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FUXCTION OF CLL LWYOCI'TES USING ?URIFIED 'H-PHA 
USE THIS S P A C E  T O  A B S T R A C T  YOUR FROPOSED RESEARCH. OUTLINE O B J E C T I V E S  A N D  METHObS. 
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UNDEflSCORE T H E  KEY WOROS 

F u n c t i o n a l  d e f e c t s  i n  t h e  lymphocytes may occur  i n  c h r o n i c  l w m h o c v t i c  leukemia  (CLL) 
Phvt ohemagqlu t i n  i n  _- and c e r t a i n  o t h e r  d i s o r d e r s  a s s o c i a t e d  w i t h  impai red  immnunoconipz t ence  . 

(€'HA), a po ten t  mi togen ic  p r o t e i n  e x t r a c t e d  from kidney beans,  causes  widespread b l a s t o -  
gencs is  and p r o l i f e r a t i o n  of c u l t u r e d  lymphocytes from normal i n d i v i d u a l s  ; b u t  t h i s  
r e sponse  i s  reduced  i n  lymphocytes from persons  having  d i s o r d e r s  a s s o c i a t e d  w i t h  i m p a i r -  
men+_ of c e l l u l a r l y  mzdia ted  immune mechanisms, such as CLL, Hodgkin's d i s e a s e ,  s a r c o i d -  
o s i s ,  arrd even a g i n g .  Although PHA has  been used i n  numerous s t u d i e s ,  t h e  i n t r a c e l l u l a r  
mechanisms of . t s  a c t i o n  remain  o b s c u r e .  our p r i m e  o b j e c t i v e  i s  t o  e l u c i d a t e  t h e s e  
mechanisms i n  normal  lymphocytes and i n  lymphocytes from people  w i t h  t h e  above d i s o r d e r s ,  
i n  o r d e r  t o  c l a r i f y  whether  these d i s o r d e r s  Lnvolve b a s i c  c e l l u l a r  d e f e c t s  , and p o s s i b l y  
t o  i n d i c a t e  t h e r a p e u t i c  approaches .  We a r e  i s o l a t i n g  p u r i f i e d  p r o t e i n s  w i t h  a h igh  degree  
of m i t o g e n i c i t y  from PHA by phys ico-chemica l  t echn iques  and l a b e l i n s  them w i t h  tritium 
and f l u o r e s c e n t  t a g s .  S t u d i e s  u s i n g  t h e  tagged mi togens  (some a l r e a d y  i n  p r o g r e s s )  i n c l u d e  
l o c z l i z a t i o n  of mitogens w i t h i n  membranes and c e l l s  by au ro rad iography  ( b r i g h t  f i e l d  and 
e1ec:ron microscopy)  and s u b c e l l u l a r  f r a c t i o n a t i o n ;  and enzymatic  and meta- 
b o l i c  s t u d i e s  of mechanisms of a c t i o n  a t  t h e  o r g a n e l l e  l e v e l ,  i n c l u d i n g  n u c l e a r  h i s t o n e  
mod i f i cac ion .  Long-term o b j e c t i v e s  a r e  t o  i d e n t i f y  the  b i o l o g i c a l l y  a c t i v e  s i tes  of t h e  
mi togenic  molecules  and de te rmine  t h e i r  s t r u c t u r a l  conformat ion;  and t o  make use  of t he  
mitogen i n  the  s e a r c h  f o r  a n  i n t r a l y m p h o c y t i c  v i r u s  i n  CLL. 
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medica l  r e s e a r c h .  S t u d i e s  of  e f f e c t s  of phytohemagglu t in in  on human lymphocytes i n  c u l t u r e ;  
p u r i f i c a t i o n  and t a g g i n g ;  l o c a l i z a t i o n  and inechanisms of a c t i o n ;  u s e  i n  s t u d i e s  on a j l n d  ~ n d  
on c h r o n i c  lymphocyt ic  leukemia.  I n  cha rge  of a medica l  teain c a r r y i n g  ou t  annual  m e d i c a l  
e x a n i n a t  ions on L k r s h a l l e s e  people  a c c i d e n t a l l y  exposed t o  r a d i o a c t i v e  f a l l o u t  i n  1 9 5 L .  S tudfe :  
o f  t h i s  popuiac ion  have f u r n i s h e d  impor t an t  i n fo rma t ion  on r a d i a t i o n  e f f e c t s  on humn b e i n . y ,  
p a r t L c u l a r l y  l a t e  e f f e c t s  such  a s  t h y r o i d  a b n o r m a l i t i e s  and growth r e t a r d a t i o n  i n  children. 

1950-56: Naval Medical  Research  I n s t i t u t e ,  Ee thesda ,  Maryland: R a d i o b i o l o g i c a l  s t u d i e s  of  
a n i z x l s ,  p a r t i c u l a r l y  e f f e c t s  o f  r a d i a t i o n  on phys io logy  of t he  g a s t r o i n t e s t i n a l  t r a c c  o t  
r o d e n t s ;  beginning  p a r t i c i p a t i o n  i n  human r a d i a t i o n  s t u d i e s  of exposed Marsha l l e se  p t ? o p i e .  
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Nuclear  Medicine 
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-- 
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P r i n c i p a l  I n v e s t i g a t o r  

1951-48: U S .  R a w :  P h y s i c i a n  on s h i p s  and i n  nava l  h o s p i t a l s ;  beg inn ing  i n  1946,  r a d l d l d y i c  
s a f e t y  program a s s o c i a t e d  w i t h  a tomic  bomb E e s t i n g ;  l a te r ,  P r o j e c t s  O f f i c e r  f o r  Medica 1 
Research a t  t h e  R a d t o b i o l o g i c a l  Defense Lakorazory ,  San F r a n c i s c o ,  Ca l i fo rnLa .  
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med ica l  s t u d i e s  of t h e  M a r s h a l l e s e  peopie  exposed t o  f a l l o u t  r a d i a t i o n ,  
a n d ,  over  t h e  p a s t  20 y e a r s  on e f f e c t s  of r a d i a t i o n  i n  a n i m a l s ,  
p a r t i c u l a r l y  on g a s t r o i n t e s t i n a l  phys io logy ,  bone growth,  e t c .  
pape r s  l i s t e d ,  i n c l u d i n g  some i n  p r e p a r a t i o n ,  concern  c u r r e n t  r e s e a r c h  
more d i r e c t l y  r e l e v a n t  t o  t h i s  p roposa l .  

1. Reduct ion  i n  s i z e  of succeed ing  g e n e r a t i o n s  of daugh te r  c e l l s  i n  PHA- 

The 

s t i m u l a t e d  human lymphocytes .  I n  p r e p a r a t i o n .  

2 .  

3 .  

__ - 4 .  

5. 
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8. 
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s t u d i e s  of c e l l u l a r  l o c a l i z a t i o n  i n  human leukocyte  c u l t u r e s .  
R A .  Conard arid C .  F .  Demoise, Blood 35: 44-55,  1970. 
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t o  Nature .  
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f a l l o u t  r a d i a t i o n  exposure .  R .  A .  Conard, C .  F .  Demoise, W. A.  S c o t t ,  
and M .  Makar, J .  Geron to l .  26: 28-36, 1971.  
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SECTION I1 

RESEARCH PLAN: 

A .  I n t r o d u c t i o n  

1. O b j e c t i v e  

The o v e r - a l l  o b j e c t i v e  of t h i s  p r o j e c t  is f i r s t  t o  e l u c i d a t e  t h e  i n t r a c e l l u l a r  
mechanisms induced by  mitogens i n  c u l t u r e d  human lymphocytes from normal i n d i v i d u a l  
and t h e n  t o  s e a r c h  f o r  d e f d c t s  i n  lymphocytes from p a t i e n t s  w i t h  d i s e a s e s  c h a r a c t e r  
i z e d  by d e f i c i e n c y  of c e l l u l a r  irrmunity,  p a r t i c u l a r l y  c h r o n i c  lymphocytic leukemia 
(CLL) . Mitogen(s)  w i l l  be i s o l a t e d  by a physico - chemica l  procedure i n  pure form' 
from phytohemagglu t in in  (PHA), a p o t e n t  mi togenic  a g e n t  o b t a i n e d  from e x t r a c t s  of 
k idney  beans .  The i s o l a t e d  molecules  w i l i  be l a b e l e d  w i t h  t r i t i u m  and f l u o r e s c e n t  
t a g s  f o r  s t u d y  of  i n t r a c e l l u l a r  l o c a l i z a t i o n  and mechanism of a c t i o n .  I d e n t i f i c a -  
t i o n  and c h a r a c t e r i z a t i o n  a f  t h e  m i t o g e n i c  d e t e r m i n a n r s  of t h e  molecule  w i l l  be a n  
i m p o r t a n t  longer - range  o b j e c t i v e  of  t h i s  s t u d y .  Another  o b j e c t i v e  i s  t o  make  u se  
of  t h e  v i r u s - e n h a n c i n g  a c t i o n  of t h e  n i t o g e n s  i n  t h e  s e a r c h  f o r  a p o s s i b l e  v i r u s  
t h a t  might  be a s s o c i a t e d  w i t h  lymphocytic leukemias.  

2 ,  3 .  Back,zround and R a t i o n a l e  

The s m a l l  lymphocyte i s  emerging a s  t h e  impor tan t  c e l l  i n v o l v e d  i n  m a i n t a i n i n g  
i i m u n o l o g i c a l  i n t e g r i t y  o f  a n  i n d i v i d u a l .  The l i t e r a t u r e  c o n c e r n i n g  t h e  role o f  
1vn;phocytes i n  immune mechanisms h a s  expanded tr,ernendously i n  r e c e n t  y e a r s .  
Tliynildine l a b e l i n g  s t u d i e s  have shown t h a t  lymphocytes are of two k inds  5.1sc.d 33 

l iEe-span:  a l o n g e r - l i v e d  lymphocyte which i s  p r o c e s s e d  by t h e  c h y m s  and  i :nerols 
c e l l u l a r i y  mediated irrmunity, and a s h o r t e r - l i v e d  lymphocyte d e r i v e d  d i r e c t  Lv frcm 
t h e  bone marrow and no t  processed  i n  t h e  thymus which is involv'ed i n  humoral 
i m u n i t y  ( a n t i b o d y  product  i on )  . 1 The thymus-dependent lymphocytes r c c  l r c ' i  l ~ t c  
t h r o u g h  t h e  p e r i p h e r a l  blood and I - m p n a t i c s  , and t h e  an t ibody-producing  l ~ ~ - : : n ~ i i : ~ c e s  
a p p e a r  110 be ac re  l o c a l i i e d  i n  f o l l i c u l a r  t i s s u e s .  Most of t h e  sinall l y :np t l ,?c . i t ! ' s  
found i n  t h e  p e r i p h e r a l  blood a r e  of t h e  thymus-dependent t y p e .  The main I r i n C t > L J n  
of  t h e  thymus -dependent lymphocytes is be l i e v e d  t o  be  immunologic s u r v e  i i 13r.c e ,  
i . e . ,  r e c o g n i t i o n  of and i n t e r a c t i o n  a g a i n s t  f o r e i g n  a n t i g e n s  such  as bactc . r :J  lnd  
v i r u s e s ,  t r a n s p l a n t a t i o n  a n t i g e n s  ( h i s t o c c r p a t a b i l i t y  a n t i g e n s ) ,  and a l t c r c l  " - , , l i "  
p r o t e i n s  (autoirrmune p r o c e s s e s ) ,  and t h e  r e c o g n i t i o n  and d e s t r u c t i o n  Of c c . 1 1 ~  , - l t h  
s o m a t i c  m u t a t i o n s  i n c l u d i n g  m a l i e n a n t  o n e s .  These lymphocytes a re  capable  f 
d e v e l o p i n g  "memory" f o r  s p e c i f i c  a n t i g e n s  and a re  r e s p o n s i b l e  f o r  auarnni.sc ii 
r e a c t i o n s  (augmented r e s p o n s e s  follo:.jing a r e p e s t e d  c h a l l e n g e  w i t h  t h e  S J V  IT.: 1 - 
gen)  .2 I t  is 1,argely t h e s e  lymphocytes t h a t  undergo v i t r o  t r a n s f o r m a t l c n  cJ 
p r o l i f e r a t i o n  when s t i m u l a t e d  by mitogens o f  PHA i n  p e r i p h e r a l  blood c u l t : r ~ ~ ~ .  

Loss of c c l l u l a r l y  mediated immunity is u s u a l l y  a s s o c i a t e d  w i t h  r e d u c t i o n  c 
impai red  f u n c t i o n  of  thymus-dependent lymphocytes.  Also ,  reduced s u r v e i l  L . ~ n c e  
a s s o c i a t e d  w i t h  d iminished  c e l l u l a r  ircniiriitv may be a s s o c i a t e d  w i t h  t h e  d , : . : * a  ';-c'nt 
of  a u t o i m u n e  d i s e a s e s .  Reduced and de layed  b l a s t o g e n e s i s  of lymphocytes : ' I  : C . r  1 - 
p h c r a l  b l o o d  c u l t u r e  i n  response  t o  a n t i g e n i c  s t i m u l a t i o n  i s  b e l i e v e d  t o  r " :  s i :  

t h e  s t a t c  of immunocompetence of  t h e  i n d i v i d ~ a l . ~  
of c u l t u r e d  lymphocytes from p a t i e n t s  w i t h  d i s e a s e s  c h a r a c t e r i z e d  bp r e d L c t -  1 i t t  1 -  
u l a r  immunity i s  s i g n i f i c a n t ,  and we a r e  i n t e r e s t a d  i n  i n v e s t i g a t i n g  poss!h;.? 
a l t e r e d  i n t r a c e l l u l a r  f u n c t i o n  of l y n p h x y t e s  that:  might account  f o r  i t .  i ' . t t  

p u r i f i e d  l a b e l e d  mitogen from PHA will be a v a l u a b l e  t o o l  i n  t h i s  s t u d y .  

The reduced b l a s t o g e n l c  r . ~ s C  
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The d i s c o v e r y  a decade ago4 t h a t  e x t r a c t s  from beans  (PM) c a u s e  widespread b l a s t o -  
qef ies i s  and c e l l  d i v i s i o n  i n  lymphocytes i n  c u l t u r e  l ed  t o  ntimerous i n v e s t i g a t i o n s  
of the n a t u r e  and a c t i o n  of t h i s  ageric. The a c t i o n  of PHA as well 2s of some o t h e r  
p l a n t  a n t i g e n s  ( such  as those  from j a c k  bean ,  w i s t e r i a ,  and pokeweed) and c e r t a i n  
o t h e r  agents- ( s c r e p t o l y c i n ,  s t a p h y l o c o c c a l  e x t r a c t s ,  a n t i l e u k o c y t e  a n t i b o d i e s ,  e t c . :  
appea r s  t o  be n o n s p e c i f i c  i n  comparison w i t h  c h a t  of more s p e c i f i c  a g e n t s  such a s  
t u b e r c u l i n ,  t e t a n c s  t o x i n ,  thyphoid  and pe r tus s i s  v a c c i n e s ,  e tc .  The la t te r  a g e n t s  
cause  much less b l a s t o g e n e s i s ,  and t h e  r e sponse  occur s  l a te r  than  i n  c u l t u r e s  
sc imula t ed  b y  "nor.specif i c "  a g e n t s .  Another d i f f e r e n c e  is t h a t  p r i o r  "process ing"  
of  t h e  a 'nt igen by macrophages appea r s  t o  be n e c e s s a r y  w i t h  s p e c i f i c  a n t i g e n s  bu t  
no t  w i t h  n o m p e c i f  i c  ones .  

Some of  t he  major  changes r e p o r t e d  t o  occur  i n  pHA-stimulated lympho y t e s  a r e  as . 
fo l lows :  T h e r e  is e a r l y  l e u k o a g g l u t i n a t i o n  and e r y t h r o a g g l u t i n a t i o n ' ,  and i n  two 
d a y s  lyrcphocytes e n l a r g e  m a r k e d l y ;  hecerochromat in  changes t o  euchromat in ,  and 
n u c l z o l i  become prominent ; znd t h e  cy toplasm shows v a c u l a r i z a t i o n  and b a s o p h i l i c  
s t a i n i n g .  W i t h i n  a few hour s  a f t e r  a d d i t i o n  of PHX i n c r e a s e s  occur  i n  RNA and 
p r o t e i n  s y n t h e s i s , '  i n  ATP, o x i d a t i v e  enzymes, and  ~ ; y c o l y ~ i s , ~ ~ ~  and i n  numbers 
of o r g a n e l l e s  such  as mitochondria"  and lysosomes. These changes occur b e f o r e  
the  s t a r t  of DNA s y n t h e s i s .  DKX s y n t h d s i s  beg ins  a t  abou t  24 t o  36 hours ,  and c e l l  
d i v i s i o n  a t  abou t  4 2  hours .  l2 
t h e s e  c e i l s  has been r e p o r t e d  by sone i n v e s t i g a t o r s ,  though a n t i b o d y  format ion  does  
no t  appea r  t o  6 2  pron?inentr3 
amount i n  plasma c e l l s .  These p r o c e s s e s  of  t r a n s f o r m a t i o n  of  t h e  lyinpliocyte a r e  
f u r t h e r  compl ica ted  by p roduc t ion  and e x c r e t i o n  ..f a number of e f f e c t o r  molecules ,  
such as t r a n s f e r  f a c t o r ,  macrophsge i n h i b i t o r  f a c t o r ,  lymphotoxin,  mi togenic  
f a c t o r ,  and s e v e r a l  o c h e r s .  The complexi ty  of t h e s e  changes t e s t i f i e s  t o  the  
amount of r e s e a r c h  needed b e f o r e  t h e  i n t r a c e l l u l a r  mechanisms are  made c l e a r .  

F o r n a t i o n  of a small amscnt of g a m a  g l o b p l i n  by 

(Endoplasmic r e t i c u l u m  is  sparse compared wi th  the  

S e v e r a l  a t t e m p t s  have been made t o  clse PHA i n  v i v o ,  and i t  a p p e a r s  t o  produce a n  
immunosuppressive e f f e c t ;  hcwevcr,  i n  v i v o  u s e  is hampered by t h e  development of 
h y p e r s e n s i t i v i t y  t o  t h e  numerms p r o t e i n s  i n  t h e  c r u d e  form of PHA used. We hope 
t o  overcon:e t h i s  d i f f i c u l t y  by i s o l a t i n g  f o r  u se  t h e  mi togenfc  molecules  from P M  
i n  pure form. 

During o u r  e a r l i e r  s t u d i e s  we p e r f e c t e d  s a p i d  t e c h n i q u e s  for e 1 e c t r o n i c . c o u n t i n g  and 
s i z i n g  of c u l t u r e d  lymphocytes t h a t  a l l o m d  US t o  de t e rmine  t h e  amount of lymphocyte 
t r a n s f o r m a t i o n  i n  a l a r g e  number of c u l t u r e s  i n  a s h c r t  t i ne ,  c i r c m v e n t i n g  the  
more l a b o r i o u s  measurement by microscope o r  t r i t i a t e d  thymidine  uptake a s s a y s .  
These improved t echn iques  g r e a t l y  f a c i l i t a t e d  some of our  b a s i c  s t u d i e s  on t h e  
k i n e t i c s  of lymptiocytes i n  c u l t u r z s  and p e r m i t t e d  r a p i d  a s s a y  of numerous f r a c t i o n s  
f o r  s i t o g e n i c i t y ,  which was p a r t i c u l a r l y  impor tan t  d u r i n g  ou r  phys ica l -chemica l  
i s o l a t i o n  p rocedures ,  d e s c r i b e d  below. 

I n  s t u d i e s  . r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h e  PHA used i s  3 c r u d e  o r  p a r t i a l l y  
p u r i f i e d  e x t r a c t  and c o n t a i n s  s e v e r a l  b i o l o q i c a l l y  a c t i v e  components such as 
l e u k o ~ g g l u t i n a t i n g  and e r y t h r o a g g l u t i n a t i n g  a c t i v i t i e s .  S e v e r a l  i n v e s t i g a t o r s  
have shcwn t h e  e r y ; h r o a g g l u t i n i n s  t o  be d i s t i n c t  from the o t h e r  a c t i v e  p r i n c i p l e s  a n  
were a b l e  co remove t h e m  by a d s o r p t i o n  io r e d  blood c e l l s .  Subsequen t ly ,  R ive ra  and 
E1uellerl6 observed  t h a t  t h e  l e u k o a g g l u t i n a t i n g  and RNA- and DNA-stimulating 
a c t i v i c i e s  ccruld b e  p a r t i a l l v  sc arct ted by p r o t e i n  p u r i f i c a t i o n  t echn iques .  
Xume r ou s o t h e  r i n vc. s t i ga t o r  s 1 6 - 2 y  icere unable  t o  i s o l a t e  any  one of t h e s e  a c t i v i t i e s  
no t  g r o s s l y  contaminated  w i t h  o t h e r s .  The mi togen ic  s u b s t a n c e s  have been 
c h a r a c t e r i z e d  by these i n v e s t i g a t o r s  a s  g lycoproce in  i n  n a t u r e .  
r e p o r t e d  t h a r  a p r e p a r a t i o n  ob ta ined  from PFIA c o n t a i n e d  t h e  RNA- and DNA-synthesis- 

l 3 , U  

22  Goldberg et g .  

s t i m u l a t i n g  a c c i v i c i c s  free of the  c r y t h r o -  and l e u k o a g g l u t i n i n s  and v i r t u a l l y  fret? I 
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0; p r o t e i n  and c a r b o h y d r a t e ,  bu t  more r e c e n t l y  GoldbergZ3 h a s  informed u s  t h a t  he 
now b e l i e v e s  t h e  mi togen ic  a c t i v e  p r i n c i p l e  t o  be p r o t e i n  i n  n a t u r e .  

Fo r  t h e  past  t h r e e  y e a r s  we have been a t t e m p t i n g  t o  i s o l a t e  t h e  mi togenic  p r i n c i p l e  
from b e a n - e x t r a c t s ,  and we r e c e n t l y  r e p o r t e d  s t u d i e s  u s i n g  a r e l a t i v e l y  p u r e  p r o t e i r  
24 Tagging w i t h  t r i t i u m  was accompl ished  by growing t h e  bean p l a n t s  i n  t r i t i a t e d  
n u t r i e n t  media.  With t h i s  t agsed  mi togen ,  a u r o r a d i o g r a p h i c  and s u b c e l l u l a r  f r a c t i o r  
a t i o n  s t u d i e s  o f  t ransformed lymphocytes showed c y t o p l a s m i c ,  p robably  m i t o c h o n d r i a l ,  
L o c a l i z a t i o n  of t h e  l a b e l .  However, t h e  s p e c i f i c  r a d i o a c t i v i t y  of our  mi togenic  
p r o t e i n  was t o o  low (0.5 pCi/mg) t o  permi t  s p e c i f i c  o r g a n e l l e  v i s u a l i z a t i o n  by 
a u t o r a d i o g r a p h y  of e l e c t r o n  micrcxcopic  s e c t i o n s  
i z a t i o n  by use  of con juga ted  2 5 a 2 6  o r  l a b e l e d  PFA 27-99 o r  con juga ted  a n t i s e r a  
have r e v e a l e d  r a p i d  e n t r a n c e  o f  t he  l a b e l  i n t o  t h e  cy toplasm and i n  some c a s e s  i n t o  
t h e  n u c l e u s .  I n  o u r  e a r l i e r  s t u d i e s 2 8 ,  w e  no ted  n u c l e a r  l o c a l i z a t i o n  ( i n  a d d i t i o n  
t o  cy top la smic )  of  t h e  tagged material which w e  b e l i e v e  was due t o  impur i ty  of t h e  
PHA used .  True i n t r a c e l l u l a r  l o c a l i z a t i o n  of  a l a b e l e d  s p e c i f i c  mi togenic  molecule  
i n  t h e  s t u d i e s  r e f e r r e d  t o  above i s  q u e s t i o n a b l e ,  s i n c e  PHA of v a r y i n g  degrees  of 
p u r i t y  w a s  u sed .  
e s s e n t i a l l y  p u r e  form of two d i s t i n c t  p r o t e i n  components (mitogens ,A and B) by a 
p r e p a r a t i v e  g e l  e l e c t r o p h o r e s i s  t echn ique  ;32  t h e s e  show g r e a t l y  i n c r e a s e d  mito-  
g z n i c i t y  and a lmos t  coinplete ldck  of a g g l u t i n z t i n g  a c t i v i t y .  G r e a t l y  i n c r e a s e d  
s p e c i f i c  r a d i o a c t i v i t y  (7 t o  10 wCi/mg) of t h e s e  p r o t e i n s  has  been ach ieved  by d i r e c  
i n c o r p o r a t i o n  of t r i t i u m  t a g g i n g  by a c e t y l a t i o n  procedures  .33  
a l s o  i s  b e i n g  a t t e m p t e d .  Our p r e l i m i n a r y  r e s u l t s  show predominant ly  c y t o p l a s n i c  
l o c a l i z a t i o n  of t he  mi togen ic  l a b e l .  Use of t h e s e  p u r i f i e d  and l a b e l e d  mitogens 
shou ld  p e r m i t  us t o  de t e rmine  precise i n t r a c e l l u l a r  l o c a l i z a t i o n  of t h e  mitogen a t  
t h e  o r g a n e l l e  level by a u t o r a d i o g r a p h i c  p rocedures  ( b r i g h t  f i e l d  and e l e c t r o n  
microscopy)  and r a d i o a c t i v e  a s s a y  of s u b c e l l u l a r  f r a c t i o n s .  
i s o l s e e d  mi togens  i s  e s s e n t i a l  f o r  t h e  more complex b iochemica l  s t u d i e s  of i n t r a -  
c e l l u l a r  mechanisms of a c t i o n  t o  be d e s c r i b e d  i n  d e t a i l  below. Other  b iochemica l  
s t u d i e s  w i l l  i n c l u d e  c o r r e l a t i o n  of n u c l e a r  h i s t o n e  m o d i f i c a t i o n s  w i t h  o t h e r  
m a n i f e s t a t i o n s  of PHA . .d togen  s t i m u l a t i o n  of lymphocyces. H i s tones  a r e  b e l i e v e d  
t o  be a s s o c i a t e d  w i t h  DNA i n  c o n t r o l  of gene a c t i v a t i o n  ( d e r e p r e s s i o n ) .  A l l f r e y  
-- e t  a1.34 have demonst ra ted  a n  i n c r e a s e  i n  a c e t y l a t i o n  or' " a r g i n i n e - r i c h "  h i s t o n e s  
of  lymphocytes as  ea r ly  a s  15 minutes  a f t e r  exposure  t o  PHA. The t echn ique  
p r e v i o u s l y  used t o  s t u d y  n u c l e a r  h i s t o n e s  of c a l f  thymus  c e l l s  by Dr. Oh (one of 
our group)  w i l l  be a p p l i e d  co t h i s  work.(3;' 

48C-4!- p o r t s  of i n t r a c e l l u l a r  

I n  c u r r e n t  work, w e  have ach ieved  f u r t h e r  i s o l a t i o n  i n  

F l u o r e s c e n t  t a g g i n g  

The p u r i t y  of t h e  

Loss of immunologic Competence i s  a prominent  f e a t u r e  of  many l y m p h o p r o l i f e r a t i v e  
d i s e a s e s .  With pa rag lobu l inemias  humoral a n t i b o d y  producing  lymphocytes are 
d e f e c t i v e  o r  d e f i c i e n t .  Impaired c e l l u l a r l y  media ted  i s m i n i t y  (thymus-dependent 
lymphocytes) i s  a f e a t u r e  of  many c o n d i t i o n s  such  a s  i n f e c t i o u s  mononucleos is ,  
DiGeorge 's  syndrome, CLL, Hodgkin's d i s e a s e ,  s a r c o i d o s i s ,  and o t h e r  mal ignant  

5 s t a t e s .  

Loss  of immunological competence is a l s o  noted i n  a g i c g .  I n  a N a r s h a l l  I s l a n d  
p o p u l a t i o n  w e  have found a d e f i n i t e  i n c r e a s e  i n  borh gamma g i o b u l i n s  and s p e c i f i c  
immunoglobulins as a f u n c t i o n  of age36.  
been  exposed t o  r a d i o a c t i v e  f a l l o u t  showed d e p r e s s i o n  u f  gamma g l o b u l i n s ,  
p a r t i c u l a r l y  IgG and IgA.) Lymphocyte l e v e l s  and response  of c u l t u r e d  lymphocytes 
t o  PHA s t i m u l a t i o n  were reduced  a s  a f u n c t i o n  of age .  P r e l i m i n a r y  s t u d i e s  a l s o  
r e v e a l e d  d e c r e a s i n g  a c e t y l a t i o n  of n u c l e a r  h i s t o n e s  i n  c u l t u r e d  lymphocytes due Z O  
PHtI s t i m u l a t i o n  which p a r a l l e l e d  t h e  d e c r e a s i n g  r e sponse  t o  PHA wi th  age.37 

(But a Marsha l l e se  popu la t ion  t h a t  had 

CLL i s  a n o t a b l e  example of a d i s e a s e  w h i c h  e x h i b i t s  c e l l u l a r  
t o  c o n c e n t r a t e  or: t h i s  d i s e a s e  i n  our  i n v e s t i g a t i o n s  of i n t r a c e l l u l a r  lymphocyt ic  

We i n t e n d  
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f u n c t i o n s .  
impairment o f  g lvcogen  me^Labolisin, and iou  r eac : iv i ty  t o  PHS and o t h e r  a n t i g e n s ,  
39 and i n  p r e l i a i n a r y  exper iments  we !:ave a l s o  noted  reduced and de layed  response  
t o  t h e  s t i m u l a t o r y  a c t i o n  of PIA, and impzired n u c l e a r  h i s t o n e  a c e t y l a t i o n .  The 
degree  of-re’duced b l a s t o g e n e s i s  a p p e a r s  t o  be c o r r e l a t e d  w i t h  t h e  s e v e r i t y  of t h e  
d i s e a s e .  38-41 
i n  C L L ,  one normal which can  respond t a  PW. s t i m u l a t i o n  and t h e  o t h e r  abnormal or 
leukemic.  
t echn iques  we a r e  deve lop ing  should  permit c1s t o  i n v e s t i g a t e  t h e  p o s s i b l e  d e f e c t ,  
and also t o  de t e rmine  t h e  e f f e c t s  on t h e  lymphocyte f u n c t i o n  i n  CLL of spontaneous 
r e m i s s i o n  and e x a c e r b a t i o n  of t h e  d i s e a s e  and of immunosuppression b y  r a d i a t i o n ,  
< rugs  , and hormones. 

I n  CLL the  lymphocyte e s h i b i t s  reduced and impai red  RNA s y n t h e s i s ,  . 35 ,  

E lves40  has sugges t ed  t h c t  che re  a r e  two p o p u l a t i o n s  of lymphocytes 

I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t he  CLL lymphocyte i s  d e f e c t i v e .  The 

The  r e c e n t  f i n d i n g  t h a t  v i r u s  a p p e a r s  t o  be enhanced i n  lymphocytes  s t i m u l a t e d  by 
PH.4 makes i t  p o s s i b l e  t o  demoas t r a t e  t h e  p re sence  of v i i u s  p a r t i c l e s  i n  lymphocytes 
i n  h e r p e s  s i m p i e ~ , ~ ~  v e s i c u l a r  s t o n a t i t i s  , 4 3  and bovine l e u k e n i a s  and lymphomas .44 
We p l a n  t o  s e a r c h  f o r  such p a r t i c l e s  i n  PHA-stimulated CLL lymphocytes by e l e c t r o n  
n i c r o s c o p  i c  t e c h n i q u e s  . 
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B. S p e c i f i c  A i m s  

J.n o r d e r  t o  a c h i e v e  our  u l t i m a t e  o b j e c t i v e ,  o u t l i n e d  i n  A - 1 ,  i . e . ,  t o  
c h a r a c t e r i z e  p o s s i b l e  f u n c t i o n a l  d e f e c t s  i n  lymphocytes of CLL and o t h e r  d i s o r d e r s  
e x h i b i t i n g  d e f i c i e n c y  of immunocompetence, t he  fo l lowing  s p e c i f i c  i n v e s t i g a t i o n s  
s h o u l d  be c a r r i e d  o u t  i n  t h e  o r d e r  g iven:  

1. P h y s i c o - c h e m i c a l  i s o l a t i o n  of t h e  mi togen ic  molecules  from PHA. 

2 .  Dete rmina t ion  of the  confo rma t ion  and i d e n t i t y  of  t h e  b i o l o g i c a l l y  a c t i v e  
s i tes  of the  mi togen ic  molecu le s .  (This  is a long-term s t u d y  and  w i l l  r u n  i n  
para l le l  w i t h  most of t h e  o t h e r s . )  

3 .  Radioac t ive  l a b e l i n g  of t h e  mi togen ic  p r i n c i p l e  w i t h  t r i t i u m  b y ' d i r e c t  
l a b e l i n g  of t he  p u r i f i e d  component ( 3 H - a c e t y l a t i o n ) ,  and f l u o r e s c e n t  tagging .  

4 .  I n t r a l p p h o c y t i c  l o c a l i z z t i o n  of t h e  s i t e  of a c t i o n  of  t h e  l a b e l e d  mitogen 
as  a f u n c t i o n  of t i m e  by a u t o r a d i o g r a p h y  ( b r i g h t  f i e l d  and e l e c t r o n  microscopy)  and 
r a d i o l o g i c a l  a s s a y s  of  s u b c e l l u l a r  f r a c t i o n s .  

5. I n v e s t i g a t i o n  of  t h e  mechanism of  a c t i o n  of t h e  mi togens  by a v a r i e t y  o f  
s t u d i e s :  (a) i n t e r a c t i o n  (complexing)  of t h e  mitogen w i t h  v a r i o u s  c e l l u l a r  
e l e m e n t s ;  (b )  c o r r e l a t i o n  of t h e  s i t e  of a c t i o n  of t h e  mitogen w i t h  changes i n  RNA, 
DNA, and p r o t e i n  s y n t h e s i s  by b iochemica l  and h i s t o c h e m i c a l  s t u d i e s ;  ( c )  n u c l e a r  
h i s t o n e  d e r e p r e s s i o n  ( a c e t y l a t i o n  s t u d i e s )  as a f u n c t i o n  of  mi togen ic  a c t i o n ;  
(d)  m e t a b o l i c  s t u d i e s  of s e p a r a t e d ,  p u r i f i e d  o r g a n e l l e  f r a c t i o n s  , p a r t i c u l a r l y  
m i t o c h o n d r i z ,  by d i r e c t  s t i m u l a t i o n  of such  s e p a r a t e d  o r g a n e l l e s  w i t h  the  mitogen.  

6 .  Use of  t h e  enhancing  e f f e c t  of PH-4 mitogens  t o  s e a r c h  for a v i r u s  i n  
Lymphocytes o f  CLL by e l e c t r o n  mic roscop ic  t e c h n i q u e s .  

C .  Methods of Procedure  

Experiments  are o u t l i n e d  below i n  t h e  expec ted  c h r o n o l o g i c a l  o r d e r .  
some p r e l i m i n a r y  work are i n d i c a t e d .  

The r e s u l t s  of 

We have a l r e a d y  p e r f e c t e d  s t a n d a r d  t e c h n i q u e s  f o r  c u l t u r e  of human lymphocytes and 
f o r  r a p i d  a s s a y  of c u l t u r e s  for mitogen-induced t r a n s f o r m a t i o n  of lymphocytes.  For  
a s s a y ,  t h e  c u l t u r e  i s  t r e a t e d  a t  t h e  t i m e  of h a r v e s t  w i t h  a p r o t e o l y t i c  enzyme 
(p ronase )  t o  remove d e b r i s  fo l lowed by c e t r i m i d  t o  s t r i p  away t h e  cy tcp lasm by t h e  
method of S t u a r t  and Ingram, and t h e  ba re  n u c l e i  are  counted  and s i z e d  by e l e c t r o n i c  
means ( C o u l t e r ) .  I n  some cases t h e  d a t a  are f e d  i n t o  a computer and a complete  
s i z i n g  curve f o r  a l l  t h e  c e l l s  i n  t h e  c u l t u r e  i s  ob ta ined .  
t e d i o u s  mi&oscopic  d i f f e r e n t i a l  c e l l  c o u n t i n g  or 2H-thymidine assay and a l l o w s  r a p i  
d e t e r m i n a t i o n  of percen tage  t r a n s f o r m a t i o n  of lymphocytes based  on n u c l e a r  s i z e .  I n  
t h e  mitogen i s o l a t i o n  procedures  d e s c r i b e d  below, t h i s  t echn ique  i s  of g r e a t  v a l u e  i 
p e r m i t t i n g  mi togenic  a s s a y  i n  l a r g c  numbers of column f r a c t i o n s  a t  once .  I t  has  a l s  
been i n v a l u a b l e  i n  b a s i c  s t u d i e s  on t h e  k i n e t i c s  of lymphocytes i n  c u l t u r e ,  no t  
d i r e c t l y  a p a r t  of t h i s  p r o j e c t .  

Tn i s  method avo ids  t h e  

1. I s o l a t i o n  of  t he  Mi tozcn ic  No lecu le s  from PHA bv Phys ica l -Chemica l  
Techniques.  

tJe have r e p o r t e d  p r e  ! h i n a r y  s t u d i e s  w i t h  a p a r t i a l l y  p u r  i f  i e d  mi togen ic  
) r o t e i n  i s o l a t e d ,  from kidncy  beans grown i n  t r i t i a t e d  n u t r i e n t  ,med ia ,  by ammonium 
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( o b t a i n e d  by c e l l  d i s r u p t i o n  w i t h  s o n i c ,  f r eeze - thaw,  o r  homogenizat ion t echn iques )  
will be r a d i o l o g i c a l l y  a s sayed  a t  different times a f t e r  c u l t u r e  t o  de tc rmine  
l o c a l i z a t i o n  of t h e  l abe? .  P r e l i m i n a r y  s t u d i e s  i n d i c a t e  l o c a l i z a r i o n  l a r g e l y  i n  the  
m i t o c h o n d r i a l  f r a c t i o n .  

s u l f a t e  p e r c i p i t a t i o n  and column chromatography. 
t h e  i s o l a t i o n  of two mi togen ic  components from PHA by a preparative g e l  e l e c t r o -  
p h o r e s i s  w i t h  u rea -ac ry lamide .  T h e s e  two components have been  t e s t e d  f o r  p u r i t y  
by a n a l y t i c a l  ge l  e l e c t r o p h o r e s i s ,  a n a l y t i c a l  u l t r a c e n t r i f u g a t i o n ,  and de te rmina t ion  
of  chemica l  eompos i t ions  and of N- te rmina l  amino a c i d s .  

F u r t h e r  p r o g r e s s  i s  be ing  made on 

Format ion  of mitogen complexes w i t h  c e l l u l a r  e lements  such  as RNA and DNA w i l l  
be s t u d i e d  ( I )  on lymphocyte smears t r e a t e d  wi th  enzymes (RNasc,DNase) t o  de te rmine  
i n t e g r i t y  of l a b e l  and (2) by d i r e c t  chemica l  s e p a r a t i o n  of RNA and DNA from whole 
c e l l s  and s u b c e l l u l a r  f r a c t i o n s  for r a d i o l o g i c a l  a s s a y .  

2 .  

S e q u e n t i a l  s t u d i e s  w i l l  be made of t h e  s i t e  of t h e  mi togen ic  l a b e l  i n  c e l l s  a s  
r e l a t e d  t o  changes i n  t h e  metabol ism of R N A ,  DNA, p r o t e i n s ,  e t c .  RNA and DNA 
nc tabo l i sm i n  lymphocytes will be observed  by p u l s e - l a b e l i n g  w i t h  r a d i o a c t i v e  
r luc leos idc  p r e c u r s o r s  such  as  t r i t i a t e d  c y t i d i n e ,  thymidine ,  and /o r  Gr id ine  and 
w a s u r i n g  the  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  l abe l  a t  v a r i o u s  t imes  a f t e r  mi togenic  

Conformation and I d e n t i t v  of t h e  Act ive  S i t e s  of  t h e  Mi togenic  Molecules .  

S e q u e n t i a l  a n a l y s i s  f o r  pr imary  s t r u c t u r e  o f  t h e  p u r i f i e d  mitogens w i l l  be 
performed by t h e  u s u a l  t e c h n i q u e s  such  as u s e  of t h e  amino a c i d  a n a l y z e r ,  Edman's 
s t e p - w i s e  d e g r a d a t i o n ,  p e p t i d e  mapping ( f i n g e r - p r i n t i n g ) ,  and enzymat ic  deg rada t ion  
Techniques f o r  s p e c i f i c  m o d i f i c a t i o n  of t h e  mitogens w i l l  p e r m i t  s t u d i e s  on the  
number of a c t i v e  s i t e s ,  pr imary s t r u c t u r e  ( a c t i v e  amino a c i d  r e s i d u e s ) ,  and r e l a t i ' o n  
s h i p s  between s t r u c t u r e  and f u n c t i o n .  S p e c t r o s c o p i c  s t u d i e s  of t h e  conformat ions  of 
t h e  mi togens  i n  s o l u t i o n  w i l l  i n c l u d e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  and c i rcu lar  
d i ch ro i sm as w e l l  a s  i n f r a r e d  and n u c l e a r  magnet ic  resonance  s p e c t r o s c o p y .  The 
confo rma t iona l  behav io r  w i l l  be r e l a t e d  t o  p o s s i b l e  s t r u c t u r a l  r o l e s  of the mitogens 
i n  t h e  t r a n s f o r m a t i o n  of lymphocytes.  

3 .  Tagging of t h e  Mitoeen Molecules .  

P re l imina ry  r a d i o a c t i v e  l a b e l i n g  of PIL4 o b t a i n e d  from bean p l a n t s  was 
accompl ished  by growing t h e  p lan ts  i n  t r i t i a t e d  n u t r i e n t  mediz (7 t o  12 C i  3H/L i t e r )  
but  t h i s  method was abandoned because  of l e t h a l  e f f e c t s  on t h e  p l a n t s  and i n s u f f i c -  
i e n t  s p e c i f i c  r a d i o a c t i v i t y  ( 0 . 5  bCi/mg) i n  t h e  p u r i f i e d  PHA f o r  p r e c i s e  e l e c t r o n  
mic roscop ic  a u t o r a d i o g r a p h y .  P r e l i m i n a r y  r e s u l t s  of d i r e c t  l a b e l l n g  techniques  such  
as 3 H - a c e t y l a t i o n  of t h e  p u r i f i e d  mitogens has  y i e l d e d  much h i g h e r  s p e c i f i c  r a d i o -  
a c t i v i t y  (up t o  7 t o  10 $i/mg) w i t h  no loss of b i o l o g i c a l  a c t i v i t y ,  and t h i s  
method w i l l  be pursued .  S u c c e s s f u l  f l u o r e s c e n t  l a b e l i n g  by technLques such as 
d a n s y l a t i o n  of t h e  mi togens  i s  a l s o  be ing  accompl ished .  

4 .  L o c a l i z a t i o n  of t h e  Mi togenic  Molecules  i n  Lymphocytes. 

5 .  PISchanisms of  Ac t ion  of t h e  Mitop,enic Molecules .  
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s t i m u l a t i o n  of t h e  ce l l s .  

S e p a r a t e d ,  p u r i f i e d  o r g a n e l l e  f r a c t i o n s  ( p a r t i c u l a r l y  mi tochondr ia )  w i l l  be  
s t u d i e d  f o r  (1) changes  i n  metabol ism of t h e  o r g a n e l l e s  from t r e a t e d  c u l t u r e s  and 
(2)  d i r e c t -  ezfects o f  t he  mitogen on the  s e p a r a t e d  o r g a n e l l e s  from u n t r e a t e d  c u l t u r e  
w i t h  r e g a r d  to  l a b e l i n g  and metabol ism.  

S t r u c t u r a l  m o d i f i c a t i o n s  of  n u c l e a r  h i s t o n e s  such as a c e t y l a t i o n  appea r  t o  
f o l l o w  q u i c k l y  a t r i g g e r i n g  mechanism of t h e  mi togen  (from the  cy toplasm?) ,  r e s r r l t i n  
i n  d e r e p r e s s i o n  o f  t h e  DNA. We p l a n  t o  measure a c e t y l a t i o n  q u a n t i t a t i v e l y  and 
t empora l ly  i n  mi togen- s t imu la t ed  lymphocytes .  
h i s t o n e  a c e t y l a t i o n  and RNA and DNA s y n t h e s i s  as w e l l  as cy top la smic  o r g a n e l l e  
changes w i t h  mi togen ic  a c t  i o n .  

The above t e c h n i q u e s  and t h e  f i n d i n g s  on normal lymphocytes w i l l  be a p p l i e d  t o  t h e  
s t u d y  or’ p o s s i b l e  abnormal mechanisms i n  t h e  lymphocytes i n  CLL and o t h e r  d i s o r d e r s  
w i t h  loss of immunological  competence.  

A t t e m p t s  will be made t o  c o r r e l a t e  
. 

D. S i g n i f i c a n c e  

The lymphocyte is emerging as a n  impor t an t  irmnunocyte i n  the  body and appears t o  be 
t h e  c r i t i c a l  m e d i a t o r  i n  a n t i g e n i c  r e c o g n i t i o n  (immunologic memory) , de layed  hyper -  
s e n s i t i v i t y ,  and homograf t  r e j e c t i o n .  A l t e r e d  f u n c t i o n  of t h e  lymphocyte probably  
occur s  i n  d i s e a s e s  a s s o c i a t e d  w i t h  immunologic d e f i c i e n c y  such as c h r o n i c  lymphocytic 
leukemia,  autoimmune d i s e a s e s ,  e t c .  

I n t r a c e l l u l a r  changes a s s o c i a t e d  w i t h  lymphocyte t r a n s f c r m a t i o n  by mitogens a r e  poor 
unde r s tood ,  p a r t i c u l a r l y  a t  t h e  molecu la r  l e v e l .  The cse of a mi togen ic  molecule  
i s o l a t e d  i n  pu re  form from PHA and r a d i o a c t i v e l y  l a b e l e d  t o  i n v e s t i g a t e  i n t r a c e l l u l a i  
nechanisms a s s o c i a t e d  w i t h  lymphocyte t r a n s f o r m a t i o n  and p r o l i f e r a t i o n  shou ld  f u r n i s l  
i n f o r m t i o n  of s i g n i f i c a n c e  i n  t h e  f o l l o w i n g  r e s p e c t s :  

1. The e l u c i d a t i o n  of such i n t r a c e l l u l a r  mechanisms should  f u r t h e r  o u r  
knowledge of  b a s i c  immunologic r e a c t i o n s  a t  t h e  c e l l u l a r  l e v e l .  

2 .  Though t h e  mitogen from PHA c a u s e s  widespread  t r a n s f o r m a t i o n  and 
P r o l i f e r a t i o n  of lymphocytes ( g e n e r a l l y  b e l i e v e d  t o  be a n o n s p e c i f i c  e f f e c t ) ,  t h e  
nechanisms may shed  l i g h t  on t h e  i n t r a c e l l u l a r  a c t i o n  of  more s p e c i f i c  a n t i g e n s .  

3 .  An u n d e r s t a n d i n g  o f  t h e  a l t e r a t i o n  of t h e s e  mechanisms i n  lymphocytes i n  
:LL and o t h e r  d i s o r d e r s  a s s o c i a t e d  w i t h  immunologic d e f i c i e n c y  would be o f  g r e a t  
importance.  E l u c i d a t i o n  of m e t a b o l i c  d e f e c t s  a s s o c i a t e d  w i t h  t h e s e  d i s o r d e r s  might 
l i d  i n  undeTstanding t h e  e t i o l o g y  and n a t u r e  of t h e  a b n o r m a l i t i e s  and p o s s i b l y  
Lndicate  t h e r a p e u t i c  c o n s i d e r a t i o n s .  

4 .  S t u d i e s  of mi togen- s t imu la t ed  histone-DNA i n t e r a c t i o n s  may l ead  t o  
informat ion  on t h e  t r a n s c r i p t i o n  of messenger RNA‘s ,  The c o r r e l a t i o n  between RNA 
; y n t h e s i s  and h i s t o n e  m o d i f i c a t i o n  i n  t h i s  c o n n e c t i o n  i s  of g r e a t  importance t o  a 
x t t e r  u n d e r s t a n d i n g  of t h e  p r o c e s s e s  invo lved  i n  gene a c t i v a t i o n .  

5 .  PHA as g e n e r a l l y  used h a s  n o t  been i n  a pure  form bu t  h a s  c o n t a i n e d  
i c v e r a l  b i o l o g i c a l l y  a c t i v e  components.  
re w i l l  be a b l e  t o  s t u d y  t h e  b a s i c  molecu la r  c o n f i g u r a t i o n  of  t h e  b i o l o g i c a l l y  a c t i v e  
i o i e t y  of the  mi togen ic  molecules  and thus  h e l p  e l u c i d a t e  t h e  molecular  r e a c t i o n s  
.nvolved.  A l s o ,  p e r f e c t i o n  of t echn iques  f o r  i s o l a c i o n  and i d e n t i f i c a t i o n  of PIA 

I f  w e  c a n  o b t a i n  t h e  mitogen i n  pure  form,  
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componants w i l l  be of v a l u e  i n  t h e  s t u d y  of o t h e r  p r o t e i n  sys tems.  

6 .  I n  t h e  c o n t i n u i n g  s e a r c h  f o r  a p o s s i b l e  v i rus  a s s o c i a t e d  w i t h  human 
leukemia,  t h e  enhanc ing  a c t i o n  o f  PHA mitogens  on v i rus  may be a n  impor tan t  f a c t o r  
i n  i d e n t i f  y i s g  ‘ v i r u s  i f  p r e s e n t .  

E .  F a c i l i t i e s  A v a i l a b l e  

Two w e l l  equipped  l a b o r e t o r i e s  w i t h  o f f i c e  space are  a v a i l a b l e  f o r  work w i t h  c u l t u r e :  
and p h y s i c a l - c h e m i c a l  s e p a r a t i o n  t e c h n i q u e s .  

The 48-bed r e s e a r c h  h o s p i t a l  and t h e  o u t p a t i e n t  c l i n i c  a s s o c i a t e d  w i t h  o u r  Medical  
Department a f f o r d  a source  of  blocjd samples  f o r  t h e  normal ,  a g i n g ,  and leukemic 
b lood  s t u d i e s .  

The f o l l o w i n g  spec ia l  equipment i s  a v a i l a b l e  e i t h e r  i n  our  l a b o r a t o r i e s  o r  nearby:  

1. 
2 .  

3 .  
6 .  
5. 
6 .  

7 .  
8 .  
9. 

L O .  
11. 
1 2 .  
13. 
14. 
15. 
16. 
1 7 .  
18. 
19 .  
20. 

F a c i l i t i e s  for c e l l  c u l t u r e  w i t h  l a r g e  c a p a c i t y  i n c u b a t o r s .  
C o u l t e r  F e l e c t r o n i c  c o u n t e r ;  250 channe l  e l e c t r o n i c  c e l l  s i z i n g  
eq u i pme n t . 
Microscopes  and analytical b a l a n c e s .  
R e f r i g e r a t e d  l a b o r a t o r y  f o r  low t e m p e r a t u r e  work. 
Beckman DB-GT spec t ropho tomete r .  
LRB-Uvicord 11, a u t o m a t i c ,  con t inuous  f low,  W r e c o r d i n g  
spec t rophoromete r .  
Cary 15 au tomat i c  r e c o r d i n g  spec t ropho tomete r .  
F r a c t i o n  c o l l e c t o r s  on mobi le  mount. 
Complete paper  and g e l  e l e c t r o p h o r e t i c  equipment ,  a n a l y t i c a l  
and p r e p a r n t  ive. 
Tinin-layer chromatographic  equipment .  
Ga J ch r cma to  ar a ph i c  eq u i pme n t . 
Mechan ica l ly  r e f r i g e r a t e d  l y o p h i l i z e r .  
Aucomatic S e r v a l 1  r e f r i g e r a t e d  supe r speed  c e n t r i f u g e .  
Spinco  p r e p a r a t i v e  u l t r a c e n t r i f u g e ,  Model L. 
A n a l y t i c a l  U l t r a c e n t r i f u g e ,  Sp inco  Model E .  
Coun te r s  f o r  r a d i o a c t i v e  measurements ( l i q u i d  s c i n t i l l a t i o n ,  e t c . )  
E l e c t r o n  microscope .  
Two B e c h a n l S p i n c o  amino a c i d  a n a l y z e r s .  
C i r c u l a r  d i ch ro i sm s p e c t r o p o l a r i m e t e r .  
Complete photographic  s e r v i c e s .  

F. kppendix  

N a t e r i a l  appended.  
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