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A c rude  cytosol ic  f rac t ion  p repa red  f r o m  bovine  bra in  con ta ined  prote in  kinase  C.  as  s h o w n  by i m m u n o b l o t t i n g ,  bu t  its activity was  tmdetectableo 
sugges t ing  the  presence o f  in ter fer ing  factors .  P h o s p h a t a s e ,  A T P a s e  a n d  pro tease  activit ies did not  a c c oun t  for t~e absence  o f  detectable  protein 
k inase  C activity.  T h e  m a j o r  c o n t r i b u t i n g  fac tor  was  found  to  be a heat- labi le  prote in  which was separa ted  f rom the  kinase by ion-exchange  
c h r o m a t o g r a p h y .  T h e  cor~tribution to the  total  inhib i tory  act ivi ty o f  hea t - s tab le  pro te ins  was  relatively minor ,  sugges t ing  tha t  they :nay not  funct ion  

physiological ly  a s  pro te in  k inase  C inhtbi tors .  

Prote in  k inase  C inhibi tor ;  Bovine bra in  

1. I N T R O D U C T I O N  

P r o t e i n  k i n a s e  C ( P K C )  a c t i v i t y  i s  o f t e n  u n d e r e s t i -  
m a t e d  o r  e v e n  u n d e t e c t e d  i n  c r u d e  t i s s u e  e x t r a c t s  s u c h  
a s  t h e  c y t o s o l i c  f r a c t i o n  o b t a i n e d  b y  h i g h - s p e e d  c e n -  
t r i f u g a t i o n  o f  h o m o g e n a t e s  p r e p a r e d  i n  t h e  p r e s e n c e  o f  
d i v a l e n t  c a t i o n  c h e l a t o r s  ( e . g .  [ 1 , 2 ] ) .  F r a c t i o n a t i o n  o f  
s u c h  e x t r a c t s  b y  i o n - e x c h a n g e  o r  h y d r o p h o b i c - i n t e r a c -  
l i o n  c h r o m a t o g r a p h y  is  c o m m o n l y  u s e d  t o  s e p a r a t e  t h e  
k i n a s e  f r o m  e n d o g e n o u s  f a c t o r s  w h i c h  m a s k  i t s  a c t i v i t y  
i n  t h e  c r u d e  e x t r a c t ,  t h e r e b y  a l l o w i n g  i t s  a c t i v i t y  t o  b e  
m e a s u r e d  ( e . g .  [ 1 - 3 ] ) .  S u c h  f a c t o r s  m a y  i n c l u d e  p r o t e i n  
p h o s p h a t c . s e s ,  A T P a s e s ,  p r o t e a s e s  a n d  h e a t - s t a b l e  a n d  
h e a t - l a b i l e  p r o t e i n  i n h i b i t o r s .  T h e  p u r p o s e  o f  t h i s  s t u d y  
w a s  t o  e v a l u a t e  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e s e  f a c t o r s  
i n  t h e  i n a b i l i t y  t o  d e t e c t  P K C  a c t i v i t y  i n  a c r u d e  c y t o -  
s o l i c  f r a c d o n  d e r i v e d  f r o m  b o v i n e  b r a i n .  Q u a n t i t a t i v e l y ,  
t h e  m o s t  i m p o r t a n t  f a c t o r  w a s  i d e n t i f i e d  a s  a h e a t - l a b i l e  
p r o t e i n  i n h i b i t o r .  I t  i s  p r o p o s e d  t h a t  t h i s  p r o t e i n  f u n c -  
t i o n s  t o  r e s t r i c t  P g C - c a t a l y z e d  p h o s p h o r y l a t i o n s  t o  
m e m b r a n e - ,  o r g a n e l l e -  a n 0  c y t o s k e l e t a l - a s s o c i a t c d  
p r o t e i n  s u b s t r a t e s  b y  i n h i b i t i n g  c y t o s o l i c  f o r m s  o f  P K C ,  
w h i c h  i s  k n o w n  t o  p h o s p h o r y l a t e  a w i d e  r a n g e  o f  
p r o t e i n s  i n  v i t r o  [4] .  

Abbrev ia t ions :  E G T A .  e thylenebis (oxyethyleneni t r i lo ) te t raace t ic  acid; 
P K C .  pro te in  kinas¢ C; S D S - P A G E .  -sodium dodeeyl  sul fa te-poty-  
ac ry lamide  gel e lec t rophores is  

C o r r e s p o n d e n c e  address :  M.P.  Wa l sh ,  M R C  G r o u p  in Signal  "grans- 
duc t ion ,  Facu l ty  o f  Medic ine ,  Univers i ty  o f  Ca lga ry ,  3330 Hospi ta l  
Drive  N . W . ,  Ca lgary ,  Alber ta ,  C a n a d a  T21q 4 N I .  Fax:  ( I )  (403) 270- 
0737. 

2 .  M A T E R I A L S  A N D  M E T H O D S  

2. I. Ma te r ia l s  
[¥-~2P]ATP (25 C i / m m o l  and  4500 CLtmmol) was  purchased  f rom 

ICN Biomedica ls  (St. Lauren t .  Quebec .  Ca na da ) .  A mono~lona i  ant i -  
body  recognis ing  bo th  ,~ a nd  fl i soenzymes  o f  P K C  was pu rchased  
f rom A m e r s h a m  Corp .  (Oakville,  Onta r io .  C a n a d a )  a n d  m o n o c l o n a l  
an t ibod ies  specific for  the  0t,fl a nd  ¥ i soenzymes  o f  P K C  were pu rchas -  
ed f rom U p s t a t e  Biotochnology,  Inc. (Lake  Placid, NY).  Ca l f  t h y m u s  
lysine-righ h i s tone  fract ion Il l-S,  E D T A ,  E G T A ,  Tr i ton  X-100 a n d  
pres ta ined  MT m a r k e r s  for  e lec t rophores is  were purchased  f rom Sigma 
Chemica l  Co.  (St. Louis .  M e ) ,  DEAE-Scphace l  f r om Pha rmac i a  (Bai t  
d 'Ur fe ,  Quebec ,  Ca na da ) ,  L-~.z-phosphatidyi-L-serine (beef  bra in)  and  
1,2-diol¢in f rom Serdary  Research  Labora to r ies  ( L o n d o n ,  On ta r io ,  
Ca na da ) ,  a nd  M,  m a r k e r  pro te ins  and  e lect rophores is  reagents  f rom 
Bio-Rad La bo ra to r i e s  (Miss i ssauga ,  On ta r io ,  Canada ) .  Gene ra l  labo- 
ra to ry  reagents  used  were analyt ical  g rade  o r  bet ter  a n d  were purcha-  
sed f rom F isher  Scientific (Calgary,  Alberta ,  Ca nada ) .  

2.2. Pro te in  puri)q~ ~t ion 
Rat  bra in  P K C  was purified by a modif icat ion o f  the procedure  o f  

W o l f  et al. [5], us ing  DEAE-Sephac¢!  a n i o n - e x c h a n g e  c h r o m a t o g r a -  
phy  a n d  pheny l -Scpha rose  hydrophob ic - in te rac t ion  c h r o m a t o g r a p h y .  
The  isolated prote in  exhibi ted a molecu la r  m a s s  o f  80 000 Da  on  
S D S - P A G E  a n d  was t~<)sitively identified b~, Wes te rn  b lo t t ing  us ing  
a m o n o c l o n a l  an t ibody  to bovine  brain P K C  which recognises  the 0e 
a n d  ,8 iso~nzymes.  The  specific activity o f  the  purified kinase  us ing  
h i s tone  i l I -S  as  subs t r a t e  was  324 nmol  P / m s  P K C -  rain in the  pres- 
ence o f  Ca  2", phospho l ip id  a n d  diacylglycerol,  a n d  t8 nmo l  P, /mg 
P K C - r a i n  in the  absence  o f  these cofactors .  

2.3. E x t r a c t i o n  o f  bov ine  brain  P K C  
Procedures  were carr ied out  a t  4°C o r  on  ice. Bovine bra in  (0.5 g 

s tored at  - 7 0 ° C )  was homoge n i z e d  us ing  a B r i n k m a n n  Poly t ron  for  
3 x 15 s in 15 vols. o f  Buffer  A ( 5 0 r a M  Tr is -HCI ,  p H  8.0. ! m M  
E D T A ,  50 m M  ffomercaptoe thanol )  a n d  cent r i fuged at  100 000 × g fo r  
30 rain. T h e  s u p e r n a t a n t  {~.!) w a s  immedia te ly  d iv ided in to  O.5-ml 
a l iquots  in E p p e n d o r f  t ubes  a n d  s tored  a t  - 7 0 ° C .  The  pellet was  
r e suspended  in 15 vols. o f  BulTer El (20 m M  Tris-H~-'l. p H  7.5. 5 m M  
E G T A ,  2 m M  E D T A .  1 m M  phenylsu l fony l  fluoride, 50 m M  ~-  
mercap toe thano l ) ,  s t i r red for 30 rain a n d  cent r i fuged  at  100 000 x g 
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f o r  30  r a i n .  T h e  s u p e r n a t a n t  ( $ 2 )  w a s  s t o r e d  a s  t o t  S I .  T h e  pe l l e t  w a s  
r e s u s l ' ~ - n d e d  m 15 v o l s .  o f  B u f f e r  C ( B u f f e r  B + 0 . 2 %  Tri~o3~ X - 1 0 0  + 
t 0 %  g l y c e r o | l ,  s t i r r e d  f o r  3 0  r a i n  a n d  c e n t r i f u g e d  a l  1 0 0 0 ( ~ 0  × g f o r  
30  r a i n .  T h e  s u p c r n a t a n t  ( 5 3 )  w a s  s t o r e d  a s  f o r  S I  ~tnd t h e  pe l l e t  w a s  
d i s c a r d e d .  T h i s  p r o t o c o l  f o r  P K C  e x t r a c t i o n  ~ a s  t a k e n  f r o m  L e i b e r s -  
p e r g e r  et  a l .  [6]. 

2.4.  L~L-ymctt ic  tl.~.stt.rs 
P K C  a c t i v i t y  yeas  r o u t i n e l ~  m e ~ t s u r e d  b y  t h e  m i x e d  m i c e l l a r  a s s a y  

[7] u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  2 0  m M  T r i s - H C I  ( p H  7 . 5 ) ,  l 0  m M  
M g C I , .  0 . 3 7  m M  p h o s p h a t i d y l s e r i n e ,  0 . 0 9 3  m M  1 , 2 - d i o l e i n ,  0 . 0 3 %  
( w / v )  T r i t o n  X - 1 0 0 ,  0 . 2  m g / m l  h i s t o n e  I i I - S ,  2 0 S A M  [ y - ~ - ' P ] A T P  ( - 5 0 0  
c p m / p m o l l  a n d  e i t h e r  0 ,1  m M  f r e e  C a C I ,  o r  I m M  E G T A .  A n y  
v a r i a t i o n s  o f  t h e s e  r e a c t i o n  c o n d i t i o n s  a r e  n o t e d  in  t h e  t e x t .  R e a c t i o n s  
w e r e  i n i t i a t e d  b y  t h e  a d d i t i o n  o f  [ y - ~ - ' P I A T P  a n d  i n c u b a t e d  a t  3 0 ° C .  
S a m p l e s  { 0. ~ ro l l  o f  r e a c t i o n  m i x t u r e s  w e r e  w i t h d r a w n  a t  s e l e c t e d  t i m e s  
a n d  q u e n c h e d  i m m e d i a t e l y  b y  a d d i t i o n  t o  0 . 5  m l  o f  2 5 %  ( w / v )  t r i c h l o -  
, ' o a c e t i c  a c i d .  2 %  ( w / v )  s o d i u m  p y r o p h o s p h a t e  ( f o r  q u a n t i f i c a t i o n  o f  
p r o t e i n - b o u n d  [ ~ - ' P ] p h o s p h a t e  a s  p r e v i o u s l y  d e s c r i b e d  [8]) o r  t o  0.  I m t  
o f  b o i l i n g  S O S  gel  s a m p l e  b u f f e r  ( f o r  S O S - P A G E  a n d  a u t o r a d i o -  
g r a p h y l .  A T P a s e  a c t i v i t y  w a s  m e a s u r e d  a s  d e s c r i b e d  b y  | k e b e  a n d  
H a r t s h o r n e  [9]. 

2 . 5 .  O t h e r  m c t h o t t s  
P r o t e i n  c o n c e n t r a t i o n s  w 'e re  d e t e r m i n e d  b y  t h e  C o o m a s s i e  b r i l l i a n t  

b l u e  d y e - b i n d i n g  a s s a y  [10  l. S O S - P A G E  w ~ s  c a r r i e d  o u t  u s i n g  7 . 5 -  
2 0 %  p o l y a c r y t a m i d e  g r a d i e n t  s l a b  g e l s  w i t h  a 5 %  a c r y l a m i d e  s t a c k i n g  
ge l  in  t h e  p r e s e n c e  o f  0 . 1 %  S O S  a t  32  m A  u s i n g  t h e  d i s c o n t i n u o u s  
b u f f e r  s y s t e m  o f  L a e m m l i  [I I] .  W e s t e r n  b l o t t i n g  w a s  c o n d u c t e d  a s  
p r e v i o u s l y  d e s c r i b e d  [12] a n d  P K C  d e t e c t e d  f o l l c  .v-ing i n c u b a t i o n  o f  
t h e  n i t r o c e l l u l o s e  s h e e t s  w i t h  m o n o c i o n a l  a n t i - P K C  f o l l o w e d  b y  r : ~ b i t  
a n t i -  ( m o u s e  l g G ~  c o u p l e d  t o  a l k a l i n e  p h o s p h a t a s e .  T h e  s u b s t r a l e  
5 - b r o m o -  4 - c h l o r o - 3 - i n d o l y l  p h o s p h a t e / N i t r o  b l u e  t e t r a z o l i u m  w a s  
u s e d  t ~  . i~i~ct  t h e  b o u n d  p h o s p h a t a s e  [ i  3].  

k D a  Ant i -~ .  B 
1 1 6 - -  

5 8 - -  

3 6 . 5  - -  

2 6 . 6  - -  

A n t i - ~  An t i - / 3  

S 1 $ 2  $ 3  S 1 $1  
F i g .  | .  D e t e c t i o n  o f  P K C  b y  W e s t e r n  b l o t  t i n s  o f  b o v i n e  b r a i n  e x t r a c t s .  
S I ,  $ 2  a n d  $ 3  w e r e  s u b j e c t e d  t o  S O S - P A G E  a n d  i m m u n o b l o t t i n g  a s  
d e s c r i b e d  in  s e c t i o n  2. T h e  p o s i t i o n s  o f  p r e s t a i n e d  M ,  m a r k e t s  a r e  
i n d i c a t e d  a t  t h e  lef t .  P K C  w a s  d e t e c t e d  u s i n g  m o n o c l o n a l  a n t i b o d i e s  
r e c o g n i s i n g  b o t h  t h e  0t a n d  f l  i s o e n z y m e s  ( A n t i - ~ f l )  o r  j u s t  t h e  o 

( A n t i - a )  o r  ,B ( A n t i - p )  i s o e n z y m e s .  

3. R E S U L T S  

F i g .  ! i l l u s t r a t e s  t h e  presen~:e ,  in  f r a c t i o n s  S1,  $ 2  a n d  
$3  d e r i v e d  f r o m  b o v i n e  b r a i n ,  o f  P K C  ( M r -  80  000)  
d e t e c t e d  w i t h  a m o n o c l o n a l  a n t i b o d y  r e c o g n i s i n g  t h e  a 
a n d  f l  i s o e n z y m e s  o f  P K C .  M o n o c l o n a l  a n t i b o d i e s  s p e -  
c i f ic  f o r  ct o r  ]~ i s o e n z y m e s  w e r e  d e m o n s t r a t e d  b o t h  t o  
b e  p r e s e n t  in t h e  S I  f r a c t i o n  ( F i g .  1). T h e  y i s o e n z y m e  
w a s  n o t  d e t e c t e d  in  S1 u s i n g  a m o n o c l o n a l  T - s p e c i f i c  
a n t i b o d y  a t  t h e  s a m e  p r o t e i n  l o a d i n g  l eve l .  W h e r e a s  
P K C  w a s  p r e d o m i n a n t  in  S !  ( F i g .  11, n o  p h o s p h o r y l a -  
t i o n  o f h i s t o n e  I I I - S  b y  t h i s  f r a c t i o n  w a s  o b s e r v e d  in  t h e  
p r e s e n c e  o r  a b s e n c e  o f  C a  2+, p h o s p h o l i p i d  a n d  d i a c y l -  
g l y c e r o l  ( F i g .  2 C ) .  O n  t h e  o t h e r  h a n d ,  $ 3  d i d  e x h i b i t  
h i s t o n e  k i n a s e  a c t i v i t y  w h i c h  w a s  e n h a n c e d  b y  C a  2+ a n d  
t h e  l i p i d  c o f a c t o r s  { F i g .  2 C ) .  T h e r e f o r e .  S I  , ~ o n t a i n s  a 
f a c t o r ( s )  w h i c h  m a s k s  P K C  a c t i v i t y .  A q u a n t i t a t i v e  
c o m p a r i s o n  o f  h i s t o r i c  p h o s p h o r y l a t i o n  b y  S I  a n d  $3  in  
t h e  p r e s e n c e  o f  C a  2.,  p h o s p h o l i p i d  a n d  d i a c y l g l y c e r o l  
is s h o w n  in F i g .  3. P K C  a c t i v i t y  w a s  n o t  d e t e c t e d  in  S I  
u s i n g  e i t h e r  t h e  m i x e d  m i c e l l a r  a s s a y  ( F i g s .  2 a n d  3) o r  
t h e  i i p o s o m a i  a s s a y  d e s c r i b e d  b y  K i k k a w a  e t  a l .  [14] 
( d a t a  n o t  s h o w n ) .  

S a h y o u n  e t  a l .  [I 5] h a v e  i d e n t i f i e d  in  r a t  l i v e r  a p r o -  
t e i n  p h o s p h a t a s e  w h i c h  d e p h o s p h o r y l a t e s  l y s i n e - r i c h  
h i s t o n e  p h o s p h o r y l a t e d  b y  P K C .  H o w e v e r ,  S I  w a s  
f o u n d  n o t  t o  c o n t a i n  s i g n i f i c a n t  a m o u n t s  o f  h i s t o n ¢  
p h o s p h a t a s e  ( F i g .  4).  T h i s  e x p e r i m e n t ,  h o w e v e r ,  d o e s  
n o t  r u l e  o u t  t h e  p r e s e n c e  o f  C a 2 + / c a l m o d u l i n - d e p e n d e n t  
( t y p e  2 B )  p h o s p h a t a s e .  T h i s  w a s  a c h i e v e d  b y  t r e a t m e n t  
o f  h i s t c m e  i I I - S  ( p h o s p h o r y l a t e d  w i t h  r a t  b r a i n  P K C  
a n d  d i a l y z e d  t o  r e m o v e  A T P )  w i t h  S I  o r  b u f f e r :  n o  
s i g n i f i c a n t  d e p h o s p h o r y l a t i o n  o c c u r r e d  d u r i n g  a 5 - r a i n  
r e a c t i o n .  D i r e c t  m e a s u r e m e n t  o f  A T P a s c  a c t i v i t y  u n d e r  
s t a n d a r d  P K C  a s s a y  c o n d i t i o n s  in  t h e  p r e s e n c e  o f  S I  
r e v e a l e d  t h a t  < 2 . 5 %  o f  t h e  A T P  w a s  h y d r o l y z e d  d u r i n g  
a 1 0 - m i n  r e a c t i o n .  F u r t h e r m o r e ,  P K C  a c t i v i t y  w a s  n o t  
d e t e c t e d  in  S l a s s a y e d  a t  5 - t i m e s  t h e  s t a n d a r d  f r ee  
[ C a  2~] o r  5 - t i m e s  t h e  s t a n d a r d  [ l ip id ]  ( d a t a  n o t  s h o w n ) .  
I n  a d d i t i o n ,  t h e r e  w a s  n o  e v i d e n c e  o f  p r o t e o l y s i s  o f  
P K C  d u r i n g  tb~ r e a c t i o n s  d e p i c t e d  in  F i g .  2, a s  s h o w n  
b y  W e s t e r n  b l o t t i n g  o f  t h e  r e a c t i o n  m i x t u r e  a t  t h e  e n d  
o f  t h e  r e a c t i o n  ( d a t a  n o t  s h o w n ) .  

T h e s e  r e s u l t s  s u g g e s t e d  t h a t  t h e  i n a b i l i t y  t o  d e t e c t  
P K C  a c t i v i t y  in  S !  is  d u e  t o  e n d o g e n o u s  i n h i b i t o r y  
a c t i v i t y .  T h i s  a c t i v i t y  w a s  f o u n d  t o  b e  n o n - d i a l y z a b l e  
a n d  w a s  d e s t r o y e d  b y  t r y p s i n  t r e a t m e n t .  F r a c t i o n a t i o n  
o f  S I  b y  i o n - e x c h a n g e  c h r o m a ' . o g r a p h y  u n m a s k e d  t h e  
P K C  a c t i v i t y  ( F i g .  5 A ) .  T h e  p r e s e n c e  o f  i n h i b i t o r y  a c -  
t i v i t y  in  t h e  c o l u m n  e l u a t e  w a s  e x a m i n e d  b y  a s s a y i n g  
i n h i b i t i o n  o f  P K C  a c t i v i t y  o f  t h e  p e a k  f r a c t i o n  ( n o .  Orl) 
b y  s a m p l e s  o f  o t h e r  c o l u m n  f r a c t i o n s  ( F i g .  51[]). T o  
d i s t i n g u i s h  b e t w e e n  heat- la~. , im a n d  h e a t - s t a b l e  i n h i b i -  
t o r y  a c t i v i t i e s ,  s a m p l e s  o f  t h e  c o l u m n  f r a c t i o n s  w e r e  
e i t h e r  u n t r e a t e d  o r  h e a t e d  a t  1 0 0 ° C  f o r  2 m i n  a n d  c e n -  
t r i f u g e d  t o  r e m o v e  d e n a t u r e d  p r o t e i n  p r i o r  t o  t h e  a s s a y .  
T h e  m a j o r  i n h i b i t o r y  a c t i v i t y  e l u t e d  f r o m  t h e  c o l u m n  
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Fig. 2. P K C  activity is only detected in f ract ion $3. SI.  $2 and  $3 were incuba ted  with (panels  B and  C) or  wi thout  (panel D) his tonc !11-S under  
P K C  assay  condi*;,ons (see section 2) in the presence or absence  o f  Ca  2" a nd  phospholipid/diacylglycerol  {PL) as noted.  At the end o f  the 5-rain 
incubat ion ,  samples  o f  reaction mixtures  were sub.;ected to S D S - P A G E  a nd  au to rad iography .  Panel A shows  the Cooma ss i e  blue s ta in ing pattern 
of/14, m a r k e r s  (M) an d  the  h is tone  III-S s abs t r a t e  (H). Panel  B shows  the  s ta ined gel o f  the SI .  $2 a nd  $3 reaction mixtures  e o n t a i n m g  the historic 
subst rnte .  Panel  C sh o ws  the a u t o r a d i o g r a m  o f  panel B. and  panel  I) the  a u t o r a d i o g r a m  o f  control  re.actions f rom which the histon¢ ~'as omit ted 

A u l o p h o s p h o r y l a t i o n  o f  P K C  is a ppa re n t  in panels  C and  D. 

a f t e r  P K C  a n d  w a s  h e a t - l a b i l e  (F ; .g .  5 B ) .  T w o  p e a k s  o f  
i n h i b i t o r , "  a c t i v i t y  w e r e  d e t e c t e d  f o l l o w i n g  h e a t - t r e a t -  
m e n t  o r  ~ o l u m n  f r a c t i o n s :  o n e  i n  t h e  f l o w - t h r o u g h  f r a c -  
t i o n s  a n d  o n e  i n  f r a c t i o n s  6 4 - 6 8 ,  t h e  t r a i l i n g  e d g e  o f  t h e  
P K C  p e a k  ( F i g .  5) ,  c o n s i s t e n t  w i t h  p r e v i o u s  o b s e r v a -  
t i o n s  [16 ] .  T h e  h e a t - l a b i l e  i n h i b i t o r  w a s  a l s o  f o u n d  t o  b e  
l a b i l e  t o  h e a t i n g  a t  7 0 ° C  f o r  5 m i n  ( T a b l e  1). 

a b r a i n  h o m o g e n a t e  p r e p a r e d  i n  t h e  p r e s e n c e  o f  E D T A  
t o  s o l u b i l i z e  m e m b r a n e - a s s o c i a t e d  ( b u t  n o t  i n t e g r a l )  
P K C ,  w a s  s e p a r a t e d  f r o m  P K C  b y  i o n - e x c h a n g e  c h r o -  
m a t o g r a p h y .  R e c o m b i n a t i o n  o f  i n h i b i t o r - c o n t a i n i n g  
f r a c t i o n s  w i t h  P K C  r e s u l t e d  i n  i n h i b i t i o n  o f  P K C  a c t i v -  
i t y .  T h e  i n h i b i t o r  w a s  s h o w n  t o  b e  n o n - d i a l y z a b l e  a n d  
s e n s i t i v e  t o  p r o t e o l y s i s .  

4 .  D I S C U S S I O N  

I t  h a s  o f t e n  b e e n  o b s e r v e d  t h a t  P K C  a c t i v i t y  i s  u n d e r -  
e s t i m a t e d  i n  a s s a y s  o f  c r u d e  t i s s u e  e x t r a c t s  d u e  t o  t h e  
p r e s e n c e  o f  e n d o g e n o u s  i n t e r f e r i n g  f a c t o r s .  W e  h a v e  
i n v e s t i g a t e d  t h e  n a t u r e  o f  t h e s e  f a c t o r c  i n  b o v i n e  b r a i n  
a n d  r e p o r t  t h a t  t h e  m a j o r  c o m p o n e n t  i n v o l v e , J  i.~ a h e a t -  
l a b i l e  p r o t e i n  i n h i b i t o r .  T h i s  i n h i b i t o r ,  presc-n~_ "n a c y t o -  
s o l i c  / ' f a c t i o n  o b t a i n e d  b y  n i g h - s p e e d  c e P t r f f u g a t i o n  o f  

Inhib i tor  ~ 

Table  ! 

l h h ib i t o ~ '  activity is heat-sens~tive 

P K C  activity 
(pmol P,) 

N o n e  530.1 +_ t3.2 
Un t r ea t ed  199.3 _+ 4_6 
70°C x 2 m in  685.7 _+ 7.9 
100°C × 2 m m  $80.0 _+_ g.4 

"Inhibi tor  ,;tews to p o o l e d  f ract ions  70~70 fr.~m the ion-exchange 
co lumn .  P K C  activity o f  f ract ion no. ¢,0 (10/J£'250/~1 assay volume)  
was  measu red  in the absence  o f  inhibi tor  and  in the presence o f  50 ~! 
o f  un t rea ted  inhibi tor  or  inhibi tor  hea t - l rea ted  as indicated. Values 

(pmol  P, incorpora ted  in 5 rain) represent  the  m e a n  ± SD (n :3 ) .  

1 6  

I 

1 4  

I i . - -  e 

Q 

j "  
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o - ~ -  
2 3 4 S 

Trm-e (m~)  

Fig. 3. Phosphory la t ion  o f  h is tone  III-S by Si and  S2,. PK¢-" activ*ty 
in SI and  $3 was assayed  in the presence o f  Ca ~'. phosphol ip id  and 
diacyig~)uccol under  condi t ions  descr ibed in section 2. Si and  $3 w-ere 
adldcd to 20% (v/,v), i.e, prote in  conocnt ra t lons  o f  0.25 and  0.14 m ~ ' m L  

rcsp¢c¢ively. Values represent  the  m e a n s  o f  7 de te rmina t ions  for SI 
and 3 de te rmina t ions  for $ 3  
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Fig.  4. SI  does  n o t  c o n t a i n  s ign i f i can t  h i s t o n e  p h o s p h a t a s e  ac t iv i ty .  H i s t o n e  I l l - g  (0 .24 m g / m ] )  w a s  p h o s p h o r y l a t e d  in  d u p l i c a t e  b y  p u r i f i e d  r a t  
b r a i n  P K C  ( 1 . 4 / J g / m i )  u n d e r  s t a n d a r d  c o n d i t i o n s  in the  p r ~ e n c e  o f  C a  ~+. p h o s p h o l i p i d  a n d  d i a c y l g l y c e r o l  as  d e s c r i b e d  in  s ec t i on  2. A f t e r  6 m i n  
i n c u b a t i o n  ( i n d i c a t e d  by  t h e  a r r ow ) ,  E G T A  (I m M )  w a s  a d d e d  to  b o t h  r e a c t i o n  m i x t u r e s  t o  i n a c t i v a t e  t he  k i n a s e  a n d  SI  w a s  a d d e d  t o  o n e  r e a c t i o n  
m i x t u r e  (c losed  c i rc les)  a n d  buf fe r  t o  the  o t h e r  ( o p e n  circles) .  T h e s e  a d d i t i o n s  d i l u t e d  t he  h i s t o n e  to  0 .2  m g / m l  to  e n s u r e  t h a t  r e a c t i o n  c o n d i t i o n s  
w e r e  then  iden t i ca l  to  t h o s e  o f  F igs .  2 a n d  3. P2P]P, i n c o r p o r a t i o n  w a s  q u a n t i f i e d  a t  t he  t i m e s  i n d i c a t e d .  A t  t h e  e n d  o f  t h e  r e a c t i o n ,  s a m p l e s  o f  
r e a c t i o n  m i x t u r e s  were  sub j ec t ed  t o  S D S - P ~  G E  a n d  a u t o r a d i o g r a p h y .  P a n e l  A s h o w s  t he  C o o m a s s i e  b l u e  s t a i n i n g  p a t t e r n  o f  t he  c o n t r o l  (buf fe r )  

rcact;~on m i x t u r e  (C)  a n d  t he  S I - c o n t a i n i n g  r e a c t i o n  m i x t u r e  (SI) .  P a n e l  [3 d e p i c t s  t h e  c o r r e s p o n d i n g  a u t o r a d i o g r a m .  

500 . : 2.0 

•  ilo.o 7 
• A - t "  o ~ 0 2  - 

- -  ~, ~ . i -  '- ~ |  =E 

, 
al - .t 

60  

F r a e ~  ~ 
Fig .  5. F r a c t i o n a t i o n  o f  S l  by i o n - e x c h a n g e  c h r o m a t o g r a p h y .  T h e  S1 
f r a c t i o n  p r e p a r e d  f r o m  50 g o f  b o v i n e  b r a i n  w a s  a p p l i e d  t o  a c o l u m n  
(1 × 40 ¢m)  o f  D E A E - S e p h a c e l  p r e v i o u s l y  e q u i l i b r a t e d  w i t h  Isuffer  A 
a t  a f low r a t e  o f  20 m l / h  c o l l e c t i n g  4 -ml  f r ac t ions .  A f t e r  w a s h i n g  the  
c o l u m n  w i t h  Buffer  A,  b o u n d  p r o t e i n s  w e r e  e l u t e d  w i t h  a [NaCI]  
g r a d i e n t  ( - -  - - - ) .  T h e  p r o t e i n  e l u t i o n  p ro f i l e  is  s h o w n  by  m e a s u r e -  
m e n t s  o f  A:so ( e -  - - e ) ,  a n d  P K C  a c t i v i t y  (0 - -<3)  o f  se lec ted  f r a c t i o n s  
w a s  m e a s u r e d  in  t h e  p r e s e n c e  o f  C a  z+, p h o s p h o l i p i d  a n d  d i a c y l g l y c e r o l  
u n d e r  s t a n d a r d  c o n d i t i o n s  u s i n g  20  jul o f  e a c h  f r a c t i o n  in  a t o t a l  
r e a c t i o n  v o l u m e  o f  250 ~ : ,  10 ~ M  [y-32PlATP a n d  a 5-min  i n c u b a t i o n  
p e r i o d  ( p a n e l  A).  Se lec ted  f r a c t i o n s  were  a l s o  a s s a y e d  fo r  h e a t - l a b i l e  
(=b - -O) a n d  h e a t - s t a b l e  ( H )  P K C  i n h i b i t o r y  ac t i v i t y  ( p a n e l  IS). 
H e a t - l a b i l e  a c t i v i t y  w a s  d©t¢ ,~i ined  b y  m e a s u r i n g  P K C  a c t i v i t y  o f  
f r a c t i o n  no .  60 (10 ~1) in t h e  p r e s e n c e  o f  s a m p l e s  (50  ~! )  o f  se l ec ted  
f r a c t i o n s  a n d  s u b t r a c t i n g  t h e  a c t i v i t y  in  t he  ~ aseno~ o f  f r a c t i o n  no.  60. 
A n  A T P  c o n c e n t r a t i o n  o f  10 /~M a n d  a 5 -min  i n c u b a t i o n  p e r i o d  w e r e  
used  w i t h  a t o t a l  r e a c t i o n  v o h u n e  o f  250/~1. H e a t - s t a b l e  a c t i v i t y  w a s  
m e a s u r e d  s i m i l a r l y  f o l l o w i n g  h e a t - t r e a t m e n t  o f  s a m p l e s  o f  t h e  se l ec ted  
f r a c t i o n s  a t  100°C fo r  2 ra in  a n d  c c n t r i f u g a t i o n .  C o n t r o l  P K C  a c t i v i t y  
(0% i n h i b i t i o n )  fo r  pane l  B w a s  144.5 _+ 9.3 p m o l  P~ i n c o r p o r a t e d  in  

5 m i n  (n=  15). 

W h i l e  h e a t - s t a b l e  P K C  a c t i v i t y  w a s  d e t e c t e d  in  b o -  
v i n e  b r a i n  f o l l o w i n g  i o n - e x c h a n g e  c h r o m a t o g r a p h y  
( t h i s  s t u d y )  o r  h y d r o p h o b i c - i n t e r a c t i o n  c h r o m a t o -  
g r a p h y  [3], i t  is a p p a r e n t  t h a t  t h e  h e a t - l a b i l e  i n h i b i t o r y  
a c t i v i t y  d e s c r i b e d  h e r e  i s  q u a n t i t a t i v e l y  m u c h  m o r e  i m -  
p o r t a n t .  T h i s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  P K C  i n h i b i t i o n  
b y  h e a t - s t a b l e  p r o t e i n s  m a y  n o t  b e  a p h y s i o l o g i c a l  f u n c -  
t i o n .  S e v e r a l  i n h i b i t o r s  o f  P K C ,  s o m e  o f  w h i c h  a r e  h e a t -  
s t a b l e ,  h a v e  b e e n  r e p o r t e d  [ 1 6 - 2 3 ] .  F o u r  o f  t h e s e  h a v e  
b e e n  p u r i f i e d :  c a l m o d u l i n  [ 1 7 , 2 I ] ,  a s h e e p  b r a i n  i n h i b i -  
t o r  e x i s t i n g  a s  m u l t i p l e  i s o f o r m s  o f  2 9 - 3 3  k D a  [23],  a n d  
17 k D a  a n d  12 k D a  i n h i b i t o r s  f r o m  b o v i n e  b r a i n  [16]. 
H o w e v e r ,  w e  r e c e n t l y  f o u n d  t h a t  t h e  P K C  i n h i b i t o r y  
a c t i v i t y  o f  t h e  12 k g a  p r o t e i n  is  a s s o c i a t e d  w i t h  a t r a c e  
c o n t a m i n a t i n g  p r o t e i n ,  n o t  t h e  12 k D a  p r o t e i n  i t s e l f ,  
w h i c h  w a s  i d e n t i f i e d  a s  t h e  i m m u n o p h i l i n ,  F K 5 0 6 - b i n d -  
i n g  p r o t e i n  ( P e a r s o n ,  J . D .  e t  a l . ,  s u b m i t t e d ) .  

I t  is  u n l i k e l y  t h a t  t h e  h e a t - l a b i l e  i n h i b i t o r  r e p o r t e d  
h e r e  i s  t h e  s a m e  a s  t h e  s h e e p  b r a i n  i n h i b i t o r  d e s c r i b e d  
b y  T o k e r  e t  a l .  [23] s i n c e  t h e  f o r m e r  is  l a b i l e  t o  h e a t i n g  
a t  7 0 ° C  f o r  5 r a i n  w h e r e a s  t h e  l a t t e r  is  i n s e n s i t i v e  t o  
s u c h  t r e a t m e n t .  

I n  c o n c l u s i o n ,  w e  h a v e  d e m o n s t r a t e d  t h a t  t h e  m a j o r  
f a c t o r  r e s p o n s i b l e  f o r  t h e  i n a b i l i t y  t o  d e t e c t  P K C  a c t i v -  
i t y  in  a b o v i n e  b r a i n  e y t o s o l i c  f r a c t i o n  is a h e a t - l a b i l e  
p r o t e i n  i n h i b i t o r .  T h i s  p r o t e i n  m a y  f u n c t i o n  p h y s i o l o g i -  
c a l l y  t o  p r e v e n t  t h e  p h o s p h o r y l a t i o n  o f  p r o t e i n s  b y  a c -  
t i v e  c y t o s o l i e  f o r m s  o f  P K C  a n d  t h e r e b y  r e s t r i c t  P K C -  
c a t a l y z e d  p h o s p h o r y l a t i o n s  t o  m e m b r a n e - ,  o r g a n e l l e -  
a n d  c y t o s k e l e t a l - a s s o c i a t e d  p r o t e i n  s u b s t r a t e s .  

AcRnowledgement$2 T h i s  w o r k  w a s  s u p p o r t e d  b y  a g r a n t  f r o m  the  
M e d i c a l  R e s e a r c h  C o u n o i |  o f  C a n a d a  ( M R C C ) .  M . P . W .  is the  rec i -  
p i e n t  o f  a n  M R C C  Sc ien t i s t  A w a r d  a n d  A l b e r t a  H e r i t a g e  F o u n d a t i o n  
fo r  M e d i c a l  R e s e a r c h  S c h o l a r s h i p .  T h e  a u t h o r s  a r e  v e r y  g r a t e f u l  t o  
G e r r y  G a r n e t t  fo r  w o r d  p r o c e s s i n g .  
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