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SUMMARY. y -Aminobu ty r i c  ac id  (GABA)B r e c e p t o r  has been s o l u b l l i z e d  and p a r t i a l l y  
p u r i f i e d  by an a f f i n i t y  column chromatography.  GABAB r e c e p t o r  was s o l u b i l i z e d  by 
3 - [ ( 3 - c h o l a m i d o p r o p y l ) d i m e t h y l a m m o n i o ] - l - p r o p a n e s u l f o n a t e  (CHAPS) in  the  
p re sence  of a s o l e c t i n .  The s o l u b i l i z e d  GABAB r e c e p t o r  was adsorbed on b a c l o f e n -  
coupled  e p o x y - a c t i v a t e d  Sepharose 6B. The a f f i n i t y  m a t r i x  adsorbed 80 % of the  
s o l u b i l i z e d  [3H]GABA b i n d i n g  a c t i v i t y  to GABAB r e c e p t o r ,  and app rox ima te ly  75 
of the  adsorbed  a c t i v i t y  could  be e l u t e d  wi th  1 M KC1. GABA~ r e c e p t o r  b i n d i n g  i n  
the  f r a c t i o n  e l u t e d  from a f f i n i t y  column was d i s p l a c e d  by GABA, b a c l o f e n  and 2- 
hydroxy s a c l o f e n  i n  a dose-dependen t  manner.  Fur thermore ,  the  p u r i f i e d  GABA~ 
r e c e p t o r  showed app rox ima te ly  2800- fo ld  p u r i f i c a t i o n  as compared wi th  the  
o r i g i n a l  s o l u b i l i z e d  f r a c t i o n  and possessed  the  s p e c i f i c  b i n d i n g  a c t i v i t y  of 
17.68 p mol/mg of p r o t e i n .  This  b i n d i n g  c o n s i s t e d  of a s i n g l e  b i n d i n g  s i t e  wi th  
a d i s s o c i a t i o n  c o n s t a n t  of 64.4 nM. The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  a f f i n i t y  
column chromatographic  p rocedures  u s i n g  b a c l o f e n - c o u p l e d  e p o x y - a c t i v a t e d  
Sepharose 6B are  s u i t a b l e  for  the  p a r t i a l  p u r i f i c a t i o n  of GABA~ r e c e p t o r  from 
c e r e b r a l  t i s s u e s .  ®~99o A~ademlc Press, Inc. 

GABA~ receptor in the brain is known to mediate the inhibitions of 

adenylate cyclase activity (i), formation of inositolphosphates (2,3) and 

calcium influx (4) via the activation of an inhibitory GTP-binding protein. It 

is not yet clear, however, whether or not these reactions occur sequentially or 

independently and which component is directly coupled with GABAB receptor. In 

addition, molecular pharmacological characterization of GABAB receptor is not 

well established. In order to clarify these unknown properties of cerebral GABAB 

receptor, the purification of GABAB receptor must be important. Recently 

affinity chromatography has proven to be a successful technique for the 

purification of membrane-bound neurotransmltter receptors such as muscarinic 

eholinergic (5) and a-adrenergic receptors (6). 

Baclofen (~-(4-chloro-3-phenyl~-aminobutyric acid) is known as a potent 

and selective agonist for GABAB receptor. In this study, we have, therefore, 

attempted to develop an affinity gel using this compound as an immobilized 

liffand and to apply the affinity gel to the purification of GABAB receptor. 

* To whom correspondence should be addressed. 

Abbreviations : GABA, y -amlnobutyric acid; CHAPS, 3-[(3-cholamidopropyl)- 
dimethylammonio]-l-propanesulfonate. 

0006-291X/90 $1.50 
Copyright © 1990 by Academic Press, ~c. 
All r~h~ of reproduction m any/brm reserved. 22 



Vol. 172, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

I~tATERIALS AND METHODS 

M a t e r i a l s  [2,3-aH]GABA (71.0 Ci/mmol) was purchased  from New England 
Nuc lea r ,  Boston,  U.S.A. Bac lofen  was a g i f t  of  Ciba-Geigy .  CHAPS was o b t a i n e d  
from Doj in  Chemical ,  gumamoto, Japan.  E p o x y - a c t i v a t e d  Sepharose 6B was purchased  
from Pharmacia  F ine  Chemicals .  

p r e p a r a t i o n  of b a c l o f e n - e p o x y - a c t i v a t e d  Sepharose 6B E p o x y - a c t i v a t e d  
Sepharose 6B (1.0 g) was suspended in  10 ml of d i s t i l l e d  water  and a l lowed to  
s t and  fo r  10 min. The mois t  ge l  was t r a n s f e r r e d  to a g l a s s  f i l t e r  and washed 
e x t e n s i v e l y  wi th  100 ml of d i s t i l l e d  water ,  and i t  was f i n a l l y  washed wi th  100 
ml of 0.1 M NaHC03. Bac lofen  (0.1 g) was d i s s o l v e d  i n  5 ml of 0.1 N NaOH, and pH 
of the  s o l u t i o n  was a d j u s t e d  to  13. The e p o x y - a c t i v a t e d  Sepharose 6B ge l  
p repa red  as d e s c r i b e d  above was t r a n s f e r r e d  to  the  b a c l o f e n  s o l u t i o n  and shaken 
o v e r n i g h t  a t  37 C to  r e a c t  the  a t i p h a t i c  epoxy group of the  Sepharose wi th  the  
amino group of the  l i g a n d .  

Membrane S o l u b i l i z a t i o n  Frozen crude s y n a p t i c  membrane of the  bov ine  
c e r e b r a l  c o r t e x  p repared  by the  method of Zukin e t  a l . ( 7 )  was thawed and 
c e n t r i f u g e d  a t  48,000 x g fo r  20 min a t  4 C. The p e l l e t  was suspended in  10 
volumes of 50 m$ Tris-HC1 b u f f e r  (pH 7.4)  c o n t a i n i n g  1 .2  ~ CHAPS, 0.2 
a s o l e c t i n  and 40 ug /ml  b a c i t r a c i n .  The su spens ion  was i n c u b a t e d  a t  2 C for  90 
min and c e n t r i f u g e d  fo r  120 min a t  105,000 x g. The c l e a r  s u p e r n a t a n t  was then  
saved as the  s o l u b i l i z e d  p r e p a r a t i o n .  

A f f i n i t y  Column Chromatography B a c l o f e n - e p o x y - a c t i v a t e d  Sepharose 6B 
(30 ml) was packed i n t o  a 1 x 40 cm g l a s s  column and e q u i l i b r a t e d  wi th  50 mN 
Tris-HC1 b u f f e r  c o n t a i n i n g  0 .2  ~ c h o l i c  ac id  and 0.02 ~ a s o l e c t i n  ( b u f f e r  h ) .  
The s o l u b l l i z e d  p r e p a r a t i o n  (90 ml) was a p p l i e d  to  the  a f f i n i t y  column, and i t  
was washed wi th  50 ml of b u f f e r  h a t  the  f low r a t e  of 16.6 ml /h .  The r e c e p t o r  
p r o t e i n  bound to  the  a f f i n i t y  ge l  was then  e l u t e d  by 1 N KC1. 

Assay of GABAB Receptor  B ind ing  Each r e c e p t o r  p r e p a r a t i o n  was i n c u b a t e d  
wi th  12.5 nN [3H]GABA a t  4 C fo r  60 min, and bound l i g a n d  was s e p a r a t e d  from i t s  
f r e e  form by p o l y e t h y l e n e g l y c o l  p r e c i p i t a t i o n  method (8) .  The s p e c i f i c a l l y  bound 
[afl]GABA to GABAB r e c e p t o r  was d e f i n e d  as the  t o t a l  b i n d i n g  minus the  b i n d i n g  
o b t a i n e d  in  the  p resence  of 1 mM b a c l o f e n .  

P r o t e i n  Assay P r o t e i n  c o n c e n t r a t i o n s  were de te rmined  by the  method of 
Bradford  (9) ,  u s i n g  bov ine  serum albumin as a s t a n d a r d .  

RESULTS 

A f f i n i t y  Column Chromatography of Ce reb ra l  GABAs Receptor  

Bac lo fen ,  which pos se s se s  a high a f f i n i t y  fo r  GABAB r e c e p t o r ,  was 

immobi l i zed  on e p o x y - a c t i v a t e d  Sepharose 6B v i a  an amino group.  The presumed 

s t r u c t u r e  of the  b a c l o f e n - c o u p l e d  Sepharose i s  shown in  F ig .  1. The p repa red  ge l  

was s t a b l e  f o r  a t  l e a s t  6 months a t  4 C. A chromatographic  p r o f i l e  of the  

s o l u b i l i z e d  GABAB r e c e p t o r  on b a c l o f e n - S e p h a r o s e  i s  shown i n  F ig .  2. The 

t r e a t m e n t  of  s y n a p t i c  membrane from the  bov ine  c e r e b r a l  c o r t e x  wi th  1 .2  ~ CHAPS 

$_ j .  o. 
OC CH20(CH 2 )40CH2CHCH2 

NH 

COOH 

F i g .  1. P r e sumed  s t r u c t u r e  o f  t h e  b a c l o f e n - e p o x y - a c t l v a t e d  S e p h a r o s e  6B. 
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F i g . 2 .  A f f i n i t y  column chromatography of C H A P S / a s o l e c t i n - s o l u b i l i z e d  p r e p a r a t i o n  
of GABA~ r e c e p t o r  from bovine  c e r e b r a l  c o r t e x  on b a c l o f e n - c o u p l e d  
Sepharose  6B. The s o l u b i l i z e d  GABAB r e c e p t o r  p r e p a r a t i o n  was a p p l i e d  t o  
a 1 x 40 cm column at 4°C. [3H]GABA b i n d i n g  was determined as d e s c r i b e d  
under "~TERIALS AND METHODS". The arrows i n d i c a t e  the  i n i t i a t i o n  of  e a c h  
e l u t i o n  b u f f e r  a p p l i c a t i o n .  
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r e s u l t e d  in  the  s o l u b i l l z a t i o n  of  30-40 % of  GABAB r e c e p t o r  in  the  membrane, but 

no enrichment  of  the  b i n d i n g  a c t l v i t y  in  the  s o l u b l l i z e d  f r a c t i o n  was found.  On 

the  o ther  hand, more than 80 ~ of  GABAB r e c e p t o r  b i n d i n g  a c t i v i t y  was adsorbed 

to  the  a f f i n i t y  g e l  of  b a c l o f e n - S e p h a r o s e .  Washing wi th  e q u i l i b r a t i n g  b u f f e r  

caused the  removal  of  most o f  the  a p p l i e d  p r o t e i n  as i n d i c a t e d  by absorbance at  

280 nm. The subsequent  a p p l i c a t i o n  of  1 M KC1 to the  a f f i n i t y  column r e s u l t e d  in  

the  e l u t i o n  o f  approx imate ly  2 8 0 0 - f o l d  p u r i f i e d  GABAB r e c e p t o r  wi th  a r e c o v e r y  

of  75 ~. A t y p i c a l  p u r i f i c a t i o n  scheme i s  summarized in  Table I .  Although some 

p r o t e i n s  were a l s o  e l u t e d  by the  p o s t - a p p l i c a t i o n  of  a l i n e a r  g r a d i e n t  of  NaSCN, 

no s i g n i f i c a n t  [aH]GABA b l n d l n g  was not d e t e c t e d  in  t h e s e  f r a c t i o n s .  

P r o p e r t i e s  o f  P u r i f i e d  GABAB Receptor by A f f i n i t y  Column Chromatography 

[3H]GABA b i n d i n g  to  the  p u r i f i e d  GABAB r e c e p t o r  was s a t u r a b l e  w i t h  

approx imate ly  100 nM of  the  l i g a n d .  As shown in  F ig .  3, The Scatchard a n a l y s i s  

Table 1. Summary on a f f i n i t y  chromatographic  s e p a r a t i o n  of  CHAPS-so lubi l i zed  
GABAB r e c e p t o r  from bovine  c e r e b r a l  c o r t e x  

Total Total Specific Recovery Purification 
step protein activity activity (%) (- fold) 

(mg) (p mol) (p mol/mg) 

Solubilized 345.6 3.51 0.01 i00 1 

Baclofen- 0.09 2.64 28.7 75 2828 
Sepharose 6B 
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F i g . 3 .  S a t u r a t i o n  
to  GABA, 
"MATERIALS 
103.8 p mol/mg of p r o t e i n ,  r e s p e c t i v e l y .  Each v a l u e  i s  t he  mean of 
s e p a r a t e  d e t e r m i n a t i o n s .  

i so the rm and S c a t c h a r d  p l o t  f o r  s p e c i f i c  b i n d i n g  of [3H]GABA 
r e c e p t o r .  [3B]GABA b i n d i n g  was de te rmined  as d e s c r i b e d  under  

AND METHODS". The K, and Bmax va lues  were 64.4 nM and 
t h r e e  

o f  [3H]GABA b i n d i n g  t o  GABAB r e c e p t o r  showed a l i n e a r  a n d  s i n g l e  l i n e ,  

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

The K, and  Bmax v a l u e s  were  e s t i m a t e d  t o  be  a p p r o x i m a t e l y  6 4 . 4  nM and  1 0 3 . 8  p 

m o l / m g  o f  p r o t e i n ,  r e s p e c t i v e l y .  The p u r i f i e d  r e c e p t o r  was s t a b l e  and  no l o s s  i n  

i t s  b i n d i n g  a c t i v i t y  was f o u n d  d u r i n g  s t o r a g e  a t  4 C f o r  a t  l e a s t  20 d a y s .  The 

b i n d i n g  was s p e c i f i c a l l y  d i s p l a c e d  by  GABA and  b a c l o f e n  i n  a c o n c e n t r a t i o n -  

d e p e n d e n t  m a n n e r  a s  shown i n  F i g .  4. 2 - B y d r o x y  s a c l o f e n ,  w h i c h  i s  known t o  be  a 

GABAB a n t a g o n i s t ,  a l s o  d i s p l a c e d  t h e  b i n d i n g ,  a l t h o u g h  i t s  e f f i c a c y  was f o u n d  t o  

b e  l o w e r  t h a n  t h o s e  o f  GABA a n d  b a c l o f e n .  

# , 

100 

8 

8 7 6 5 4 3 
-log[Drug] 

F i g . 4 .  Disp lacement  by v a r i o u s  GABAerglc drugs of [3H]GABA b i n d i n g  to p u r i f i e d  
GABAB r e c e p t o r .  [3H]GABA b i n d i n g  was de te rmined  as d e s c r i b e d  under  
"MATERIALS AND METHODS". To ta l  b i n d i n g  a c t i v i t y  in  t h e s e  p r e p a r a t i o n s  
(100 % Con t ro l )  was approx ima te ly  14.03 p mol/mg of  p r o t e i n .  
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DISCUSSION 

Among v a r i o u s  a f f i n i t y  g e l s  coupled  wi th  compounds p o s s e s s i n g  the  s e l e c t i v e  

a f f i n i t y  f o r  GABAB r e c e p t o r  examined, the  b a c l o f e n - e p o x y - a c t i v a t e d  Sepharose 6B 

demons t ra t ed  s u c c e s s f u l  achievement  wi th  r ega rd  to  a d s o r p t i o n  of the  s o l u b i e  

GABAB r e c e p t o r .  Approximate ly  2800- fo ld  p u r i f i c a t i o n  was o b t a i n e d  by the  use of 

a s i n g l e  a f f i n i t y  chromatography s t ep ,  wi th  an o v e r a l l  r ecove ry  of 75 % as 

compared wi th  the  s o l u b i l i z e d  f r a c t i o n  a p p l i e d .  The b i n d i n g  c a p a c i t y  of the  

a f f i n i t y  m a t r i x  was r e l a t i v e l y  h igh and more than 80 % of the  a p p l i e d  s o l u b l e  

GABAB r e c e p t o r  could  be adsorbed on the  a f f i n i t y  column. In  c o n t r a s t ,  no 

s i g n i f i c a n t  a d s o r p t i o n  of [3H]GABA b i n d i n g  a c t i v i t y  occu r red  when the  

s o l u b i l i z e d  r e c e p t o r  was passed  over e p o x y - a c t i v a t e d  Sepharose 6B in  which the  

a c t i v a t e d  groups had been b locked  wi th  e thano lamine .  Fur thermore ,  75 % of the  

adsorbed GABAB r e c e p t o r  could  be e l u t e d  by 1M KC1. These r e s u l t s  sugges t  t h a t  

the  a p p l i e d  s o l u b l e  GABAB r e c e p t o r  does not  adsorb n o n - s p e c l f i c a l l y  to the  

ma t r ix  of Sepharose 6B but  r e c o g n i z e s  b a c l o f e n ,  which i s  used as an immobi l i zed  

l i g a n d ,  w i t h i n  a f f i n i t y  g e l .  In  t h i s  s tudy ,  i t  has been found t h a t  GABAs 

r e c e p t o r s  adsorbed  to the  a f f i n i t y  ge l  can be a l s o  e l u t e d  by GABA or b a c l o f e n .  

These e l u t i o n  p rocedures ,  however, were found to be u n s u i t a b l e ,  s i n c e  the  

complete removal of GABA or b a c l o f e n  used fo r  the  e l u t i o n  was not  p o s s i b l e  even 

a f t e r  the  e x t e n s i v e  d i a l y s i s  and /o r  ion  exchange column chromatography.  

The p a r t i a l l y  p u r i f i e d  r e c e p t o r  o b t a i n e d  in  t h i s  s tudy  f u l f i l l e d  the  

f o l l o w i n g  pha rmaco log ica l  c r i t e r i a  fo r  GABAB r e c e p t o r .  (a) The b i n d i n g  of 

[3H]GABA was s p e c i f i c a l l y  d i s p l a c e d  by not  on ly  GABA, b a c l o f e n  bu t  a l s o  2- 

hydroxy s a c l o f e n  which was r e p o r t e d  to  be a s p e c i f i c  a n t a g o n i s t  f o r  GABAB 

r e c e p t o r  (10) .  Although i t  was shown t h a t  the  e f f i c a c y  of 2-hydroxy s a c l o f e n  f o r  

d i s p l a c i n g  GABA~ r e c e p t o r  b i n d i n g  was s i g n i f i c a n t l y  lower than those  of GABA and 

b a c l o f e n ,  one p o s s i b l e  reason  fo r  such a low potency  of 2-hydroxy s a c l o f e n  may 

be t h a t  t h i s  a n t a g o n i s t  has ve ry  low a f f i n i t y  fo r  GABA~ r e c e p t o r .  (b) The 

e q u i l i b r i u m  d i s s o c i a t i o n  c o n s t a n t  (KD) was i n  a range s i m i l a r  to  t h a t  of the  

membrane-bound r e c e p t o r  which was r e p o r t e d  p r e v i o u s l y  (11) .  The p u r i f i e d  GABA~ 

r e c e p t o r  p r e p a r a t i o n  o b t a i n e d  in  t h i s  s tudy  showed s e v e r a l  p r o t e i n  bands on 

sodium dodecyl  s u l f a t e  po lyac ry l amide  ge l  e l e c t r o p h o r e s i s .  The re fo re ,  f u r t h e r  

p u r i f i c a t i o n  s t eps  a re  o b v i o u s l y  n e c e s s a r y  to  o b t a i n  i t s  homogenei ty .  The 

u s e f u l n e s s  of the  a f f i n i t y  column chromatographic  p rocedures  r e p o r t e d  h e r e i n ,  

however, should  be emphasized as an impor t an t  i n i t i a l  s t ep  i n  such f u t u r e  s t u d i e s .  
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