
Vol. 181, No. 1, 1991 

November 27, 1991 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 59-66 

MONOCLONAL ANTIBODIES IMMUNOPRECIPITATING ~-CONOTOXIN-SENSITIVE 
CALCIUM CHANNEL MOLECULES RECOGNIZE TWO NOVEL PROTEINS LOCALIZED 

IN THE NERVOUS SYSTEM 

Hideo Saisu, Kyoko Ibaraki, Toru Yamaguchi, Yoko Sekine and Teruo Abe 

Department of Neurochemistry, Brain Research Institute, 
Niigata University, Niigata 951, Japan 

Received October Ii, 1991 

Two monoclonal antibodies raised against brain synaptic membranes 
immunoprecipitated siginlficant fractions of the brain ~-conotoxin receptor 
(probable ~-conotoxin-sensitive calcium channels) solubilized with digitonin. 
These antibodies recognized different proteins of 36 kDa and 28 kDa, 
respectively. Inunoblot analysis of fractions obtained by sucrose gradient 
centrifugation suggested that these two proteins were not subunits of the ~- 
conotoxin receptor but were bound to i t .  These proteins were found to be 
conserved at least from an amphibian to mammals, and to be present in the 
nervous system and adrenal medulla among the tissues examined. © 1991 A¢ademio 
Press, Inc. 

Multiple voltage-sensitive calcium channels wi th  different voltage 

dependence, gating kinetics and pharmacological properties are present in both 

the peripheral and central nervous system of vertebrates (1,2). The 

localizations of these different calcium channels in the brain are not well 

understood, but their limited distribution, together with their different 

voltage dependence and gating kinetics, should contribute to determining 

spatio-temporal gradients of intracellular Ca 2" concentration that regulate 

both short- and long-term local cellular responses. 

Pharmacological properties are useful criteria for classifying voltage- 

sensitive calcium channels. ~-Conotoxln GVIA (GVIA) specifically blocks some 

neuronal calcium channels (3). Very recently, we showed that most 

dihydropyridine (DHP) receptor molecules are distinct from GVIA receptor 

molecules in ma~u~alian brain (4). This finding is consistent with recent 

reports that GVIA does not block neuronal DHP-sensitive calcium channel 

currents (5-8). We attempted to generate monoclonal antibodies (NAbs) against 

the brain GVlA receptor using synaptic plasma membranes (SPMs) as antigen and 

obtained two NAbs that i~munoprecipitated significant portions of the GVIA 

receptor soluhilized from brain membranes. The main antigens of these two 

NAbs were two small proteins localized in the nervous system and related 

tissues. Probably these proteins are bound to some of the GVIA receptors. 
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MATERIALS AND METHODS 

I m m u n o p r e c i p i t a t i o n s  of  GVIA R e c e p t o r s :  GVIA r e c e p t o r s  in  l y s e d  P2 from 
bov ine  and c h i c k  b r a i n s  were p r e l a b e l e d  w i th  0 .3  nM [3n]monopropionyl-GVIA 
([3H]Pr-GVIA), s o l u b i l i z e d  wi th  d i g i t o n l n ,  and s u b j e c t e d  to  immunoprec ip i -  
t a t i o n  u s i n g  a n t i - m o u s e  IgG-Sepha rose  as  d e s c r i b e d  p r e v i o u s l y  (4) .  

P r e p a r a t i o n  of  MAbs: SPMs were p r e p a r e d  from bov ine  c e r e b r a l  c o r t e x  and r a t  
f o r e b r a i n  (9) in  t he  p r e s e n c e  of  p r o t e a s e  i n h i b i t o r s  (5 mM EDTA, 1 mM 
i o d o a c e t a m i d e ,  0.3mM p h e n y l m e t h y l s u l f o n y l  f l u o r i d e ,  2 pM l e u p e p t i n  and 1 pM 
p e p s t a t l n  A).  BALB/c mice were immunized by i n t r a p e r i t o n e a l  i n j e c t i o n  of  SPMs 
a t  two-week i n t e r v a l s  (500 pg p r o t e i n  in  0 .1  ml of  10 mM Hepes-NaOH, pH 7 .4 )  
e m u l s i f i e d  wi th  an equa l  volume of  F r e u n d ' s  comple te  a d j u v a n t  ( l s t  i n j e c t i o n )  
or  i n c o m p l e t e  a d j u v a n t  ( subsequen t  i n j e c t i o n s ) .  Three days a f t e r  t he  4 th  
i n j e c t i o n ,  s p l e e n  c e l l s  were removed and f u s e d  wi th  myeloma c e l l s  (PAI) (4 ) .  
Hybridoma c u l t u r e  s u p e r n a t a n t s  were s c r e e n e d  f o r  MAbs t h a t  i m m u n o p r e c i p i t a t e d  
s o l u b i l i z e d  GVIA r e c e p t o r s  p r e l a b e l e d  wi th  ([3H]Pr-GVIA) as  d e s c r i b e d  above.  
SPM-1 and SPM-2 (both  IgG 1) were o b t a i n e d  from mice immunized wi th  bov ine  and 
r a t  SPMs, r e s p e c t i v e l y .  MAbs were p u r i f i e d  from a s c i t e s  f l u i d s  by a f f i n i t y  
ch romatography  on a n t i - m o u s e  IgG-Sepha rose .  

A f f i n i t y  Chromatography on MAb-Sepharose:  P u r i f i e d  SPM-1 or SPM-2 was 
coup led  to  C N B r - a c t i v a t e d  Sepharose  4B (3 mg MAb/ml g e l ) .  A l l  f o l l o w i n g  
p r o c e d u r e s  were c a r r i e d  out  a t  0-4°C. A l l  t he  s o l u t i o n s  used c o n t a i n e d  the  
mix tu r e  of  p r o t e a s e  i n h i b i t o r s  d e s c r i b e d  above u n l e s s  o t h e r w i s e  s t a t e d .  The 
l y s e d  P2 f r a c t i o n  (10) from bov ine  c e r e b r a l  c o r t e x  (120 mg p r o t e i n )  was 
extracted for 30 min with 60 ml of Solution A (20 mMTris-HCI-0.2 M NaCI, pH 
7.4) containing i% digitonin. The mixture was centrifuged at 100,000 g for 
1 h, and the supernatant was diluted twice with an equal volume of Solution 
A, and gently rotated for 1.5 h with 3.5 ml of SPM-1- or SPM-2-Sepharose 4B. 
Most of the supernatant was removed by centrifugation at 1,000 g for 1 min, 
and the resin was packed into a plastic column and washed first with 30 ml of 
Solution A containing 0.1% digitonin, and then with 30 ml of distilled water 
(without protease inhibitors}. The bound material was eluted with i% sodium 
dodecyl sulfate (SDS} in 50mMTris-HC1, pH 6.8 (without protease inhibitors) 
at room temperature. SDS-PAGE {polyacrylamide gel electrophoresis} was 
c a r r i e d  out  by the  method of  Laemmli (11} u s i n g  5-15% g r a d i e n t  g e l s .  

RESULTS 

Immunoprecipitation of GVIA Receptors by the MAbs 

Figure 1 illustrates the immunoprecipitation of GVIA receptors solubilized 

from bovine and chick brain membranes by ascites fluids containing SPM-1 or 

SPM-2. The maximal precipitations by SPM-I and SPM-2 were 31.2 • 0.8% (mean 

S.D., n=3), and 23.8 ± 1.0~ (n=3), respectively. Simultaneous addition of 

both MAbs at concentrations that gave maximal precipitation when added 

separately did not significantly increase the precipitation (31.6 ± 1.9%, n=3) 

(see Fig. i}. In some experiments, the GVIA receptor remaining in the 

supernatant after treatment with one MAb was further precipitated with the 

other MAb. In this case, total precipitation never exceeded that with SPM- 

1 alone (data not shown}. These results indicate that all the GVIA receptors 

precipitated by SPM-2 were included in those precipitated by SPM-1. These two 

MAbs also precipitated GVIA receptors solubillzed from chick brain membranes, 

although the maximal precipitations were somewhat lower (23.4 ± 1.0% for SPM- 

l, and 20.7 ± 1.2% for SPM-2, n=3) (Fig. 1). As with bovine brain membranes, 

the precipitation was not increased by simultaneous addition of both MAbs 
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Fig. 1. Immunoprecipitation of the GVIA receptor  so lub i l i zed  from brain lysed 
P2 f r ac t ions .  Immunoprecipitations by SPM-1 ( f i l l e d  symbols} or SPM-2 (open 
symbols) are expressed as percentages of the t o t a l  GVIA receptor  used. 
Circ les  and squares represent r e su l t s  for bovine and chick brain membranes, 
r e spec t ive ly .  The t r i ang le  indicates  the immunoprecipitation of bovine brain 
GVIA receptors  with 4 pl  of SPM-1 and 1 p l  of SPM-2 added simultaneously. 
Typical examples are shown. 

Fig. 2. Dis t r ibut ion  of the antigens for SPM-1 and SPM-2 in various animals. 
Lysed P2 f rac t ions  from the brains of various animals were f r ac t iona ted  by 
SDS-PAGE (lO pg protein/sample) and then immunoblotted (4) with a mixture of 
SPM-1 and SPM-2. Lane l ,  t rout ;  lane 2, bu l l f rog ;  lane 3, chick; lane 4, 
r a t ;  lane 5, bu l l .  Values on the r ight  represent  the molecular masses (in 
kDa) of the components detected.  

(da ta  not  shown). SPM-1 and SPM-2 caused n e g l i g i b l e  i m m u n o p r e c i p i t a t i o n  

(3-6~ of  the  t o t a l ,  wi th  1-4 p l  of  e i t h e r  a n t i b o d y  , n=3) of  bov ine  b r a i n  DHP 

r e c e p t o r s  p r e l a b e l e d  wi th  [3H]PN200-110 and s o l u b i l i z e d  wi th  d i g i t o n i n  from 

the  same membranes (4) .  

Ant igens  f o r  the  I~bs  

In immunoblot a n a l y s i s  of  l y s e d  P2 f r a c t i o n s  from r a t  and bov ine  b r a i n s ,  

components ( p r o t e i n s )  wi th  m o l e c u l a r  masses of  36 kDa and 28 kDa were d e t e c t e d  

by SPM-1 and SPM-2, r e s p e c t i v e l y  (F ig .  2) .  The same components were d e t e c t e d  

when SDS-PAGE was c a r r i e d  out under n o n - r e d u c i n g  c o n d i t i o n s  ( in  the  p r e s e n c e  

of  lOm~1N-e thy lma le imide )  and r e d u c i n g  c o n d i t i o n s  ( in  the  p r e s e n c e  of  20 m~l 

d i t h i o t h r e i t o l ) .  Sometimes the  36 kDa p r o t e i n  formed a c l o s e l y  spaced  d o u b l e t  

(see  F ig .  2) ,  p robab ly  i n d i c a t i n g  the  p r e s e n c e  of  more than one i s o f o r m .  Even 

when l a r g e  amounts (>200 pg p r o t e i n )  of  b r a i n  membranes were b l o t t e d ,  no 

c r o s s - r e a c t i o n s  were obse rved  between SPM-1 and the  28 kDa component or  

between SPM-2 and the  36 kDa component ( c f .  F ig .  4 ) ,  i n d i c a t i n g  t h a t  the  two 

BIAbs r e c o g n i z e  d i s t i n c t  p r o t e i n s .  

P u r i f i c a t i o n  of  the  Ant igens  f o r  the  MAbs 

When a d i g i t o n i n  e x t r a c t  of  bov ine  or  r a t  b r a i n  l y s e d  P2 was a p p l i e d  to  a 

column of  SPM-1-Sepharose,  most of  the  36 kDa p r o t e i n  was r e t a i n e d  as shown 

61 



Vo l .  181 , No.  1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Mr "x 10 -3 

® 

A 

MrX 10 -3 

3 6 ~  

2 8 ~  

1 2 3 4 5 6 5 1 2 3 4 

~ 3 6  

~ 2 8  

Q 

A B C 

• ~ :  u 

3 6 " ' ~ * i = ~  -,,S P M- 

2 8 =" ~ " ~ " S  P M-  

1 2 3 4 5 6 

Fig.  3. A f f i n i t y  chromatography of a d i g i t o n i n  e x t r a c t  of the  l y sed  P2 
f r a c t i o n  from bovine b ra in  on MAb-Sepharose. Af t e r  SDS-PAGE, samples were 
analyzed by immunoblott ing.  For d e t a i l s ,  see MATERIALS AND METHODS. (A) SPM- 
1-Sepharose .  Lanes 1-3,  immunoblot with SPM-1; lanes  4-6,  immunoblot with 
SPM-2. Lanes 1 and 4, d i g i t o n i n  e x t r a c t ;  l anes  2 and 5, unadsorbed f r a c t i o n ;  
l anes  3 and 6, SDS-eluate.  (B) SPM-2-Sepharose. Samples were e x a c t l y  as fo r  
A. Poor e l u t l o n  of the  28 kDa p r o t e i n  with SDS (lane 6} was due to i t s  f i rm 
binding to SPM-2. 

Fig. 4. SDS-eluates from SPM-I- and SPM-2-Sepharose. 
(A) Amido Black 10B staining of blots. (B) Immunoblot wi%h SPM-1. (C) 
Immunoblot with SPM-2. Lanes i ,  3 and 5: SDS-eluate from SPM-i-Sepharose; 
lanes 2, 4 and 6: SDS-eluate from SPM-2-Sepharose. 

by immunoblotting of the unadsorbed fraction. A portion of the 28 kDa protein 

was also retained (Fig. 3A). Conversely, most of the 28 kDa protein and some 

of the 36 kDa protein were retained on a column of SPM-2-Sepharose (Fig. 3B). 

The partial retention of either the 28 kDa protein or the 36 kDa protein was 

not due to the use of insufficient MAb resins, as the retentions of these 

proteins did not increase on use of increased amounts of the resins. The 

bound proteins were eluted with l~ SDS at room temperature (Figs. 3A and B, 

lane 3). The SDS-eluate from SPM-1-Sepharose contained three major proteins 

of 36 kDa, 28 kDa and 19 kDa (Fig.'4A). Three components with these molecular 

masses were obtained by affinity chromatography of the same digitonin extract 

on SPM-2-Sepharose (Fig. 4B). The 36 kDa and 28 kDa components were the 

antigens for SPM-1 and SPM-2, respectively, as they reacted with these 

respective antibodies (Figs. 4A and B). However, the 19 kDa protein did not 

react with either SPM-1 or SPM-2 (Fig. 4). The proteins purified by 

immunoaffinity chromatography on SPM-1- and SPM-2-Sepharose gave similar 

patterns on two-dimensional electrophoresis (data not shown), so the 36 kDa, 

28 kDa and 19 kDa proteins obtained from SPM-1-Sepharose were probably 

identical or closey resembled the 36 kDa, 28 kDa and 19 kDa proteins, 
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r e s p e c t i v e l y ,  o b t a i n e d  from SPM-2-Sepharose.  None of  t h e s e  t h r e e  p r o t e i n s  was 

o b t a i n e d  by a f f i n i t y  chromatography of  d i g i t o n i n  e x t r a c t s  of  bov ine  l y s e d  P2 

on normal mouse IgG-Sepharose .  

None of  the p a r t i a l  amino a c i d  sequences  of  s e v e r a l  p e p t l d e s  d e r i v e d  from 

the  36 kDa or 28 kDa p r o t e i n  d i g e s t e d  wi th  S t a p h y l o c o c c u s  V8 p r o t e a s e  showed 

s i g n i f i c a n t  homology to  any p r o t e i n  so f a r  sequenced (Y. S. e t  a l . ,  

unpub l i shed  o b s e r v a t i o n s ) .  Comparison of  the  p e p t i d e s  of  t h e s e  two p r o t e i n s  

d i g e s t e d  wi th  l y s y l  endopep t idase  by SDS-PAGE d id  not  show any p e p t i d e s  common 

to  both p r o t e i n s  (da ta  not  shown). Thus, the  36 kDa and 28 kDa p r o t e i n s  do 

not  resemble  each o t h e r  s t r u c t u r a l l y .  This  i s  c o n s i s t e n t  wi th  the  absence  

o f  c r o s s - r e a c t i v i t y  o f  SPM-1 wi th  the  28 kDa p r o t e i n  or  o f  SPM-2 wi th  the  36 

kDa p r o t e i n  (F ig .  4) .  On SDS-PAGE of  l a r g e  amounts (20-50 pg  p r o t e i n )  of  the  

SDS-e lua t e s  from SPM-1- and SPM-2-Sepharose,  s e v e r a l  f a i n t l y  s t a i n e d  bands of  

h igh  m o l e c u l a r  masses (50-300 kDa) were d e t e c t e d  in a d d i t i o n  to  the  t h r e e  

components d e s c r i b e d  above (da ta  not  shown). These bands should  c o n t a i n  

s u b u n i t s  of  the  GVIA r e c e p t o r ,  but  t hey  have not  y e t  been i d e n t i f i e d .  

R e l a t i o n s h i p  between the  Ant igens  and the  GVIA Recep to r  

GVIA r e c e p t o r s  in  l y s e d  P2 p r e l a b e l e d  with  [3H]Pr-GVIA were s o l u b i l i z e d  wi th  

d i g i t o n i n  and s u b j e c t e d  to  suc rose  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (F ig .  5) .  

The GVIA r e c e p t o r  sed imented  as a s i n g l e  peak, as d e s c r i b e d  p r e v i o u s l y  f o r  
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Fig. 5. Sucrose densi ty gradient cen t r i fuga t ion  of a d ig i ton in  ex t rac t  of the 
rat  brain lysed P2 f rac t ion  prelabeied with [~H]Pr-GVIA. A d ig i ton in  ex t rac t  
(1 ml) of the lysed P2 f rac t ion  of ra t  brain prelabeled with 0.3 nM [~H]Pr- 
GVIA in the presence ( f i l l e d  c i r c l e s )  or absence {open c i r c l e s )  of 1 pM 
unlabeled GVIA was f rac t lona ted  by sucrose gradient (5-20~, w/v, in the 
presence of 0.1~ digi tonin)  cen t r i fuga t ion  as described previously (10}. 
Fract ions of 1 ml were co l lec ted ,  and the r a d i o a c t i v i t y  of 0.1 ml a l iquots  of 
each f rac t ion  was determined. Samples of 50 pl  of each odd number f r ac t ion  
were subjected to SDS-PAGE and immunoblotting with SPM-1 and SPM-2 (bottom). 
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unlabeled GVIA receptor (i0). The radioactivities found at or near the top 

of the gradient probably represent unbound [3H]Pr-GVIA, as they were not 

retained on a polyethyleneimine-eoated glassfiber filter on filtration under 

reduced pressure (cf. i0). The peak of [~H]Pr-GVIA disappeared when lysed P2 

was incubated with 1 pM unlabeled GVIA before addition of [3H]Pr-GVIA (Fig. 

5), indicating that it represents [3H]Pr-GVIA specifically bound to its 

receptors. Immunoblot analysis of gradient fractions showed that little of 

the 36 kDa or 28 kDa protein was associated with GVIA receptors (Fig. 5). 

Figure 5 also indicates that the 36 kDa and 28 kDa proteins did not move 

together. For instance, fraction 29 contained little of the 36 kDa protein, 

but an appreciable amount of the 28 kDa protein. Moreover, the 36 kDa protein 

was most abundant in fraction 23, while the 28 kDa protein was most abundant 

in fraction 27. 

Distribution of the Two Proteins 

We examined the distribution of these antigens in the brains of various 

animals by immunoblotting of brain membranes. The results (Fig. 2) showed 

that the 36 kDa and 28 kDa proteins are present in the brains of at least 

the frog, chick and mammals, but not in trout brain. The molecular masses of 

the reacting components in these animal brains were the same, suggesting 

that their antigens were similar. Neither the 36 kDa protein nor the 

28 kDa protein was detected in the soluble fraction prepared in the presence 

or absence of i0 mM EDTA (data not shown), excluding the possibility that 

these two proteins are annexins, a group of proteins that bind to membranes 

in a Ca2+-dependent manner (12). Immunoblots of various tissues indicated that 

the two proteins are localized in the nervous system and probably also in 

paraneurons such as adrenal medulla (Fig. 6). The relationship between the 

36 kDa protein and a 230 kDa component detected in rat kidney is unknown. 

DISCUSSION 

In t h i s  paper ,  we r e p o r t  two novel  p r o t e i n s  a s s o c i a t e d  with some GVIA 

r e c e p t o r s  i n  the b r a i n .  Severa l  p o s s i b i l i t i e s  can be cons ide red  about the 

r e l a t i o s h i p  of t hese  p r o t e i n s  wi th  the  GVIA r e c e p t o r .  

F i r s t ,  these  p r o t e i n s  may be s u b u n i t s  of the GVIA r e c e p t o r  (some ca lc ium 

c h a n n e l s ) .  However, these  p r o t e i n s  were ma in ly  s e p a r a t e d  from the  GVIA 

r e c e p t o r  by sucrose  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (Fig .  5) .  There i s  a 

remote p o s s i b i l i t y  t h a t  these  two p r o t e i n s  were o r i g i n a l l y  e n t i r e l y  a s s o c i a t e d  

wi th  the  GVIh r e c e p t o r ,  bu t  were d i s s o c i a t e d  d u r i n g  the  e x p e r i m e n t a l  

p rocedures  used.  However, the  amounts of the  36 kDa and 28 kDa p r o t e i n s  

e s t i m a t e d  from t h e i r  y i e l d s  on ~ f f i n i t y  chromatography on SPM-1- and SPM-2- 

Sepharose i n d i c a t e  t h a t  they both  c o n s t i t u t e d  about  1 / 1 , 5 0 0 - 1 / 2 , 0 0 0  of the  

t o t a l  p r o t e i n  in  the  ly sed  P2, whi le  the  amount of the  GVIA r e c e p t o r  

c a l c u l a t e d  from the  number of h i g h - a f f i n i t y  b i n d i n g  s i t e s  f o r  [~H]Pr-GVIA in  
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Fig .  6. T i s s u e  d i s t r i b u t i o n  of the  a n t i g e n s  fo r  SPM-1 and SPM-2 a na lyz e d  by 
immunoblo t t ing .  Lysed P2 f r a c t i o n s  ( l a ne s  1-4 and 7) and microsomes ( l a n e s  
5 and 6) were s u b j e c t e d  to SDS-PAGE (10 pg  p r o t e i n  fo r  b r a i n ,  100 pg p r o t e i n  
fo r  o t h e r  t i s s u e s )  and then  immunoblot ted .  Values on the  l e f t  and r i g h t  a re  
the  mo lecu l a r  masses  ( in  kDa) of marker p r o t e i n s  and the  components d e t e c t e d ,  
r e s p e c t i v e l y .  (A) Immunoblot wi th  SPM-1. Lanes 1-6 ,  r a t  b r a i n ,  s u p e r i o r  
c e r v i c a l  g a n g l i o n ,  l i v e r ,  k idney ,  s k e l e t a l  muscle  and c a r d i a c  musc le ,  
r e s p e c t i v e l y ;  l ane  7, bovine  a d r e n a l  medu l l a .  (B) Immunoblot wi th  SPM-2. 
Samples were the  same as fo r  A. 

the lysed P2 (i0), assuming that the molecular mass of the GVIA receptor is 

500 kDa, would be about i/6,000 of the total. Thus, the 36 kDa and 28 kDa 

proteins are probably more abundant than the GVIA receptor, so it is very 

unlikely that these two proteins are unique subunits of the GVIA receptor. 

Moreover, the 36 kDa protein is distinct from the components of 34 kDa and 37 

kDa identified by photoaffinity labeling of the GVIA receptor in rat and 

bovine brain membranes, respectively (10,13), as its molecular mass was the 

same in rat and bovine brains (see Fig. 2). 

Second, the two proteins would contain similar epitopes to those present on 

a population of GVIA receptor molecules. These epitopes could be recognized 

by SPM-I and SPM-2, resulting in precipitation of solubilized GVIA receptor 

molecules as observed in the present experiments. The fact that components 

of high molecular mass were not observed in immunoblots of brain membranes 

might simply be due to irreversible loss of reactivity with SPM-I and SPM- 

2 of the epitopes on the GVIA receptor in SDS. However, the finding that some 

of the 28 kDa and 36 kDa proteins bind to SPM-I- and SPM-2-Sepharose, 

respectively, cannot be explained by the above assumption, as there was no 

indication of cross-reactivity between these combinations. Thus. some of the 

36 kDa and 28 kDa proteins are probably bound to a population of GVIA 

receptors directly or indirectly. Although the functions of these two 

proteins are unknown, they may regulate GVIA-sensitive calcium channels. The 
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fact that only about i /4- i /3  of the solubilized GVIA receptor was 

immunoprecipitated by SPM-1 or SPM-2 may indicate heterogeneity of the 

regulatory mechanisms for GVIA-sensitive calcium channels in the brain. 

Recently, aM Ab that recognizes a brain protein was shown to immunoprecipitate 

about 1/4 of the solubilized GVIA receptor (14). Although this protein also 

appears to be bound to the GVIA receptor, i t s  size (58 kDa) indicates that i t  

probably differs from the 36 kDa and 28 kDa proteins described here. 

On aff ini ty  chromatography of a digitonin extract on SPM-1- and SPM-2- 

Sepharose, a component of 19 kDa was reproducibly obtained besides the 36 kDa 

and 28 kDa proteins. The relatioship of this component with the 36 kDa and 

28 kDa proteins is not known, but i t  may also be bound to GVIA receptors or 

to the 36 kDa and/or 28 kDa protein. 

The conservation of the 36 kDa and 28 kDa proteins during evolution, at 

least from an amphibian to mammals, and their localization in the nervous 

system and paraneurons strongly suggest these proteins play fundamental roles 

in the nervous system. Probably only very small portions of the 36 kDa and 

28 kDa proteins are associated with GVIA receptors, so these proteins may have 

functions other than in relation to GVIA-sensltive calcium channels. 
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