and phenylalanyl-tRNA's from 
Z3H mouse liver with those from L-M cells or L-M tumors revealed that the isoaccepting 
uninoacyl-tRNA patterns of L-M tumors and the liver were similar; ( 5 )  Since tRNA's 
rere prepared from L-M cells which were in cell suspension and from L-M tumors which 
{ere solid tissue, the possibility arose that different physical treatment of the 
source of material before phenol extraction might alter the chromatographic properties 
,f isoaccepting tRNA's. This possibility was excluded by the finding that isoleucyl-, 
salyl- and seryl-tRNA's prepared from the cell suspensions of C3H mouse reticulocytes 
$ere similar to those of L-M tumors in chromatographic separation. 

L'o summarize, the results showed that the multiple isoaccepting tRNA's undergo remark- 
able changes in L-M cells following the drastic change from the in vitro cell culture 
to  the in vivo environment. Whether this phenomenon results from the selection of the 
?ell clone population or to adaptation of the cells at the cytoplasmic level remains 
t o  be determined. 

-- 

Ethionine Carcinogenesis 

We have almost completed the comparison of alkylated bases in rat liver tRNA following 
their labeling with 14C-methyl-methionine or with [ethyl-l-14C]-L-ethionine. Different 
ethylpurines and pyrimidines were synthesized and characterized to make positive iden- 
tifications. The results reported below demonstrate some qualitative similarities 
between ethionine and methionine but also show marked differences. This demonstrates 
that ethionine has a different specificity and does not randomly compete witkmethio- 
nine for the same sites in tRNA. 

In the purine fraction, only guanine is ethylated, not adenine. 
ethylguanines, 3 of which have been identified. 
ethylguanine account for 23, 2, and 7% of the total ethylation respectively; two- 
thirds of purine ethylation. 
guanine, based on electrophoretic studies accounts for 17% of the total ethylation. 
These results contrast with those obtained with methionine; in the latter case both 
guanine and adenine are methylated. 

The major ethylated purine, N -ethylguanine, apparently has a shorter half-life than 
the other ethylated purines in tRNA. This also contrasts with methylated purines of 
which 7-methylguanine apparently has the shortest half-life. 

There are 4 different 
N2-ethyl, N2, N2-diethyl-, and 7- 

An unidentified ethylpurine, probably another ethyl- 

2 

Approximately 80% or more of the ethylation which occurs in the pyrimidine nucleotide 
fraction is accounted for by 2'-0-ethylation of the ribose moiety. 
phy demonstrates there are not less than three different 2'-O-ethylpyrimidine nucleo- 
tides in rat liver tRNA and they appear to be uridylic acid derivatives as indicated 
by electrophoresis. One may be assumed to be 2'-O-ethyluridylic acid and the others 
could conceivably be 2-2-ethyl derivatives of minor bases related to uridylic acid 
such as ribothymidylic acid, pseudouridylic acid, etc. These compounds differ mark- 
edly from those obtained with the methylated pyrimidine nucleotide fraction. In the 
latter case, 2'-O-methylation accounts for 12% (maximum) of the total methylation 
found. The major methylated pyrimidine nucleotide are ribothymidylic and 5-methylcyti 
dylic acids whereas only a small amount of 5-ethylcytidylic acid has been identified. 

Paper chromatogra- 

The above results indicate that in tRNA only guanine in the purine fraction and mainly 
uridylic acid (and/or its derivatives) in the pyrimidine fraction are ethylated to a 
major extent. For the former, only base ethylation occurs and for the latter, mainly 

U C  N - 4 4 1 4 A  
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2'-0-ethylat ion occur s .  
i i f f e r e n t  from methionine.  

These f i n d i n g s  i n d i c a t e  a high s p e c i f i c i t y  f o r  e th ion ine ,  

~ ~~~ 

ZXPECTED RESULTS IN FY 1970: 

Leucyl-tRNA from Phage I n f e c t e d  Cells 

#e expect  t o  do more work w i t h  T4 amber mutants t h a t  a re  blocked i n  c e r t a i n  known 
s p e c i f i c  func t ions  t o  s e e  i f  we can come c l o s e r  t o  p inpo in t ing  t h e  func t ion  of the  new 
species  of leucyl-tRNA. 

I 
rJe a r e  c u r r e n t l y  working on a procedure t h a t  should allow us  t o  i s o l a t e  a l l  spec ies  o f '  
Leucyl-tRNA i n  a h igh  s t a t e  of p u r i t y .  1 
xyla te  a mixture  of tRNA w i t h  l e u c i n e ,  t hen  chemically phenoxyacetylate  t h e  amino i 

3roup. When such a d e r i v i t i z e d  molecule i s  chromatographed over  benzoylated-DEAE-cel-, 
Lulose, t h e  phenoxyacetyl group will cause t h e  d e r i v a t i z e d  tRNA t o  s t i c k  t o  t h e  column, 
J h i l e  a l l  t h e  o t h e r  t R N A ' s  w i l l  be  e l u t e d  i n  a sa l t  g rad ien t .  1 
nolecules  can be removed wi th  salt i n  10% ethanol .  I 
t R N A ' s  i n  a s i n g l e  f r a c t i o n ,  bu t  now sepa ra t ed  from t h e  o t h e r  t R N A ' s .  The mixture 
3f l e u c y l  t R N A ' s  i s  t h e n  deacy la t ed  and t h e  i n d i v i d u a l  i soaccep t ing  spec ie s  can be 
sepa ra t ed  from each o t h e r  by RPC-2 chromatography. Having t h e  s e p a r a t e  spec ies  w i l l  
then permit  accu ra t e  coding and b ind ing  s t u d i e s .  Polyribosomes from uninfec ted  bac- 
teria should not  b ind  t h e  new l e u c i n e  s p e c i e s ,  bu t  they should b ind  t o  polysomes of 
i n f e c t e d  c e l l s .  
po in t  i n  t ime t h e  polyribosomes i n  i n f e c t e d  c e l l s  become competent f o r  binding the  
new leucyl-tRNA's. 
when i s o l a t e d  from un in fec t ed  c e l l s ,  should  bind t o  polyribosomes of such c e l l s ,  but 
no t  t o  polyribosomes from i n f e c t e d  c e l l s .  

The p r i n c i p l e  of t h e  procedure i s  t o  amino- 

Then t h e  de r iva t i zed  
This w i l l  y i e l d  a l l  t h e  leucyl- 

It w i l l  be i n t e r e s t i n g  t o  do t iming  experiments t o  determine at which 

I n  a s imilar  manner, t h e  t R N A  t h a t  i s  des t royed  by phage i n f e c t i o n ,  

S tud ie s  on Mouse Plasma C e l l  Tumors 

We w i l l  cont inue t o  work wi th  t h e  i n  v i t r o  amino a c i d  inco rpora t ing  system, working 
toward improving t h e  e f f i c i e n c y  of  t h e  system and looking f o r  a cha in  i n i t i a t i o n  
system f o r  immunoglobulin s y n t h e s i s .  

L-M F i b r o b l a s t  S tud ie s  

The results obta ined  by us t o  d a t e  wi th  t h i s  system has a l e r t e d  us t o  t h e  p o s s i b i l i t y  

could p o s s i b l y  have a profound a f f e c t  on t h e  aminoacyl-tRNA p r o f i l e  of a t i s s u e .  
These f a c t o r s  w i l l  be  kep t  i n  mind i n  planning f u t u r e  experiments. We would l i k e  t o  1 
extend  t h e s e  s t u d i e s  t o  v i r a l  oncogenes is ,  where t h e  i d e a  of s p e c i f i c a l l y  induced 
changes i n  tRNA a r e  p a r t i c u l a r l y  a t t r a c t i v e .  We would l i k e  t o  c o l l a b o r a t e  with people1 

I 
1 

t h a t  environmental  f a c t o r s ,  such as n u t r i t i o n a l  s t a t u s ,  hormonal i n f l u e n c e s ,  e t c . ,  I 

i 
a t  t h e  Na t iona l  Cancer I n s t i t u t e  who a r e  working on v i r a l  oncogenesis. 

U C  N-44 1 4 A  
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W e  do no t  know whether t h e  a l k y l a t i o n  of tRNA by e th ion ine  i s  p a r t  o f  t h e  process  
.eading t o  t h e  r e s u l t a n t  neop las i a .  However, a working hypothesis  t h a t  w e  l i k e  t o  
:ons ider  i s  t h a t  some of  t h e  minor components of  an i soaccept ing  se t  of tRNA spec ie s  
lay func t ion  as r e p r e s s o r s  o r  de rep res so r s  of c e r t a i n  genomes. There are some i n d i -  
: a t ions  i n  t h e  l i t e r a t u r e  sugges t ing  t h a t  t R N A ' s  may bind toge the r  with o t h e r  p r o t e i n s  
,o m a k e  a s t a b l e  enzyme-tRNA complex. 
, ind ing  of  tRNA t o  p r o t e i n s  t h a t  are  no t  involved  i n  p r o t e i n  syn thes i s  and t h e  sug- 
; e s t ion  has  been made t h a t  such protein-tRNA complexes toge the r  may a c t  as r e p r e s s o r s ,  
)r derep res so r s  of  genomes. 
iormal cytoplasmic p r o t e i n s  by t h e  technique  of  Sephadex G e l - f i l t r a t i o n .  If p o s i t i v e  
* e s u l t s  are obta ined ,  w e  w i l l  r e p e a t  t h e s e  experiments with tRNA t h a t  has been a lky l -  
tted by e th ion ine  t o  determine whether t h e  a l k y l a t i o n  has disturbed t h e  p r o t e i n  bind- 
.ng r e a c t i o n .  

The one or  two known cases  of t h i s  involve  t h e  

We w i l l  exp lo re  t h e  binding of  normal rat l i v e r  t R N A  t o  

XPECTED RESULTS I N  FY 1971: 

' h i s  i s  a long  term program wi th  several l i n e s  be ing  i n v e s t i g a t e d  s imultaneously and 
.t i s  d i f f i c u l t .  t o  be s p e c i f i c  about FY 1971. I n  gene ra l  w e  w i l l  fo l low t h e  o u t l i n e  
Civen f o r  FY 1970 with  t h e  except ion t h a t  any new leads uncovered by cu r ren t  work w i l l  
)e v igorous ly  pursued. 

i : n t e l l e c t u a l l y  w e  are prepared  t o  expand our s t u d i e s  on changes i n  t R N A  dur ing  ca rc ino  
genesis t o  encompass t h e  i n h a l a t i o n  carc inogenes is  s tudy by working d i r e c t l y  wi th  lung  
; i s s u e .  If s u f f i c i e n t  funds could be added t o  t h e  program t o  cover t h e  c o s t  o f  em- 
)laying t h e  needed t e c h n i c a l  a s s i s t a n t s  - w e  could quickly extend t h e  s tudy  t o  lung 
; i s sue .  

1 
I 
I 

~ ~~ 

KIDGET COMMENTS : 

?he only unusual c o s t s  expected would be for c a p i t a l  equipment. 
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~ 1 
COPE : 1 
Iarcinogenic e f f e c t s  o f  chemicals .  
l imethylnitrosamine (DMN ) and d ie thy ln i t rosamine  (DEN)  are metabol ized t o  h ighly  
Veactive by-products,  such as t h e  corresponding d iazoa lkanes ,  which, i n  t u r n  cause 
t l ky la t ion  of DNA and RNA, p r imar i ly  at t h e  7-methyl p o s i t i o n  of  guanine.  
Seactions have been impl ica ted  h y p o t h e t i c a l l y  i n  t h e  carc inogenic  a c t i v i t y  of t h e s e  
:ompounds. I n  c o n t r a s t ,  a l k y l a t i o n  by t h e  sulfonoxyalkane methyl methanesulfonate 
INNS) a l s o  occurs  a t  the  7-methyl p o s i t i o n  of guanine b u t  has  not  been observed t o  
)e carcinogenic .  Consequently,  it i s  conceivable  t h a t  compet i t ion between t h e s e  two 
groups of  a l k y l a t i n g  agen t s  f o r  b i o l o g i c a l l y  important  s i tes  might occur ,  w i t h  MMS 
i n h i b i t i n g  t h e  carc inogenic  e f f e c t s  of  DMN, DEN, and o t h e r  l i k e  agen t s .  The ob jec t  
)f t h i s  i n v e s t i g a t i o n  i s  t o  study t h e  comparative and i n t e r a c t i v e  e f f e c t s  of n i t r o -  
samines and sulfonoxyalkanes as a guide t o  t h e i r  mode o f  a c t i o n ,  w i th  p a r t i c u l a r  
reference t o  carc inogenes is .  

It has been p o s t u l a t e d  t h a t  t h e  po ten t  carcinogens 

The la t te r  

2ombined e f f e c t s  o f  X rays and radiomimetic chemicals i n  ca rc inogenes i s .  Radiomimeti 
2hemicals ( t r i e t h y l e n e  melamine, n i t rogen  mustard,  and myleran) have caused l a t e  
somatic e f f e c t s  i n  RF mice similar t o  those  r e s u l t i n g  from X rays; i . e . ,  shor ten ing  
3f l i f e ,  carc inogenic  e f f e c t s  on d i f f e r e n t  organs,  l e n s  o p a c i t i e s ,  and var ious  degen- 
e r a t i v e  changes i n  t i s s u e s  throughout t h e  body. The o b j e c t i v e  of  t h i s  s tudy  i s  t o  
i n v e s t i g a t e  whether t h e  carc inogenic  e f f e c t s  of t h e s e  chemicals  are mediated through 
nechanfsms i n  common w i t h  t hose  of  r a d i a t i o n  and t o  exp lo re  t h e  combined e f f e c t s  such 
chemicals e x e r t  i n  conjunct ion  wi th  r a d i a t i o n .  

Virus studies. Previous i n v e s t i g a t i o n s  have shown t h a t  Rauscher virus i n f e c t i o n  of 
nouse thymus-spleen c e l l  c u l t u r e s  i s  a s soc ia t ed  w i t h  t r ans fo rma t ion  , one man i fe s t a t i c  
of which i s  product ion of  abundant mucin. I n j e c t i o n  of such t ransformed c e l l s  i n t o  
newborn BALB/c mice resulted i n  t h e  occurrence of myxofibrosarcomas. Untransformed 
non-infected c e l l  c u l t u r e s  d i d  not  produce mucin i n  v i t r o  and on i n j e c t i o n  i n t o  
newborn BALB/c mice produced fibrosarcomas. O u r  p rev ious  u l t r a s t r u c t u r a l  s t u d i e s  of 
subcutaneous myxofibrosarcoma showed t h a t  t h e  tumor c e l l s  produced abundant pro te in-  
l i k e  material and contained numerous v i r u s  p a r t i c l e s ,  c o n t r a s t i n g  wi th  t h e  tumor c e l l  
o f  t h e  fibrosarcomas which produced l i t t l e  p ro te in - l ike  material and no d e t e c t a b l e  
virus p a r t i c l e s .  
are being pursued, w i t h  t h e  o b j e c t i v e  o f  e l u c i d a t i n g  t h e i r  mechanisms and s ign i f i canc  
i n  r e l a t i o n  t o  t h e  l o s s  of con tac t  i n h i b i t i o n  and invas iveness  c h a r a c t e r i s t i c  of t h e  
neoplasms. 

The s tudy  o f  t h i s  and r e l a t e d  a s p e c t s  of t h e  v i r a l  t ransformat ion  

RELATIONSHIP TO OTHER PROJECTS: 

This  program w i l l  be c l o s e l y  coordinated with related p r o j e c t s  i n  t h e  B io lom Div i s i c  
and t h e  Nat ional  Cancer I n s t i t u t e .  
on t h e  b i o l o g i c a l  p r o p e r t i e s  of t h e  ni t rosamines be ing  c a r r i e d  out by D r .  Craig and 
h i s  co-workers a L  t h e  Un ive r s i ty  of Manchester, England. To our knowledge t h e  experi .  
menr;s a r e  not dup l i ca t ed  i n  any o the r  labora tory  w i t h i n  t h e  U.S. o r  elsewhere.  

It w i l l  a l s o  be c l o s e l y  coordinated wi th  s t u d i e s  

TECHNICAL PROGRESS I N  FY 1969: 

Carcinogenic e f f e c t s  of chemicals:  

S ince  a l k y l a t i o n  of nuc le i c  a c i d s  has been pos tu l a t ed  t o  exp la in  t h e  mutagenic and 
carc inogenic  a c t i o n  of  c e r t a i n  a l k y l a t i n g  agents  , such as dimethylni t rosamine (DMN) 
and d i e t h y l n i t r o s m i n e  ( D E N ) ,  we have s tudfed  methvl met-t.p !MMS!> which--  

( N .  K. Clapp, A .  W. C ra ig )  
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i e t h y l a t e s  DNA and RNA but  has not  been r epor t ed  t o  be carc inogenic  h i t h e r t o .  
; o t a l  of 63 ll-week-old male mice from a noninbred sub l ine  of t h e  RF/Un s t r a i n ,  which 
aeceived 30 mg M?G/kg body weight d a i l y  i n  t h e  d r ink ing  water throughout  l i f e ,  we 
'ound an increased  inc idence  of lung tumors (70.2% compared t o  38.9% i n  162 c o n t r o l s )  
tnd thymic lymphomas (14.9% compared t o  3.7% i n  c o n t r o l s ) .  A s  measured by l u n e  tumor 
induct ion ,  t h e r e f o r e ,  W resembles DEN and DMN. 
i i t r o g e n  mustard, TEM, and myleran i n  inducing thymic lymphomas i n  RF mice.  Since 
i l k y l a t i o n  occurs p r imar i ly  at t h e  7-pos i t ion  of  guanine i n  both DNA and RNA after 
dMS, DMN, and DEN,  d i f f e r e n c e s  i n  oncogenic i ty  between MMS, DMN, and DEN sugges t  t h a t  
i q u a l i t a t i v e  d i f f e r e n c e  may e x i s t  between t h e  s i t e ( s )  of a l k y l a t i o n  by t h e s e  agen t s  
l r i thin nuc le i c  a c i d s ,  t h e  p r e c i s e  l o c a t i o n  o f  t h e  a l k y l a t i o n  along t h e  n u c l e i c  a c i d  
:hain p o s s i b l y  being important  i n  the  oncogenic p rocess .  S tud ie s  t o  determine t h e  
:o-carcinogenici ty  of MMS with DMN and DEN a r e  now i n  progress .  

I n  a 

MMS a l s o  appears  t o  resemble x-rays! 

l i e t h y l n i t r o s a m i n e  ( D E N )  i s  a po ten t  carcinogen i n  a number of s p e c i e s  of a n i m a l s ,  
inducing a high incidence of l i v e r  hepatomas, lung  adenomas, and squamous c e l l  
:arcinomas of t h e  forestomach i n  RF mice. To determine tumor incidence-cumulative 
3ose r e l a t i o n s h i p s  f o r  DEN, eight-to-10-week-old male RF mice were g iven  DEN i n  t h e  
3 r ink ing  water i n  var ious  d a i l y  doses  f o r  t r ea tmen t  pe r iods  of v a r i e d  l e n g t h s ;  
cumulative doses ranged from 57 t o  943 mglkg body weight .  Mean s u r v i v a l  t imes  were 
markedly reduced i n  groups r ece iv ing  h igh  t o t a l  doses and i n  groups where t r ea tmen t  
pe r iods  (and drug t o x i c i t y )  extended f o r  s e v e r a l  months. 
tumors increased  l i n e a r l y  with inc reas ing  cumulative dose throughout t h e  range of 
doses  used. I n  c o n t r a s t ,  maximum inc idences  o f  lung and stomach tumors ( ~ 8 0 %  and 
loo%, r e s p e c t i v e l y )  were reached at low cumulative doses ,  and low t h r e s h o l d s  were 
sugges t ed ,  while none w a s  seen f o r  l i v e r  oncogenesis. 
DEN at t h e  same d a i l y  dose (6 mg/kg) b u t  wi th  v a r i e d  t reatment  pe r iods  (1 , 7,  22 
weeks) ,  t h e  higher  dose groups developed t h e  h i g h e s t  incidences of tumors ,  d e s p i t e  
decreased  mean s u r v i v a l  t ime. 
s e n s i t i v e ,  stomach in te rmedia te  i n  s e n s i t i v i t y ,  and l i v e r  l e a s t  s e n s i t i v e  t o  DEN 
ca rc inogenes i s .  

The inc idence  of  l i v e r  

I n  t h r e e  groups t h a t  r ece ived  

A t  t h e  lowest  dose ,  lung t i s s u e  appears  t o  be  most 

Combined e f f e c t s  of X r ays  and radiomimetic agen t s .  (A .  C .  Upton, J. W .  Conkl in)  

The radiomimetic a l k y l a t i n g  agent  t r i e t h y l e n e  melamine (TEM) has been found t o  
resemble x-rays i n  c e r t a i n  l a t e  somatic e f f e c t s  on RF mice. 
of  t he  l i f e  span, leukemogenic e f f e c t s  on t h e  thymus, induct ion of  tumors i n  t h e  
l u n g ,  ovary ,  and o t h e r  organs ,  and t h e  formation of  lens  o p a c i t i e s .  The p r e s e n t  
s t u d y  was undertaken t o  explore  t h e  combined e f f e c t s  of TEM and X r a y s  adminis te red  
c o n c u r r e n t l y ,  with t h e  a i m  of  determining whether t h e  e f f e c t s  of  t h e  two agen t s  
would be  a d d i t i v e  t o  a degree c o n s i s t e n t  w i th  a common mode of a c t i o n .  
o l d  female RF/Un mice were subjec ted  t o :  
( 2 )  25-500 R whole-body 300 kvp x - i r r a d i a t i o n  (80 R/min. ) ; or  ( 3 )  bo th  TEM and 
x - i r r a d i a t i o n  (TEM i n j e c t e d  1-5 minutes be fo re  i r r a d i a t i o n ) .  
30 months a f t e r  t rea tment  show t h a t  each agent  given a lone  shortened t h e  l i f e  span 
b u t  t h a t  t h e  e f f e c t  w a s  g r e a t e r  i n  mice r ece iv ing  both agents t han  i n  t h o s e  rece iv inR 
a comparable t o t a l  dose of e i t h e r  agent  a lone ,  e s p e c i a l l y  a t  high dose l e v e l s .  
Likewise,  each agent a lone  induced thymic lymphomas and ovarian tumors ,  b u t  when both  
a g e n t s  were administered t o g e t h e r ,  t h e  inc idence  exceeded t h a t  induced by e i t h e r  agen 
a l o n e ,  i n d i c a t i n g  t h a t  t h e  two agents  adminls te red  toge the r  exe r t ed  e f f e c t s  which 
were a d d i t i v e ,  if not s y n e r g i s t i c ,  depending on t h e  end-effect i n  q u e s t i o n .  
however, a few of t h e  mice remain a l i v e  and t h e  l e s i o n s  induced by t h e  two agen t s  
remain t o  be analyzed i n  full, t h e  s i g n i f i c a n c e  of t h e i r  combined e f f e c t s  is  y e t  
t o  be determined. 

These inc lude  shor t en ing  

Ten-week- 
(1) I-P i n j e c t i o n  of TEM, 0.25-4.0 mg/K; 

Pre l imina ry  r e s u l t s  

S ince ,  
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'0 explore possible mechanisms of synergistic effects of the two agents, the combined 
;oxicity of the agents to thymus and hemopoietic cells is being analyzed with respect 
;o effects on thymus weight and on killing of hemopoietic cells, as judged by the 
rill-McCulloch spleen nodule method. 
iiffer quantitatively, if not qualitatively, in their effects on blood-forming cells. 

Preliminary results imply that X rays and TEN 

4yxofibrosarcomatous transformation by the Rauscher virus. (R.C. Brown, R.L. Tyndall) 

zomparative ultrastructural examinations were made of non-infected, non-transformed 
znd Rauscher-virus-infected transformed mouse thymus-spleen cell cultures, and of 
3auscher-virus-infected and control cultures produced by cloning of the control 
spleen-thymus cultures and infection of the derived cloned cultures, In all four 
zulture types, three kinds of cells were recognized: 
an immature cell showing sparse, small mitochondria, few ribosomes and very little 
endoplasmic reticulum; 2)  a medium dense cell, morphologically like a fibroblast cell! 
showing a moderate amount of rough endoplasmic reticulum, moderate numbers of medium 
to large sized mitochondria, and a moderate number of ribosomes, and 3) a dark cell 
which contained very electron-dense cytoplasm containing moderate amounts of rough 
endoplasmic reticulum, a moderate number of mitochondria of moderate size, and a 
very electron-dense nucleus. Rauscher virus proliferated abundantly in cells of the 
cloned and uncloned infected cultures and was not seen in the control cultures. 
Virus replication was seen only in the light and medium electron-dense cells. One 
hundred twenty to 160 1 diameter extracellular fibrils were observed in the uncloned 
virus infected culture, but were not found in uninfected cultures or in the infected 
cloned cultures. Mucus also was identified only in the supernatant of infected 
uncloned cultures. Ultrastructural studies of myxofibrosarcomas resulting from 
injected infected cultures and fibrosarcomas resulting from injected uninfected 
cultures showed that the three kinds of cells observed in the injected cultures were 
present. 
dense cells predominated and dark cells were rare. 
cells with marked secretory activity predominated, whereas medium-electron-dense 
cells and dark cells were rare. 
cellular fibrils like those seen in the infected uncloned culture as collagen fibers. 
Work thus far suggests that Rauscher virus has been responsible for phenotypic trans- 
formation of spleen-thymus mouse cells on at least two occasions. 

1) a pale cell considered to be 

In the fibrosarcoma as in the control cultures, the pale- and medium-electrc 
In the myxofibrosarcomas pale 

The cells of the myxofibrosarcoma produced extra- 

EXPECTED RESULTS IN FY 1970: 

Ekperiments aimed at determining the consistency with which Rauscher virus can induce 
transformation will be pursued. Ultrastructural and histochemical studies will be 
made to compare the phenotypic expression in tumors in vivo resulting from injection 
of Rauscher virus inoculated cultures that do or do not produce mucus in vitro. 

The studies with nitrosamines and TEM will be completed, 

-- 

EXPECTED RESULTS IN FY 1971: 

Clonal experiments will be pursued to determine if the three kinds of cells observed 
in the thymus-spleen cell cultures and in fibrosarcomas and myxofibrosarcomas 
resulting from injection of control and infected cultures are varied forms of a singlc 
cell or are three different cell types. 
altered mucopolysaccharide metabolism in Rauscher virus-infected mice and its possiblc 
relationship to neoplastic and non-neoplastic diseases which occur in these infected 
mice, 

Studies will be directed toward detecting 
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1 
Che program i s  concerned pr imar i ly  with the  cy togene t i c  e f f e c t s  of r a d i a t i o n s  and j 
Zhemicals on mammalian c e l l s ,  e s p e c i a l l y  i n  v i t r o .  The main o b j e c t i v e s  a r ?  t h r e e f o l d :  1 
:1) t o  e s t ima te  the  b i o l o g i c a l  s e n s i t i v i t y  of human and o ther  mammalian c e l l s  t o  
Fadiat ion and chemical agents ,  inc luding  carcinogens,  ( 2 )  t o  a t tempt  t o  c o r r e l a t e  t h e  
Jbserved cy togene t i c  changes with biochemical  modi f ica t ions  i n  the  c e l l ,  and ( 3 )  t o  
' ind t h e  r e l a t i o n s h i p  between the chemical ly  induced mutations (gene mutations and 
2hromosome a b e r r a t i o n s )  and the n e o p l a s t i c  p rocesses .  This  l a s t  approach i s  t o  t e s t  
the idea of somatic mutation a s  a cause of carc inogenes is  and the  gene ra l  r e l a t i o n s h i r  
setween carcinogens and mutagens. Experimental  chemical carcinogenesis  i n  mammalian 
? e l l s  i n  v i t r o  w i l l  a l s o  be attempted i n  t h i s  connect ion.  

rhe e f f e c t s  of r a d i a t i o n  and chemicals on mammalian c e l l s  i n  c u l t u r e  can be measured b 
3 v a r i e t y  of cy togenet ic  c r i t e r i a  which inc lude  chromosome abe r ra t ion ,  m i t o t i c  inh ib-  
i t i o n ,  gene mutation and c e l l  k i l l i n g  ( co lony  fo rma t ion ) .  Our purpose i s  t o  e s t a b l i s h  
the d o s e - e f f e c t  r e l a t i o n s h i p  and then  t o  c o r r e l a t e  t hese  phenomena w i t h  each o the r  and 
q i t h  t h e  concomitant modif icat ions i n  t h e  b i o s y n t h e t i c  and m t a b o l i c  processes  i n  the  
t r e a t e d  ce 11s . 

-- 

-- 

In  the  past two years ,  we have developed techniques  f o r  the s e l e c t i o n  of mutant marker 
i n  Chinese hamster c e l l s  i n  c u l t u r e .  Furthermore,  we have demonstrated chemical muta- 
genes is  i n  these  c e l l s ,  thus  opening new exper imenta l  avenues f o r  mutation research  i n  
mammalian c e l l s .  We a r e  cont inuing  the e f f o r t s  i n  r e f i n i n g  t e c h n i c a l  procedures and i 
2 s t a b l i s h i n g  a v a r i e t y  of new gene t i c  markers.  Furthermore, we have extended these  
s t u d i e s  t o  human c e l l s  i n  c u l t u r e .  The rnammalian c e l l  c u l t u r e  system o f f e r s  opportun- 
i t i e s  f o r  b a s i c  s t u d i e s  a s  we l l  a s  f o r  p r a c t i c a l  sc reening  t e s t s  f o r  poss ib l e  muta- 
genic  and carc inogenic  agents  i n  t h e  human environment.  

Chromosome a b e r r a t i o n  ana lys i s  has been and w i l l  cont inue t o  be one of our  main e f f o r t  
of t h e  o v e r a l l  program. Our cu r ren t  i n t e r e s t s  c e n t e r  around s e v e r a l  t o p i c s  of which 
one, chromosome breakage and o the r  c y t o l o g i c a l  abnormal i t ies  induced by carcinogens,  
i s  e s p e c i a l l y  p e r t i n e n t  t o  the  present  program. 
a t i o n  of t h e  e f f e c t s  of chemicals a s  w e l l  a s  r a d i a t i o n  on the gene t ic  mechanisms of t h  
c e l l .  

This  s tudy  i s  bas i c  t o  any consider-  

RELATIONSHIP TO OTHER PROJECTS: 

Among the  l a b o r a t o r i e s  where the e f f e c t s  of r a d i a t i o n s  and chemicals on mammalian chrc 
mosmes have been s tudied  a r e  the  Un ive r s i ty  of Ca l i fo rn ia  Medical Center,  Un ive r s i ty  
of Colorado Medical Center,  Univers i ty  of Texas M. D .  Anderson Hospi ta l ,  Argonne 
Na t iona l  Laboratory,  Univers i ty  of Aberdeen, Scot land ,  Western General Hospi ta l ,  
Edinburgh, Scot land,  Univers i ty  of Lund, Sweden, and Univers i ty  of Uppsala, Sweden. 

R e l a t i v e l y  few l a b o r a t o r i e s  a r e  a c t i v e l y  engaged i n  t h e  g m e t i c  s t u d i e s  of somatic 
c e l l s .  
Un ive r s i ty ,  Univers i ty  of Michigan, Un ive r s i ty  of Wisconsin and Univers i ty  of Washingt 
Within t h e  Biology Divis ion,  ORNL, work i s  coordinated with the  Fungal Genet ics  Group 
and t h e  Mammalian Genetics and Development S e c t i o n .  

Mention may be made of the  Un ive r s i ty  of Colorado Medical Center,  Yale 

Coordina t ion  and poss ib l e  cooperat ion is a n t i c i p a t e d  with o the r  groups wi th in  t h e  
Biology Divis ion  t h a t  a r e  p a r t i c i p a t i n g  i n  t h e  Co-carcinogenesis Program. 
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most i n t e r e s t i n g  i s  the  f a c t  t h a t  2 out  of 3 ICR-170-induced mutants t e s t e d  could be 
r e v e r t e d  on ly  wi th  t h e  same mutagen t h a t  induced them. These r e s u l t s  a r e  c o n s i s t e n t  
w i t h  t h e  f i n d i n g s  of mutagenic s p e c i f i c i t y  i n  micro-organisms . 

‘ECHNICAL PROGRESS I N  FY 1969: 

; e l e c t i o n  and Charac te r i za t ion  of Mutations i n  Mammalian C e l l s  

Jsing v a r i o u s  s e l e c t i o n  techniques analogous t o  those  used i n  microbia l  gene t i c s ,  we 
meported t h e  i s o l a t i o n  of mutants auxot rophic  f o r  L-glutamins o r  r e s i s t a n t  t o  8- 
izaguanine i n  an  e s t ab l i shed  aneuploid l i n e  of Chinese hamster lung c e l l s .  This type 
If endeavor  has been continued, bo th  i n  r e f i n i n g  the  d i f f e r e n t  s e l e c t i v e  techniques  
ind i n  b u i l d i n g  up a v a r i e t y  of new mutants .  

r i t h  respect t o  s e l e c t i v e  methods, we have shown t h a t  c e l l s  whose purine and pyr imidin  
I i o syn the  s i s  was bl.ocke d by amin opte r i n  incorporated exogenous 5 -b r omode oxyurid ine  
BUdR) much more e f f e c t i v e l y  than  c e l l s  no t  t r e a t e d  with BUdR. 

; u b s t i t u t e d  c e l l s  were very s e n s i t i v e  t o  v i s i b l e  l i g h t ,  a s  measured by colony forming 
3 b i l i t y .  T h i s  modif icat ion g r e a t l y  improves the  e f f e c t i v e n e s s  of s e l e c t i n g  auxotrophi  
nutants ,  a s  f i r s t  proposed by Puck and Kao (1.967). 

The heav i ly  BUdR- 

\ pp ly ing  t h e  “thymidineless  dea th”  procedure,  we have f u r t h e r  i s o l a t e d  a group of auxo 
Lrophic mutants t h a t  were dependent on one o r  more of t e n  added me tabo l i t e s .  The i r  
s p e c i f i c  n u t r i t i o n a l  requirement a s  wel l  a s  t h e i r  gene t i c  and biochemical na ture  a r e  
2eing i n v e s t i g a t e d .  

4 mutant l i n e  was obtained which e x h i b i t e d  r e s i s t a n c e  t o  a h igh  concent ra t ion  
Df BUdR. 
kinase a c t i v i t y .  
midine whereas normal c e l l s  a r e  repressed  even wi th  10-5 M of t he  me tabo l i t e .  
seemed t o  r e t a i n  t h e  normal permease a c t i v i t y ,  bu t  pr0babi.y had modified thymidine 
k inases  which reac ted  va r i ab ly  wi th  t h e  s u b s t r a t e ,  thymidine.  

M )  
The c e l l s  f a i l e d  t o  inco rpora t e  H3-thymidine, probably l ack ing  the  thymidine 

The c e l  
Another group of mutants showed remarkable to l e rance  t o  10-3 M thy-  - 

Chemical Induc t ion  of Forward and Reverse Mutations 

Evidence has  been presented t h a t  i n  hamster c e l l s  e t h y l  methanesulfonate (Em) s i g n i -  
f i c a n t l y  induces  both forward and r eve r se  mutations a t  t h e  gene l o c i  t h a t  c o n t r o l  
glutamine requirement  o r  r e s i s t ance  t o  8-azaguanine . 
t o  inc lude  o t h e r  chemical mutagens t o  d e f i n e  the condi t ions  f o r  mutation expression,  
and t o  t e s t  t h e  mutagenic s p e c i f i c i t y .  

These s t u d i e s  have been extended 

A h i g h l y  s i g n i f i c a n t  increase over t he  c o n t r o l s  i n  the  forward mutation frequency f ron  
azaguanine s e n s i t i v i t y  t o  r e s i s t a n c e  can  be induced with Ea, MMS (methyl  methane- 
s u l f o n a t e ) ,  MNNG (N-methyl-N’-nitro‘N-nitrosoguanidine ) and I C R - 1 7 0  ( a n  ac r id ine  
mustard ). 
r e l a t i v e  e f f e c t i v e n e s s  of t he  f o u r  compounds used i s  a s  fo l lows:  ICR-l70>MNNG)MlS) 
Em. 

I n  equimolar concent ra t ions  and under s i m i l a r  exper imenta l  condi t ions ,  the 

I 
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Photodynamic E f f e c t  of Carc i rogec ic  Po lycyc l i c  Hydrocarbons i n  Mammalian C e l l s  

We have t h u s  f a r  empl.oyed the  fo l lowing  compounds for c e l l  k i l l i n g  a s  measured by the  
colony forming a b i l i t y  of Chizese hamster c e l l s  -- i n  v i t r o :  1,2-benzpyrene, 3,4-benz- 
pyrene, 1,2; 3 , 4 - d i b e n z a n t h r a c e ~ e ,  1,2; 5,6-dibenzanthracene, and 9,lO-dimethyl 1,2- 

Mutagenicity of Chemical Carcinogens i n  Mammalian Cells 

With the  a v a i l a b i l i t y  of gene t i c  markers and the  demonst ra t ion  of chemical mutagenesis 
i n  t i s s u e  c u l t u r e  mammalian c e l l s ,  it becomes f e a s i b l e  t o  t e s t  i n  t h e  same system both 
carc inogenec i ty  and mutagenic i ty  o r  a p a r t i c u l a r  a g e n t .  We have s tudied  t h e  cy to tox i -  
c i t y  and photodynamic e f f e c t  of s e v e r a l  carc inogenic  and non-carcinogenic polycyc1 . i~  
hydrocarbons. These same s e r i e s  of compounds, a s  w e l l  a s  s e v e r a l  aromatic amines, have 
been used f o r  mutation induc t ion  i n  t h e  hamster c e l l s .  The mutagenic change s tud ied  
was from s e n s i t i v i t y  t o  8-azaguanine ( w i l d  type ) t o  r e s i s t a n c e .  

Our r e s u l t s  c l e a r l y  show t h a t  9,lO dimethyl-1,3-benzanthracen~ was h igh ly  mutagenic, 
whereas 1 ,2 ;  3 ,bd ibenzan th racene  and 1,2; 5,6-dibenzanthracene caused s l i g h t  but 
s ign i f i can - t  i nc rease  i n  t h e  forward mutation f requency .  On the  o the r  hand, n e i t h e r  
1,2-benzpyrene nor 3, bbenzpyrene  was shown t o  be mutagenic. 

Pre l iminary  d a t a  i n d i c a t e  t h a t  2-acetylaminofluorzne (AAF) and N-hydroxy-AAF a r e  
s l i g h t l y  mutagenic whereas t h e i r  metabolic d e r i v a t i v e ,  N-acztoxy-AFF, i s  h igh ly  muta- 
g e n i c  i n  hamster c e l l s .  F u r t h e r  -- i n  v i t r o  t e s t s  of t h i s  t ype ,  t oge the r  wi th  para1.1.el. 
s t u d i e s  of mouse ~ e l - 1 s  i n  vivo, may throw l i g h t  on t h e  poss ib i l . i t y  t h a t  metabolic 
d e r i v a t i v e s  r a t h e r  t han  t h e  or ig ina l .  compound -- per se  is responsib1.e f o r  the  f ina l .  
e f f e c t ,  whether it i s  a mutation o r  a cancer o r  b o t h .  

-- 

_ _  

EXPECTED FESULTS I N  FY 1.970: 
Somatic C e l l  Genetics 

S e l e c t i o n  and c h a r a c t e r i z a t i o n  of t he  a v a i l a b l e  and a d d i t i o n a l  gene t i c  markers i n  
hamster c e l l s  w i l l  be cont inued .  The s t u d i e s  w i l l  i nvolve  cy to log ica l ,  g e n e t i c a l  and 
biochemical ana lyses  of mutants, r e v e r t a n t s  and somatic hybr ids .  S imi l a r  work w i l l  be 
extended t o  normal and n e o p l a s t i c  c e l l  l i n e s  of human o r i g i n .  Of s p e c i a l  i n t e r e s t  i s  
t h e  use of human ce1l.s derived from ind iv idua l s  w i th  inborn e r r o r  of metabolism. The 
f i r s t  a p p l i c a t i o n  w i l l  be the  mapping of genes on human chromosomes through expe r i -  
mental h y b r i d i z a t i o n  of t h e  va r ious  human c e l l  s t r a i n s  wi th  hamster or mouse c e l l  l i n e  
c a r r y i n g  va r ious  g e n e t i c  markers. The second use of t h e  human mutant c e l l  l i n e s  is  t h  
a r t i f i c i a l  i nduc t ion  of back muta t ions .  

Chemical - and Radia t ion  Mutagenesis i n  Hamster Cells I n  V i t r o  

Considerable e f f o r t s  w i l l  be devoted t o  and r e s u l t s  a r e  expected from mutagenesis expe 
iments wi th  t h i s  system. We p lan  t o  induce forward and r eve r se  mutations a t  a few we1 
defined s p e c i f i c  l o c i  i n  Chinese hamster c e l l s  w i th  v a r i o m  chemical mutagens and 
carcinogens,  X-rays, u l t r a v i o l e t  l i g h t ,  e t c .  and compare t h e  p r o p e r t i e s  of mutants 
induced by d i f f e r e n t  agen t s  a s  w e l l  a s  t h e  f r equenc ie s  of mutations a t  d i f f e r e n t  l o c i .  

The molecular mechanism of mutagenesis, t h e  problems of express ion  and r e p a i r  of muta- 
t i o n s ,  and t h e  r e l a t i o n s h i p  between genic  and chromosomal mutations a r e  be ing  i n v e s t i -  
gated and c e r t a i n  r e s u l t s  a r e  expec ted .  

PAGE 4 c! C N-44 1 4 A 
(13  6-63) 
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In Vivo Mouse Systems f o r  MKtagenesis S t u d i e s  

?he E h l i c h  a s c i t e s  tumor, s t r a i n  ELD, has  a bimodal chromosome numbers of 45 and 46. 
'here a r e  5 morphological ly  d i s t i n c t  marker chromosomes, i n  a d d i t i o n  t o  40 o r  41 t e l o -  
:entries, These tamor c e l l s  a r e  e a s i l y  t r a n s p l a n t a b l e ,  r ap id ly  d i v i d i n g  and amenable 
?or  chromosome a n a l y s i s .  The c e l l s  have an average genera t ion  t i m e  of 18 t o  24 hours,  
lepending on the  hos t  s t r a i n .  

Phe tumor-bearing animals w i l l  be t r e a t e d  w i t h  chemicals through va r ious  r o u t e s .  The 
;umor c e l l s  w i l l  t hen  be harvested a t  d e s i r e d  times f o r  chromosome p repa ra t ion  and 
m a l y s i s .  The tumor c e l l s  can be t r e a t e d  i n  v i t r o  i n  s h o r t  t e rm c u l t u r e s  wi th in ,  f o r  
?xample, 24 hours a f t e r  e x p l a n t a t i o n .  
;he ELD c e l l s  cont inuously -- i n  v i t r o .  
i t i l i z e d  f o r  chromosome p repa ra t ions  from i t s  bone marrow, spleen,  blood and, i n  case 
,f males, t h e  c e l l s  i n  spermatogenesis .  

-- 
Moreover, we have a l s o  succeeded i n  maintaining 

The same t r e a t e d ,  tumor-bearing animal  w i l l  be 

rhe obvious purpose of t h i s  s tudy  i s  t o  compare t h e  cy togenet ic  e f f e c t s  of chemicals 
snd t h e i r  metabol ic  break-down p roduc t s .  Some pre l iminary  evidence of chemically- 
induced chromosome abe r ra t ions  i n  ELD c e l l s  i n  v ivo  and i n  v i t r o  has a l r e a d y  been 
obta ined ,  
t e s t  system. 

-- -- 
F u r t h e r  information i s  expected i n  FY 1970 from experiments w i t h  t h i s  simp1 

The second i n  v ivo  mouse system under c o n s i d e r a t i m  f o r  somatic mutation s t u d i e s  i s  t h  
lymphomas induced by v i r u s  o r  chemical  carc inogens  i n  inbred s t r a i n s  of mice. These 
tumor c e l l s  have been shown t o  r e t a i n  t h e  s p e c i f i c  h i s t o c o m p a t i b i l i t y  H-2  i soant igens  
c h a r a c t e r i s t i c  of t he  hos t  of o r i g i n .  
om c e l l s  maintained i n  c u l t u r e  can hydrolyze nonfluorescent  a l i p h a t i c  a c i d  e s t e r s  of 
f l u o r e s c e i n ,  thus  accumulating a f l u o r e s c e n t  product  ( f l u o r e s c e i n )  i n t r a c e l l u l a r l y .  
This  proper ty ,  r e f e r r e d  t o  a s  "fluorochromasia",  i s  e a s i l y  v i sua l i zed  under a micro- 
scope u s i n g  a l i g h t  source which e x c i t e s  f l u o r e s c e i n .  

-- 

Rotman and Papermaster (1966) showed t h a t  lymph 

Our planned experiments make use of t h i s  s e n s i t i v e  technique f o r  a d e t e c t i o n  of induce 
muta t ions  a t  t h e  H - 2  l ocus .  The lymphoma-bearing animal w i l l  be t r e a t e d  with chemical 
The tumor c e l l s  a r e  then  harvested and t r e a t e d  i n  v i t r o  with s p e c i f i c  a n t i s e r a  plus  
complement. The surv ivors  of t h i s  c y t o t o x i c  sc reen ing  may t u r n  out t o  be mutants.  

-- 

Cytogenet ic  Ef  f e c t  of Ca r c  inoge n s 

F u r t h e r  r e s u l t s  a r e  expected on the  e f f e c t s  of carcinogens on mammalian c e l l s  i n  cu l -  
t u r e .  The c r i t e r i a  used a r e :  (1) c e l l  d e a t h  ( i n s t a n t  death and reproduct ive dea th ) ,  
( 2 )  m i t o t i c  i n h i b i t i o n ,  ( 3 )  gross  c y t o l o g i c a l  e f f e c t ,  ( 4 )  rupture  of lysosomes, ( 5 )  
f requency  of chromosomal abe r ra t ions ,  and ( 6 )  induct ion  of mutat ions.  We expected 
c e r t a i n  conclus ions  from sone of t h e s e  s t u d i e s ,  e s p e c i a l l y  the  c e l l u l a r  mechanisms 
l e a d i n g  t o  c e l l  dea th  and chromosome a b e r r a t i o n s  through combined t rea tment  of ca rc in -  
ogenic  compound and near  v i s i b l e  l i g h t .  S t u d i e s  of lysosomal enzymes w i l l  be pursued 
i n  t h i s  r e s p e c t .  

The mutagenic i ty  of chemical carcinogens w i l l  involve a somewhat l a r g e r  s c a l e  of s c re -  
e n i n g  t h a t  r e q u i r e s  time before any conc lus ions  can be drawn. Never the less ,  s ince  bot 
mutants and methods f o r  ana lys i s  a r e  a v a i l a b l e ,  and s ince  pre l iminary  ind ica t ions  fron 
mutagenesis  experiments appear very  encouraging,  we a r e  cont inuing s t u d i e s  i n  t h i s  
d i r e c t i o n  w i t h  v igo r  and enthusiasm. 
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lXlPECTED FEEJLTS IS FY 1971: 

'Y 1971 w i l l  be devoted t o  cont inua t ion  and i n  some cases ,  completion of the  i n v e s t i -  
; a t i ons  l i s t e d  i n  t h e  above c a t e g o r i e s .  
'o l lowing main a r e a s  : (1) s o m t i c  c e l l  g e n e t i c s ,  ( 2 )  molecular  b a s i s  of chromosomal, 
:enic and c e l l u l a r  modi f ica t ions  by r a d i a t i o n s  and chemicals,  ( 3 )  -- i n  v i t r o  chemical 
:arcinogenesis ,  (4) tumor cytology,  ( 5 )  tumor a n t i g e n s ,  and ( 6 )  mammalian cytogeneticz 

The a n t i c i p a t e d  program w i l l  include t h e  

?he program has been planned t o  reach f u l l  s i z e  d u r i n g  FY 1969, but  it now appears th2 
i t  w i l l  n o t  be p o s s i b l e  u n t i l  t h e  FY 1971. The development of t h i s  research program 
L s  such t h a t  we must reques t  a d d i t i o n a i  s t a f f  i n  o r d e r  t o  c a r r y  out  t h e  planned work 
l u l l y  and e f f e c t i v e l y .  
me l a b o r a t o r y  t e c h n i c i a n .  One of t he  s c i e n t i s t s  should be a c e l l  b i o l o g i s t  with b i o -  
:hemica1 background and t h e  o t h e r  an  inmanogenet ic i s t .  

During FY 1971, we would l i k e  t o  add two s t a f f  s c i e n t i s t s  and 

BUDGET COMMENTS : 

The only unusual  c o s t s  expected would be f o r  c a p i t a l  equipment. 
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N C I  Somatic C e l l  Genetics 

I I 

METHOD OF REPORTING I WORK LOCATION 

40 04 

0 QUARTERLY 0 TOPICAL 

0 SEMIANNUAL OPEN LITERATURE 

ANNUAL 

ERSON I N  C H A R G E  . F. Kimball 
R l N C l P A L  I N V E S T I G A T O R  . D. Regan (50%) 

0 X-10 SITE 0 OTHER (SPECIFY) 

Ilr] Y-12 SITE 

0 MELTON VALLEY 

S E C U R I T Y  C L A S S I F I C A T I O N  O F  PROGRAM S T A T U S  
T H I S  P R O G R A M  D E S C R I P T I O N  

NEW WORK BEGINNING FY 

Unclas s i f i ed  ESTABLISHED PROGRAM 

PROPOSED BUDGET 
FY 1969 FY 1970 F Y  1971 

NORMAL PROGRAM COST s 50,000 s 70,000 s 90,000 

UNUSUAL COSTS 10,000 7,000 8,000 

TECHNICAL SERVICES 

SUBCONTRACT COSTS 

TOTAL PROGRAM COSTS $ 60,000 s 77,000 $ 98,000 

ORNL MAN-Y EARS 1.5 1 . 5  2.5 

(SEE BACK PAGEFOR BUDGET COMMENTSJ 

DATES AND TITLES OF PUBLICATIONS: 

Regan, James D . ,  J. E .  Trosko, and W .  L. C a r r i e r .  Evidence f o r  exc i s ion  of u l t r a -  
violet- induced pyrimidine dimers from t h e  DNA of human c e l l s  i n  v i t r o .  Biophysical 
JOW. 8: 319-325 , 1968. 
Regan, James D. and Susumo Takeda. Aspects of photoreac t iva t ion  i n  animal c e l l  
c u l t u r e s .  Rad Res. ( i n  p r e s s )  ( A b s t r a c t ) ,  1968. 

Regan, James D . ,  M. M. S i g e l ,  and W. H .  Lee. Chromosome a l t e r a t i o n  i n  marine f i s h  
c e l l s  i n  v i t r o .  C a n .  Jour .  Gen. Cyto l . ,  1968. -- 
Regan, James D. The r e p a i r  of u l t r av io l e t - induced  DNA l e s i o n s  i n  c e l l  c u l t u r e s .  F l a  
S t a t e  Univ. Alumni S tud ie s  Conference i n  Molecular Biology. ( i n  p r e s s ) ,  1968. 

Regan, James D . ,  J. S. Cook, and W .  H. Lee. Photoreac t iva t ion  of amphibian c e l l  
c u l t u r e s .  Journ ,  Ce l l .  Phys io l .  71:173-176, 1968. 

Regan, James D . ,  J. S. Cook, and Susumu Takeda. Rep t i l i an  c e l l s  i n  v i t r o  e x h i b i t  
pho to reac t iva t ion .  I n  V i t r o  4: ( i n  p r e s s )  ( A b s t r a c t ) ,  1968. 

-- 
Regan, James D. and J. S. Cook. Pho to reac t iva t ion  among t h e  c l a s s e s  of v e r t e b r a t e s .  
Abs t r ac t  for t h e  V I n t e r n a t .  Cong. of Photobiology, Hanover, N. H . ,  August 26-31, 1961 
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Regan, James D., H. Vopopizk, S. Takeda, W. H. Lee, and F. M. Faulcon. Evidexe for a 
serine requirement in leukemic and normal human blood cells. Science (in press), 1969 

Regan, James D. and Lewis I. Pizer. M3lecular basis f x  the serine requirement in 
human blood cells: lack of 3-phosphoglycerate dehydrogenase. 
Science ) , 1969. 

(to be submitted to 

SCOPE : 

The major objective of this program has in the past been the development and utiliza- 
tion of genetic marker systems in animal cells in vitro. 
tion of certain nutritional requirements in cell lines of the established epithelioid 
type and also in the more recently developed lymphoblastoid cell lines. 

This led us into an examina- 

In connection with the above studies, we examined primary blood cells from leukemic 
patients and normal human bone marrow cells for nonessential amino acid requirements. 
These experiments indicated that while leukemic cells required asparagine (a finding 
previously indicated by work in other laboratories) normal bone marrow also required 
asparagine. However, another nonessential amino acid, namely serine, was found to be 
a more severe requirement in both types of cells. These findings have resulted in a 
shift in emphasis in the scope of these studies to the characterization of the 
nutritional requirements of malignant and normal human cells both in primary cells 
from patients and normal subjects and in established lymphoid cell lines. 

RELATIONSHIP TO OTHER PROJECTS: 

We are still engaged in extensive use of genetic markers in cell cultures. Thus the 
findings which derive from the nutritional studies indicated above will be of 
distinct value as markers in cell lines. 

TECHNICAL PROGRESS IN FY 1969 : 

Our results with amino acid requirements in leukemic cells and in normal human bone 
marrow cells show that: 
other works but (2) asparagine is also required by normal bone marrow. (3) Serine 
is required much more than asparagine by both cell types. 

In collaboration with Dr. Lewis I. Pizer, we have demonstrated a molecular basis for 
the serine requirement of these cells *that they lack 3-phosphoglycerate 
dehydrogenase activity. 

(1) Asparagine is required by. leukemic cells as suggested by 

- EXPECTED RESULTS IN FY 1970: 
0 i 

Further work on nutritional requirements in blood cells and other cell types should 
yield more information on the amino acid requirements of specific human tissues. 
In connection with nutritional experiments, work on the biosynthesis of these 
nutrilites and the enzymatic basis for the nutritional need will hopefully provide 
the molecular explanation for the requirements. 
need a full time biochemist in this group. 

In connection with these studies, we 
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EXPECTED RESULTS IN FY 1971: 

In collaboration with area hospitals, we wish to secure an array of malignant and 
normal tissue types for characterization of their nutritional requirements, 

BUDGET COMMENTS : 

The only unusual costs expected would be for capital equipment. 
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i E S C R l P T l V E  T I T L E  AEC A C T I V I T Y  NUMBER 

0 QUARTERLY 0 TOPICAL I X-10SlTE 0 OTHER (SPECIFY) 

ERSON I N  C H A R G E  S E C U R I T Y  C L A S S I F I C A T I O N  O F  
T H I S  PROGRAM D E S C R I P T I O N  

F .  T .  Kenney ( 5 @ )  
RINCIPAL INVESTIGATOR W .  D .  Wicks 
( 5 @ ) ;  C .  B .  Hager (ACS)  25%; 

Unc las s i f i ed  

SEMIANNUAL OPEN LITERATURE 

PROGRAM STATUS 

0 NEW WORK BEGINNING FY 

ESTABLISHED PROGRAM 

X Y-12 SITE l o  
M E T H O D  O F  R E P O R T I N G  WORK LOCATION 

NORMAL PROGRAM COST $ 82,000 $ 90,000 $ 95,000 

ANNUAL 

UNUSUAL COSTS 3,000 5,000 5,000 

0 MELTON VALLEY 

TECHNICAL SERVICES 

SUBCONTRACT COSTS 

T O T A L  PROGRAM COSTS $ 85,000 $ 95,000 $ 100,000 

ORNL MAN-YEARS 2.5  2.5 2.5  

(SEE BACK PAGE FOR BUDGET COMMENTS) 

* P r i n c i p a l  I n v e s t i g a t o r s  : 

J .  R .  Reel (ACS) 3 6 ;  J .  L .  Wi t t l i f f  (USrWS) 5 6 ) ;  K .  L.  Lee (Hoffman-LaRoche) 5 6  

DATES AND TITLES OF PUBLICATIONS: 

Kenney, F .  T.,  D .  Holten and C .  B .  Hager. 
I n :  Gunma Symposia on Endocrinology, 5, 31 (1968). 

Hormonal r e g u l a t i o n  of enzyme s y n t h e s i s .  
- 

Hager, C .  B. 
l i v e r .  Fed. Proc.  27, 641 (1968). 

Hormonal c o n t r o l  of t y r o s i n e  transaminase i n  the i s o l a t e d ,  perfused r a t  
- 

3ee1, J .  R .  and F .  T .  Kemey. 
Zortisone i n  hepatoma c e l i  c u l t u r e s .  Fed. Proc.  27, 641 (1968) .  

Regulation of t y ros ine  transaminase s y n t h e s i s  by hydro- 
- 

Tager, C .  B .  and F .  T. Kenney. Regulation of t y r o s i n e  transaminase i n  r a t  l i v e r .  V I 1  
3ormonal e f f e c t s  on syn thes i s  ir ,  the i s o l a t e d ,  perfused l i v e r .  J .  B i o l .  Chem. 243, - 
3296 ( 1968). 

Reel, J. R .  and F .  T. Kenrxy. 
z e l l  c u l t u r e s :  
Proc. N a t l .  Acad. S c i .  U .  S .  61, 200 (1968). 

"Superinduction" of t y r o s i n e  transaminase i n  hepatoma 
d i f f e r e n t i a l  i c h i b i t i o n  of syn thes i s  and tu rcove r  by actinomycin D .  

- 
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icks ,  W .  D .  The possib1.e r o l e  of c y c l i c  adenjrlic ac id  ir. r e g u l a t i o n  of enzyme syn- 
h e s i s .  I n :  Regulatory Mechanisms f o r  P r o t e i n  Synthes is  i n  Mammalian C e l l s .  A .  San 
i e t r o ,  M. Lamborg and F .  T .  Kenney, e d s .  Academic P res s ,  N e w  York, 1.968, p .  1-43. 

icks, W .  D .  Induct ion  of t y r o s i n e - a - k e t o g l u t a r a t e  transaminase i n  f e t a l  r a t  l i v e r .  
. B i o l .  Chem. - 243, 900 (1968).  

icks,  W .  D .  Tyrosine-a-ketoglutarate  transaminase : induct ion  by ep inephr ine  and 
adenos ine-3 ' ,5 ' -cyc l ic  phosphate.  Science - 160, 997 (1968). 

ney, F .  T. and J .  R .  Reel .  Hormonal r e g u l a t i o n  of enzyme s y n t h e s i s :  t r a n s c r i p t i o m  
t r a n s l a t i o n a l  c o n t r o l ?  I n :  Hormones i n  Development, t o  be publ ished by the  Natione 

e l ,  J .  R .  and F .  T.  Kenney. Regulat ion of t y r o s i n e  transaminase i n  r a t  1.ivsr. V I 1 1  
d u c t i o n  by hydrocort isone and template  s t a b i l i t y  i n  cu l tured  hepatoma c e l l s .  Sub- 
t t e d  t o  J.  B i o l .  Chem. 

e, K .  L .  and F .  T .  Kenney. Regulat ion of t y ros ine  transaminase i n  r a t  l i v e r .  I X .  
duc t ion  by glucagon and s t u d i e s  01: mechanisms of hormonal induct ion  i n  cul turcd 
patoma ce1l.s. Submitted t o  J .  B i o l .  Chem. 

by  3 I ,  5 - c y c l i c  adenosins monophosphate. Submitted t o  J .  B i o l .  Chem. 

icks,  W .  D .  Induct ion  of h e p a t i c  enzymes by adsnosine-3',5'-monophosphats i n  organ 
u l t u r e .  Submitted t o  2 .  B i o l .  Chem. 

icks, W .  D .  Induct ion  of h e p a t i c  e n z y m s  by adenosine-3',5'-monophosphats. Fed. 
roc ., i n  p r e s s .  

e,  K .  L .  T r a n s c r i p t i o n a l  and t r a n s l a t i o n a l  mechanisms i n  hormonal. induct ion  of 
zyme s y n t h e s i s .  Fed. Proc. ,  i n  p r e s s .  

i t t l i f f ,  J .  L .  and F .  T .  Kenney. Regulation of s y n t h e s i s  of yo lk  p r o t e i n s  i n  amphi- 
i a n  l i v e r  by e s t r o g e n .  Fed. Proc. ,  i n  p r e s s .  

enney, F .  T. Hormonal r e g u l a t i o n  of syn thes i s  of l i v e r  enzymes. I n :  Mammalian 
r o t e i n  Metabolism, V o l .  IV, H .  N .  Munro, e d .  Academic P res s ,  New York, i n  pr2ss.  

COPE : P 
Regulation Group i s  d i r e c t e d  towards understanding the  

of c e l l u l a r  c o n t r o l  mechanisms i n  mamnalian t i s s u e s ,  p a r t i c u l a r l y  those 
by hormones, and t h e  r o l e  of t hese  mechanisms i n  normal and abnormal growth 

T h i s  program i s  predicated upon t h e  fo l lowing  cons idera t ions :  
t hese  c o n t r o l  mechanisms i s  e s s e n t i a l  t o  understanding the  c e l -  

and o t h e r  agents  of c e l l u l a r  damage; ( 2 )  t h a t  r e c o g  
c o n t r o l l i n g  growth i s  e s s e c t i e l  t o  understanding t h e  phenomenc 

( 3 )  t h a t  t h e  compl.exities of t he  mammalian organism cangot 
blways be bypassed i n  f a v o r  of t he  simpler microbial  systems, indeed, t h a t  it is by I 
U C N-44 1 4 A 
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a c t i v i t y  1.evels 02 c e l l u l a r  enzymes. 

The scope of t h i s  program encompasses a l l  t h e  means by which enzyme l e v e l s  a r e  r egu la t c  
i n  mamma1.ian t i s s u e s ,  w i t h  p a r t i c u l a r  emphasis upon those mechanisms which a l t e r  t h e  
amount of enzyme p r o t e i n .  The p r o t e i n s  of mammalian t i s s u e s  undergo metabol ic  turnover 
and hence, t h e  amount of a given p r o t e i n  can be changed by a l t e r i n g  t h e  r a t e  of e i t h e r  
t h e  s y n t h e s i s  or  the  degradat ion of t h a t  p r o t e i n .  Work i n  t h i s  and o t h z r  l a b o r a t o r i e s  
has  e s t a b l i s h e d  t h a t  t he  synthes is  of enzyme p r o t e i n s  i s  c o n t r o l l e d  by hormorxs, and WE 
a r e  c u r r e n t l y  i n v e s t i g a t i n g  s e v e r a l  systems i n  an  a t tempt  t o  ].earn more of t h e  mech- 
anism of t h i s  c o n t r o l .  We a r e  a l s o  s t u d y i n g  moI.ecular mchanisms of enzyme degrada t ior  
i n  an a t tempt  t o  analyze the  b a s i s  f o r  d i f f e r e n t  tu rnover  r a t e s  of v a r i o u s  enzymes. 

A C T I V I T Y  NO. 4c 6'!t 
183 No. 

We a r e  performing a s t u d y  of t h e  biochemical  changes which occur i n  r a t  l i v e r  j u s t  
before  and j u s t  a f t e r  b i r t h .  It has a l r e a d y  been e s t a b l i s h e d  t h a t  a s p e c i f i c  sequence 
of changes i n  t h e  l e v e l  of c e r t a i n  enzymes i s  i n i t i a t e d  i n  l i v e r  dur ing  t h e  l a s t  few 
days of g e s t a t i o n .  We a r e  i n t e r e s t e d  i n  t h e  biochemical means by which t h e s e  changes 
a r e  brought abou t .  Aside from an i n t e r e s t  i n  developmental p rocssses  p e r  s e ,  a r  under- 
s t a n d i n g  of t h e  mechanisms which produce a l t e r a t i o n s  i n  the  l e v e l  of enzymes dur ing  
g e s t a t i o n  w i l l  be of g r e a t  value i n  i n t e r p r e t i n g  regul.atory processes  which occur i n  
t h e  a d u l t .  Furthermore, a b e t t e r  unders tanding  of normal developmental. changes may 
h e l p  t o  a s s e s s  and perhaps t o  remedy developmental  abnormal i t ies .  An organ c u l t u r e  
technique  h a s  been developed and is  be ing  used f o r  t h e s e  s t u d i e s .  

Hormonal. r e g u l a t i o n  of enzyme s y n t h e s i s  i n  neoplas ia  i s  being s tud ied ,  u t i l i z i n g  cel.1 
c u l t u r e s  of a minimal devia t ion  tumor developed from r a t  l i v e r ,  t h e  Reuber hepatoma. 
The a v a i l a b i l i t y  of t h e s e  c u l t u r e s  i s  of g r e a t  s i g n i f i c a n c e  i n  t h e  s tudy of both normal 
r e g u l a t o r y  mechanisms and of n e o p l a s i a .  I n s o f a r  a s  t hese  c e l l s  respond t o  hormones i n  
a normal fash ion ,  they  o f fe r  a system i n  which the  r o l e  of var ious  hormones i n  r e g u l a t -  
i n g  enzyme synthes is  can be s tudied i n d i v i d u a l l y  and independently of t h e  complex i n  
v i v o  environment.  
t h e  hepatoma c e l l s  i s  lacking o r  abnormal, t h e  p o s s i b i l i t y  e x i s t s  t h a t  an a l t e r a t i o n  
p e c u l i a r  t o  t h e  n e o p l a s t i c  s t a t e  has been uncovered. 

A survey i s  be ing  made of r e g u l a t o r y  responses  dur ing  t h e  course of carc inogenes is  
brought  about by t h e  a l k y l a t i n g  agent  d i e t h y l n i t r o s a m i n e  . 
s y n t h e s i s  r e q u i r e s  i n t a c t ,  f u l l y  f u n c t i o n a l  n u c l e i c  a c i d s  and should t h e r e f o r e  provide 
a s e n s i t i v e  assay  f o r  precancerous changes i n  t h e  l i v e r ,  if t he  c a p a c i t y  of DEN t o  
a l k y l a t e  n u c l e i c  a c i d s  i s  an i n t e g r a l  p a r t  of i t s  carc inogenet ic  e f f e c t s .  

RELATIONSHIP TO OTKER PROJECTS : 

Work c l o s e l y  r e l a t e d  t o  t h a t  descr ibed here  i s  be ing  done i n  s e v e r a l  U. S .  and f o r e i g n  
u n i v e r s i t i e s  and i n  U.S.P.H.S. l a b o r a t o r i e s .  Some d u p l i c a t i o n  i s  i n e v i t a b l e  but a l s o  
necessa ry  a s  it se rves  a s  a m a n s  of checking and confirming t h e  r e s u l t s  obtained i n  
t h e  v a r i o u s  l a b o r a t o r i e s .  

-- 

On the  other  hand when i n s t a n c e s  a r e  found i n  which t h e  r e s p o n s y o f  

Hormonal i n d u c t i o n  of enzyme 

TECHNICAL PROGRESS I N  FY 1969: 

Hormonal r e g u l a t i o n  of hepat ic  enzyme s y n t h e s i s  

Much of our work on r e g u l a t i o n  involves  the m o d e l  system, t y r o s i n e  t ransaminase.  I n  
r a t  l i v e r  t h i s  enzyme undergws rapid t u r n o v e r ,  which renders t h e  enzyme l e v e l  unusual.: 

U C N-44 1 4  A 
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s e n s i t i v e  t o  changes i n  the r a t e s  of Enzg-me s y c t h e s i s  or degrada t ion .  S e v e r a l  years  ago 
we p u r i f i e d  t h i s  enzyme and prepared a n t i s e r a  t o  i t ,  and we t h u s  havf a h ighly  s p e c i f i c  
r eagen t  w i th  which t o  i s o l a t e  t he  enzzme f r m  crude llvsr s x t r a c t s .  Immunochemical 
i s o l a t i o n  permi ts  de ts rmina t ion  of t he  r a t e  of  t r a n a a c l n a s e  labeI.ing under d i f f e r e n t  
p h y s i o l o g i c a l  cond i t ions  and t h u s  provides  JS w i t h  a Eeans of e s t ima t ing  r a t e s  of enzynp 
s y n t h e s i s  o r  deg rada t ion .  This c a p a c i t y  i s  O f  paramount importance i n  understanding t h ?  
r e g u l a t o r y  phenomena be ing  s t u d i e d .  

The bu lk  of our work on r egu la t ion  of t y r o s i n e  transaminase and o ther  l i v e r  enzymes i s  
now be ing  c a r r i e d  out i n  c e l l  and organ c u l t u r e  and w i l l  be described under those 
c a t e g o r i e s  i n  subsequent paragraphs.  With t h e  demonst ra t ion  t h a t  gl.ucagon induces 
t y r o s i n e  transaminase v i a  t h e  in t e rmed ia t e ,  c y c l i c  AMP, it became of i n t e r e s t  t o  d e t e r -  
mine if o t h e r  h e p a t i c  enzymes can respond t o  t h i s  n u c l e o t i d e .  Some of these  cannot yet 
be s tud ied  i n  our s impl i f i ed  exper imenta l  systems and hence an i n  v ivo  s tudy  was i n i t -  
i a t e d .  Tryptophan pyr ro lase  i s  induced by t h e  s t e r o i d ,  hydrocortisone, bu t  is  corn- 
p l e t e l y  i n s e n s i t i v e  t o  c y c l i c  AMP. S e r i n e  dehydrase and phosphopyruvate carboxykinase 
show t h e  r eve r se ,  be ing  induced by c y c l i c  AMP bu t  no t  by hydrocor t i sone .  Tyrosine 
t ransaminase ,  of course,  responds t o  bo th  inducers  and when both a re  given t o g e t h e r  an 
a d d i t i v e  o r  s y n e r g i s t i c  e f f e c t  i s  ob ta ined .  We cons ide r  t he  s t u d i e s  on these  enzymes 
t o  be r e p r e s e n t a t i v e  of t h e  two major modes of hormonal r e g u l a t i o n  of enzyme syn thes i s  
i n  l i v e r ,  i . e . ,  r e g u l a t i o n  by a d r e n a l  s t e r o i d s  and by c y c l i c  AMP. Tyrosine transamina: 
appears  t o  be unique i n  responding t o  bo th  of t h e s e  a s  we11 a s  t o  a t h i r d  hormonal 
inducer ,  i n s u l i n .  

-- 
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Regula t ion  i n  f e t a l  l i v e r  i n  organ c u l t u r e  

e s i m i l a r i t y  and non-add i t iv i ty  of t h e  response of t y r o s i n e  transaminase t o  i n s u l i n  
d glucagon i n  prev ious  experimentation i n  v i v o  and i n  i s o l a t e d ,  p r f u s e d  l i v e r s  led  

chanism. Current s t u d i e s  wi th  organ c u l t u r e s  of f e t a l  r a t  l i v e r  have demonstrated 
p o r t a n t  d i f f e r e n c e s  i n  the response t o  t h e s e  hormones, and hence it can now be con- 
uded t h a t  t h e r e  e x i s t  t h ree  d i s c r e t e  mechanisms f o r  inducing t h i s  enzyme. The f a i l u  

c y c l i c  A M P  (g lucagon)  and i n s u l i n  t o  y i e l d  a d d i t i v e  e f f e c t s  can now be a t t r i b u t e d  t 
i n h i b i t i o n  by i n s u l i n  of the  i n t r a c e l l u l a r  a c t i o n  of c y c l i c  AMP. I n  o the r  s t u d i e s  

minase i n  t h e s e  cul. tures.  This  i s  t h e  f i r s t  proof t h a t  t h i s  ub iqui tous  mediator of 
ormone a c t i o n  a c c e l e r a t e s  t he  syn thes i s  of s p e c i f i c  p r o t e i n s .  

y c l i c  AMP has a l s o  been found t o  e f f e c t  a marked e l e v a t i o n  i n  t h e  a c t i v i t y  of phospho 
y ruva te  carboxykinase i n  these  c u l t u r e s .  Hydrocortisone has no e f f e c t  on t h i s  enzyme 
n s u l i n  a l s o  has no e f f e c t  when added a lone  bu t  it v e r y  e f f e c t i v e l y  blocks the  responsl 
o c y c l i c  AMP. Other l i v e r  enzymes thought t o  be induc ib le  from i n  v ivo  s t u d i e s  have 
een  s tud ied  i n  t h e  organ c u l t u r e s ,  i n c l u d i n g  gl-ucokinase and s e r i n e  dehydrase. These 
r e  p r e s e n t  i n  b a r e l y  d e t e c t a b l e  amounts and t h e y  do  not respond t o  what a r e  thought t 
e t h e  a p p r o p r i a t e  hormonal i nduce r s .  Glucose-6-phosphatase i s  increased t o  some ex te  

c y c l i c  AMP and g lu tamic-oxaloace ta te  transaminase may a l s o  be s l i g h t l y  increased .  

-- 

r u v i c  k inase  was not  a l t e r e d  by t h e  hormones. 
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mi: t h e  rcsponsi. t o  hydrocort isonc and which a r c  i n  t u r n  rcgula t sd  by t h e  s t c r o i j .  
r 5eta  show c k a r 1 . y  t h a t  t h i s  i n t e r p r e t a t i o n  i s  I n c o r r c c t ;  r a t h c r ,  t h e  “ p r a j o x i c a ] . ”  
crease i n  enzyme i s  due t o  i n h i b i t l m  of t u m o v e r  of the enzyme. S y n t h e s i s  of t he  
z p  i s  a c t u a l l y  i n h i b i t e d  by actic3mycin,  but decays r e l a t i v e l y  slowly, thus per- 
t t l n g  a per iod of t i m e  i n  which enzyme turnover  i s  blocked and s y n t h e s i s  i s  proceed- 
g a: a high ( b u t  d e c l i n i n g )  r a t e ,  and i n  consequence t h e  enzyme l e v e l  r i s e s .  

se experiments a l s o  showed t h a t  t he  mRNA f o r  t y r o s i n e  transaminase i n  these  ce l l s  
e r g o  f i r s t  o r d e r  decay with a h a l f - l i f e  of about  t h r e e  hours .  Armed w i t h  t h i s  
o m a t i o n  it was p o s s i b l e  t o  show q u i t e  concl-usively t h a t  t h e  s t e r o i d  inducer  (hydro 
t i s o n e )  a c t s  on g e n e t i c  t r a n s c r i p t i o n ,  e f f e c t i n g  an  i n c r e a s e  i n  t h e  mRNA content  of 

Glucagon ( c y c l i c  AMP), on t h e  o the r  hand, a c t s  a t  some p o s t - t r a n s c r i p t i o n a  
ge i n  enzyme s y n t h e s i s ,  f o r  induct ion by t h e s e  a g e n t s  d o e s  no t  i n c r e a s e  t h e  t r a n s -  

inase mRNA. With t h e  coopera t ion  of t h e  ORNL Mathematics Divis ion,  we have develope 
model f o r  t h e  DNA-mRNA-enzyme sequence, with known decay cons tan ts  f o r  t h e  l a t t e r  t w  
mponents. With t h i s  model i t  i s  possib1.e t o  p r e d i c t  t h e  ce l . l u l a r  c o n t e n t  of enzyme 
d e r  a w i d e  v a r i e t y  of experimental  manipulat ions.  Our experimental  d a t a  agree with 
e t h e o r e t i c a l  c o n s i d e r a t i o n s ,  showing t h a t  t h e  s t e r o i d  hormone a c c e l e r a t e s  t h e  f i r s t  
e p  ( t r a n s c r i p t i o n )  and c y c l i c  AMP a c t s  on t h e  second ( t r a n s l a t i o n ) .  

c e l l s .  

This  i s  t he  
i r s t  titx t h a t  it has been possib1.e t o  s t a t e ,  wi th  any c e r t a i n t y ,  t h e  i n t r a c e l l u l a r  
ocus of a c t i o n  of hormones i n  rsgul.ating p r o t e i n  s y n t h e s i s .  

s tudy was made of responses  t o  t h e s e  regul.ators i n  v i v o  i n  r a t s  exposed d a i l y  t o  t h e  
p a t i c  carcinogen,  d ie thyln i t rosamine .  This  compound i s  bel ieved t o  a c t  by a l k y l a t i n  

-- 

u c l e i c  a c i d s .  
umor y i e l d s ;  i n  our experiments t h e  t r e a t e d  animals  a l l  developed massive hepatomas 
nd were n e a r  d e a t h  by t h e  end of t h s  experimental  p e r i o d .  During t h e  course of DEN 
r e a t y e n t  t h e  response t o  hydrocort isone became p rogres s ive ly  g r e a t e r ,  while t h a t  t o  
lucagon p r a c t i c a l l y  d isappeared .  Thus t h e  c a p a c i t y  of t h e  l i v e r  t o  synthes ize  e n z m  
n response t o  hormonal induct ion  was n o t  impaired, and t h e  gl.ucagon-sensitive ( t r a n s -  
a t iona l . )  pathway appeared t o  be opsn without hormonal s t i m u l a t i o n .  These experiments 
uggest t h a t  a l k y l a t i o n  of nucI.eic a c i d s  may n o t  be a n  e s s e n t i a l  component of DEN 
c t i o n ,  f o r  t h i s  would p r e d i c t  a severe impairment of induced enzyme s y n t h e s i s .  They 
lso suggest  t h a t  t h e  carcinogen may i n t e r f o r e  wi th  p o s t - t r a n s c r i p t i o n a l  events  i n  the  
ecoding of g e n e t i c  in format ion .  

The f e e d i n g  regimen employed ( 5  mg/kg/day) i s  known t o  r e s u l t  i n  lO@ 

s t  t h e  p o s s i b i l i t y  t h a t  hormonL =s now 

ans?ort  of mRNA f rom nucleus  t o  cytoplasm. I n  v i v o  “chase“ experiments proved not t -- 

-- 
s tudy  was i n i t i a t e d  of t h e  h e p a t i c  response of male toads  t o  es t rogen ,  i n  a f o l - l o ~ - ~  

the  demonstrat ion of t h e  C e l l  Growth and D i f f e r e n t i a t i o n  Group t h a t  es t rogens  induc 
a s s i v e  s y n t h e s i s  of yo lk  p r o t e i n s  i n  these  an imals .  The magnitude of t h i s  response 

gges t s  t h a t  t h i s  may be a n  i d e a l  system i n  which t o  anaI.yze t h e  mechanism of s t e ro id  
rmone a c t i o n  on g e n e t i c  t r a n s c r i p t i o n .  A n t i - l i p o v i t e l l i n  was prepared i n  r a b b i t s  ar  

e r form a s i m i l a r  a n a l y s i s  of t h e  second component of t he  yolk  p r o t s i n ,  
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1 
' o t a l  RNA s y n t h e s i s  was s t i m u l a t e d  a t  abou t  t h e  same t iw  a s  t h a t  of 1 - i p o v i t e l l i n .  I 

3ase-composition ana lyses  showed t h a t  :he RNA being made a t  t h i s  time i s  markedly DNA- I 

Like, and may be mRNA. La te r ,  about  12 hours a f t e r  es t rogen ,  t he re  was a second bur s t  1 

in RNA s y n t h e s i s  which appeared t o  c o r r e l a t e  w i th  a s h i f t  i n  base composition towards 
;he ribosomal type .  If t h i s  i s  conf i rxed  it  w i l l  provide a much-needed exp lana t ion  of 
? rev ious  i n d i c a t i o n s  t h a t  s t e r o i d s  i n d x e  s p e c i f i c  enzymes but have a non-specif i c  
: f f e c t  on syn thes i s  of r ibosomal RNA.  It may be t h a t  the  slow metabolism of the  
?o ik i lo the rmic  t e s t  animal used here h a s  permitted a s e q u e n t i a l  d e f i n i t i o n  of processe 
t h a t  occur  almost simultaneousl.y i n  mammals. 

- 
c3 
~ 

a 
cr 
E 

I s  t h e  y o l k  p r o t e i n s  a r e  ve ry  r i c h  i n  phosphoserine,  t he  p o s s i b i l i t y  t h a t  t h e i r  induc- 
t i o n  i s  e f f e c t e d  by product ion  of a new o r  a l t e r e d  spec ie s  of seryl-tRNA was examined. 
J s i n g  t h e  reversed-phase chromatography systems developed a t  ORNL, seryl-tRNAs were 
analyzed a f t e r  charg ing  i n  v i t r o  and i n  v i v o .  
i c a n t  change i n  the c o n t r o l  p a t t e r n ,  which showed t h e r e  t o  be f o u r  i soaccep t ing  spec ie  
Df seryl-tRNA i n  t h e  l i v e r  of Xenopus l a e v i s .  Also the re  was no i n d i c a t i o n  of a phos- 
phoseryl-tRNA, i n  c o n t r a s t  t o  a pub]-ished r e p o r t  from another  l a b o r a t o r y .  

Estrogen t rea tment  e f f e c t e d  no s i g n i f -  -- -- 

- ~ ~ _ _  ~~ 

EXPECTED RESULTS I N  FY 1970: 
Hormonal r e g u l a t i o n  of hepa t i c  enzyme s y n t h e s i s  

The m u l t i p l e  hormonal r e g u l a t o r s  of t h e  s y n t h e s i s  of t y ros ine  transaminase and o the r  
enzymes w i l l  be s tud ied  f u r t h e r  t o  d e l i n e a t e  t h e  d e t a i l e d  mechanisms involved .  The 
i n t r a c e l l u l a r  mediator of one type  of hormonal induct ion  has been i d e n t i f i e d  ( c y c l i c  
AMP)  and we know t h a t  it a f f e c t s  some p o s t - t r a n s c r i p t i o n a l  event  i n  p r o t e i n  syn thes i s .  
F u r t h e r ,  i nduc t ion  by t h i s  agent  i s  r a t h e r  non-spec i f ic  and hence i t s  e f f e c t ,  which 
r e s u l t s  i n  acce le ra t ed  s y n t h e s i s  of severa l .  enzymes, can be expected t o  be d e t e c t a b l e .  
Most t r a n s l a t i o n a l  r e a c t i o n s  a r e  f a i r l y  well-understood and can be s tud ied  in  approp- 
r i a t e  c e l l - f r e e  systems. On t h e s e  premises we p lan  t o  i n i t i a t e  a s tudy  of e f f e c t s  of 
c y c l i c  AMP on p r o t e i n  s y n t h e s i s  -- i n  v i t r o ,  ana lyz ing  i n  terms of both t o t a l  p ro t e in  
s y n t h e s i s  and s e l e c t i v e  s y n t h e s i s  of t y r o s i n e  transaminase,  which we hope t o  d e t e c t  a s  
i s o t o p e  inco rpora t ion  i n t o  immunologica l ly-prec ip i tab le  p r o t e i n .  For exampk , the  r a t  
of r e l e a s e  of completed transaminase c h a i n s  from polysomes w i l l  be s tud ied  ( cha in  
t e r m i n a t i o n )  a s  w i l l  cha in  i n i t i a t i o n ,  u s i n g  s y n t h e t i c  messengers. 
AMP w i l l  be sought a t  t h e  polysome l e v e l  and on the  recently-discovered mRNA-protein 
complexes t h a t  may r ep resen t  p a r t i a l l y  a c t i v e  or i nac t ive  mRNA. But s ince  our da ta  

E f f e c t s  of c y c l i c  

Enzyme degrada t ion  

A s  mentioned above l a r g e  doses of actinomycin i n h i b i t  t he  turnover  of t y ros ine  t r a n s -  
eminase i n  hepatoma c u l t u r e s ;  i n  prev ious  experiments t h i s  drug was a l s o  found t o  i n -  
h i b i t  t u rnove r  i n  vivo, but t h e  response was e r r a t i c .  By a d j u s t i n g  t h e  concen t r a t ion  
of actinomycin i n  c u l t u r e  media, we have found t h a t  a l e v e l  can be reached a t  which 
t ransaminase  syn thes i s  i s  blocked bu t  t u r n o v e r  i s  not  a f f e c t e d .  Thus t h e  p o s s i b i l i t y  
t h a t  t u rnove r  i s  o b l i g a t o r i l y  l i nked  t o  s y n t h e s i s  can be discounted, and it appears 
t h a t  ac t inomyc in ' s  e f f e c t  on tu rnove r  i s  an  i n d i c a t i o n  of t o x i c i t y  r a t h e r  than of 
s e l e c t i v e  i n h i b i t i o n  of RNA s y n t h e s i s .  

-- 

An a t t e m p t  was made t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  b locking  p r o t e i n  syn thes i s  
a l l o w s  t h e  accumulation of a subs tance  which s t a b i l i z e s  the  transaminase a g a i n s t  denat 
u r a t i o n .  No evidence was found f o r  t h i s ,  which may ind ica t e  only  t h a t  dena tu ra t ion  
s t u d i e s  -- i n  v i t r o  do no t  c o n s t i t u t e  an adequate model f o r  t he  process by which enzymes 
a r e  degraded i n  v ivo .  -- 

U C N - 4 4  1 4 A  
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i r i m a r i l y  on t h e  t r a n s l a t i o n  process per  se .  Thes? s t i d i e s  w l l l  ir.;lolve r a t  l i v e r  
, r e p a r a t i o n s  b u t  may a l s o  be c a r r i e d  out  wi th  t h e  o r s a n  c u l t u r s  o r  n e 1 1  c u l t u r c  e x p e r i  

-- 
nental. systems.  

b g u l a t i o n  i n  f e t a l  l i v e r  i n  organ c u l t u r e  

Phosphoeno1.pyruvate carboxykinase w i l l .  be p u r i f i e d  from a d u l t  l i v e r  i n  order  t o  prepar ,  
3 n t i s e r a  a g a i n s t  i t .  Then it w i l l .  be possib1.e t o  determine d i r e c t l y  by an i s o t o p i c  
immunochemical technique whether t h e  r a t e  of enzym s y n t h e s i s  is  indeed s t imulated by 
2yclic AMP. Also t h e  pos tu la ted  r o l e  of t h i s  enzyme i n  gluconeogenesis w i l l  be examin 
i n  t h e  organ c u l t u r e  system t o  see of t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  between induct ion  
of t h e  carboxykinase and s t imula t ion  of gluconeogenesis  by c y c l i c  AMP. 

rhe r o l e  of i n s u l i n  i n  blocking t h e  a c t i o n  of c y c l i c  AMP on the carboxykinase w i l l  be 
Zxplored more c r i t i c a l l y .  S t u d i e s  on the  e f f e c t  of i n s u l i n  on the s y n t h e s i s  and 
ftegradation of t h e  c y c l i c  nucleot ide a r e  t o  be performed t o  see i f  t he  i n h i b i t o r y  
s f f e c t  of t h e  p a n c r e a t i c  hormone can be 1.ocalized a t  one o r  both of these s t e p s .  

Attempts w i l l  be made, us ing  these  c u l t u r e s ,  t o  i d e n t i f y  t h e  f a c t o r s  necessary t o  b e g i  
s y n t h e s i s  of those  enzymes which a r e  a b s e n t  from t h e  f e t a l  l i v e r  but f o r  which t h e  
g e n e t i c  information i s  known t o  be present  ( e . g . ,  t ryp tophan  py r ro l a se ) .  It would 
appear  t h a t  t h e  s t e r o i d  inducer of t h i s  enzyme cannot  e f f e c t  induction u n t i l  s j m t h e s i s  
of t h e  enzyme begins ,  turned on by unknown r e g u l a t o r y  mechanisms. It may be poss ib le  
t o  i d e n t i f y  t h e s e  by supp lemnt ing  t h e  medium w i t h  a p p r o p r i a t e  hormones o r  o the r  agent  

Re gu1.a t i o n  i n  ne opl.as t i c  c e l l s  

S t u d i e s  comparable t o  those  descr ibed i n  t h i s  c a t e g o r y  above w i l l  be c a r r i e d  out t o  
de te rmine  t h e  I.ocus of a c t i o n  of t h e  t h i r d  inducing hormone, i n s u l i n .  F a c i l i t i e s  a r e  
now a v a i l a b l e  f o r  t h e  la rge-sca le  c u l t u r e  of both H-35 and HTC c e l l  l i n e s .  C e l l s  grow 
i n  t h i s  way may be employed i n  s t u d i e s  of c y c l i c  A M P  e f f e c t s  on pro te in  synthes is  d i s -  
cussed above but  w i l l  p r i m a r i l y  be used i n  a n a l y s e s  of hormonal regula t ion  of RNA syn- 
t h e s i s  and t r a n s p o r t .  Induct ion by hydrocort isone i n  t h e s e  c u l t u r e s  proceeds without 
t h e  nonspec i f ic  b u r s t  i n  RNA s y n t h e s i s  t h a t  occurs i n  v ivo  and which complicates exper  
menta t ion  a t  t h e  RNA l e v e l  i n  animal experiments.  F u r t h e r ,  our k i n e t i c  experiments no 
show c l e a r l y  t h a t  t h e  steroid-mediated induct ion  i n v o l v e s  syn thes i s  of new mRJA.  An 
i n t e n s i v e  e f f o r t  w i l l  be made t o  d e t e c t  t h i s ,  and if p o s s i b l e ,  t o  i s o l a t e  t h e  RNA 
species synthesized i n  response t o  t h e  s t e r o i d .  S y n t h e s i s  of RNA w i l l  be s tudied i n  
c e l l s ,  i n  i s o l a t e d  n u c l e i ,  and i n  subnuclear  p r e p a r a t i o n s  (chromatin) i n  an e f f o r t  t o  
d e t e c t  a n  e f f e c t  of s t e r o i d  which could e x p l a i n  i t s  c a p a c i t y  t o  induce enzyme s y n t h e s i  

-- 

Hormonal c o n t r o l  of RNA svnthes is  and t ransDor t  

I n  a d d i t i o n  t o  t h e  hepatoma c u l t u r e  experiments on t h e  r o l e  of glucocort icoids  i n  enzy 
i n d u c t i o n ,  our s t u d i e s  on es t rogen  e f f e c t s  i n  amphibian l i v e r  w i l l  be continued. Our 
immediate aim w i l l  be t o  confirm the  pre l iminary  d a t a  descr ibed a s  t e n t a t i v e  i n  t h e  d i  
c u s s i o n  of c u r r e n t  r e s u l t s  i n  t h i s  p r o j e c t .  These a r e :  ( I - )  the  ind ica t ion  t h a t  
e s t r o g e n s  promote a s e q u e n t i a l  s t i m u l a t i o n  of mRNA, then  ribosomal RNA s y n t h e s i s ;  ( 2 )  
the i n d i c a t i o n  t h a t  t h e  yolk  p r o t e i n s  a r e  n o t  synthesized a t  a l l  i n  t he  absence of 
e s t r o s n .  These important p o i n t s  w i l l  r equi re  a g r e a t  d e a l  of experimentation t o  be 
e s t a b l i s h e d  unequivocal ly .  We w i l l  cont inue our  a t t e m p t s  t o  prepare a n t i s e r a  a g a i n s t  
p h o s v i t i n  and, i f  successfu l ,  w i l l  perform an  immunochemical ana lys i s  of Synthesis  of 
t h i s  component. S t u d i e s  w i l l  be made of t h e  phosphorylat ion of t he  yolk p r o t e i n s ,  
u s i n g  e x t r a c t s  of l i v e r  from es t rogen- t rea ted  and c o n t r o l  males. P a r t i c u l a r  a t t e n t  i o r  
w i l l  be paid t o  t h e  p o s s i b i l i t y  of a r o l e  of c y c l i c  AMP a t  t h i s  leve l ,  i n  analogy t o  
the  documented e f f e c t  of t h i s  nuc leo t ide  on p r o t e i n  phosphorylation i n  o the r  systems. 

U CN-44 1 4 A  
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pecoming f e a s i b l e  a t  t h e  p re sen t  time. 
r e p r e s e n t  an  e s s e n t i a l  in te rmedia te  s t age  i n  t h i s  e f f o r t .  I n c r e a s i n g  a t t e n t i o n  w i l l  
be pa id  t h e  b a f f l i n g  probl-em of t h e  b a s i s  of t h e  v a s t  d i f f e r e n c e s  i n  turnover  r a t e s  of 
s i m i l a r  p r o t e i n s  occupying the  same phase of t h e  same c e l l ,  f o r  r e g u l a t i o n  of turnover 
i s  of comparab1.e s ign i f i cance  t o  r e g u l a t i o n  of s y n t h e s i s  i n  t h e  u l t ima te  expression of 
g e n e t i c  in format ion .  

Our t i s s u e  c u l t u r e  and organ c u l t u r e  programs 

BUDGET COMMENTS: 

The o n l y  unusual  c o s t s  expected would be  f o r  c a p i t a l  equipment. 

1 o 1 1 5 b b  
- 
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de w i l l .  a l s o  continue t o  seek a meaningful. way t o  search  f o r  hormonal. e f f e c t s  t h e  
passage of RNA from nucl.eus t o  cytopl.asm. That two- th i rds  of t he  messenger-t)? W A  
synthes ized  i n  the nuc leus  never reaches t h e  cytoplasmic s i t e  of p r o t e i n  synt'r,e;fEs is, 
we b e l i e v e ,  a c l e a r  i n d i c a t i o n  t h a t  t r a n s p o r t  of RNA must be c a r e f u l l y  regula ted .  

Enzyme degrada t ion  

de expec t  t o  make a major e f f o r t  i n  ana lyz ing  the  mechanism by which t y r o s i n e  t r a n s -  
aminase i s  degraded i n  v ivo  and the  p o s s i b i l i t y  t h a t  it i s  r egu la t ed  by hormones. The 
E f f e c t  of coenzyme, pyridoxal. phosphate, w i l l  be determined i n  c e l l  c u l t u r e s  which can 
be supplemented wi th  o r  deprived of pyridoxine r e a d i l y ;  pyridoxine-def i c i e n t  r a t s  may 
a l s o  be used. Using "chase" ana lyses  t o  measure tu rnove r  r a t e ,  it should be possible 
t o  de te rmine  i f  t he  presence o r  absence of t h e  coenzyme, which confe r s  s t a b i l i t y  upon 
t h e  apoenzyme i n  v i t r o ,  has any e f f e c t  on tu rnove r  r a t e .  Also, t h e r e  a r e  s e v e r a l  h i n t  
from t h e  c u r r e n t  l i t e r a t u r e  t h a t  hormones, poss ib ly  of p i t u i t a r y  o r i g i n ,  may influence 
t h e  r a t e  of tu rnover  of l i v e r  enzymes. Th i s  w i l l  be i nves t iga t ed  i n  both animal and 
c e l l  c u l t u r e  experiments.  

-- 

-- 

llhe r a t e s  a t  which bo th  an enzyme and i t s  mRNA a r e  degraded i n  v i v o  a r e  now known f o r  
two l i v e r  enzymes ( t y r o s i n e  transaminase and amino l e v u l i n a t e  syn the ta se  ) .  Curiously, 
i n  each  i n s t a n c e  bo th  t h e  enzyme and i t s  mRNA decay a t  t h e  Sam r a t e .  We w i l l  attempt 
t o  determine i f  t h i s  r e l a t i o n s h i p  holds  f o r  o t h e r  l i v e r  enzynies by measuring mRNA 
l ifetimes f o r  enzymes whose turnover  r a t e s  a r e  known. For example, an e s t ima te  can be 
nade of t h e  t ryp tophan  pyr ro lase  mRNA l i f e t i =  by measuring t h e  response of t h i s  enzym 
t o  t ryp tophan  i n  ac t inomycin- t rea ted  r a t s .  S i m i l a r  approaches can be made f o r  s e v e r a l  
o t h e r  l i v e r  enzymes. While no r a t i o n a l  exp lana t ion  can now be made f o r  a r e l a t i o n s h i p  
between enzyme and mRNA s t a b i l i t y ,  t h e  e x i s t e n c e  of such a r e l a t i o n s h i p  would su re ly  b! 
9n impor tan t  a spec t  of r e g u l a t i o n  i n  mammalian c e l l s .  

EXPECTED RESULTS IN FY 1971: 
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SCOPE : 

This work is  divided roughly i n t o  th ree  p a r t s :  
the  mechanism of a c t i o n  of a tumor v i r u s ,  t he  Shope r a b b i t  papilloma v i r u s ;  the  devel-  
opment of t he  m a n s  t o  c o n t r o l  t h e  blood l e v e l s  of var ious  metabol i tes  which methods 
are  l i k e l y  t o  prove u s e f u l  i n  the  the rapy  of tumors and a v a r i e t y  of o ther  d i seases ;  
and t h e  t ransmiss ion  of gene t i c  information us ing  v i r u s  v e c t o r s .  

s t u d i e s  toward t h e  understanding of 

S t u d i e s  of the  mechanism of s c t i o n  of the  Shope Papilloma v i r u s  

Previous work published from t h i s  l abora to ry  has ind ica ted  t h a t  one important mechaniE 
of t h e  Shope v i r u s  is t o  induce the  syn thes i s  of a v i r u s  s p e c i f i c  a rg inase .  It was 
r epor t ed  l a s t  year  t h a t  a mutant l i n e  of the v i r u s  induced a s i m i l a r  a rg inase ,  though 
d i f f e r e n t  enough i n  s t r u c t u r e  t o  be separated chromatographically from t h a t  induced 
w i t h  w i l d  type v i r u s ,  thus  providing important evidence t h a t  t h e  information f o r  t he  
s y n t h e s i s  of the enzyme i s  der ived from t h e  v i r u s  DNA. It i s  known t h a t  t h e  p r o t e i n  
c o a t  of t h e  v i r u s  i s  s i m i l a r l y  der ived .  The molecular weight of t he  DNA i s  about 
UCN-44 14 
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c,OOO,OOO, double s t randed .  E f f o r t s  w i l l  be made t o  f i n d  whether t he  va r ious  messenge 
W A S  induced by t h e  DNA can be i s o l a t e d  through the  use of n i t roce l lu l . o se -v i rus  DNA 
:olumns. This  should give us some es t ima te  of t h e  number of messages be ing  coded by 
;he v i r u s .  These RNA messengers a r e  then  t o  be chemical ly  t i e d  t o  the  end of  c e r t a i n  
QJA v i r u s e s  i n  e f f o r t s  t o  see if they  can be t r ansmi t t ed  by the modified v i r u s  and pe r  
laps g ive  us some ind ica t ion  of t h e i r  n a t u r e .  For  example, if the messenger f o r  t he  
r i r u s  induced a rg inase  be att.ached and f u n c t i o n s  we should g e t  t he  Shope v i r u s  s p e c i f i  
2nzyme induced i n  o ther  c e l l  types in fec t ed  by t h e  modified v i r u s  RNA. 

Zontrol  of blood l e v e l s  of i nd iv idua l  me tabo l i t e s  through dial .ysis  of the  blood of the  
Living animal  a g a i n s t  s p e c i f i c  enzymes 

{e have j u s t  repor ted  t h a t  t he  blood l e v e l  of t he  amino ac id  a rg in ine  can be r e a d i l y  
zon t ro l l ed  by d i a l y z i n g  r a b b i t s  a g a i n s t  p u r i f i e d  a r g i n a s e .  By keeping t h e  blood l e v e l  
sf a r g i n i n e  low through t h i s  means i n  r a b b i t s  c a r r y i n g  Shope r a b b i t  papillomas f o r  a 
period of a week, t he  tumors undergo marked r e g r e s s i o n .  Because of t h i s  f i n d i n g  end 
Dther work p rev ious ly  done i n  t h i s  l a b o r a t o r y  r e l a t i n g  t o  the  o f t en  marked v a r i a b i l i t y  
i n  t h e  metabolism of i nd iv idua l  tumors i n  animals and man, t oge the r  wi th  t h e  f i n d i n g s  
repor ted  elsewhere t h a t  r a t  and c e r t a i n  human lymphomas can be made t o  r e t r o g r e s s  
[some permanent ly)  through i n j e c t i o n  of t h e  an imal  with t h e  enzyme asparaginase  thus  
s p e c i f i c a l l y  knocking out asparagine,  now known t o  be c r i t i c a l  t o  the responsive tumor 
it appears  t h a t  d i a l y s i s  aga ins t  s p e c i f i c  enzymes may be t h e  the rapeu t i c  method of 
choice i n  t h e  the rapy  of cancer .  This  work is  t o  be extended through the  d i a l y s i s  
a g a i n s t  o t h e r  enzymes and t o  t h e  the rapy  of spontaneous and t r ansp lan tab le  r a b b i t  
cancers  a r i s i n g  i n  the  Shope papi l lomas.  I n  a d d i t i o n ,  j o i n t  e f f o r t s  a r e  planned along 
these l i n e s  i n  the  therapy  of c e r t a i n  gene t i c  d e f i c i e n c y  d i seases  and cancers  of o t h e r  
s o r t s  i n  man i n  conjunct ion with l a b o r a t o r i e s  e lsewhere.  

Concerning t h e  t ransmiss ion  of gene t i c  information us ing  v i r u s e s  a s  vec to r s  

S ince  t h e  d i scove ry  i n  t h i s  l abora to ry  t h a t  t h e  Shope papilloma v i r u s  has t h e  systemic 
e f f e c t  (because of i t s  induced a r g i n a s e )  of lowering t h e  blood a rg in ine  l e v e l s  i n  
domest ic  r a b b i t s ,  w i l d  r abb i t s ,  r a t s ,  mice and man, e f f o r t s  have been made t o  use 
v i r u s e s  a s  v e c t o r s  of s p e c i f i c  gene t i c  information,  e i t h e r  information i n n a t e l y  Carr ie  
by t h e  v i r u s  type  o r  added t o  the  v i r u s  n u c l e i c  ac id  s y n t h e t i c a l l y  i n  v i t r o .  The f i r s  
s u c c e s s f u l  s y n t h e t i c  add i t ion  was of poly-adenine t o  the  tobacco mosaic v i r u s  RNA whic 
i n  t u r n  induced t h e  synthes is  of po ly- lys ine  i n  sys t emica l ly  infec ted  tobacco p l a n t s .  
C e r t a i n  modified l i n e s  of t h i s  v i r u s  inducing s i n g l e  s p e c i f i c  po ly- lys ines ,  such a s  
deca lys ine ,  have now been cloned.  Lederle  Labora to r i e s  has k indly  provided a l a rge  
q u a n t i t y  of Sabin  a t tenuated  p o l i o  v i r u s  o r i g i n a l l y  produced f o r  Vaccinat ion.  This  
v i r u s  type  has  an  i n f e c t i v e  RNA l i k e  the  tobacco mosaic d o e s .  
those  j u s t  descr ibed  a r e  going t o  be done bu t  us ing  a mammalian t i s s u e  c u l t u r e  type  
system. Hopeful ly  it can a l s o  be checked i n  monkeys t o  f i n d  i f  s p e c i a l  phys io logic  
e f f e c t s  a r e  induced. We know f o r  example t h a t  a t  one po in t  i n  the  p u r i f i c a t i o n  of 
po1y:lysine from p l a n t s  in fec ted  wi th  poly-A modified v i r u s  a d i f f e rence  i n  the  co lo r -  
a t i o n  of our  m a t e r i a l  from s i m i l a r  m a t e r i a l  ex t r ac t ed  from w i l d  type v i r u s  in fec t ed  
p l a n t s  e x i s t s .  E f f o r t s  have been s t a r t e d  t o  f i n d  what accounts f o r  t h i s .  

-- 

Simi la r  experiments t o  

A t  t h i s  po in t  we have become more i n t e r e s t e d  i n  adding information of l a r g e r  s i g n i f i c -  
ance t h a n  t h a t  inducing a simple polypept ide .  
Alamos Na t iona l  Laboratory a re  making e f f o r t s  t o  synthes ize  a double s t randed DNA seq- 
uence f o r  t h e  smal l  ( 9  amino a c i d )  pept ide  bradykin in  which when they  succeed we plan 
t o  a t t a c h  t o  v i r u s  nuc le ic  a c i d .  Perhaps of g r e a t e r  s ign i f i cance  w i l l  be our e f f o r t s  
t o  add n a t u r a l l y  occurr ing information t o  RNA or  DNA v i r u s e s .  One such e f f o r t  was 
m n t i o n e d  above, t he  add i t ion  t o  the  s p e c i f i c  S h o p  v i r u s  induced messenger RNAs t o  TB 
o r  p o l i o  v i r u s  RNA and search both chemical ly  and immunologically f o r  the  s p e c i f i c  

For example, researchers  a t  t h e  Los 

e q u i v a l e n t  p r o t e i n  i n  modified v i r u s  in fec t ed  c e l l s .  It i s  recomized  t h a t  t he  chemic 1 
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a d d i t i o n  of l a r g e  sequences t o  a l a rge  nuc le i c  ac id  be it RNA o r  DNA w i l l  at best  prob- 
ab ly  give a low y i e l d .  However, our d e t e c t i o n  system i s  q u i t e  s e n s i t i v e  and c e r t a i n l y  
shoJld s u f f i c e .  We have j u s t  receivcci a simian adeno v i r u s  which has a l i n e a r  i n f e c t -  
ive  DNA. This  was t h e  kind g i f t  of D r .  Burnet t  of t h s  L i l l y  Corp. This  v i r u s  grows 
very  w e l l  i n  c u l t u r e  and up t o  1 mg v i r u s  per r o l l e r  tube  can be harves ted .  We p lan  t c  
add both s y n t h e t i c  and n a t u r a l l y  occurr ing  sequences t o  t h e  s imian v i r u s  DNA. One 
p a r t i c u l a r l y  i n t e r e s t i n g  p o s s i b i l i t y ,  t o  be done i n  con junc t ion  wi th  D r .  Ray Tennant of 
the Biology Divis ion ,  i s  t he  a d d i t i o n  of the Kiliam r a t  v i r u s  DNA t o  the  DNA of t h e  
simian adeno v i r u s .  Known immunologic markers f o r  t he  r a t  v i r u s  w i l l  then  be looked 
f o r  i n  in fec t ed  monkey c e l . 1 ~ .  Natura l ly ,  a p r e r e q u i s i t e  n o t  now known w i l l  be t h a t  the 
r a t  v i r u s ,  when unattached t o  t h e  simian v i r u s ,  no t  i n f e c t  monkey c e l l s .  S imi la r  
experiments a r e  planned using fragmented Show v i r u s  DNA and a t t a c h i n g  them t o  the  
simian adeno DNA. The s y n t h e t i c  organic  chemistry involved w i l l  be done with the h e l p  
and hope fu l ly  the  p a r t i c i p a t i o n  of D r .  B. C .  P a l  of t h e  Biology Divis ion .  
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The use of an a r t i f i c i a l  kidney t o  d i a lyze  r a b b i t s  a g a i n s t  s p e c i f i c  enzymes t o  c o n t r o l  
t h e  blood l e v e l s  of s p e c i f i c  me tabo l i t e s  was proven e f f e c t i v e .  A co l l abora t ive  progran 
wi th  t h e  Department of Medical Genet ics  a t  Indiana Un ive r s i ty  School  of Medicine was SE 

up t o  extend t h e s e  f i n d i n g s  t o  people .  

Poly-A modified tobacco mosaic v i r u s  RNAs were cloned proving  no t  only t h a t  the  modifie 
v i r u s  r e p l i c a t e d  t h e  modi f ica t ion  but t h a t  t h e  v i r u s  complete wi th  i t s  p ro te in  coa t  Wac 
made i n  i n f e c t e d  p l a n t s .  The p r o t e i n  coa t  was found unchanged i n  i t s  amino acid com- 
pos i t i on  i n d i c a t i n g  t h a t  t h e  information of t h e  poly- lys ine  induct ion  was not a t tached  
s e q u e n t i a l l y  f o r  t h a t  respons ib le  f o r  p r o t e i n  coa t  subuni t  s y n t h e s i s .  This i s  con- 
s i s t e n t  w i t h  prev ious ly  repor ted  work of C .  A .  Knight u s ing  o t h e r  methods i n d i c a t i n g  
t h a t  t h e  sequence f o r  coa t  syn thes i s  was not  near  t h e  end of t h e  v i r u s  RNA (PNAS 55: 
1275, 1966). 

3n the  o r d e r  of 1/2 gram of Shope papilloma v i r u s  was p u r i f i e d  t o  provide the ma te r i a l  
t o  do the  s p e c i f i c  messenger RNA i s o l a t i o n s ,  and DNA f o r  t h e  purpose planned and out- 
l i ned  above. 

It was found poss ib ly  t o  cause r eg res s ion  of t he  Shope papi l lomas through d i a l y s i s  of 
the  animals c a r r y i n g  t h e  tumors a g a i n s t  a rg inase .  S i m i l a r  d i a l y s i s  bu t  aga ins t  inac-  
t i v e  p r o t e i n  proved without  e f f e c t .  

EXRXTED RESULTS IN FY 1970: 

The ex tens ion  of d i a l y s i s  aga ins t  s p e c i f i c  enzymes t o  t h e  the rapy  of o ther  tumors and 
o the r  d i s e a s e  s o r t s  such a s  gene t i c  de f i c i ency  d i s e a s e s  should be w e l l  under way. The 
s d d i t i o n  of s y n t h e t i c  and n a t u r a l l y  occurr ing g e n e t i c  information,  both DNA and RNA, 
should be cons iderably  advanced. I n  a s s o c i a t i o n  wi th  t h i s ,  a t  l e a s t  some a d d i t i o n a l  
information c a r r i e d  by the  Show v i r u s  and perhaps o t h e r  v i r u s  nuc le i c  ac ids  should be 
known. 

LATIONSHIP TO OTHER PROJECTS: 

he l a rge  s c a l e  enzyme p u r i f i c a t i o n  of D r .  David Nove l l i  i s  c l o s e l y  if no t  c r i t i c a l l y  
t o  t h e  c o n t r o l  of metabol i te  blood leve ls  through d i a l y s i s  aga ins t  enzymes. 

PCJINICAL PROGRESS I N  FY 1969: 
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EXPECTED RESULTS I N  FY 1971: 

It i s  hoped t h a t  we will know er,ough about  t h s  metabolism of cancer snd means t o  con- 
, t r o l  metabolism through d i a l y s i s  and o t h e r  non-poisonous means t o  s u c c e s s f u l l y  t r s a t  a 
s i g n i f i c a n t  number i n  man. 
suppor t  t o  modify t h e i r  metabolism through t r a n s m i s s i b l e  gene t i c  in format ion  s p e c i f i c -  
ally b u i l t  i n  t h e  l a b o r a t o r y .  

We should have enough p r o f i c i e n c y  provided we have adequate 
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BUDGET COMMENTS: 

The only unusual c o s t s  expected would be f o r  c a p i t a l  equipment. 
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and complementation pattern in nitrous acid-induced ad-3B mutants of Neurospora 
crassa. Mutation Res. 5: 359-371. 

Xalling, H. V. and F. J. de Serres. 
induced by ethylmethanesulfonate in Neurospora crassa. Mutation Res. 6: 181-193. 

1968: Identification of genetic alterations 
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Jolley, R. L., and H. V. Malling. 
carbohydrate constituents using high resolution column chromatography. 
the Regional Meeting of the Southeastern American Chemical Society, December 4-7, 
1968, Tallahassee, Florida. 

1968: Man or mouse? A comparison of urinary 
Abstract for 
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'. J. de Serres 
Le Serres, 10%; Malling, 30% 
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Chu, E.H.Y. and H. V. Malling. 
in vitro. Proc. XI1 Intern. Congr. of Genet., Vol. 1: 102. 
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Ehling, U. H.; D. G. Doherty and H. V. Malling. 1968: Differential mutagenic action 
zIf n- and iso-propyl methanesulfonate in mice. Proc. XI1 Intern. Congr. of Senet., 
Vol. 1: 103. 

de Serres, F. J. and H. V. Malling. Identification of the genetic alterations in 
specific locus mutants at the molecular level. Proc. XI1 Intern. Congr. Genet., 
V O ~ .  11: 129, 1968. 

Malling, H. V., and F. J. de Serres. 
and mutagenicity of methylating compounds. Abstract. Genetics 60: 201. 

1968: The relationship between carcinogenicity 

Ehling, U. H. and H. V. Malling. 
a mutagenic agent in mice. Abstract. Genetics 6 0 :  174. 

1968: 1.4-di(methanesulfonoxy) but.ane (Myleran) as 

Chu, E.H.Y. and H. V. Malling. 1968: Mammalian cell genetics. I1 Chemical induction 
of specific locus mutations in Chinese hamster cells in vitro. Proc. Natl. Acad. 
Sci. U.S. (in press). 

Malling, H. V. and F. J. de Serres. Mutagenicity of alkylating carcinogens. Trans, 
N. Y. Acad. Sci. (in press). 

SCOPE : 

The principal aim in the Fungal Genetics Program is to obtain some understanding of 
the various types of genetic alterations leading to gene mutations at the molecular 
level. 
selected chemical mutagens. O u r  aim under the Co-Carcinogenesis Program is to deter- 
mine the mechanism of nuclear and cytoplasmic inactivation and the mutation induction 
mechanism of chemicals with carcinogenic activity. The correlation between these 
activities is likely to give information about the mechanism of the carcinogenic 
activity of these compounds. 
since (a) the organization of the genetic material is typical of that found in all 
higher organisms, and (b) it is possible to mimic the diploid condition by using the 
dikaryon. Our test system consists of a genetically marked, balanced dikaryon which 
permits study of those events occurring either in the cytoplasm or the nucleus that 
leads to cellular inactivation in addition to those intragenic and extragenic altera- 
tions giving rise to forward mutations in the ad-3 region. A new dimension has been 
added to these studies by use of the host-mediated assay system. 
Neurospora conidia are injected into the peritoneal cavity of mice and are later re- 
covered and screened for presence of specific locus mutations in the ad-3 region of 
Neurospora crassa. This technique makes it possible to study the formation of muta- 
gens during the metabolism of carcinogens. 
isolate and study spontaneous or induced recessive lethal mutations occurring in the 
entire genome. 

This is being accomplished by intensive study of the genetic effects of 

This approach is especially significant with Neurospora 

In this system 

- 
In the same system it is possible to 

RELATIONSHIP TO OTHER PROJECTS : 

No similar research is known. 
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'ECHNICAL PROGRESS IN FY 1969 : 

. . Mutagenesis of carcinogens. 
a) 
:arcinogenic activity as such but are converted to potent carcinogens by enzymes in 
lifferent organs of the body. A series of such compounds is represented by 2- 
Lcetylaninofluorene (AAF) as the precarcinogen, N-hydroxy-2-acetylaminofluorene 
,N-OH-Ml?) as the proximate carcinogen and N-acetoxy-2-acetylaminofluorene (N-acetoxy. 
W) as the ultimate carcinogen. All three compounds were tested for their mutageni- 
:ity in the specific locus system in Neurospora crassa; N-acetoxy-AAF was the only 
:ompound which showed mutagenic effect. The mutants are in process of being charac,- 
;erized for their genotype and complementation pattern. 

Proximate and ultimate carcinogens in vitro - Some compounds do not possess 

:b) Nitrosamides - The frequency of mutations in the ad-3 region (2 genes) after 240 
nin. treatment with N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) was 0.14% with 68% 
survival. Tests for genotype and allelic complmentation showed (a) that 82% of the 
2d-3B - mutants showed allelic complementation with 81% nonpolarized and 1% polarized 
?atterns and 18% noncomplementing and (b) that no chromosome deletion was induced. 

(c) Hydroxylamine: Tests for genotype and allelic complementation showed (a) that nl 
Zhromosome deletions were induced, (b) that 64% of the ad-38 mutants were complemen- 
ting of which 52% had a nonpolarized and 12% a polarized complementation pattern; the 
remaining 36% were noncomplementing. Test of the induced mutants for revertibility o 
treatment with HA showed that 15% of the HA-induced mutants were able to revert. 

(d) 
photodynamic effect of a series of polycyclic hydrocarbons on Neurospora conidia and 
the same compounds carcinogenicity. 

Polycyclic hydrocarbons - A positive correlation has been found between the 

EXPECTED RESULTS IN FY 1970: 

1. 
Neurospora will be utilized to test the formation of mutagenic breakdown products 
after administration of carcinogens. The compounds will be fed to the animals or in- 
jected intravenously in the tail vein. 

Mutagenesis of carcinogens - The host-mediated assay system with mice and 

2. 
be tested with and without irradiation with black light. 

Polycyclic hydrocarbons - The mutagenic activity of polycyclic hydrocarbons will 

EXPECTED RESULTS IN FY 1971: 

The comparison of the mutagenicity of potent carcinogens as well as proximate carcino 
gens will be continued. The mutagenicity and the inactivation mechanism of cascino- 
gens will be studied at different stages of the meiotic-mitotic cycles with special 
reference to changes in sensitivity with change in chromosome structure. The influ- 
ence of potent carcinogens on the recovery process after W and X-ray irradiation wil 
be studied. 
create a biological hazard through their general use and/or distribution, (2) those 
which will provide an experimental approach towards an understanding of the mechanism 
of induction of cancer, and (3) those which will be used in the program for the com- 
parative mutagenesis with tissue culture and mice, and (4) the formation of mutagens 
among metabolic breakdown products of carcinogens will be studied in the host-mediate 
assay. 

The compounds chosen for these studies will be (1) those which might 
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Hartman, F .  C .  I r r e v e r s i b l e  i n a c t i v a t i o n  of t r i o s e  phosphate isomerase by 1-hydroxy- 
3-iodo-2-propanone phosphate. Biochem. Biophys . Res. Commun. 33 (6) : 888-894, 1968. 

Longworth, J .  W. ( E d i t o r ) .  
( I n t e r n .  S p p  ., Caracas,  Venezuela, Dec. 4-8, 1967). 

Basic Mechanisms i n  Photochemistry and Photobiology - - - 
Photochem. Photobiol .  7 (No. 6) 

Longworth, J .  W. Excited s t a t e  i n t e r a c t i o n s  i n  macromolecules. Photochem. 
Photobio l .  7: 587-596, 1968. 

Longworth, J. W., J. A .  Knopp, J. J. t e n  Bosch, and R .  0 .  Rahn. 
t r a n s f e r  i n  oligomers and polymers of L- tyros ine .  Proc .  I n t e r n .  Conf. on Molecular 
Luminescence, Benjamin Press,  1968, p . xxx-xxx. 

E lec t ron ic  energy 

t e n  Bosch, J. J., R .  0 .  Rahn, J. W. Longworth, and R .  G .  Shulman. Energy t r a n s f e r  i n  
poly-L- tyros ine  as a funct ion of t he  degree of i o n i z a t i o n  of the  phenolic hydroxyls.  
11. E l e c t r o n  s p i n  resonance study of t h e  t r i p l e t  s t a t e .  Proc.  Natl. Acad. S c i .  U.S. 
59: 1003-1008, 1968. 

Wei, C .  H., and L .  F. Dahl. T r i i ron  dodecacarbonyl: A n  ana lys i s  of i t s  s t e reo -  
chemis t ry .  J .  Am. Chem. SOC. gl:xxx-xxx, 1969. 
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lartman, F .  C . A c t i v e - s i t e  mod i f i ca t ion  of t r i o s e  phosphate isomerase.  Federa t ion  
if American S o c i e t i e s  f o r  Experimental  Biology, 1969. 

Cnopp, J .  A . ,  J .  W. Longworth, and R .  0 .  Rahn. Op t i ca l  p r o p e r t i e s  of po lynucleo t ides  
iena tured  by organic  s o l v e n t s .  Biophysical  Soc ie ty ,  1969. 

Cnopp, J .  A. ,  K .  B .  Jacobson, A .  P .  Pfuderer ,  and J .  W .  Longworth. Alcohol dehydro- 
zenase from Drosophila:  C h a r a c t e r i z a t i o n  and in t e rconve r s ion  of  isoenzymes. American 
:hemica1 S oc i e  ty,  1968. 

Longworth, J. W .  The exc ip l ex  na tu re  of endonuclease f l u o r e s c e n c e .  Biophysical 
Society,  1969. 

Longworth, J .  W .  Techniques f o r  measuring phosphorescence and  f luorescence  of 
b i o l o g i c a l  molecules .  F i f t h  I n t e r n a t i o n a l  Congress on Photobiology, 1968. 

d e i ,  C .  H., and J .  R .  E i n s t e i n .  Molecular s t r u c t u r e  of thymine ( c i s - syn)  photodimer. 
4merican Crys t a l log raph ic  Assoc ia t ion ,  1968. -- 

Articles i n  p r e s s  

E ins t e in ,  J .  R .  On t h e  a n a l y s i s  of i n t e n s i t y  measurements of Bragg r e f l e c t i o n s  wi th  
an equa to r i a l -p l ane  d i f f r a c t o m e t e r  . (Submitted t o  J .  Appl.  Cryst .) 

E i n s t e i n ,  J. R .  
data i n  phase de te rmina t ion  f o r  p r o t e i n  c r y s t a l s .  

The combination of isomorphous replacement and anomalous s c a t t e r i n g  
(To be submi t ted  t o  Acta Crys t . )  

Knopp, J .  A. ,  and J .  W .  Longworth. The s p l i t t i n g  of t h e  pheno l i c  a c i d  d i s s s c i a t i o n  
c o n s t a n t s  f o r  d i t y r o s y l  compounds i n  t h e  ground s ta te  and t h e  e x c i t e d  s i n g l e t  s t a t e .  
Biochem. J .  ( I n  p repa ra t ion )  

Knopp, J .  A . ,  J .  J .  t e n  Bosch, and J .  W .  Longworth. Energy t r a n s f e r  i n  poly-L- 
t y r o s i n e  V .  Fluorescence p o l a r i z a t i o n  s t u d i e s .  (Submitted t o  Biochim. Biopsys . Acta)  

SCOPE: 

The r e s e a r c h  of t h i s  group i s  d i r e c t e d  toward understanding t h e  s t r u c t u r e s  and func-  
t i o n s  of p r o t e i n s  and nuc le i c  a c i d s ,  t h e  macromolecules which are of c e n t r a l  impor- 
t a n c e  i n  t h e  normal and abnormal growth and func t ioning  of l i v i n g  ce l l s .  
d i f f r a c t i o n  i s  t h e  only method p r e s e n t l y  a v a i l a b l e  f o r  p rov id ing  complete three-  
dimensional  s t r u c t u r e s  of l a r g e  molecules .  Among the  p r i n c i p a l  aims of t h e  X-ray 
c r y s t a l l o g r a p h y  l a b o r a t o r y  a r e  a )  t h e  s t r u c t u r e  de te rmina t ions  of a t r a n s f e r  RNA, a 
tRNA-synthetase complex, and several small p r o t e i n s ,  b) t h e  development of improved 
methods for t h e  s t r u c t u r e  de te rmina t ion  of l a r g e  molecules,  and c )  s t r u c t u r e  de t e r -  
mina t ions  of s m a l l  molecules of  b i o l o g i c a l  i n t e r e s t ,  i nc lud ing  pyrimidine and nucleo- 
t i de  photoproducts .  

X-ray - 

Chemical mod i f i ca t ion  of b i o l o g i c a l  macromolecules has provided more information 
p e r t i n e n t  t o  t h e  c o r r e l a t i o n  of s t r u c t u r e  and func t ion  than  any o the r  s i n g l e  technique 
It has found a p p l i c a t i o n  i n  such widely d ivergent  d i s c i p l i n e s  as enzymolo&y, immun- 
ology, X-ray c rys t a l log raphy ,  and cancer  chemotherapy. Much of  our p re sen t  knowledge 
about  t h e  s t r u c t u r e  of t he  a c t i v e - s i t e s  of enzymes and t h e  chemical  b a s i s  f o r  
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i n t i g e n i c i t y  i s  t h e  resul t  of chemical mod i f i ca t ion  s t u d i e s .  Thus t h e  development an( 
i se  of new chemical r eagen t s  t h a t  have s p e c i f i c i t i e s  e i t h e r  f o r  p a r t i c u l a r  f u n c t i o n a l  
groups i n  p r o t e i n s  and nuc le i c  a c i d s  o r  f o r  t h e  l i g a n d  binding s i tes  of t h e s e  mole- 
:ules  i s  a gene ra l  g o a l  of t h e  chemical  mod i f i ca t ion  l a b o r a t o r y .  The success  of t he  
2ndeavor w i l l  have an  impact on many areas of biomedical s c i ence .  

rhe a i m  of t he  r e s e a r c h  on t h e  e x c i t e d  s ta te  chemis t ry  and physics  of macromolecules 
is t o  obta in  information on t h e i r  molecular  conformations and on i n t e r -  and i n t r a -  
nolecular  i n t e r a c t i o n s ,  such as between enzyme and s u b s t r a t e ,  or  p r o t e i n  and poly-  
nuc leo t ide .  Th i s  w i l l  be accomplished by de termina t ions  of e x c i t a t i o n  and emission 
s p e c t r a l  d a t a  and observa t ions  of s h i f t s  i n  s p e c t r a  f o r  d i f f e r e n t  conformations.  To 
inders tand  photochemical r e a c t i o n s  such as thymine d imer iza t ion  i n  DNA, a p r e c i s e  
knowledge of quantum e f f i c i e n c i e s  of r a d i a t i o n  and of conversion y i e l d  t o  t h e  t r i p l e t  
s t a t e s  a r e  necessary.  Such d a t a  a r e  obta ined  from combination of quantum y i e l d  
Aeterminations and f luorescence  and phosphorescence l i f e t i m e s  k i n e t i c s .  

E lec t ronic  energy t r a n s f e r  processes  are t h e o r e t i c a l l y  poss ib l e  between t h e  c o n s t i -  
t u e n t s  of p r o t e i n s  and nuc le i c  a c i d s .  
in f luence  the  luminescence p r o p e r t i e s ,  and moreover be s e n s i t i v e  t o  mutual o r i e n t a -  
t i o n s  of c o n s t i t u e n t s .  A measure of t r a n s f e r  w i l l  be va luable  i n  s t r u c t u r a l  s t u d i e s  
on these  macromolecules. Before such an  i n v e s t i g a t i o n  i s  p r a c t i c a l ,  it i s  necessary  
t o  have a d e t a i l e d  knowledge of t r a n s f e r  phenomena i n  simple, wel l -def ined  systems, 
such as dimers and oligomers,  and homopolymers. To accomplish t h i s  aim, luminescence 
e x c i t a t i o n  s p e c t r a  and p o l a r i z a t i o n  spectra of simple models w i l l  be i n v e s t i g a t e d  i n  
d e t a i l .  

The presence of such t r a n s f e r s  w i l l  profoundly 

P a r t i c u l a r  emphasis w i l l  be p laced  on a n  understanding of t he  in t e rmolecu la r  f o r c e s  
t h a t  are c a l l e d  i n t o  p l a y  when p r o t e i n  and n u c l e i c  ac ids  s p e c i f i c a l l y  i n t e r a c t .  
aminoacyl-tRNA syn the ta ses  form an idea l  model system t o  i n v e s t i g a t e  s p e c i f i c  com- 
p lexes  down t o  atomic dimensions.  

The 

RELATIONSHIP TO OTHER PROJECTS: 

X-ray d i f f r a c t i o n  s t u d i e s  a r e  c a r r i e d  out  i n  s e v e r a l  o ther  l a b o r a t o r i e s ,  b u t  t he  
Biology Divis ion  has a weal th  of exper imenta l  m a t e r i a l  t h a t  p rev ious ly  was s e n t  
e lsewhere.  
a t  ORNL. 
t o  e x i s t i n g  and proposed biochemical r e s e a r c h  i n  t h i s  Div is ion .  
e x i s t  a t  ORNL f o r  producing and pu r i fy ing  t h e  l a r g e  amounts of t r a n s f e r  RNA t h a t  
would be r equ i r ed  f o r  t h i s  work. 
molecule c r y s t a l  s t r u c t u r e s  involves  t h e  i n t r o d u c t i o n  i n t o  t h e  c r y s t a l  of heavy atoms 
g iv ing  l a r g e  anomalous-scat ter ing e f f e c t s ,  such as mercury or uranium. 
i t i e s  a t  OWL w i l l  soon be a b l e  t o  supply  l a r g e  amounts of a s t a b l e  plutonium i so tope  
(pu-244), which has X-ray p r o p e r t i e s  p r e f e r a b l e  t o  uranium. Other members of t he  
Div is ion ,  F.  C .  Hartman and B.  C. Pal ,  a r e  pursuing p r o j e c t s  i n  s y n t h e t i c  biochemistr ;  
which may provide r eagen t s  f o r  t h e  i n t r o d u c t i o n  of the  requi red  heavy atoms by syn- 
t h e t i c  modi f ica t ion  of t h e  l a r g e  molecules .  
depends on r a p i d  automatic  systems f o r  data c o l l e c t i o n .  ORNL i s  a world leader i n  
t h e  development and u t i l i z a t i o n  of such  automatic  systems. 
which should make p o s s i b l e  a many-fold f u r t h e r  i nc rease  i n  speed, and make more 
p r a c t i c a l  t h e  i n v e s t i g a t i o n  of molecules i n  t h e  100,000 molecular-weight range, such 
as (1) a c t i v a t i n g  enzymes f o r  t h e  g e n e t i c  t r a n s l a t i o n  process  (which are be ing  
i n v e s t i g a t e d  i n  o the r  groups i n  the  Biology Division), and (2)  complexes between 
a c t i v a t i n g  enzymes and t r a n s f e r  RNA's. A m u l t i d i s c i p l i n a r y  e f f o r t  i s  now being 

We a n t i c i p a t e  e x c e l l e n t  coopera t ion  wi th  the  neutron d i f f r a c t i o n  group 
(1) X-ray c r y s t a l l o g r a p h i c  work on a t r a n s f e r  RNA would be d i r e c t l y  r e l a t e d  

Unique f a c i l i t i e s  

( 2 )  A p o s s i b l e  method f o r  the s o l u t i o n  of l a r g e -  

Other f ac i l -  

( 3 )  For e f f i c i ency ,  t h e  X-ray work 

A des ign  i s  under s tudy  

~ - 
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r g a n i z e d  a t  ORiVL t o  coordinate  the  r e s e a r c h  i n  Biophysics,  Biochemistry,  Cher?.ical 
j epara t ions ,  M a t e r i a l  Research and X-ray Crys ta l lography,  s o  t h a t  c r y s t a l s  m s j .  be 
5rown of tRNA-synthetase complexes frcn E .  - -  c o l i ,  and t h e i r  molecular s t r u c t u r e s  
letermined us ing  X-ray d i f f r a c t i o n  a n a l y s i s .  

Chere a r e  many l a b o r a t o r i e s  i n  which chemical  mod i f i ca t ion  of p r o t e i n s ,  f o r  a v a r i e t y  
>f reasons ,  i s  be ing  employed; however, f e w  i n v e s t i g a t o r s  a r e  a c t i v e l y  seeking new 
? r o t e i n  r e a g e n t s .  
i p p l i c a t i o n  i n  s e v e r a l  d i s c i p l i n e s  of p r o t e i n  chemis t ry .  
i b i l i t y  of homogeneous t r a n s f e r  R N A ' s  and aminoacyl-RNA syn the ta ses ,  it becomes 
tempting t o  employ chemical mod i f i ca t ion  as a method of s tudying  the  i n t e r a c t i o n  of 
t r a n s f e r  RNA's wi th  aminoacyl-RNA s y n t h e t a s e s  and ribosomes. The p o s s i b i l i t y  e x i s t s  
t h a t  some of t h e  reagents  c u r r e n t l y  b e i n g  syn thes i zed  could  be u s e f u l  i n  t h i s  type of 
i n v e s t i g a t i o n .  

It i s  hoped t h a t  r e a g e n t s  developed i n  t h i s  l a b o r a t o r y  w i l l  f i n d  
With the  inc reas ing  a v a i l -  

The e n t i r e  e x c i t e d  s t a t e  emission program i s  coord ina ted  wi th  an  independent ESR 
i n v e s t i g a t i o n  of t r i p l e t  s ta tes  carried ou t  by ORNL staff  member, R .  0.  Rahn. Studie:  
involv ing  enzyme-coenzyme and enzyme-nucleic a c i d  i n t e r a c t i o n s  are e n t i r e l y  dependent 
on coopera t ion  wi th  ORNL members M .  P .  S t u l b e r g  and K. B .  Jacobson, who a r e  able  t o  
provide a source  of these  unique and h i g h l y  p u r i f i e d  enzyme systems; t h i s  co l labora-  
t ive  program involves  the use of d i f f e r e n t i a l  abso rp t ion  and f luorescence  spec t ros-  
copy, coord ina ted  wi th  f luorescence p o l a r i z a t i o n  s t u d i e s  and c i r c u l a r  dichroism.  The 
spec t roscop ic  f a c i l i t i e s  which w e  have, and a r e  i n  t h e  process  of e s t a b l i s h i n g  a r e  i n  
many ways unique,  and most c e r t a i n l y  n o t  a v a i l a b l e  commercially.  Those f ac i l i t i e s  
which provide  similar performance t h a t  are  a v a i l a b l e  elsewhere,  and o r i e n t e d  t o  b io-  
l o g i c a l  problems a r e  i n  the  hands of i n v e s t i g a t o r s  w i t h  whom we have previous ly  
c o l l a b o r a t e d  -- a t  the  U n i v e r s i t i e s  of I l l i n o i s  and Minnesota and B e l l  Telephone 
Labora to r i e s .  
when i n t e r e s t  w e r l a p s ,  inc luding  t h e  o r g a n i z a t i o n  of j o i n t  symposia. 

Na tu ra l ly  the re  i s  e x t e n s i v e  exchanging of i d e a s  wi th  t h e s e  groups 

TECHNICAL PROGRESS I N  FY 1969: 

I .  

(1) Cis-syn photodimer of thymine: 
of thymine has  been determined by t h e  c r y s t a l  s t r u c t u r e  a n a l y s i s  of i t s  monosodium 
and d ipotass ium sa l t s .  This photodimer i s  t h e  pr imary one obtained on hydro lys is  of 
UV-irradiated DNA. A complete re f inement  of t h e  s t r u c t u r e  has been c a r r i e d  out f o r  
t h e  monosodium sa l t ,  with f i n a l  e s t i m a t e d  s tandard  dev ia t ions  of about  0.02 A f o r  
bond l e n g t h s  and 1.5"  f o r  bond ang le s .  Comparison of t h e  determined s t r u c t u r e  wi th  
t h e  known s t r u c t u r e  of na t ive  DNA l e a d s  t o  a b e t t e r  understanding of t h e  s t r u c t u r a l  
reasons  f o r  t h e  dena tura t ion  of DNA by W i r r a d i a t i o n .  

X-ray D i f f r a c t i o n  (J .  R .  E i n s t e i n ,  C .  H .  Wei) 

The molecular  s t r u c t u r e  of t he  c i s - syn  photodimer -- -- 

(2 )  Bromoacetyl-phenylalanyl-phenylalanine e t h y l  e s t e r :  
t h i s  d i p e p t i d e  s u b s t r a t e  of peps in  has been determined. Refinement of t h e  s t r u c t u r e  
i s  s t i l l  i n  progress ,  but the  g e n e r a l  s t e r eochemis t ry  of t h e  molecule has been 
c l e a r l y  e s t a b l i s h e d .  The determined conf igu ra t ion  throws l i g h t  on t h e  s tereochemical  
requirements  f o r  peps in  a c t i v i t y .  

The molecular s t r u c t u r e  of 

(3) Theory of d i f f r a c t m e t r y :  
c a l  method for t h e  ana lys i s  of X-ray d i f f r a c t i o n  i n t e n s i t y  measurements wi th  an 
equa to r i a l -p l ane  diffractometer  . C e r t a i n  l i m i t a t i o n s  common t o  a l l  p rev ious  t r e a t -  
ments have been removed. The method i s  u s e f u l  i n  e s t a b l i s h i n g  proper experimental  
cond i t ions  f o r  i n t e n s i t y  measurements w i t h  crystals having ve ry  l a r g e  u n i t  c e l l s  

Work has  been completed on a g raph ica l  and mathemati- 
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md/or l a r g e  mosaic r anges .  

14) Cooling systems: 
msembled. The temperature  of gas flowing over a specimen c r y s t a l  was c o n t r z i l e d  
lri thin narrow limits about  a s e t  F3 in t  of 5 ° C .  

A coo l ing  system f o r  t he  s i n g l e - c r y s t a l  o r i e n t e r  has been 

[I. Chemical Modi f i ca t ion  ( F .  C .  Hartman) 

(1) Haloacetolphosphates:  P o t e n t i a l  a c t i v e - s i t e  r e a g e n t s  f o r  a ldo la se ,  t r i o s e  
phosphate isomerase and glycerophosphate  dehydrogenase.  We have devised an e f f i c i e n t  
nethod of s y n t h e s i z i n g  t h e  a -ch loro  ( I )y  bromo (11), and iodo  (111) der iva t ives  of 
scetolphosphate  . 
( D W ) ( I V )  -- a n a t u r a l  s u b s t r a t e  of t h e  above enzymes. 

These r e a c t i v e  compounds a r e  re la ted t o  dihydroxyacetone ptgsphate  

H2C -0PO H 
3 2  I 

c=o 
I 

H2C- X 

X = C1( I) ,  Br(I1)  , I(II1) and OH( I V )  . 
Compound I11 i n a c t i v a t e s  a l d o l a s e  by a complex mechanism as judged by chemical, 
radiochemical  and physicochemical techniques .  It r e s u l t s  i n  the  oxidat ion of s u l f -  
hydry l  groups t o  in t r amolecu la r  d i s u l f i d e s  wi th  changes i n  molecular conformation as 
w e l l  as o the r  changes near  t h e  a c t i v e  s i t e .  Compounds I, I1 and I11 inac t iva t e  
t r i o s e  phosphate isomerase under mild cond i t ions .  
c a t a l y t i c a l l y  f u n c t i o n a l  r e s i d u e  wi th in  t h e  a c t i v e  s i t e  has been modified. 

The d a t a  suggest  t h a t  a s ing le ,  

(2)  B i func t iona l  p r o t e i n  r eagen t s :  
t he  des ign  and use  of new b i f u n c t i o n a l  p r o t e i n  r e a g e n t s  as a method of studying 
p r o t e i n - p r o t e i n  i n t e r a c t i o n s  and t h e  conformation of p r o t e i n s  i n  so lu t ion  due t o  t h e  
l a c k  of  suppor t ive  pe r sonne l .  

It  has been imposs ib le  t o  pursue the  problem of 

111. 

(1) Energy t r a n s f e r  i n  p r o t e i n s :  
f luorescence  and phosphorescence of t ryp tophan  r e s i d u e s  i n  p r o t e i n s ,  polypeptides 
and d i p e p t i d e s  has been used  t o  demonstrate e l e c t r o n i c  in t ramolecular  t r a n s f e r  of 
energy absorbed by t y r o s i n e  and then  emi t ted  by t r i p t o p h a n .  The r e l a t i v e  l d n e s c e n c i  
quantum y i e l d s  a t  t h e  v a r i o u s  wavelengths were ob ta ined  from a d e t a i l e d  compzrison 
of t h e  luminescence e x c i t a t i o n  s p e c t r a  and the  a b s o r p t i o n  s p e c t r a .  

Exci ted  S t a t e s  of Molecules ( J .  A .  Knopp, J. W .  Longworth, J .  J. t en  Bcsch) 

The wavelength dependence of t h e  quantum y ie lds  of 

(2) Exciplex format ion  i n  p ro te ins :  Exciplex format ion  dominates the  t r y p t q h a n y l  
f luorescence  observed a t  room temperatures  from t h e  vast  m a j o r i t y  of p ro te ins  s o  far 
i n v e s t i g a t e d .  A t  77"K, i n  g l a s s i n g  so lven t s ,  t h i s  complex formation i s  inh ib i t ed ,  
and t h e  i n t r i n s i c  f luo rescence  from tryptophan i s  observed.  The f luorescence from an 
endonuclease of S .  aureus  has been analyzed i n  t h e s e  terms. 

( 3 )  Emission from denatured  DNA: 
i n d i c a t e s  t h a t  it i s  a random c o i l .  Such random c o i l s  have enhanced f luorescence and 
phosphorescence.  
cence from A -- sugges t ing  t h a t  phosphorescence depends s t r o n g l y  on the  sequence of 
bases i n  random c o i l s .  

- 
The abso rp t ion  spectrum of DNA i n  e thylene g luco l  

Poly d(A-T) shows phosphorescence from T bu t  DNA shows phosphores- 
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( 4 )  The p o l a r i z a t i o n  of f lvo rescence  of adenine compounds has been measured i n  
s l y c e r o l  a t  210°K. Under t h e s e  cond i t ions  no evidence of s i n g l e t - s i n g l e t  energy 
t r a n s f e r  i n  polyrA was ob ta ined .  

( 5 )  The e x i s t i n g  spectrofluorophosphorometer has been modified t o  permi t  " f ron t  face 
e x c i t a t i o n "  making p o s s i b l e  luminescence s t u d i e s  on o p t i c a l l y  dense materials. A ne; 
temperature  c o n t r o l l e d  c e l l  ho lde r  has been cons t ruc t ed .  It  has in te rchangeable  
windows which inc lude  p o l a r i z i n g  f i l t e r s .  

EXPECTED FGSULTS IN FY 1970: 

I. 

(1) Work on the  molecular  s t r u c t u r e s  of s i n g l e  p u r i f i e d  tRNA's  w i l l  be cont inued.  
S e v e r a l  tm's w i l l  be c r y s t a l l i z e d  by known methods. Purer  materials than  those 1 
p r e v i o u s l y  a v a i l a b l e  w i l l  be used, t h e  equ i l ib r ium condi t ions  of c r y s t a l l i z a t i o n  w i l l 1  
be a l t e r e d ,  and t h e  c r y s t a l l i z a t i o n  p rocess  improved, i n  a t tempts  t o  produce c r y s t a l s  j 
of b e t t e r  q u a l i t y .  Extens ive  c o l l a b o r a t i o n  i s  expected i n  the  c r y s t a l l i z a t i o n  work ! 
w i t h  C .  T .  But le r  of t he  S o l i d  S t a t e  D iv i s ion ,  ORNL. Attempts w i l l  be made t o  obtair ,  
isomorphous heavy-atom d e r i v a t i v e s  ( a )  by soaking of c r y s t a l s  i n  v a r i o u s  heavy-atom I 

c o n t a i n i n g  media, and ( b )  by s y n t h e t i c  modi f ica t ion  of tRNA's  ( s y n t h e t i c  work by 
B .  C .  Pal. and/or F. C .  Hartman of t h i s  D i v i s i o n ) .  

(2)  E f f o r t s  will be made t o  grow good c r y s t a l s  f o r  X-ray s t u d i e s  of desformyl grami- 
c i d i n  A as the  soz iodo la t e  s a l t  ( a l r e a d y  i s o l a t e d ) ,  and of unmodified gramicidin B. 
The presence of two iodine  atoms i n  t h e  soz iodo la t e  sa l t  should al low t h e  s t r u c t u r e  
t o  be so lved .  Vector s e a r c h  techniques  would be employed t o  a t tempt  t o  l o c a t e  the  I 

X-ray D i f f r a c t i o n  Crys ta l lography (J .  R .  E ins t e in ,  C .  H .  Wei) 

I 

' 

f o u r  indo le s  i n  gramic id in  B, as a key  t o  so lv ing  the  s t r u c t u r e .  

( 3 )  The ref inement  of t h e  c rys ta l  s t r u c t u r e  of bromoacetyl-phenylalanyl-phenylalanine 
e t h y l  e s t e r  w i l l  be completed.  X-ray data w i l l  be co l l ec t ed ,  and t h e  s t r u c t u r e  
r e f i n e d ,  f o r  t h e  isomorphous ch lo ro -de r iva t ive  . 
(4 )  Equipment f o r  microdensi tometry of X-ray d i f f r a c t i o n  photographs w i l l  be installed 
and i n t e r f a c e d  t o  t h e  e x i s t i n g  PDP-8 computer. 
t h e  densi tometry w i l l  be modif ied as r equ i r ed .  

Ex i s t ing  programs f o r  automation of 

The a d d i t i o n  of another  staff c r y s t a l l o g r a p h e r  w i l l  be necessary  t o  complete the  
planned work . 
11. Chemical Modif ica t ion  ( F .  C . Hartman) 

(1) The i d e n t i f i c a t i o n  of t h e  amino acid a t  the  a c t i v e  s i t e  of t r i o s e  phosphate 
isomerase which i s  l a b e l e d  by haloacetophosphates  and the  de te rmina t ion  of the amino 
acid sequence ad jacen t  t o  t h i s  r e s i d u e  w i l l  be a t tempted.  

(2)  The r e a c t i o n  between ha loace to lphosphates  and t r i o s e  phosphate isomerase from 
species o the r  t han  r a b b i t  muscle w i l l  be s t u d i e d  w i t h  the  g o a l  of comparative 
sequence de te rmina t ions  of t h e i r  a c t i v e  s i tes .  

( 3 )  Attempts t o  inco rpora t e  heavy atoms i n t o  p r o t e i n s  and nuc le i c  acids f o r  X-ray 
d i f f r a c t i o n  s t u d i e s  w i l l  con t inue .  

(4) The e f f e c t  of haloacetolQhosQhates  on o the r  enzymes which ca t a lyze  r e a c t i o n s  
U C  N-44 1 4 A  
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of o rgan ic  phosphomonoe s t e r s  , p a r t i c u l a r l y  glycerophosphate dehydrogenase w i l l  be 
de te rmined .  

111. Excited S t a t e s  of Molecules ( J .  A .  Knopp, J .  W .  Longworth) 

C h a r a c t e r i z a t i o n  of t h e  r e l a t i o n s h i p  between e x c i t e d  s t a t e  chemistry and t h e  s t r u c -  
t u r e s  of p r o t e i n s  and p r o t e i n  s u b s t r a t e  complexes w i l l  con t inue .  The emphasis w i l l  
be placed on p r o t e i n s  of e s t a b l i s h e d  sequence and known c r y s t a l  s t r u c t u r e  determined 
from X-ray d i f f r a c t i o n ;  i n  p a r t i c u l a r ,  t h e  p r o t e i n s  s t u d i e d  w i l l  be r ibonuclease  A, 
r i b o n u c l e a s e  T1, S taphyl loccoca l  nuclease and lysozyme. 
p o l a r i z a t i o n  spec t rometer  w i l l  be modified t o  g ive  r e s u l t s  d i r e c t l y  i n  degree of 
p o l a r i z a t i o n  w i t h  p rov i s ions  f o r  automatic  scan of wavelength of e x c i t a t i o n .  I n  
a d d i t i o n ,  choppers w i l l  be i n s t a l l e d  t o  enable  t h e  s e p a r a t i o n  of f luorescence  and 
phosphore sc e nc e and permit  me a su r  ement of phosphor e s c enc e p o l a r  i z a t  i on . 

The e x i s t i n g  f luorescence  

EXPECTED RESULTS IN FY 1971: 

I .  

(1) Work on t h e  molecular s t r u c t u r e  of s i n g l e  p u r i f i e d  tRNA's  w i l l  be cont inued and 
ex tended  t o  s t r u c t u r e  a n a l y s i s  of complexes of tRNA and tRNA-synthetases. 

X-ray D i f f r a c t i o n  Crys ta l lography (J. R .  E i n s t e i n ,  C .  H .  Wei) 

(2)  Effor ts  w i l l  be made t o  o b t a i n  s u i t a b l e  c r y s t a l s  and t o  solve the  c r y s t a l  s t r u c -  
t u r e s  f o r  t h r e e  d inuc leos ide  monophosphates and diGDP, a d inuc leos ide  te t raphosphate ,  
and t h e  a n a l y s i s  of t h e  W photoproduct  m1 a n a l y s i s  w i l l  be i n i t i a t e d .  

( 3 )  The c o o l i n g  system f o r  t h e  s i n g l e - c r y s t a l  o r i e n t e r  w i l l  be improved s o  t h a t  i t s  
temperature range extends t o  -50°C .  

11. 

(1) S t u d i e s  on t h e  subuni t  s t r u c t u r e  of t r i o s e  phosphate isomerase w i l l  be i n i t i a t e d .  

Chemical Modif ica t ion  (F.  C . Hartman) 

(2)  The e f fec t  of haloacetolphosphates  on t h e  ra te  of g l y c o l y s i s  i n  v i v o  w i l l  be 
s t u d i e d  . L- 

( 3 )  A t t e m p t s  t o  incorpora te  heavy atoms i n t o  p r o t e i n s  and nuc le i c  a c i d s  f o r  X-ray 
d i f f r a c t i o n  studies w i l l  con t inue .  

(4)  A s t u d y  of b i f u n c t i o n a l  p r o t e i n  r eagen t s  w i l l  be r e - i n i t i a t e d  if poss ib l e .  

A r e a s o n a b l e  r a t e  of progress  r e q u i r e s  a d d i t i o n a l  personnel .  

111. E x c i t e d  S t a t e s  of Molecules (J .  A. Knopp, J .  W .  Longworth) 

The luminescence p r o p e r t i e s  of v a r i o u s  nuc le i c  acid bases  as w e l l  as the  d i f f e r e n t  
tRNA molecules  w i l l  be s t u d i e d  w i t h  emphasis on r e l a t i n g  t h i s  t o  s t r u c t u r a l  i n fo r -  
mat ion.  The f luorescence  p o l a r i z a t i o n  spectrometer  w i l l  be used t o  determine the  
r o t a t o r y  d i f f u s i o n  cons t an t s  of p r o t e i n  s u b s t r a t e  i n t e r a c t i o n s  complexes, e s p e c i a l l y  
t h e  synthetase-tRNA system. 
w i l l  be used t o  i n v e s t i g a t e  e l e c t r o n i c  energy t r a n s f e r s  i n  polypept ides ,  p r o t e i n  
p o l y n u c l e o t i d e s  and nuc le i c  a c i d s .  
which i s  now l a r g e l y  cons t ruc ted ,  w i l l  be e s t a b l i s h e d  t o  measure l i f e t i m e s  of 
f l uo rescence  w i t h  high p r e c i s i o n  and r e s o l u t i o n .  

Wavelength dependence of f luorescence  p o l a r i z a t i o n  

A phase-modulation f luorescence  l i f e t i m e  device,  

A t  t he  same time a pulse  modulation 
U C N - 4 4 1 4 A  
(13 6-63) PAGE 7 



189 No. 

f l u o r i m e t e r  w i l l  be developed, u s ing  s i n g l e  photon t iming techniques which w i l l  
determine t h e  e x t e n t  of d e v i a t i o n  from t h e  e x p o n e n t i a l l i t y  of f luorescence  decays, 
i n  p a r t i c u l a r ,  p r o t e i n s  such as lysozyme which are known t o  have t ryptophan r e s idues  
i n  d i s t i n c t  environments.  

BUDGET COMMENTS: 

The on ly  unusual  costs  expected would be f o r  c a p i t a l  equipment. 
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