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The t r a n s f o r m i n g  p r o t e i n  e n c o d e d  by  t h e  v - r e l  o n c o g e n e  o f  
r e t i c u l o e n d o t h e l i o s i s  v i r u s  h a s  b e e n  p u r i f i e d  f rom REV-T t r a n s f o r m e d  l y m p h o i d  
c e l l s  by  s e q u e n t i a l  DEAE-Sepharose  and  i m m u n o a f f i n i t y  c h r o m a t o g r a p h y .  The 
p u r i f i e d  p r e p a r a t i o n  c o n s i s t e d  o f  pp59V--r-(~-, and  t h e  40 kDa c e l l u l a r  p r o t e i n  
w h i c h  i s  c o m p l e x e d  w i t h  t h e  v - t e l  o n c o g e n e  p r o d u c t  i n  t r a n s f o r m e d  c e l l s  as  
w e l l  as  some m i n o r  p r o t e i n s .  I n c u b a t i o n  o f  t h i s  p u r i f i e d  p r e p a r a t i o n  i n  t h e  
p r e s e n c e  o f  Mg 2+ and  (7 -32p)ATP r e s u l t e d  i n  p h o s p h o r y l a t i o n  o f  b o t h  pp59 v - t e l  
and  t h e  40 kDa p r o t e i n .  T h i s  p r e p a r a t i o n  was a l s o  a b l e  t o  p h o s p h o r s ] a t e  
c a s e i n  on s e r i n e  r e s i d u e s .  I m m u n o p r e c i p i t a t e s  o b t a i n e d  f rom e x t r a c t s  o f  REV- 
T t r a n s f o r m e d  l y m p h o i d  c e l l s  l a b e l e d  w i t h  3 2 p - o r t h o p h o s p h a t e  c o n t a i n e d  59 and  
40 kDa p h o s p h o p r o t e i n s .  B o t h  pp59V-r--e=~ l a n d  t h e  40 kDa p r o t e i n  w e r e  
p h o s p h o r y l a t e d  on s e r i n e  r e s i d u e s  i n  t r a n s f o r m e d  c e l l s .  ® ~98a A~d~io P= . . . .  ~c.  

R e t i c u l o e n d o t h e l J o s i s  v i r u s  (REV-T) i s  an e x t r e m e l y  v i r u l e n t  r e t r o v i r u s  

w h i c h  i n d u c e s  an  i n v a r i a b l y  f a t a l  lymphoma i n  a v i a n  s p e c i e s  w i t h i n  7 - 1 0  days  

( 1 ) .  REV-T t r a n s f o r m s  a n d  p r e v e n t s  t h e  f u r t h e r  d ~ f f e r e n t i a t i o n  o f  w.u-y 

i m m a t u r e  a v i a n  l y m p h o i d  c e l l s  ( 2 , 3 , 4 , 5 ) .  REV-T c o n t a i n s  an o n c o g e n e ,  t e r m e d  

v - r e 1 ,  whose  e x p r e s s i o n  c o n v e r t s  a n o r m a l  c e l l  t o  a t u m o r i g e n i c  s t a t e  ( 2 ) .  

The  v - r e 1  o n c o g e n e  a n d  i t s  p r o d u c t  a r e  d i s t i n c t  f r o m  o t h e r  t r a n s f o r m i n g  

p r o t e i n s  ( 6 , 7 , 8 ) .  The p r o t e i n  e n c o d e d  by v - r e ]  h a s  r e c e n t l y  b e e n  i d e n t i f i e d  

i n  t r a n s f o r m e d  c e l l s  a s  a p l m s p h o p r o t e i n  w i t h  an  a p p a r e n t  m o l e c u l a r  mass  o f  

55 -59kDa ,  d e s i g n a t e d  pp59v-re--- 1- ( 9 , 1 0 , 1 1 , 1 2 ) .  T h i s  p r o t e i n  i s  s y n t h e s i z e d  i n  

v e r y  low amoun t s  c o n s t i t u t i n g  b e t w e e n  0 . 0 0 3  0.004% o f  t h e  m e t a b o l i c a l l y  

l a b e l e d  p r o t e i n s  and  h a s  a h a l f  l i f e  of  6 -8  h r s  i n  t r a n s f o r m e d  l y m p h o i d  c e l l s  

( 1 3 ) .  The v - r e l  p r o t e i n  i s  l o c a t e d  p r i n c i p a ] l s  i n  t h e  c y t o s o l i c  f r a c t i o n  of  
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t r a n s f o r m e d  l y m p h o i d  c e l l s  ( 1 0 , 1 3 , 1 4 )  and  i s  c u m p l e x e d  w i t h  a 40 kDa c e l l u l a r  

p h o s p h o p r o t e i n  t o  form a 400 kDa h e t e r o p o l y m e r  ( 1 5 ) .  

The  r o l e  o f  p p 5 9 v - r e l  i n  c e l l  t r a n s f o r m a t i o n  i s  u n k n o w n .  Immune 

c o m p l e x e s  r e c o v e r e d  f rom e x t r a c t s  o f  REV-'r t r a n s f o r m e d  c e l l s  w i t h  a n t i s e r a  

d i r e c t e d  a g a i n s t  v - t e l  b a c t e r i a l  f u s i o n  p r o t e i n s  o r  w i t h  a n t i s e r a  a g a . i n s t  v -  

reel r e l a t e d  s y n t h e t i c  p e p t i d e s  d i s p l a y  p r o t e i n  k i n a s e  a c t i v i t y  ( 1 1 , 1 3 ) .  

D u r i n g  t h e s e  i n  v i t r o  k i n a s e  r e a c t i o n s ,  pp59 v - t e l  becomes  p h o s p h o r y l a t e d .  

I n  t h i s  m a n u s c r i p t  we r e p o r t  t h a t  when  p p 5 9  v - r e ]  was  p u r i f i e d  by  

c h r o m a t o g r a p h y  on DEAE-Sepha rose  and  a m o n o c l o n a l  a n t i b o d y  a f f i n i t y  co lumn ,  

t h e  h i g h l y  p u r i f i e d  p p 5 9 V - y e l / 4 0  kDa complex  s t i l l  c o n t a i n s  a s e r i n e  k i n a s e  

a c t i v i t y .  F u r t h e r m o r e ,  b o t h  p p 5 9  v - t e l  - a n d  t h e  40 kDa c e l l u l a r  p r o t e i n  

c o m p l e x e d  t o  t h e  v - t e l  p r o t e i n  were  p h o s p h o r y l a t e d  on s e r i n e  r e s i d u e s  i n  

t r a n s f o r m e d  l y m p h o i d  c e l l s .  

MATERIALS AND METHODS 

D E A E - S e p h a r o s e  C L - 6 B ,  C N B r - a c t i v a t e d  S e p h a r o s e  4B a n d  P r o t e i n  A-- 
S e p h a r o s e  w e r e  p u r c h a s e d  f r o m  P h a r m a c i a  l n c  ( P i s c a t a w a y ,  N J )  . 
D e p h o s p h o r y l a t e d  and  a u t o c l a v e d  c a s e i n ,  nonimmune I g G - a g a r o s e ,  P r o t e i n - A  
a g a r o s e  and  p h o s p h o a m J n o  a c i d  s t a n d a r d s  were  p u r c h a s e d  f rom Sigma C h e m i c a l  
Co. ( S t .  L o u i s ,  MO). Goa t  a n t i m o u s e  IgG and  g o a t  a n t i r a b b i t  IgG c o n j u g a t e d  
t o  a l k a l i n e  p h o s p h a t a s e  were  f rom BioRad  (R ichmond ,  CA). [732 -p ]ATP was 
p u r c h a s e d  f rom New E n g l a n d  N u c l e a r  ( B o s t o n ,  MA). 

A mouse m o n o c l o n a l  a n t i b o d y  d i r e c t e d  a g a i n s t  t h e  p r o d u c t  o f  t h e  3 '  end  
o f  t h e  v - r e l  o n c o g e n e  p r o d u c t  h a s  b e e n  p r o d u c e d .  T h i s  m o n o c ] o n a ]  a n t i b o d y  
r e c o g n i z e s  t h e  f u l l  s i z e  v - t e l  o n c o g e n e  p r o d u c t ,  p p 5 9  v - r e l ,  i n  REV-T 
t r a n s f o r m e d  c e l l s .  D e t a i l s  o f  p r o d u c t i o n  a n d  c h a r a c t e r i z a t i o n  o f  t h e  
m o n o c l o n a l  a n t i b o d y  h a s  b e e n  d e s c r i b e d  e l s e w h e r e  ( 1 5 ) .  The p r o d u c t i o n  o f  
r a b b i t  p o l y c l o n a l  a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  amino  end ,  t h e  m i d d l e  
p o r t i o n  and  t h e  c a r b o x y  end  o f  t h e  v - re_ l  o n c o g e n e  p r o d u c t  s y n t h e s i z e d  i n  E .  
c o l i  a s  t r y p - - E - v - r e l  f u s i o n  p r o t e i n s  h a s  b e e n  p r e v i o u s l y  d e s c r i b e d  ( 9 , 1 3 ) .  

The mouse m o n o c l o n a l  a n t i b o d y  was p u r i f i e d  by a f f i n i t y  c h r o m a t o g r a p h y  on 
a p r o t e i n - A  a g a r o s e  co l um n .  F o l l o w i n g  e i u t i o n ,  I t  was c o u p l e d  t o  CNBr- 
a c t i v a t e d  S e p h a r o s e  4B a c c o r d i n g  t o  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n  ( P h a r m a c i a  
I n c .  ) .  

Sodium d o d e c y l  s u l f a t e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  (PAGE) was 
p e r f o r m e d  a c c o r d i n g  t o  Laemmli  ( 1 6 ) .  

Western immunoblotting was performed as fol lows:  Pro te ins  were 
s e p a r a t e d  b y  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a n d  t h e n  
e l e c t r o p h o r e t i c a l l y  t r a n s f e r r e d  t o  n i t r o c e l l u l o s e .  P r o t e i n s  were  v i s u a l i z e d  
on n i t r o c e l l u l o s e  by  u s i n g  m o n o c l o n a ]  o r  p o l y c l o n a l  a n t i b o d i e s  a s  t h e  p r i m a r y  
a n t i b o d i e s  and  a l k a l i n e  p h o s p h a t a s e  c o n j u g a t e d  t o  e i t h e r  g o a t  a n t i - m o u s e  Ig6  
o r  g o a t  a n t i - - r a b b i t  IgG as  t h e  s e c o n d a r y  r e a g e n t .  S t a i n i n g  was by i n c u b a t i o n  
i n  P - n i t r o b l u e  t e t r a z o l i u m  c h l o r i d e  and  5 - b r o m o - 4 - c h l o r o - 3 - i n d o y l  p h o s p h a t e  
i n  50 mM sod ium b i c a r b o n a t e  pit 9 . 8 ,  100 mM NaC] and  5 mM MgC] 2. 

I s o l a t i o n  o f  t h e  v - t e l  o n c o g e n e  p r o d u c t :  A n o n v i r u s - p r o d u c i n g  REV-T 
t r a n s f o r m e d  c e l l  l i n e  (REC4#1)  ( 1 5 )  was  u s e d  a s  a s o u r c e  o f  t h e  v - r e l  
o n c o g e n e  p r o d u c t .  E x p o n e n t i a l l y  g r o w i n g  c e l l s  i n  RPMI 1640  m e d i u m ,  
s u p p l e m e n t e d  w i t h  5% f e t a l  b o v i n e  s e r u m ,  we re  c o l l e c t e d  by c e n t r i f u g a t i o n  a t  
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3000 rpm f o r  10 min i n  a Beckman J A - 1 0 ,  washed  once  w i t h  p h o s p h a t e  b u f f e r e d  
s a l i n e  (PBS) and  h o m o g e n i z e d  w i t h  a p o l y t r o n  u n i t  i n  100 m] o f  25 mM T r i s - C l  
pH 7 . 5 ,  2 mM EDTA, 10 mM EGTA, 0 . 2  mM PMSF, 1 mM b e n z a m i d i n e  and  0.1% ( v / v )  
2 - m e r c a p t o e t h a n o ] .  The c e l l  e x t r a c t  was e x a m i n e d  m i c r o s c o p i c a l l y  t o  e n s u r e  
t h a t  a t  l e a s t  70% o f  t h e  c e l l s  were  d i s r u p t e d .  C y t o s o l i c  e x t r a c t s  o f  REV-T 
t r a n s f o r m e d  c e l l  l i n e s  were  c e n t r i f u g e d  a t  45000 rpm i n  a Beckman Ti  5 0 - 2  
r o t o r  f o r  30 min .  The s u p e r n a t a n t  f r a c t i o n  was c o l l e c t e d ,  d i l u t e d  2 - f o l d  
w i t h  25 mM T r i s - C l  pH 7 . 5 ,  0 . 2  mM EGTA, 0 . 2  mM PMSF, 1 mM b e n z a m i d i n e ,  0.1% 
( v / v )  2 - m e r c a p t o e t h n a o l  ( b u f f e r  A) and  l o a d e d  o n t o  a DEAE-Sepharose  CL-6B 
c o l u m n  ( 2 . 5  x 10 cm) e q u i l i b r a t e d  i n  b u f f e r  A. The  c o l u m n  was  w a s h e d  
e x t e n s i v e l y  w i t h  b u f f e r  A + 25 mM NaC1 and  t h e n  s t r i p p e d  w i t h  b u f f e r  A + 300 
mM N a t l .  The e l u t e d  p r o t e i n s  were  d i l u t e d  2 - - fo ld  w i t h  b u f f e r  A, p a s s e d  
t h r o u g h  a co lumn o f  nonimmune mouse I g G - A g a r o s e  ( 1 . 5 x 5 c m )  and  mixed  w i t h  5 ml 
o f  m o n o c l o n a l  a n t i b o d y  bound  t o  S e p h a r o s e - 4 B  and  e q u i l i b r a t e d  i n  b u f f e r  A + 
0 . 1 5 0  mM NaC1. The m i x t u r e  was r o t a t e d  end  t o  end  f o r  2 h r  a t  4°C and  t h e n  
l o a d e d  o n t o  a co lumn.  The co lumn was washed  w i t h  b u f f e r  A + 1 M NaCl,  
f o l l o w e d  by b u f f e r  A + 0 . 5  M NaC1 f o l l o w e d  by b u f f e r  A o n l y  u n t i l  no p r o t e i n  
was e l u t e d  f rom t h e  co lumn.  The column was t h e n  w a s h e d  w i t h  10 mM sod ium 
p h o s p h a t e  pH 6 . 0  c o n t a i n i n g  0.05% { v / v )  2 - m e r c a p t o e t h a n o l  and  s t r i p p e d  w i t h  
10 mM sod ium p h o s p h a t e  pH 6 . 0 ,  0.05% ( v / v )  2 - m e r c a p t o e t h a n o l  and  1 . 2  M MgC12. 
The e l u t e d  v - r e l  o n c o g e n e  p r o d u c t - p r e p a r a t i o n  was d i a l y z e d  a g a i n s t  50 mM 
Tr i s - -C]  pH 7 . 5 ,  0 . 1  mM EGTA, 0 . 2  mM PMSF, 1 mM b e n k a m i d i n e ,  0.1% ( v / v )  2-- 
m e r c a p t o e t h a n o l  and  10% g l y c e r o l .  Twenty  t o  30 #g o f  h i g h l y  p u r i f i e d  v - r e l  
o n c o g e n e  p r e p a r a t i o n  was o b t a i n e d  by t h i s  p r o c e d u r e .  

P r o t e i n  was ~ t e r m i n e d  by  t h e  m e t h o d  o f  B r a d f o r d  ( 1 7 )  u s i n g  b o v i n e  
se rum a l b u m i n  (Abs 280 n m =  6 . 5 )  as  s t a n d a r d .  

P h o s p h o a m i n o  a c i d  a n a l y s i s :  3 2 p - l a b e l e d  p r o t e i n s  were  h y d r o l y z e d  i n  6 M 
HCI f o r  2 b r  a t  l l 0 ° C  i n  an  e v a c u a t e d  t u b e  and  t h e  h y d r o l y s a t e  was s u b j e c t e d  
t o  h i g h  v o l t a g e  e l e c t r o p h o r e s i s  a t  pH 3 . 5  on Whatman 3 b~ p a p e r .  The b u f f e r  
c o n s i s t e d  o f  p y r i d i n e ,  a c e t i c  a c i d  a n d  w a t e r  ( 1 : 1 0 : 1 8 9 ) .  3 2 p - l a b e l e d  
p h o s p h o a m i n o  a c i d s  were  l o c a t e d  by a u t o r a d J o g r a p h y  and  p h o s p h o a m i n o  a c i d  
s t a n d a r d s  were  l o c a t e d  by n i n h y d r i n  s t a i n i n g .  

RESULTS AND DISCUSSION 

P r o t e i n s  i n  c y t o s o ] i c  e x t r a c t s  o f  an  REV-T t r a n s f o r m e d  l y m p h o i d  c e l l  

l i n e  were  s e p a r a t e d  on s e q u e n t i a l  DEAE--Sepharose CL-6B ( P h a r m a c i a ,  I n c . )  and  

i m m u n o a f f i n i t y  c h r o m a t o g r a p h y  e m p l o y i n g  a MoAb a g a i n s t  pp59v-re--!  ( F i g .  1, 

P a n e l  A) .  The p r o t e i n s  p r e s e n t  i n  t h e  c y t o s o l i c  e x t r a c t  { l a n e  1 ) ,  t h o s e  

w h i c h  were  c o n c e n t r a t e d  by  DEAE-Sepharose  c h r o m a t o g r a p h y  ( l a n e  2) and  e l u t e d  

f r o m  t h e  immunoaffinity c o l u m n  ( l a n e  3), w e r e  s e p a r a t e d  by  SDS-PA6E a n d  

detected by silver staining. Following immunoaffinity purification, two 

major proteins with a molecular mass of 59 and 40 kDa as well as some minor 

proteins were detected. The 59 kDa protein was recognized by MoAb directed 

against the product of the 3' end of the v-rel oncogene synthesized in E_~. 

coli as a trpE/v-rel fusion protein (15) (Fig. i, Panel B). The 59 kDa 

protein also reacted with immunoglobulins obtained from polyclonal rabbit 
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F i g . j . .  I s o l a t i o n  and p u r i f i c a t i o n  of the  v-re_] oncogene produc t  from 
t r ans fo rmed  lymphoid c e l l s .  
Pane l  A r e p r e s e n t s  p r o t e i n s  in  e x t r a c t s  of REV-T t r ans fo rmed  lymphoid c e l l s  
( l ane  1);  p r o t e i n s  e l u t e d  from the  DEAE-Sepharose ( l ane  2) and p r o t e i n s  from 
s e q u e n t i a l  chromatography on DEAE-gepharose and MoAb a f f i n i t y  column ( l ane  
3) .  Lane M are  marker p r o t e i n s ,  phosphory la se  b {97.4 kDa), bovine  serum 
albumin (68 kDa), ovalbumin (43 kDa), c a rbon i c  anhydrase  (29.5 kDa), soybean 
t r y p s i n  i n h i b i t o r  (20 kDa) and l a c t a l b u m i n  {14.4 kDa). 
Panel  B r e p r e s e n t s  the  d e t e c t i o n  of pp59 v - t e l  by Western immunoblo t t ing  u s i n g  
MoAb d i r e c t e d  a g a i n s t  the  c a r b o x y l - t e r m i n a l  r eg ion  of pp59V-re--f 1 in  e x t r a c t s  
of REV-T t r ans fo rmed  lymphoid c e i l s  ( l ane  1) ;  from chromatography on DEAE- 
Sepharose  ( l ane  2) and from s e q u e n t i a l  chromatography on OEAE-Sepharose and 
MoAb used in  panel  A monoclona] an t i body  a f f i n i t y  column ( l ane  3) .  
Panel  C r e p r e s e n t s  the  d e t e c t i o n  of pp59 T M  by Western immunoblo t t ing ,  
u s i n g  p o I y c l o n a l  a n t i s e r a  d i r e c t e d  a g a i n s t  the  amino - t e rmina l  r eg ion  ( l ane  
1),  the  middle r eg ion  ( l ane  2) and the  c a r b o x y l - t e r m i n a l  r eg ion  ( l ane  3) of 
pp59V-re__~l. 

a n t i s e r a  d i r e c t e d  a g a i n s t  t i le  a m i n o - t e r m i n a l ,  m i d d l e ,  and  c a r b o x y - t e r m i n u s  o f  

t h e  v-:r.e.1 o n c o g e n e  p r o d u c t  (13)  ( P a n e l  C) .  

The  p p 5 9 v - r e l / 4 0  kDa c o m p l e x  e l u t e d  f r o m  t h e  i m m u n o a f f i n i t y  c o ] u m n  

u n d e r w e n t  p h o s p h o r y l a t i o n  when i t  was i n c u b a t e d  w i t h  10 mm MgC12 and  [7 ̀ 32-  

PJATP. B o t h  t h e  59 kDa and  t h e  40 kDa p r o t e i n s  were  p h o s p h o r y l a t e d  a l t h o u g h  

t h e  p h o s p h o r y l a t i o n  o f  t h e  40 kDa p r o t e i n  was f a r  more e x t e n s i v e  t h a n  t h e  59 

kDa p r o t e i n  ( F i g .  2, P a n e l  A, l a n e  1 ) .  The 40 kDa p r o t e i n  and  p p 5 9 v -F  e l  

p u r i f i e d  by s e q u e n t i a l  S e p h a c r y ]  S -200  and  i m m u n o a f f i n ~ t y  c h r o m a t o g r a p h y  were  

a l s o  p h o s p h o r y l a t e d  i n  v i t r o  (15)  a l t h o u g h  t h e  e x t e n t  o f  p h o s p h o r y l a t i o n  o f  

t h e  40 kDa p r o t e i n  was f a r  l e s s .  The u s e  o f  DEAE-Sepharose  r a t h e r  t h a n  

S e p h a c r y l  c h r o m a t o g r a p h y  i s  more e f f e c t i v e  i n  p r e s e r v i n g  t h e  k i n a s e  a c t i v i t y  

a s s o c i a t e d  w i t h  t h e  p p 5 9 v - r e ] . / 4 0  kDa complex  p e r h a p s  b e c a u s e  o f  t h e  r e d u c e d  

l e n g t h  o f  t i m e  r e q u i r e d  t o  p u r i f y  t h e  c o m p l e x .  The i n c o r p o r a t e d  p h o s p h a t e  i n  
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F~E 2. Phosphory la t ion  of the h igh ly  p u r i f i e d  p r e p a r a t i o n  con t a in ing  the 
v - r e l  oncogene  p r o d u c t .  Tbe p u r i f i e d  p r e p a r a t i o n  from MoAb column was 
incubated  at  30°C for  10 min in 50 m~ Tris-C1 pH 7.5,  0.1 mM EDTA, 0.1% (v/v)  
2 -mercap toe thanol ,  10% (v/v)  g l y c e r o l ;  10 mM MgC12 and 0.1 mM [732-p]ATP. 
Panel A. Lane 1 con ta ins  the v-re__~l oncogene product  p r e p a r a t i o n  only;  Lane 
2 con ta ins  the  v - t e l  oncogene product  p r e p a r a t i o n  and 40 #g case in ;  Lane 3 
c o n t a i n s  40 #g case in .  React ion was s topped by hea t ing  the i n c u b a t i o n  
mixtures  fo r  5 min a t  100°C with an equal volume of dena tu r ing  sample b u f f e r  
and the mixture was sub j ec t ed  to SDS-polyacrylamide gel e l e c t r o p h o r e s i s .  The 
gel was washed e x t e n s i v e l y ,  d r i ed  and exposed to  x - ray  f i lm.  Bars i n d i c a t e  
the p o s i t i o n  of marker p r o t e i n s  desc r ibed  in Figure 1. 
Panel B. Phosphoamino ac id  a n a l y s i s  of the 32p- labe led  p r o t e i n  from the 
phosphory la t ion  r e a c t i o n  con t a in ing  case in  and h ighly  p u r i f i e d  p r e p a r a t i o n  of 
v-re__~] oncogene product .  A sample of 32p- labe led  p r o t e i n s  was hydrolyzed and 
sub j ec t ed  to high vo l t age  paper e l e c t r o p h o r e s i s .  

t h e  40 kDa p r o t e i n  was l a b i l e  t o  t r e a t m e n t  w i t h  1 M p o t a s s i u m  h y d r o x i d e  a t  

55°C, s u g g e s t i n g  t h e  a b s e n c e  o f  p h o s p h o t y r o s i n e .  The h i g h l y  p u r i f i e d  pp59 v -  

t e l / 4 0  kDa complex  was a l s o  a b l e  t o  p h o s p h o r y l a t e  c a s e i n  ( F i g .  2, P a n e l  A, 

l a n e s  2 a n d  3) on s e r i n e  r e s i d u e s  ( F i g .  2,  P a n e l  B ) .  The m u l t i p l e  

p h o s p h o r y l a t e d  p o l y p e p t i d e s  ( F i g .  1, P a n e l  A, l a n e  2) r e p r e s e n t s  

h e t e r o g e n e i t y  o f  t h e  c a s e i n  p r e p a r a t i o n .  

To d e f i n e  w h e t h e r  p p 5 9 v - r e ~  1 and t h e  40 kDa c e l l u l a r  p h o s p h o p r o t e i n  a r e  

a l s o  p h o s p h o r y l a t e d  on s e r i n e  r e s i d u e s  i n  vi_Ev~, t h e  c o m p l e x  was 

i m m u n o p r e c i p i t a t e d  w i t h  t h e  MoAb a g a i n s t  pp59 v - t e l  f rom e x t r a c t s  o f  32p_ 

o r t h o p h o s p h a t e  l a b e l e d  c e l l s  ( F i g .  3, P a n e l  A, l a n e  2 ) .  The p o l y p e p t i d e s  

w e r e  s e p a r a t e d  by PAGE, e l u t e d ,  h y d r o l y z e d  a n d  t h e  p h o s p h o a m i n o  a c i d  

i d e n t i f i e d  by h i g h  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s .  As i n d i c a t e d  i n  F i g .  3, 
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Fl_~g=_ 3.  I m m u n o p r e c i p i t a t i o n  of p h o s p h o p r o t e i n  from REV-T t r a n s f o r m e d  c e l l s  
wi th  HoAb d i r e c t e d  a g a i n s t  pp59 v - t e l .  REV-T t r a n s f o r m e d  lymphoid c e l l s  were 
grown in  t h e  p r e s e n c e  of  3 2 p - o r t h o p h o s p h a t e  and e x t r a c t s  were 
immunoprec ip i t a t ed  wi th  MoAb d i r e c t e d  a g a i n s t  v - t e l  oncogene produc t  in an 
i m m u u o p r e e i p i t a t i o n  b u f f e r  c o n s i s t i n g  of 20 mH Tr i s -C1  pH 7 .5 ,  2 mH EDTA, 150 
mH NaCl, 1~ (v /v)  T r i t o n  x-100,  0.05% (v /v)  sodium dodecyl  s u l f a t e ,  50 mM ~- 
g l y c e r o p h o s p h a t e ,  1 mH sodium o r t h o v a n a d a t e ,  ] mH benzamidine  and 0.2 mM 
PMSF. The c e l l  l y s a t e  was c l a r i f i e d  by c e n t r i f u g a t i o n  and 2-5 pg of  a f f i n i t y  
p u r i f i e d  HoAb was added per  ml of  c e l l  l y s a t e  (200-500 pg t o t a l  p r o t e i n ) .  
Fol lowing i n c u b a t i o u  fo r  1 hr  a t  4°C, p r o t e i n  A-Sepharose (200 ~1} was then  
added and the  i n c u b a t i o n  con t i nued  fo r  1 hr  a t  4°C. Immune complex was 
c o l l e c t e d  by c e n t r i f u g a t i o n ,  washed t h r e e  t imes  wi th  i m m u n o p r e c i p i t a t i o n  
b u f f e r ,  r e su spended  in  SDS--conta]n~ng sample b u f f e r ,  b o i l e d  fo r  3 mJn a t  
100°C and a n a l y z e d  by S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  and 
a u t o r a d i o g r a p h y .  
Panel  A. Lane 1 c o n t a i n s  phosphop ro t e in  p r e c i p i t a t e d  wi th  preimmune serum 
and Lane 2 c o n t a i n s  p h o s p h o p r o t e i n s  p r e c i p i t a t e d  wi th  monoclonal a n t i body  
d i r e c t e d  a g a i n s t  pp59V-re--~ ] . 
Panel  B. Phosphoamino ac id  a n a l y s i s  of  pp59V-re--~ ] ( l ane  1} and pp40 ( l ane  2) .  
Immunoprec ip i t a t~ons  were c a r r i e d  out  as ~described above. The p r o t e i n s  were 
e l u t e d  from the  SDS-PAGE and s u b j e c t e d  to ac id  h y d r o l y s i s  and h igh  v o l t a g e  
paper  e l e c t r o p h o r e s i s .  

P a n e l  B, b o t h  pp59 v - t e l ,  and  pp40 were  p h o s p h o r y ] a t e d  on s e r i n e  r e s i d u e s  i n  

REV--T t r a n s f o r m e d  l y m p h o i d  c e l l s .  

The p p 5 9 v - r e l / 4 0  kDa c o m p l e x  p u r i f i e d  f rom REV-T t r a n s f o r m e d  c e l l s  by 

s e q u e n t i a l  DEAE-Sepha rose  and  i m m u n o a f f i n i t y  c h r o m a t o g r a p h y  was a s s o c i a t e d  

w i t h  an i n  v i t r o  s e r i n e  p r o t e i n  k i n a s e  a c t i v i t y .  The k i n a s e  p r e s e n t  i n  t h e s e  

p r e p a r a t i o n s  p h o s p h o r y l a t e d  pp59 v - t e l ,  t h e  40 kDa p r o t e i n  and  c a s e i n  on 

s e r i n e  r e s i d u e s .  L i k e w i s e ,  b o t h  pp59 v - t e l  and  t h e  40 kDa c e l l u l a r  p r o t e i n  

i m m u n o p r e c i p i t a t e d  f rom c y t o s o l i c  e x t r a c t s  o f  REV-T t r a n s f o r m e d  c e l l s  w e re  

p h o s p h o r y l a t e d  on  s e r J n e  r e s i d u e s .  A t  t h e  p r e s e n t  t i m e ,  i t  i s  u n c l e a r  
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whether the kinase ac t iv i ty  is in t r ins i c  to pp59v-re-.-- 1 or to the 40 kDa 

protein which is complexed with v-re_l= in transformed cells .  Antisera is 

currently being generated against the 40 kDa protein in an effor t  to define 

whether the 40 kDa cel lu lar  protein associated with pp59 v-re] has serine 

kinase a c t i v i t y .  Two arguments would suggest t h a t  the v-re_~l oncogene 

product, pp59V-re 1. is not a protein kinase. Fi rs t ,  the nucleotJde sequence 

of v- te l  and i t s  predicted amino acid sequence (7) are d i s t inc t  from the 

transforming sequence of those oncogenes which encode ei ther  tyrosine (]8) or 

serine/threonJne prote~n kinase (]9,20,21). The v-re l_. gene does not contain 

tile 30 kDa cata lyt ic  domain of known tyrosine or serine/threonine cel lular  

klnase (22). SecOnd, the v--re] nucleotide sequence does not contain the 

consensus sequence of an ATP-binding domain which is found in tyrosine and 

serine/threonine protein kinases (23). However, the poss ib i l i ty  thai. the v-. 

te l  oncogene product may represent a novel form of protein kinase cannot be 

ruled out ent i re ly .  There is now evidence which supports the existence of a 

protein kinase whicb does not possess any of the sequences typically defined 

as the cata lyt ic  domain of the tyrosine or serJne/threonJne protein kinase 

family. This protein klnase is termed NR1] and is responsible for the 

phosphorylation and dephosphorylation of another protein termed NR 1 (24,25). 
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