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SUMMARY: P a r t i a l l y  p u r i f i e d  o p i o i d  r e c e p t o r s ,  o b t a i n e d  f rom r a t  
b r a i n s  u s i n g  an a f f i n i t y  r e s i n ,  AF-Amino T o y o p e a r l  w i t h  [ D - A l a  z,  
L e u O ] e n k e p h a l i n ,  were  r e c o n s t i t u t e d  w i t h  an i n h i b i t o r y  G T P - b i n d -  
i ng  p r o t e i n  ( G i ) .  In  t h e  r e c o n s t i t u t e d  s y s t e m ,  t h e  d i~pl~c~me: , . t  
c u r v e  f o r  t h e  b i n d i n g  of  a 8 - a g o n i s t ,  [D-Ala  2, ~ ~ . . -  
k e p h a l i n ,  showed two s t a t e s ,  h i g h  and low a f f i n i t y  b i n d i n g  
o n e s ,  w i t h  d i f f e r e n t  a f f i n i t i e s  f o r  t h e  a g o n i s t .  The h i g h  a f f i n -  
i t y  b i n d i n g  was e l i m i n a t e d  by t h e  a d d i t i o n  o f  a g u a n i n e  n u c l e o -  
t i d e  a n a l o g  t o  t h e  s y s t e m .  T h e s e  r e s u l t s  d i r e c t l y  showed t h a t  
o p i o i d  r e c e p t o r s ,  a t  l e a s t  t h e  8 - t y p e ,  c o u l d  i n t e r a c t  w i t h  G i" 
© 1988 Academic Press, Inc. 

The G T P - b i n d i n g  p r o t e i n s  (G p r o t e i n s )  f u n c t i o n  as t r a n s -  

d u c e r s  in  t r a n s m e m b r a n e  s i g n a l i n g  s y s t e m s ;  G p r o t e i n s  l i n k  t h e  

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

s e v e r a l  known G p r o t e i n s ,  c o n t r o l l i n g  s e v e r a l  d i f f e r e n t  i n t r a -  

c e l l u l a r  s y s t e m s  t h a t  c a u s e  t h e  c h a n g e s  o f  t h e  a c t i v i t i e s  o f  

s p e c i f i c  e f f e c t o r s  ( 1 - 3 ) .  In  some o p i o i d  r e c e p t o r  s y s t e m s ,  t r a n s -  

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

t o r y  G T P - b i n d i n g  p r o t e i n  G i l i n k s  t h e  a c t i v a t i o n  o f  t h e  r e c e p t o r s  

t o  t h e  i n h i b i t i o n  o f  a d e n y l y l  c y e l a s e ,  t h u s  l o w e r i n g  t he  c o n c e n -  

t r a t i o n  o f  cAMP ( 4 - 6 ) .  A G p r o t e i n  w i t h  unknown f u n c t i o n  G O and,  

A b b r e v i a t i o n s :  G p r o t e i n s ,  g u a n i n e  n u c l e o t i d e - b i n d i n g  r e g u l a t o r y  
p r o t e i n s ;  G , ,  a G p r o t e i n  t h a t  i n h i b i t s  a d e n y l y l  c y c l a s e ;  G a 

• 1 

G p r o t e i n  o f  unknown f u n c t i o n ,  o r i g i n a l l y  i s o l a t e d  from ~ o v i n e  
b r a i n ;  Gpp(NH)p,  g u a n y l - 5 ' - y l  i m i d o d i p h o s p h a t e ;  Tes ,  N - t r i § -  
[ h y ~ r o x y m ~ t h y l ] ~ e t h y l - 2 - a m i n o m e ~ h a n e s u l ~ o n i c  a c i d ;  DALE, [D-AIa  ~, 
L e u ~ ] e n k e p h a l i n ;  DADLE, [D-AIa  ~, D - L e u O ] e n k e p h a l i n ;  DTT, d i t h i o -  
t h r e i t o l ;  SDS, s o d i u m  d o d e c y l  s u l f a t e ;  PAGE, 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 .  
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to a lesser extent, G i may be involved in the functional coupling 

of the receptors to neuronal voltage-dependent calcium channels 

(7). To more directly clarify the interaction among the compo- 

nents of the transmembrane signaling pathways in the opioid re- 

ceptor systems, the components need to be isolated and reconsti- 

tuted. 

Opioid receptors have recently been purified using affinity 

chromatography in several laboratories (8-12). We have reported 

the purification of opioid-binding materials using an affinity 

resin with an enkephalin derivative as the affinity ligand for 

the receptors (13). However, the functional reconstitution of the 

purified receptors with G proteins has not been reported. There- 

fore, we attempted to reconstitute partially purified opioid 

receptors with G i and to examine the interaction between the 

receptors and G i in a membrane state. 

MATERIALS AND METHODS 

All radiochemicals were purchased from New England Nuclear 
Co. Guanyl-5'-yl ~,T-imidodiphosphate (Gpp(NH)p) and phospha- 
tidylinositol were obtained from Sigma. AF-Amino Toyopearl was a 
generous gift from TOSOH Co. Enkephalin derivatives were synthe- 
sized as previously reported (14). All other chemicals and chro- 
matographic media were obtained from commercial sources and used 
as supplied. 

An affinity resin, AF-Amino Toyopearl with DALE, was pre- 
pared as previously reported (14) except using AF-Amino Toyopearl 
instead of AH-Sepharose as an insoluble support. 

The opioid-blnding materials were purified as in our previ- 
ous study (13) with minor modifications. Details of the prepara- 
tion of the resin and the purification of the materials will be 
reported elsewhere (15). 

G| was purified from bovine brain essentially using report- 
ed methods (16-18). The concentrations of Gi were determined by 
[35S]guanosine-5'-[T-thio]trlphosphate binding activities (19). 
The purlfled oploid-binding materials and Gi were reconstituted 
essentially as reported in the literature (20, 21); ten- to 
twenty-fold excess of G i over receptors was used in the reconsti- 
tution experiments. The-braln extract (Folch Fraction I, 0.5 mg) 
and phosphatidylinositol (1.5 mg) was suspended in 2 ml of a 

10 mM Tes-KOH (pH 7.5), I0 mM MgCi 2) buffer solution (Tes-Mg: 
containing 0.3% n-octyl-~-D-thioglucoside. The resulting suspen- 
sion was sonicated in a bath-type sonicator in an atmosphere of 
nitrogen. This lipid mixture was added to the concentrated puri- 
fied receptors (100 #I) and allowed to stand at room temperature 
(15 Bin). The resulting mixture was gel filtered, and void- 
volume fractions were collected. Next, Gi was added to the frac- 
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tions and the mixture was allowed to stand on ice (I hr) followed 
by dilution with two volumes of Tes-Mg. The obtained suspension 
was used as a reconstituted system. 

The binding of [~H]DADLE (2 nM; 43.9 Ci/mmol; NEN) to the 
purified receptors or the reconstituted mixture was assayed by 
the membrane filter method, essentially as described previously 
[13). For the purified materials, the non-specific binding was 
measured in the presence of 10 -~ M of cold ligands. 

Protein was determined by staining with Amidoblack [22). 

RESULTS 

AF-Amino Toyopearl with DALE was used in the present study. 

AF-Amino Toyopearl has two outstanding characteristics; it con- 

tains more free amino groups than AH-Sepharose (the ratio of free 

amino groups of AF-amino Toyopearl to AH-Sepharose, 15:1) and it 

is more stable to pressure than AH-Sepharose. In the previous 

studies (14, 15), DALE or DADLE was used as an affinity ligand 

for opioid receptors. However, the content of DADLE (0.4 ~mol/ 

ml resin) was lower than that of DALE (I ~mol/ml resin), because 

of the solubility of the DADLE derivative in the solvent used in 

the coupling step to AH-Sepharose. Thus, DALE was used as an 

affinity ligand in this study. The content of DALE in this resin 

(I0 ~mol/ml resin) was ten times more than that in AH-Sepharose 

(15). The higher ligand content in the affinity resin enables 

more efficient purification of the receptors, especially in 

large-scale preparations. 

Because the materials showed little or no GTPase activity 

originating from G protein (data not shown), the partially puri- 

fied materials were reconstituted with purified G i in liposome. 

The addition of G i to the purified materials resulted in an in- 

crease in an apparently high affinity state for an agonist. Fig. 

I shows the displacement of [3H]DADLE from isolated materials by 

DADLE in the absence or presence of G i. In its presence, two 

states with different affinities were observed: a high affinity 

state with IC50 of i nM and a low affinity one with IC50 of 50 
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Fig. I. Displacement of [3H]DADLE binding by DADLE. The purified 
materials were reconstituted with (o--o) or without G i (@--@) in 
l~posome and the reconstituted systems were incubated with 
[~H]DADLE (2 nM) and various concentrations of DADLE at 30°C, I 
hr. The fractions of protein-bound [ H]DADLE were trapped by 
nitrocellulose membranes (BA-85, S & S). The points are the 
averages of triplicate determinations. 

NM. The latter value was almost the same as in the absence of 

G i • 

The  s p e c i f i c  b i n d i n g  a c t i v i t y  o f  t h e  p u r i f i e d  m a t e r i a l s  was 

c a .  150 p m o l / m g  p r o t e i n  f o r  [3H]DADLE,  w h i c h  was  a l i t t l e  s m a l l e r  

t h a n  t h a t  o f  t h e  p r e v i o u s l y  p u r i f i e d  m a t e r i a l s  ( 1 3 )  a n d  much 

l o w e r  t h a n  e x p e c t e d  f o r  p u r e  r e c e p t o r s  ( 1 5 ) .  H o w e v e r ,  t h e  a c t i v i -  

t y  i n c r e a s e d  t o  c a .  2 , 0 0 0 - 3 , 0 0 0  p m o l / m g  p r o t e i n  i f  t h e  m a t e r i a l 5  

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

i n c r e a s e  i n  t h e  a g o n i s t - b i n d i n g  a c t i v i t y  h a s  b e e n  o b s e r v e d  i n  t h e  

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

p r o t e i n s  ( 2 3 ) .  

I n  o p i o i d  r e c e p t o r  s y s t e m s ,  g u a n i n e  n u c l e o t i d e s  d e c r e a s e d  

t h e  a f f i n i t i e s  o f  a g o n i s t s  f o r  t h e  r e c e p t o r  b i n d i n g  s i t e  ( 2 4 - 2 7 ) .  

We t h e r e f o r e  t e s t e d  t h e  e f f e c t  o f  g u a n i n e  n u c l e o t i d e s  i n  o u r  

s y s t e m ;  a n o n h y d r o l y z a b l e  a n a l o g  o f  GTP, G p p ( N H ) p ,  d e c r e a s e d  t h e  

o p i o i d - b i n d i n g  a c t i v i t y  o f  t h e  r e c o n s t i t u t e d  p u r i f i e d  m a t e r i a l s  
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F i g .  2. E f f g c t  of GDp(NH) p on a g o n i s t  b i n d i n g  to  r e c o n s t i t u t e d  
r e c e p t o r s .  [~H]DADLE b i n d i n g  to  t h e  r e c o n s t i t u t e d  s y s t e m  wi th  Gi 
was a s s a y e d  in  t h e  p r e s e n c e  ( * ~ e )  and a b s e n c e  ( 0 ~ o )  of 0.1 m~ 
Gpp(NH)p. The c o n d i t i o n s  of t h e  a s s a y  were the  same as c i t e d  in  
F i g .  i .  

w i t h  G i .  F i g .  2 shows  t h e  e f f e c t  o f  Gpp(NH)p  i n  t h e  r e c o n -  

s t i t u t e d  s y s t e m ;  a d d i t i o n  o f  Gpp(NH)p  t o  t h e  r e c o n s t i t u t e d  s y s t e m  

w i t h  G i e l i m i n a t e d  t h e  h i g h  a f f i n i t y  s t a t e  f o r  t h e  a g o n i s t .  No 

e f f e c t  o f  Gpp(NH)p  was o b s e r v e d  on  t h e  r e c o n s t i t u t e d  s y s t e m  w i t h -  

o u t  G i ( d a t a  n o t  s h o w n ) .  

DISCUSSION 

I n  t h e  p r e v i o u s  s t u d y  ( 1 3 ) ,  o n e  m a j o r  p o l y p e p t i d e  w i t h  

s p e c i f i c  o p i o i d - b i n d i n 9  a c t i v i t y  was p u r i f i e d  u s i n 9  t h e  a f f i n i t y  

r e s i n .  H o w e v e r ,  t h e  o p i o i d - b i n d i n 9  a c t i v i t y  was t h e  o n l y  m e a s u r e  

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

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

r e c e p t o r s ,  t h e  p u r i f i e d  m a t e r i a l s  h a d  t o  b e  f u n c t i o n a l l y  r e c o n -  

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

t h e  c e l l  m e m b r a n e .  

I n  o p i o i d  r e c e p t o r  s y s t e m s ,  e x t r a c e l l u l a r  s i g n a l s  

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

d u e e d  by  e f f e c t o r s ,  s u c h  a s  a d e n y l y l  c y c l a s e  ( 4 - 6 )  o r  i o n  

r e c e i v e d  

p r o -  

c h a r t -  
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n e l s  ( 7 ) ,  v i a  t h e  t r a n s d u c e r s ,  G i a n d / o r  G O . T h e r e f o r e ,  t h e  p u r i -  

f i e d  m a t e r i a l s  w e r e  r e c o n s t i t u t e d  w i t h  G i i n  l i p o s o m e ;  two b i n d -  

i n 9  s t a t e s ,  a h i g h  and  low a f f i n i t y  o n e ,  f o r  t h e  8 - a q o n i s t  o f  

o p i o i d  r e c e p t o r s  w e r e  o b s e r v e d  i n  t h e  r e c o n s t i t u t e d  s y s t e m  w i t h  

G i ,  b u t  o n l y  a low a f f i n i t y  s t a t e  was o b s e r v e d  w i t h o u t  G i .  Be-  

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

i n  e a c h  r e c o n s t i t u t i o n  e x p e r i m e n t ,  t h e  p e r c e n t a g e  o f  t h e  h i y h  

a f f i n i t y  s t a t e  d i f f e r e d  ( c o m p a r e  F i 9 .  1, o - - o ,  and  F i g .  2,  o - - o ) .  

The low a f f i n i t y  s t a t e  s h o w e d  v e r y  l a r g e  ICso  v a l u e  (50 #M) ,  

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

t h e  p r e l i m i n a r i l y  e x p e r i m e n t s ,  t h e  r e c o n s t i t u t e d  s y s t e m  w i t h  G i 

showed  no h i q h  a f f i n i t y  b i n d i n g  a c t i v i t y  t o  a # - a q o n i s t  T y r - D -  

A l a - G l y - ( N - M e ) P h e - G l y - o l  (DAGO) and  a g - a g o n i s t  e t h y l k e t o -  

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

c o n t a i n  m a i n l y  8 - t y p e  o p i o i d  r e c e p t o r s .  

G u a n i n e  n u c l e o t i d e s  c a u s e  d i s s o c i a t i o n  o f  t h e  s u b u n i t s  o f  

G i ,  s i m u l t a n e o u s l y  d e c o u p l i n 9  o f  G i and  r e c e p t o r s ,  r e s u l t i n 9  i n  a 

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

h i q h  t o  low ( 2 6 - 2 9 ) .  In  t h e  r e c o n s t i t u t e d  s y s t e m  w i t h  G i ,  t h e  

a d d i t i o n  o f  Gpp(NH)p c h a n q e d  t h e  h i q h  a f f i n i t y  s t a t e  f o r  t h e  

a 9 o n i s t  t o  a low o n e .  T h e s e  r e s u l t s  a l s o  s u g g e s t e d  t h a t  t h e  8 -  

t y p e  o f  o p i o i d  r e c e p t o r s  c o u l d  f u n c t i o n a l l y  c o u p l e  w i t h  G i i n  t h e  

membrane  s t a t e  as  i n  o t h e r  t r a n s m e m b r a n e  s i g n a l i n g  p a t h w a y s  

t r a n s d u c e d  w i t h  G i ( 1 - 3 ) .  We s t a n d  a t  t h e  f i r s t  s t e p  i n  t h e  e l u -  

c i d a t i o n  o f  t r a n s m e m b r a n e  s i g n a l i n 9  p a t h w a y s  i n  o p i o i d - s i g n a l i n q  

s y s t e m s .  
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