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A small fraction (approximately 5%) o f  protein kinase C (PKC) in the adult  rat brain synaptosomes  is tightly associated with Triton X-100-insoluble 
componen t s  (mosl  likely membrane-skeleto~, elements), and is so[ubilized only after denatura t ion  with ~ l i u m  dodecyl sulfate. The kinase domain 
o f  this P K C  can be released as a soluble form after limited proteolysis with calpain, whereas the regulatory domaiJ~ which binds t~horbol ester 
remains  insoluble. The P K C  in this fraction was identified as the f i l l-subspecies or its related molecule. Presumably. this enzyme subsl~ciex is 
responsible for  the phosphoryla t ion  o f  a major  P K C  substrate  protein, growth-associated protei,t-43, which is located in nerve endings as ,.veil as 

in growth cones in association with the membrane-skele ton elements.  
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1. I N T R O D U C T I O N  

I t  h a s  b e e n  p o s t u l a t e d  t h a t  p r o t e i n  k i n a s e  C ( P K C )  
i n  s y n a p s e s  p l a y s  r o l e s  i n  t r a n s m i t t e r  r e l e a s e ,  i o n  
c h a n n e l  m o d u l a t i o n ,  l o n g - t e r m  p o t e n t i a t i o n ,  a n d  n e u -  
r o n a l  d e v e l o p m e n t  a n d  r e g e n e r a t i o n  ( f o r  r e v i e w s  s e e  
[ 1 - 5 ] ) .  A p r e v i o u s  r e p o r t  f o r m  t h i s  l a b o r a t o r y  [6] d e -  
s c r i b e d  a q u a n t i t a t i v e  a n a l y s i s  o f  t h e  P K C  s u b s p e c i e s  i n  
t h e  s y n a p t o s o m a l  s o l u b l e  f r a c t i o n s .  A l t h o u g h  r e l a t i v e  
r a t i o s  o f  t h e  0t-, i l l - ,  f i l l -  a n d  ? , - s u b s p e c i e s  i n  t h e  s y n a p o  
t o s o m e s  g r e a t l y  v a r y  w i t h  t h e  b r a i n  t i s s u e  a r e a s ,  a s m a l l  
f r a c t i o n  o f  P K C  is  a l w a y s  a s s o c i a t e d  t i g h t l y  w i t h  i n -  
s o l u b l e  c o m p o n e n t s  w h i c h  a r e  n o t  e x t r a c t a b l e  b y  a n y  
d e t e r g e n t  o r  b y  h i g h  s a l t .  T h e  n a t u r e  o f  t h e s e  d e t e r g e n t -  
i n s o l u b l e  c o m p o n e n t s  is  p r e s e n t l y  u n c l e a r .  T h e  a s s u m p -  
t i o n  h a s  b e e n  m a d e ,  h o w e v e r ,  t h a t  t h e  c o m p o n e n t s  r e -  
p r e s e n t  s o m e  m e m b r a n e - s k e l e t o n  e l e m e n t s  [7]. T h e s e  
e l e m e t a t s  a r e  k n o w n  t o  b e  t i g h t l y  a s s o c i a t e d  w i t h  a 
m a j o r  P K C - s p e c i f i c  s u b s t r a t e ,  g r o w t h - a s s o c i a t e d  
p r o t e i n - 4 3  ( G A P - 4 3 ,  F i ,  B - 5 0 ,  n e u r o m o d u l i n )  ( f o r  
r e v i e w s  s e e  [ 4 , 5 , 8 ] ) ,  w h i c h  is  l o c a l i z e d  s p e c i f i c a l l y  in  t h e  
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p r e s y n a p t i c  r e g i o n  a n d  g r o w t h  c o n e s .  T h e  p r e s e n t  
s t u d i e s  w i l l  i d e n t i f y  t h e  P K C  in  t h i s  d e t e r g e n t - i n s o l u b l e  
f r a c t i o n  a s  t h e / ~ l l - s u b s p e c i e s .  T h i s  f i n d i n g  is  c o n s i s t e n t  
w i t h  a r e c e n t  r e p o r t  t h a t  G A P - 4 3  is p h o s p h o r y l a t e d  
r a p i d l y  b y  t h e  f l - s u b s p e e i e s  [9]. 

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

2.1. Materials 
P K C  subspecies, 0t-, ffI-, f l l -  and y-subspecies, were prepared,  , s  

described [6,10]. Calpain Ii was purified f rom rat kidney [I II. 

2.2. dntibodies and imrnunoblot analysis 
A polyclonal ant ibody specific to the cz-subspecies, CKpV5r~-a, was 

raised against a synthetic ol igopeptide .corresponding to a part of  the 
carboxyl-termina! variable region V s of  0t-PKC fresidues 662-672, 
Q F V H P l L Q S A V ) .  The specificity of  this ant ibody was described [ 12]. 
A polyclonal ant ibody specific to the ill-subspecies, CKpVS~I-a,  was 
[~-epared with a synthetic oligopeptide corresponding to  a part of the 
variable region V 5 o f f l l - P K C  (residues 66!-671, SYTNPEFVINVL 
A polyclonal ant ibody specific to the fil l-subspecies, CKpVSpl l -a ,  
was prepared with a synthetic ol igopeptide corresponding to a part  o f  
the variable region V 5 of  ~ I I - P K C  (residues 660-673, SFVN-  
S E F L K P E V K S ) .  The detailed procedure and specificity of  these anti- 
bodies were described [13]. Fig. 1 shows the specificity of  C K p V S f l - a  
and CKpVSfl l l -a  employed in the present studieg, which could dis- 
tinguish the i l l-  and f l l - subspec ies .  A polyclonal ant ibody specific to 
the 7"-subspecies, CKpV3y-a ,  was prepared with a synthetic oligo- 
peplide corresponding to a part  o f  the variable region V3 o f  7 - P K C  
(residues 315-328, SPIPSPSPSPTDSK)  as dcscribed [14]. A mono-  
clonal ant ibody recognizing all o f  the  0e-, ~l- ,  ~'11- and 7-subspecies, 
C K m C l p - a ,  was prepared with a synthetic ol igopeptide correspond-  
ing to  a par t  o f  the conserved region Ct o f~I /~ I I -PKC (residues 20~39, 
F A R K G A L R Q K  N V H E V K N H K F ) .  The specificity of  this ant ibody 
was described [10]. 

lmmunoblo t  analysis with the PKC subspecies-specific antibodies 
was performed m J e r  the condit ions specified [ 10, ! 2-14 l. 
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Fig. 1. Specificity of polyclonai antibodies against the ~1- and ,6|l- 
subspecies o f  PKC.  Specificities o f  CKpVSfl l -a  and  CKpVSfl l I -a  was 
analyzed by immunoblo t  procedures  using the s t andard  preparaticms 
o f  the ct-, BI-. BII- and 7-subspecies which were prepared as  described 
[6,10]. The molecular  sizes in kDa  o f  the s t andards  arc indicated by 
arrows. Lane I, ~-subspecics; lane 2, El-subspecies;  lane 3, ~II -subspe-  

ties; and lane 4, 7-subspecies. 

1 2 3 4 5 
Fig. 2. l m m u n o b l o t  analysis o l  the synaptosoma]  Tr i ton  X-100 insolu- 
ble componen t s .  The synap tosomai  Tri ton X-100-insoluble f ract ion 
(51/2g protein)  and  purified P K C  (0.24 g/g prote in)  were subjected to  
S D S / P A G E  and  fol lowed by immunob lo t  analysis.  Lane  !, ra t  brain  
purified P K C  (mixture): lanes 2-5,  synap tosomal  Tr i ton  X-100 insolu- 
ble elements.  The first an t ibodies  used were CKmCI ,6-a  for  lane 1, 
CKpV3T-a  for lane 2, CKpVSff l -a  for lane 3, CKpVSpI I - a  fo r  lane 
4~ and  CKpVS~t-a for  lane 5, respectively. The  gel was ca l ibra ted  wi th  
the  fol lowing s tandards:  myosin,  205 kDa;  phosphory lase  b, 97 kDa;  
bovine serum albumin,  66 kDa,  ovalbumin,  45 kDa;  and  carbonic  
anhydrase .  29 kDa.  The  posi t ion o f  the purified P K C  (82 kDa)  is 

indicated by an arrow.  

2.3. Preparalion of  synaptosornal insoluble componenls 
The cerebral tissues f rom adult  male 3pragu~.-Dawley rats were 

fraetionated into the subfract ions (P2A, myelin; P2B, synaptosomal ;  
P2C. mitochondrial ;  and P3, microsomal  fractions) by the procedure  
described by Krcuger  ct al. 115] except that  a Tris-buffercd sucrose 
solution (20 m M  Tris-HCI, pH 7.5, 0.32 M sucrose, 2 r a m  EDTA,  2 
m M  EGTA,  ! r am leupeptin and 0.4 m M  (p-amidinophenyl)-  
mctancsulfonyl fluoride hydrochloride)  was  employed.  The  P:B sy- 
naptosomal  fraction was sonicated 4 times, each t ime for  15 s in the 
presence of  2% (v/v) Tri ton X-100 and 0.1 m M  ieupeptin,  st irred f o r  
30 min at 0°C. and centrifuged for  30 min at 100 000 × g. The  pellet 
was suspended with !0 vo |s  o f  buffer A (50 mM H E P E S  at  pH 7.5, 
0.5 mM EGTA,  0.5 m M  E D T A ,  and  0.1 M NaCI),  conta in ing  1% (v/v) 
Tri ton X-100. This extraction procedure  was repeated 2 m o r e  times. 
The resultant pellet was washed once with buffer  A, and the final pellet 
was suspended in buffer A. 

2.4. Enzyme assay 
Protein kinase activity was assayed by measur ing the incorpora t ion  

o f  ~2P i into a synthetic PKC-spccific ol igopeptide substrate,  MBP4.~4, 
under  the condi t ions  specified |16]. 

2.5. Protein phosphorylation 
The synaptosomal  Tr i ton X-100 insoluble c o m p o n e n t s  were in- 

cubated  with [y-32P]ATP in the presence ofCaCI2,  phosphat idylser ine  
and diolein. Where  indicated,  purified P K C  was added  to the incuba- 
tion mixture. The  phosphory la t ion  reaction was terminated by the 
addit ion o f  SDS-¢onta ining electrophoresis  sample buffer,  and  ali- 
quots  o f  each sample solution were subjected to  S D S / P A G E  as de- 
scribed [6]. The gel was dried and exposed  to an X-ray film. 

2.6. Other methods 
Phorbol  ester-binding was measured by using [ ;H]phorbol 12,13- 

dibutylate as described [17]. Protein was de termined using bovine 
serum albumin as a s tandard  [18], 

3.  R E S U L T S  

3 .1 .  l m m u n o b l o t  ,~nalysis o f  s y n a p t o s o m a l  inso lub le  
c o m p o n e n t s  

F i g u r e  2 s h o w s  i r n m u n o b l o t  a n a l y s i s  o f  t h e  T r i t o n  

X - 1 0 0  i n s o l u b l e  c o m p o n e n t s  u s i n g  a n t i b o d i e s  s p e c i f i c  t o  
t h e  P K C  s u b s p e c i e s .  T h e  i n s o l u b l e  c o m p o n e n t s  c o n -  
t a i n e d  a n  i m m u n o r e a c t i v e  b a n d  w i t h  a n  a p p a r e n t  m o -  
l e c u l a r  w e i g h t  o f  78  k D a ,  w h i c h  i s  s l i g h t l y  s m a l l e r  t h a n  
t h a t  o f  t h e  P K C  s u b s p e c i e s  i n  t h e  s o l u b l e  f r a c t i o n  ( 8 0 -  
82  k D a )  [ i 0] ,  T h e  b a n d  w a s  r e c o g n i z e d  b y  t h e  a n t i b o d y  
s p e c i f i c  t o  f l l I - P K C  ( l a n e  4 )  a n d  r e a c t e d  f a i n t l y  w i t h  t h e  
a n t i b o d y  a g a i n s t  c t - P K C  ( l a n e  5 ) ,  b u t  t h e  a n t i b o d i e s  
a g a i n s t  t h e  T-  a n d / f f i - s u b s p e c i e s  d i d  n o t  r e c o g n i z e  t h e  
78  k D a  p r o t e i n .  T h i s  7 8  k D a  p r o t e i n  w a s  n o t  s o l u b i l i z e d  
b y  v a r i o u s  i o n i c  a n d  n o n - i o n i c  d e t e r g e n t s  s u c h  a s  
d e o x y c h o l a t e  a n d  T r i t o n  X - 1 0 0  o r  b y  s a l t s  s u c h  a s  K C I  
a n d  L i B r  e v e n  a t  h i g h  c o n c e n t r a t i o n s ,  i n d i c a t i n g  t h a t  
t h i s  p r o t e i n  is  a s s o c i a t e d  t i g h t l y  w i t h  s t r u c t u r a l  e l e -  
m e n t s .  S e m i - q u a n t i t a t i v e  i m m u n o b l o t  a n a l y s i s  o f  t h e  
s o l u b l e  a n d  i n s o l u b l e  f r a c t i o n s  b y  d e n s i t o m e t r y  
s u g g e s t e d  t h a t  a b o u t  1 0 %  o f  t h e  f l I l - s u b s p e c i e s  i n  s y -  
n a p t o s o m e s  i s  a s s o c i a t e d  w i t h  t h e s e  i n s o l u b l e  c o m -  
p o n e n t s .  I t  w a s  p r e v i o u s l y  f o u n d  t h a t  t h e  f l I l - s u b s p e c i e s  
i s  a m a j o r  P K C  i s o f o r m  i n  t h e  r a t  c e r e b r a l  s y n a p -  
t o s o m e s ,  a n d  r e p r e s e n t s  n e a r l y  o n e  h a l f  o f  t h e  t o t a l  
P K C  a c t i v i t y  [6].  T h u s ,  a p p r o x i m a t e l y  5 %  o f  t h e  P K C  
i n  s y n a p t o s o m e s  i s  t i g h t l y  a s s o c i a t e d  w i t h  t h e  T r i t o n  
X - 1 0 0 - i n s o l u b l e  c o m p o n e n t s .  

3 .2 .  C a l p a i n  d i ge s t i on  o f  s y n a p t o s o m a l  i n so lub l e  c o m -  
p o n e n t s  

A C a 2 + - d e p c n d e n t  n e u t r a l  p r o t g a s c ,  c a l p a i n ,  i s  k n o w n  
t o  c l e a v e  P K C  t o  p r o d u c e  2 f r a g m e n t s :  c a t a l y t i c  a n d  
r e g u l a t o r y  f r a g m e n t s .  T h e  s y n a p t o s o m a l  i n s o l u b l e  c o m -  
p o n e n t s  w e r e  i n c u b a t e d  w i t h  c a l p a i n  I I ,  a n d  t h e  r e s u l t -  
i n g  s o l u b l e  a n d  i n s o l u b l e  f r a c t i o n s  w e r e  s u b j e c t e d  t o  
i m m u n o b l o t  a n a l y s i s .  A s  s h o w n  i n  F i g .  3 ,  a f t e r  t h e  
c a l p a i n  t r e a t m e n t ,  a p r o t e i n  b a n d  w i t h  a n  a p p r o x i m a t e  
m o l e c u l a r  w e i g h t  o f  4 6  k D a ,  w h i c h  c o r r e s p o n d s  t o  t h e  

2 6 8  
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Fig. 3. lmmunoblot analysis of  the synaptosomal Triton X- 100 insolu- 
ble elements after calpain treatment. The synaptosomal Triton X-iO0 
insoluble fraction (900 ~g protein) was incubated with calpain ![ (9 
~ug protein) at 20°(2 for 30 rain in the reaction mixture (0.5 ml)contain- 
ing 20 mM Tris-HCI at pH 7.5. 5 mM 2-mercaptocthanol. I% (v/v) 
T ~ n  20, 0.7 mM CaCI2, 10~ug/ml phosphatidylserine, 1 /~g/ml dio- 
lein, and 0.5 juM H I his(one. After incubation, the reaction was stop- 
pea by the addition of  EGTA (final concentration 4 raM). and the 
mixture was centrifuged at 100000 × g for 30 min at 4°C. After 
centrifugation, the pellet was suspended in 0.5 ml of buffer A. Aiiquots 
(20/~1 each) of  the resultant supernatant and pellet were subjected to 
immunoblot analysis. Lane I, purified rat brain PKC (mixture); lane 
2, whole synaptosomes (! 16/us protein); lane 3, synaptosomal Tritc, n 
X-100 insolable components (51/~g protein); lanes 4 and 5, the pellet 
and supematant fractions of  the synaptosomal Triton X-100-insoluble 
components after the treatment v,ith ¢alpain It, respectively. The first 
antibodies used were CKmCI]/-~ for lane !, and CKpVSffli-a for lanes 
2-5. The positions of  the 82 kDa, .78 kDa, and 46 kDa protein hands 

arc indicated by arrows. 

c a t a l y t i c  f r a g m e n t  o f  P K C  [19], w a s  f o u n d  in t h e  s o l u b l e  
( l a n e  5),  b u t  n o t  in t h e  i n s o l u b l e  ( l a n e  4)  f r a c t i o n .  A 
p r o t e i n  k i n a s e  r e a c t i v e  w i t h  a P K C - s p e c i f i c  o l i g o p e p t i d e  
s u b s t r a t e ,  w a s  r e c o v e r e d  in  t h e  s o l u b l e  f r a c t i o n ,  w h i c h  
w a s  i n d e p e n d e n t  o n  C a  2". p h o s p h a t i d y l s e r i n e  a n d  
d i o l e i n .  T h e  s o l u b l e  p r o t e i n  k i n a s e  t h u s  g e n e r a t e d  f r o m  
t h e  i n s o l u b l e  c o m p o n e n t s  w a s  s u b j e c t e d  t o  gel  f i l t r a t i o n  
( F i g .  4).  A n  i m m u n o r e a c t i v e  46  k D a  p r o t e i n  b a n d  ( F i g .  
4 A )  a p p e a r e d  a t  t h e  p r o t e i n  k i n a s e  p e a k  ( F i g .  4B) .  T h e  
p s e u d o - s u b s t r a t e  p e p t i d e  P K C , 9  3~ [20], a n  i n h i b i t o r y  
p e p t i d e  spec i f i c  t o  P K C  s u b s p e c i e s ,  i n h i b i t e d  t h i s  
p r o t e i n  k i n a s e  a c t i v i t y .  

P K C  is w e l l  k n o w n  as  t h e  r e c e p t i v e  p r o t e i n  o f  
t u r n o u t - p r o m o t i n g  p h o r b o l  e s t e r s  a n d  t h e  b i n d i n g  s i t e  
is l o c ~ t e d  in  t h e  r e g u l a t o r y  d o m a i n  [2]. T h e  s y n a p t o -  
s o m a l  T r i t o n  X -  1 0 0 - i n s o l u b l e  c o m p o n e n t s  b i n d  
p h o r b o i  e s t e r  (0 .22  p m o i / m g  p r o t e i n ) .  A f t e r  d i g e s t i o n  
w i t h  c a l p a i n  t h e  i n s o l u b l e  f r a c t i o n  s t i l l  r e t a i n e d  9 7 %  o f  
t h e  b i n d i n g  a c t i v i t y ,  w h e r e a s  t h e  s o l u b l e  f r a c t i o n  c o u l d  
n o t  b i n d  p h o r b o l  e s t e r .  T h e  r e s u l t s  i n d i c a t e  t h a t  f l I l -  
P K C  o r  i ts  r e l a t e d  m o l e c u l e  is t i g h t l y  a s s o c i a t e d  w i t h  t h e  
m e m b r a n e - s k e l e t a l  e l e m e n t s  t h r o u g h  i ts  r e g u l a t o r y  
d o m a i n ,  a n d  t h a t  t h e  c a t a l y t i c  f r a g m e n t  is r e l e a s e d  a s  
a s o l u b l e  f o r m  a f t e r  l i m i t e d  p r o t e o l y s i s  b y  c a i p a i n .  

| I I 

A - 46RDa 

b B 
x 
~ 2 - - 

| l -  

t - -  

~ 0 ~ 
40  50 60  

F r a c t i o n  N u m b e r  

Fig .  4. Ge l  f i l t r a t i on  a n a l y s i s  o f  p ro t e in  k i n a s e  f r o m  g y n a p t o s o m a l  
T r i t o n  X - 1 0 0 - i n s o l u b l e  elements g e n e r a t e d  by  ca l pa in  t rea tment .  T h e  
s y n a p t o s o m a l  T r i t o n  X - 1 0 0 - i n s o l u b l c  f r ac t i on  (9 m g  pro te in~  was  in- 
c u b a t e d  wi th  c a l p a i n  I! (90~ug p r o t e i n )  in a l a rge  sca | e  r eac t ion  m t x t u r e  
(5 ml)  a s  d e s c r i b e d  in the  l egend  to  Fig.  2. T h e  s u b s e q u e n t  p r o c e d u r e s  
were  c a r r i e d  o u t  a t  0- 4°C.  T h e  r eac t ion  m i x t u r e  v~as c e n t r i f u g e d  and  
t he  s u p c r n a t a n t  f r a c t i o n  wa:, a p p l i e d  on  a h y d r o x y a p a t i t e  c o l u m n  (0.8 
x i ¢m)  e q u i E b r a t g d  wi th  20 m M  T r i s - H C I  a t  pH  7.5 c o n l a i n i n g  0.5 
m M  E G T A ,  0 .5  r a M  E D T A ,  a n d  l0  m M  2 - m e r c a p t o e t h a n o L  A f t e r  
t he  c o l u m n  w a s  w a s h e d  wi th  the  s a m e  buffer ,  p r o t e i n s  w e r e  e lu t ed  wi th  
I ml  o f  0.3 M p o t a s s i u m  p h o s p h a t e  a t  pH  7.5 c o n t a i n i n g  0.5 m M  
EGTA, 0.5 mM EDTA. l0 mM 2-mercaptoethan~q, and 10% (v/v) 
glycero l .  T h e  e !ua t e  w a s  d i r ec t ly  sub jec t ed  t o  gel f i l t r a t ion  on  a Super-  
os¢ 12 H R I 0 / 3 0  c o l u m n  c o n n e c t e d  t o  a fast  p ro te in  l i qu id  c h r o m a t o g -  
r a p h y  sys t em ( P h a r m a c i a - L K B I  w h i c h  was  equil ib~'ated wi th  20 m M  
F r i s - l t C I  a t  p H  7.5 c o n t a i n i n g 0 . 5  m M  E G T A .  0.5 m M  E D T A .  l 0  m M  
2 - m e r e . s p i n e ( h a n o i .  0.02% (v / v )  T r i t o n  X-100.  a n d  0.5 M N a C I .  Pro-  
t¢in w a s  e l u t e d  w i t h  the  s a m e  s o l u t i o n  at  a f low ra te  o f  0.3 ml/min~ a n d  
f r a c t i o n s  o f  0 .3  ml e a c h  were  co l lec ted .  (A)  I m m u n o b l o t  a n a l ) s i s  An  
; " iquot  o f  the  p e a k  f r ac t ion  was  sub j ec t ed  t o  i m m u n o b l o t  a n a l y s i s  
u s ing  the  p o l y c l o n a l  a n t i b o d y  C K p V S ~ l l - a ,  The  po~i t ion  o f  the  46 
k D a  p r o t e i n  r e a c t i v e  w i t h  the  a n t i b o d y  is i n d i c a t e d  by  a n  a r row ,  (B) 
P r o t e i n  k i n a s e  ac t iv i ty .  A n  a l i q u o t  o f  each  f r ac l i on  w a s  a s sayed  for  
p r o t e i n  k i n a s e  a c t i v i t y  u s i n g a  s y n t h e t i c  pep t ide .  M B P .  ,4. a s  substr~*_¢. 
E G T P  {0.5 m M I  w a s  a d d e d  ins tead  o f C a C l : ,  p h o s p h a t i d y b . c r i n e  a n d  

d i acy lg lyce ro l .  

3.3. Phosphorylat ion o f  ~3'nuptosomul insoluble c'ompo- 
nenls  

T h e  s y n a p t o s o m a l  f r a c t i o n  (P2B) c o n t a i n e d  a s ign i f i -  
c a n t  a m o u n t  o f  T r i t o n - i n s o l u b l e  P K C ,  w h e r e a s  t h e  
m y e l i n  ( P , A )  a n d  m i c r o s o m a l  f r a c t i o n  (P~) c o n t a i n e d  
o n l y  a s m a l l  a m o u n t  o f  P K C .  P r a c t i c a l l y  n o  P K C  w a s  
d e t e c t e d  in t h e  m i t o c h o n d r i a i  f r a c t i o n  (P~C).  I n c u b a t i o n  
o f  t h e  s y n a p t o s o m a l  T r i t o n  X - 1 0 0 - i n s o l u b l e  c o m -  
p o n e n t s  w i t h  r a d i o a c t i v e  A T P  r e s u l t e d  in t h e  p h o s p h o -  
r y l a t i o n  o f  a p r o t e i n  w i t h  a n  a p p r o x i m a t e  m o l e c u l a r  
w e i g h t  o f  45 k D a  in t h e  p r e s e n c e  o f  C a  ~'+. p h o s p h a t i d y l -  
s e r i n e  a n d  d i o l e i n  ( F i g .  5A) .  T h i s  p h o s p h o r y l a t i o n  o f  
t h e  45  k O a  p r o t e i n  w a s  m o r e  e v i d e n t  w h e n  a l a r g e  
e x c e s s  o f  p u r e  t y p e  l i  (~/) P K C  w a s  a d d e d  ( F i g .  5B).  T h e  
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Fig. 5. Protein  phospho~3~lation o f s y n a p t o g o m a !  Tr i ton  X-100-insolu-  
ble elements .  The  s y n a p t o s o m a l  Tr i ton  X-100- insoluble  cle~r=ents (24 
jag p ro te in )  were  i n c . b a t e d  a t  30°C for  6 min  in the  reac t ion  m.;xture 
(50 /~1) con ta in ing  20 m M  Tr i s -HC!  at p H  7.5, 5 m M  mamaes ium 
acetate.  10 raM 2-mercap toe thano l ,  0 . 01% (v/ - )  T " 'on X-100, 10~'tM 
ITJ2P[ATP (3 × 105 cpm) ,  10 jug/m1 phospha t idy lse r ine ,  I/ap~/~,~l diolein 
a n d  0.2 mr~l CaCIz, in the presence  o r  absence  o f  purified type t I (~)  
P K C  (0.2 ~ g  protein) ,  in a con t ro l  exper iment .  E G T A  (0.7 m M )  w a s  
added  to the mix ture  instead o f  phospha t idy lser inc ,  diolein and CaCl2. 
Af te r  the react ion was  te rminated ,  the  s amples  were  subjected to  
S D S / P A G E  and  then  to a u t o r a d i o g r a p h y .  A a n d  B, w i t h o u t  a n d  with 
purified type 11(~) P K C ,  respectively. Lanes  1 a n d  3, in the  presence 
o f  E G T A ;  and  lanes 2 and  4, in the presence  o f  phospha t idy l se r ine ,  
diolein and  CaCI  2. T h e  pos i t ion  o f  45 k D a  pro te in  is indicated by 

a r rows .  

r e s u l t s  i n d i c a t e  t h a t  t h e  45  k D a  p r o t e i n ,  p r e s u m a b l y  
G A P - 4 3  is a m a j o r  s u b s t r a t e  p r o t e i n .  

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

A s s o c i a t i o n  o f  P K C  w i t h  c y t o s k e l e t a l  e l e m e n t s  h a s  
b e e n  s u g g e s t e d  in c u l t u r e d  c~i l s  [21] ,  rat  b r a i n  p o s t -  
s y n a p t i c  d e n s i t i e s  [22], a n d  c h i c k e n  n e u r o n  a n d  b r a i n  
[7], a s  e s t i m a t e d  b y  e i t h e r  p h o r b o l  e s t e r - b i n d i n g  a s s a y  
or  i m m u n o b l o t  a s s a y .  In t h e  p r e s e n t  s t u d i e s ,  t h e  78  k O a  
p r o t e i n ,  w h i c h  is  r e c o g n i z e d  b y  t h e  a n t i b o d y  a g a i n s t  
~ I I - P K C ,  w a s  d e t e c t e d  in  T r i t o n  X - 1 0 0 - i n s o l u b l e  c o m -  
p o n e n t s  o f  rat b r a i n  s y n a p t o s o m e s .  T h i s  p r o t e i n  c a n  be  
r e l e a s e d  as  a s o l u b l e  f o r m  o n l y  a f ter  c a l p a i n  t r e a t m e n t ,  
a n d  t h e  p r o t e o l y t i c  f r a g m e n t  s h o w s  a m o l e c u l a r  w e i g h t  
as  w e l l  a s  e n z y m a t i c  p r o p e r t i e s  i d e n t i c a l  w i t h  t h o s e  o f  
t h e  a u t h e n t i c  c a t a l y t i c  f r a g m e n t  w h i c h  is g e n e r a t e d  
f r o m  t he  p u r i f i e d  P K C .  It i s  c o n c l u d e d  t h a t  the  ~ I i -  
s u b s p e c i e s  o f  P K C  is t i g h t l y  a s s o c i a t e d  w i t h  t h e  in-  
s o l u b l e  c o m p o n e n t s ,  p r e s u m a b l y  t h e  c y t o s k e l e t a l  
n e t w o r k ,  a n d  m a y  h a v e  s o m e  ro le  in  t h e  c o n t r o l  o f  
s y n a p t i c  p r o c e s s e s .  M o s s  et  a l .  [7] h a v e  r e p o r t e d  t h a t  
m o r e  t h a n  50% o f  m e m b r a n e - a s s o c i a t e d  G A P - 4 3 ,  
w h i c h  is a m a j o r  p h o s p h o p r o t e i n  in t h e  s y n a p t i c  p l a s m a  
m e m b r a n e  a n d  g r o w t h  c o n e  p r e p a r a t i o n s  [8], is r e s i s t a n t  
t o  n o n - i o n i c  d e t e r g e n t  e x t r a c t i o n .  G A P - 4 3  is  k n o w n  t o  
b e  a pre ferred  t a r g e t  o f  P K C ,  a n d  p h o s p h o r y l a t i o n  o f  

S e r  4' o f  t h i s  p r o t e i n  b y  P K C  d e c r e a s e s  i t s  a b i l i t y  t o  b i n d  
c a l m o d u l i n  [23]. I t  is p l a u g i b l e  t h a t  t h e  45  k D a  p r o t e i n  
p r e s e n t e d  a b o v e  is G A P - 4 3 ,  a n d  is p h o s p h o r y l a t e d  b y  
f f I I - P K C  in  c y t o s k c l e t a l  e !em~.n ts .  
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