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N o n - h y d r o l y s a b l e  a n a l o g u e s  o f  G T P ,  s u c h  a s  G T P y S  a n d  G M P - P N P ,  h a v e  p r , ~ v i o u s l y  b e e n  s h o w n  t o  i n h i b i t  t h e  f o r m a t i o n  o f ¢ o n s t i t u t i v e  s e c r e t o r y  
v e s i c l e s  ( C S V s )  a n d  i m m a t u r e  s e c r e t o r y  g r a n u l e s  ( I S G s )  f r o m  t h e  t r a n s - G o l g i  n e t w o r k  ( T G N ) .  U s i n g  a c e l l - f r e e  s y s t e m ,  w e  s h o w  h e r e  t h a t  t h e  
f o r m a t i o n  o f  t h e s e  v e s i c l e s  is a l s o  i n h i b i t e d  b y  [A1F+] - .  a c o m p o u n d  k n o w n  t o  a c t  o n  t r i m e r i c  G - p r o t e i n s .  A d d i t i o n  o f  h i g h l y  p u r i f i e d  G - p r o t e m  
J~Y s u b u n i t s  s t i m u l a t e d ,  in  a d i f f e r e n t i a l  m a n n e r ,  t h e  o e l l - f r e e  f o r m a t i o n  o f  b o t h  C S V s  a n ~  I S G s .  A D P - r i b o s y l a t i o n  e x p e r i m e n t s  r e v e a l e d  t h e  p r e s e n c e  
o f  a p e r t u s s i s  t o x i n - s e n s i t i v e  G - p r o t e i n  ~ s u b u n i t  in  t h e  T G N .  ~0~'e c o n c l u d e  t h a t  t r i m e r = c  G - p r o t e i n s  r e g u l a t e  t h e  f o r m a t i o n  a t  + s e c r e t o r y  v e s i c l e s  

f r o m  t h e  T G N .  

T r i m e r i c  G - p r o t e i n :  C e l l - f r e e  v e s i c l e  f o r m a t i o n :  fl~, S u b t ; - i t s :  G u a n o s i n e  n u c l e o t i d e s :  F l u o r i d e :  A D P - r i b o s y l a t i o n  

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

G T P a s e s  r e g u l a t e  n u m e r o u s  c e l l u l a r  p r o c e s s e s  [ ! - 3 ] .  
S e v e r a l  o f  t h e  s m a l l ,  r a s - l i k e  G T P a s e s  h a v e  b e e n  f o u n d  
t o  b e  a s s o c i a t e d  w i t h  s p e c i f i c  i n t r a c e l l u l a r  c o m p a r t -  
m e n t s  [4+5]. S t u d i e s  u s i n g  y e a s t  s e c r e t i o n  m u t a n t s  a n d  
c e l l - f r e e  m e m b r a n e  traf f ic  s y s t e m s  h a v e  i m p l i c a t e d  s u c h  
G T P a s e s  ;n t h e  t a r g e t i n g  o f  m e m b r a n e  v e s i c l e s  t o ,  a n d  
t h e i r  f u s i o n  w i t h ,  a p p r o p r i a t e  a c c e p t o r  c o m p a r t m e n t s  
[ 6 - 8 ] .  T h e  f o r m a t i o n  o f  v e s i c l e s  f r o m  d o n o r  c o m p a r t -  
m e n t s  h a s  a l s o  b e e n  f o u n d  t o  r ~ l u i r e  G T P  h y d r o l y s i s  
[9 ,10] .  R e c e n t l y ,  the  s m a l l  G T P a s e  S a r l p  h a s  b e e n  i m -  
p l i c a t e d  in the  f o r m a t i o n  o f  v e s i c l e s  f r o m  t h e  e n d o p l a s -  
m i c  r e t i c u l u m  in  y e a s t  [ 1 1 ]. U s i n g  a c e l l - f r e e  s y s t e m  [ 12], 
w e  r e p o r t  h e r e  t h a t  t h e  f o r m a t i o n  o f  c o n s t i t u t i v e  s e -  
c r e t o r y  v e s i c l e s  ( C S V s )  a n d  i m m a t u r e  s e c r e t o r y  g r a n -  
u l e s  ( I S G s )  f r o m  t h e  trans-Golgi n e t w o r k  ( T G N )  in-  
v o l v e s  p e r t u s s i s  t o x i n - s e n s i t i v e ,  t r i m e r i c  G - p r o t e i n s .  
O u r  r e s u l t s  s u g g e s t  tha t  n o t  o n l y  s m a l l  r a s - l i k e  G T -  
P a s e s ,  b u t  a l s o  t r i m e r i c  G - p r o t e i n s  h a v e  a r o l e  in r e g u l a -  
t i n g  m e m b r a n e  traf f ic .  

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

2. | .  Cell-free forr~t ioc l  o f  C S V s  and  ISGs 
A p o s t - n u c l e a r  s u p e r n a t a n t  ( P N S )  w a s  p r e p a r e d  f r o m  s u l p h a t e -  

Correspondence address: W . B .  H u t t n e r .  I n s t i t u t e  f o r  N c u r o b i o l o g y .  
U n i v e r s i t y  o f  H e i d e l b e r g .  l m  N e u e n h e m a c r  F e l d  3 6 4  D 4 a g 0 0  H e i -  
d e l b e r g +  C ~ e r m a n y .  F a x :  (49~ ( 6 2 2 1 )  5 6  3 7 0 0 .  

l a b e l l e d  P C I 2  c e l l s  a n d  i n c u b a t e d  a t  3 7 ° C  f o r  6 0  r a i n  a s  d e s c r i b e d  
p r e v i o u s l y  [ 1 2 | ,  w i t h  t h e  a d d i t i o n  o f  G T P y S .  AICI~ o r  [AIFa] -  a s  
i n d i c a t e d  i n  t h e  f i g u r e  l e g e n d s . / ~ 7 "  s u b u n i t s  p u r i f i e d  f r o m  b o v i n e  b r a i n  
[I  3 , 1 4 ]  w e r e  a d d e d  f r o m  a i m g / m l  s t o c k  in  b u f f e r  A ( 2 0  m M  T r b , - H C I .  
p H  8 . 0 .  0 . t  m M  E D T A +  1 m M  d i t h i o e r y t h r i t o l ,  i 0 0  m M  N a C i  a n d  
0 . 2 %  cholate). A t  t h e  h i g h e s t  f i n a l  c o n c e n t r a t i o n  of~y' s u b u n i t s  used 
( 4 0 0  n M } .  t h i s  b u t t e r  c o n t r i b u t e d  0 . 4  m M  T r i g - H C L  2 M M  E D T A .  2 0  
/~M d L t h i o e r y t h r i t o i .  2 m M  N a C I  a n d  0 . 0 0 4 %  c h o l a t e  t o  t h e  cel1-t¥c~e 
r e a c t i o n  m i x t u r e ,  a n d  a c o r r e s p o n d i n g  a m o u n t  o U b u f f e r  A l a c k i n g / ~ 7  
s u b u n i t s  w a s  n s e d  a s  c o n t r o l  I n  s o m e  e x p e r i m e n t s ,  a n  a l i q u o t  o f  t h e  
/ / 7  s u b u n i t  s t o c k  w a s  d i g e s t e d  t o  c o m p l e t i o n  w i t h  a n  e q u a l  v o l u m e  o f  
I m g v m l  t r y p s i n  f o r  1 0  r a i n  a t  3 7 ° C .  b o i l e d  f o r  5 r a i n .  s u p p l e m e n t e d  
o n  ice  w i t h  a n  e q u a l  v o l u m e  o f  ! m g / m l  s o y b e a n  t r y p s i n  i n h i b i l o r ,  a n d  
,:he=i a d d e d  t o  t h e  P N S  p r i o r  t o  s t a r t i n g  t h e  c e i l - t r e e  v e s i c l e  f o l m a t i o n .  

2+2, Separation o f  C S V s  and  ISGs  
I S G s  a n d  C S V s  w e r e  s e p a r a t e d  f r o m  t h e  T G N  b y  v e l o c i t y  s u c r o s e  

g r a d i e n t  c e n t r i f u g a t i o n  [12] ,  a n d  t h e  g r a d i e n t  ~i-act~ons a n a l y s e d  b y  
S D S - P A G E  a n d  f l u o r o g r a p h y .  W h e n  i n d i c a t e d ,  f r a c t i o n s  2 - 5  o f  t h e  
v e l o c i t y  g r a d i e n t ,  c o n t a i n i n g  t h e  b u l k  o f  p ~ s t - T G N  ~es i c l e s ,  w e r e  
s u b j e c t e d  t o  e q u i l i b r i u m  c e n t r i f u g a t i o n  a s  d e s c r i b e d  [12]  t o  s e p a r a t e  
C S V s  a n d  I S G s .  u s i n g  a m o d i f i e d  l i n e a r  s u c r o s e  g r a d i e n t  o f  0 . 5  M t o  
1 .6  M .  

2 .3 .  Quantitation 
T h e  d i s t r i b u t i o n  o f  s u l p h a t e - l a b e l l e d  s e c r e t o g r a n i n  i i  ( S g l l )  a n d  

h e p a r a n  s u l p h a t e  p r o t e o g l y c a n  ( h s P g )  a c r o s s  t h e  v e l o c i t y  a n d  e q u i l i b -  
r i u m  s u c r o s ~  g r a d i e n t s  ~ a s  d e t e r m i n e d  a s  d e s ~ ' r i b e d  [9.12]~ T h e  b u d -  
d i n s  e t T ~ i e n c i ~  o f  t h e  I S G s  a n d  C S V s  w e r e  ~ l a t e d  f r o m  ".he v a l u e s  
o b t a i n o d  f o r  s u l p h a t e - l a b e l l e d  S g l l  a n d  h s P g .  r e s p e c t i v e l y ,  a f t e r  
q u a n t i t a t i o n  o f  t h e  v e l o c i t y  s u c r o s e  g r a d h e n t s  [9 .12] .  

2.4. A D P - r i b o x v l a t t o n  
A P N S  prepared  f r o m  unhibclhccl P C I 2  k¢ils ~a~ sub lcctod '.o cei l -  

f r e e  ve~icle  f o r m a t i o n  a s  de~=cibe~t  [12]  ~ i t h  t h e  f o l l o ~ - m g  m o d i f ~ a -  
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t ion.  S a m p l e s  con ta inec l  in a d d i t i o n  10 m M  t h y m i d i n e .  100 MI~I 
[~ :P]NAD (75 m C i / m m o l ) ,  0.25 m M  d i t h i o t h r c i t o l ,  0.1 rnM s o d i u m  
p h o s p h a t e ,  o H  7.0. I m M  N a C I  a n d  e i t h e r  h e a t - i n a c t t v a t e d  (5 m i n ,  
95~C) o r  a c t i v a t e d  [!5] I Mg;rnl p e r t u s s i s  t o x i n  ( C a l b i o c h e m  516560,  
r e c o n s t i t u t e d  t o  0.2 m g / m l  s tock) .  Af te r  i n c u b a t i o n  at  3 7 ° C  for  60 ra in .  
s a m p l e s  were  s u b j e c t e d  t o  v e l o c i t y  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n  a n d  
the  f r a c t i o n s  a n a l y s e d  by  S D S - P A G E  a n d  a u t o r a d t o g r a p h y .  Al~quo t s  
o f  v e l o c i t y  s u c r o s e  g r a d i e n t  f r a c t i o n s  (see  l egends )  w e r e  s u b j e c t e d  t o  
e q u i l i b r i u m  suc rose  g r a d i e n t  c e n t r i f u g a t i o n  a n d  the  d i s t r i b u t i o n  o f  
[~2PlADP-r ibosy l~ ted  G p r o t e i n  0t s u b u n i t  in the  g r a d i e n t  f r a c t i o n s  w a s  
d e t e r m i n e d .  

3. R E S U L T S  A N D  D I S C U S S I O N  

W e  f i rs t  e x p l o r e d  t h e  p o s s i b i l i t y  t h a t  t h e  i n h i b i t i o n  o f  
f o r m a t i o n  o f  cens t~ , -u t ive  s e c r e t o r 3 '  v e s i c l e s  ( C S V s )  a n d  
i m m a t u r e  s e c r e t o r y  g r a n u l e s  ( I S G s )  f r o m  t h e  t r a n s -  

G o l g i  n e t w o r k  ( T G N )  b y  n o n - h y d r o l y z a b l e  G T P  a n a -  
l o g u e s ,  p r e v i o u s l y  o b s e r v e d  in  a c e l l - f r e e  s y s t e m  d e r i v e d  
f r o m  t h e  n e u r o e n d o c r i n e  ce l l  l i n e  P C I 2  [9], m a y  r e f l e c t  
t h e  i n v o l v e m e n t  o f  t r i m e r i c  G - p r o t e i n s .  F o r  t h i s  p u r -  
p o s e ,  w e  e x p l o i t e d  t h e  r e c e n t  o b s e r v a t i o n  [16] t h a t  
[AlVa] - ,  w h i c h  in  t h e  p r e s e n c e  o f  G D P  is k n o w n  t o  
a c t i v a t e  b o t h  i n h i b i t o r y  a n d  s t i m u l a t o r 3 ,  t r i m e r i c  G -  
p r o t e i n s  b y  m i m i c k i n g  t h e  ? ' - p h o s p h a t e  m o i e t y  o f  G T P  
[17], d o e s  n o t  a f f e c t  s m a l l ,  r a s - l i k ¢  G T P a s e s .  A s  s h o w n  
in F i g .  1, rAil=a] - i n h i b i t e d ,  in  t h e  c e l l - f r e e  s y s t e m ,  t h e  
f o r m a t i o n  o f  I S G s  ( F i g .  l a )  a n d  C S V s  ( F i g .  I b )  c h a r -  
a c t e r i z e d  b y  t h e  s u l p h a t e - l a b e l l e d  m a r k e r s  s e c r e t o g r a -  
n i n  I I  ( S g l I )  a n d  h e p a r a n  s u l p h a t e  p r o t e o g l y ' : a n  ( h s P g ) ,  
r e s p e c t i v e l y  [12]. T h e  d e g r e e  o f  i nh ib i t i o t~  ( 5 0 %  f o r  
I S G s ;  5 9 %  f o r  C S V s )  w a s  s i m i l a r  t o  t h a t  ob .~ :~ved  in  t h e  
p r e s e n c e  o f  t h e  , l o n - h y d r o l y z a b l e  G - r p  a n a l o g u e  
G T P y S  ( F i g .  1 ; cf.  [9]). I n  c o n t r a s t ,  a l u m i n i u , n  c h l o r i d e ,  
w h i c h  w a s  a d d e d  a s  a c o n t r o l ,  d i d  n o t  s ign]  f i c a n t l y  a f -  
fect  t h e  f o r m a t i o n  o f  e i t h e r  C S V s  o r  I S G s  F i g .  1). I n  
a d d i t i o n ,  n o  i n h i b i t i o n  o f  f o r m a t i o n  o f  ISG, '  a n d  C S V s  
w a s  o b s e r v e d  w h e n  o n l y  f l u o r i d e ,  b u t  n o t  M u m i n i u m ,  
i o n s  w e r e  a d d e d  t o  t h e  c e l l - f r e e  r e a c t i o n  ( d a t a  n o t  
s h o w n ) .  O n e  p o s s i b l e  i n t e r p r e t a t i o n  o f  t h e s e  d a t a  is t h a t  
a n  i n h i b i t o r y  t r i m e r i c  G - p r o t e i n  w a s  a c t i v a t e d  b y  t h e  
[AlVa] - ,  t h u s  r e s u l t i n g  in a d e c r e a s e  in  t h e  a m o u n t  o f  
p o s t - T G N  v e s i c l e s  f o r m e d  in t h e  c e l l - f r e e  s y s t e m .  

T o  t e s t  t h i s  p o s s i b i l i t y ,  w e  s t u d i e d  t h e  e f f e c t  o f  P T  
s u b u n i t s  o n  t h e  c e l l - f r e e  f o r m a t i o n  o f  I S G s  a n d  C S V s .  
A n  e x c e s s  o f ~ ? "  s u b u n i t s  is  k n o w n  t o  e x e r t  t h e  o p p o s i t e  
e f f e c t  o f  n o n - h y d r o l y z a b l e  G ' I ' P  a n a l o g u e s  o n  t h e  a c t i -  
v a t i o n  s t a t e  o f  0t s u b u n i t s ,  p r e s u m a b l y  b y  s h i f t i n g  t h e  
a s s o c i a t i o n  e q u i l i b r i u m  o f  t h e s e  s u b u n i t s  t o w a r d s  t h e  
t r i m e r i c  s t a t e  in w h i c h  t h e  -, s u b u n i t s  a r e  i n a c t i v e  
[2 ,18,19] .  I f  t h e  i n h ; b i t i o n  o f  p o s t - T G N  v e s i c l e  f o r m a -  
t i o n  b y  G T P ? - S  r e f l e c t e d  a n  i n v o l v e m e n t  o f  a n  i n h i b i -  
t o r y  at s u b u n i t ,  a d d i t i o n  o f  e x c e s s  ~ ) -  s u b u n i t s  s h o u l d  
s t i m u l a t e  t h e  f o r m a t i o n  o f  s e c r e t o r y  v e s i c l e s  f r o m  t h e  
I G N  in t h e  c e l l - f r e e  s y s t e m .  I n d e e d ,  a s  s h o w n  in  F i g .  
2, a d d i t i o n  o f / ~ y  s u b u n i t s ,  p u r i f i e d  t o  h o m o g e n e i t y  
f r o m  b o v i n e  b r a i n ,  s t i m u l a t e d  t h e  t r a n s f e r  o f  s u l p h a t e -  
l a b e l l e d  S g l l  ( F i g .  2a )  a n d  h s P g  ( F i g .  2 b )  f r o m  t h e  T G N  
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Fig .  1. [ A I F ,  l i n h i b i t s  t he  ce l l - f r ee  f o r m a t i o n  o f  l S ( 3 s  (a )  a n d  C S V s  
(b). A P N S  p r e p a r e d  f r o m  s u l p h a t e - l a b e l l e d  1~C12 f e l l s  w a s  i n c u b a t e d  
for  60  ra in  in t he  a b s e n c e  ( c o n t r o l ) a n d  p r e s e J ~ e  o f  1 0 ~ M  GTIPTS,  
4 0 / ~ M  AI ~* a n d  6 m M  C! -  (AICt3).  o r  4 0  MM A!  ~* a n d  6 m M  F -  
([F~ 1Fa]-). I S G s  a n d  C S V s  w e r e  s e p a r a t e d  f r o m  t h e  T G N  b y  v e l o c i t y  
su ,  ro se  g r a d i e n t  c e n t r i f u g a t i o n ,  a n d  t he  g r a d i e n t  f r a c t i o n s  a n a l y s e d  b y  
S D S - P A G E  a n d  f l u o r o g r ~ p h y .  T h e  b u d d i n g  ef f tc ienc ies  o f  t h e  I S G s  
a n d  C S V s  w e r e  de te rminer*  a f t e r  q u a n t i t a t i o n  o f s u l p h a t e - l a b e l l o d  S g l l  
a n d  h s P g .  r e spec t ive ly ,  a n d  a r e  e x p r e s s e d  a s  p e r c e n t  o f  c o n t r o l .  T h e  
bar~  i n d i c a t e  t he  s t a n d a r d  d e v i a t i o n  ( G T P y S ,  [AIFa]- ,  n = 3) o r  t h e  

v a r i a t i o n  o f  d u p l i c a t e s  f r o m  t he  m e a n  (AIC1~). 

t o  p o s t - T G N  v e s i c l e s .  V e r y  l i t t l e  s t i m u l ~ t t i o n  w a s  o b -  
s e r v e d  w h e n  o n l y  t h e  c h o l a t e - c o n t a i n i n g  b u f f e r  o f  t h e  
BY s u b u n i t  s t o c k  w a s  u s e d  ( s q u a r e s  in  F i g .  2) .  I n  a d d i -  
t i o n ,  n o  s t i m u l a t i o n  w a s  o b s e r v e d  w h e n  t h e / ~ 7  s u b u n i t s  
w e r e  d i g e s t e d  w i t h  t r y p s i n  p r i o r  t o  u s e  in  t h e  c e l l - f r e e  
s y s t e m  ( t r i a n g l e s  in  F i g .  2) .  T h e  s t i m u l a t i o n  o f  p o s t -  
T G N  v e s i c l e  f o r m a t i o n  s h o w e d  a l i n e a r  r e l a t i o n s h i p  
w i t h  t h e  c o n c e n t r a t i o n  o f  a d d e d  if?- s u b u n i t s .  T h i s  s u g -  
g e s t s  t h a t  t h e  a m o u n t s  o f  s u l p h a t e - l a b e l l e d  S g I l  a n d  
h s P g  w e r e  n o t  r a t e - l i m i t i n g  f o r  t h e  f o r m a t i o n  o f  p o s t -  
T G N  v e s i c l e s  in  t h e  c e l l - f r e e  s y s t e m  u n d e r  a n y  o f  t h e  
p r e s e n t  c o n d i t i o n s .  I n  a g r e e m e n t  w i t h  t h i s  c o n c l u s i o n ,  
--25c~, o f  b o t h  t h e  s u l p h a t e - l a b e l l e d  S g l l  a n d  h s P g  w e r e  
s t i l l  p r e ~ e n t  in  t h e  T G N  a t  t h e  e n d  o f  : h e  c e l l - f r e e  r e a c -  
t i o n  w i t h  t h e  h i g h e s t  ¢ o n ~ t r a t i o n  o f ~ y  s u b u n i t s  i n v e s -  
t i g a t e d  ( 4 0 0  n M ) .  T h e  o b s e r v e d  s t i m u l a t i o n  o f  p o s t -  
T G N  v e s i c l e  f o r m a t i o n  u p o n  a d d i t i o n  o f  ~87 s u b u n i t s  
{ F i g .  2),  in  a d d i t i o n  t o  t h e  r e s u l t s  o b t a i n e d  w i t h  [A lVa] -  
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Fig. 2. Pu.-ified,ST subuqtits stimulate the exit o f  Sgil (a) and the hsPg 
(b) from the TGN in post-TGN ~ in a ¢¢11-fr¢¢ systcan. C¢!!-fr¢¢ 
formation of  post-TGN vesicles was performed in the presence of  the 
indicated final conc~ltrations of: highly purift~/$7" subunits (circle). 
200 nM trypsln-trcato~ ~ subumLitS (triangles), or an amot~nt of  buffer 
A (squares) corresponding to that added when 400 nM ~y subumts 
w¢~¢ u.scd. The appearance o f  Sgll and hsPg in post-T(.; N vesicles was 
determined after velocity sucrose gradient oentrifulgation as in Fig. I 
and is expressed as pcxt:g-~: of  that o43se~ed in the absence o f  added 
fly subuurfits. The values obtained in the pcesence of  100. 200 and 400 

nM .ST subtmits arc from two ~ t  ¢xpmrime~ts. 
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Fig_ 3_ The effect of  purified ~7 subunits on the pa,=kaging of Sgll (a) 
and the hsPg (13) into ISGs and CSVs. C¢il-frca= packaging of  Sgll and 
hsPg was performed in the absence (control. open circles) and presence 
(filled circ!¢s} of  highly purified 400 nM PT subunits as described in 
Fig. 2. After velocity sucrose gradient centrifugation, fractions 2-5. 
containing the bulk of  post-TGN vesicles, were subjected to C~luilib- 
rium ccntrifugation to separate C'SVs and ISGs. and the distribution 
of  sulphate-labelled Sgll and hsPg in the gradient fracUons ~[raction 
i 3 = bottom of gradient) was determined, in the control condition, 
the individual values of  ~tch sulphate-labelled marker are expressed 
as p~rt.~h; v f  tl:~ ~otal recovered. ~ individual values obtained m the 
presence of  400 nM/Yy subunits are expressed relative to the r~pective 

control values. 

( F i g .  l ) ,  p r o v i d e s  f u r t h e r  e v i d e n c e  f o r  a r o l e  o f  t r i m e r / c  
G - p r o t e i n ( s )  i n  t h e  f o r m a t i o n  o f  I S ( i s  a n d  C S V s .  

W e  e x a m i n e d  t h e  e f f e c t  o f  a d d e d  ~ 7  s u b t m i t s  o n  t h e  
p a c k a g i n g  o f  s u l p h a t e - l a b e l l e d  S g l l  a n d  h s P g  i n t o  I S G s  
a n d  C S V s  b y  s e p a r a t i n g  t h e s e  t w o  p o s t - T G N  v e s i c l e  
p o p u l a t i o n s  u s i n g  e q u i l i b r i u m  s u c r o s e  g r a d i e n t  c .¢ntr i-  
f u g a t i o n  [12]. A s  s h o w n  in  F i g .  3 b ,  t h e  s u l p h a t e - l a b e l l e d  
h s P g  w a s  f o u n d  t o  p e a k  in  t h e  p o s i t i o n  c h a r a c t e r i s t i c  o f  
C S V s  ( f r r ~ l i o n  7)  i n  b o t h  t l ~  a b c ~ t ~  a n d  p r e s e n c e  o f  
4 0 0  n M  a d d e d ~ ¥  s u b u n i t s .  I n  c o n t r a s t ,  t h e  a d d i t i o n  o f  
4 0 0  n M  j~"  s u b u n i t s  e x e r t e d  a d u a l  e f f e c t  o n  t h e  p a c k a g -  
i n g  o f  S g i l  i n t o  p o s t - T G N  v e s i c l e s  ( F i g .  3a) .  F i r s t ,  i t  
i n c r e a s e d  t ~  a m o u n t  o f  s u l p h a t e - l a b e l l e d  S g l l  i n  t h e  
p o s i t i o n  c h a r a c t e r i s t i c  o f  I S G s  ( p e a k  in  f t~act ions  9 - 1 0 ) ,  
i n d i c a t i n g  t h a t  t h e  f o r m a t i o n  o f  I S G s  w a s  s t i m u l a t e d  in  
th i s  c o n d i t i o n .  S ~ m d ,  it  l e d  t o  t h e  p a c k a g i n g  o f  a 
s i g n i f i c a n t  a m o u n t  o f  t h e  s u l p h a t e - l a b e l l e d  S g l l  i n t o  
v e s i c l e s  ( p e a k  i n  f r a c t i o n  7)  w h i c h  w e r e  i n d i s t i n g u i s h -  

a b l e  f r o m  C S V s  by  t h e i r  b u o y a n t  d e n s i t y .  A p p a r e n t l y ,  
t h e ~ 7  s u b u n i t = m d u c e d  s t i m u l a t i o n  o f  S g l l  e x i t  f r o m  t h e  
T G N  e x c e e d e d  t h e  c a p a c i t y  f o r  p a c k a g i n g  o f  t h i s  p r o -  
t e i n  i n t o  I S G s .  

T o  i n v e s t i g a t e  w h i c h  c l a s s  o f  0e-subuni t  m~gh t  be  m e -  
d i a t i n g  t h e  i n h i b i t i o n  o f  C S V  a n d  I S G  f o r m a t i o n  b y  
n o n - h y d r o { y z a b l ¢  G T P  a m a l o g u c s  a n d  [ A J F J - ,  w e  u s e d  
b a c t e r i a l  t o x i n s  w h i c h  s p e c i f i c a l l y  A D P - r i b o s y l a t e  c e r -  
t a i n  ~¢ s u b u n i t s  o f  t r i m e r i c  G - p r o t e i n s  [3~. T h u s .  c h o l e r a  
t o x i n  c a t a l y z e s  t h e  A D P - r i b o s y l a t i o n  o f  s t i m u l a t o r y  
s u b u n i t s  ( G = 0  [20] w h e r e a s  p e r t u s s i s  t o x i n  c a t a l y z e s  t h e  
A D P - r i b o s y l a t i o n  o f  d i f f e r e n t  a s u b u m t s  i n c l u d i n g  i n h i b -  
i t o r y  (G~x~) a n d  o t h e r  ( G ~ o )  s u b u n i t s  [21,22].  W e  t h e r e -  
f o r e  s e a r c h e d  f o r  t h e  p r e s e n c e  o f  p r o t e i n s  in  t h e  T G N  
o f  P C I 2  cells; wh: .ch w e r e  s u b s t r a t e s  f o r  bt~cteriad t o x i n -  
ca t a lyzez ]  A D P - ~ - i b o s y l a t i o n .  A p o s t - n u c l e a r  s u p e r n a -  
r a n t  ( P N S )  d e r i v e d  f r o m  P C I 2  ce l l s  w. ,s  i n c u b a t e d  w i t h  
[ 3 2 P ] N A D ,  t h e  c o - s u b s t r a t e  f o r  A D P - r i b o s y I  t r a n s f e r -  
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a s e s .  i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  e i t h e r  c h o l e r a  t o x i n  
o r  p e r t u s s i s  t o x i n .  T h e  T G N  w a s  t h e n  s e p a r a t e d  f r o m  
o t h e r  s u b c e l l u l a r  o r g a n e l l e s  u s i n g  t h e  v e l o c i t y  s u , : r o ~ e  

g r a d i e n t  c e n t r i f u g a t i o n  e m p l o y e d  a b o v e .  I n  t h e  p r e s -  
e n c e  o f  h e a t - i n a c t i v a t e d  p e r t u s s i s  t o x i n ,  n o  s i g n i f i c a n t  
A D P - r i b o s y l a t i o n  o f  p r o t e i n s  i n  t h e  m o l e c u l a r  w e i g h t  
r a n g e  c h a r a c t e r i s t i c  o f  ct s u b u n i t s  w a s  d e t e c t e d  in  a n y  
o f  t h e  g r a d i e n t  f r a c t i o n s  ( F i g .  4 a .  C o n ) .  I n c u b a t i o n  o f  
t h e  P N S  i n  t h e  p r e s e n c e  o f  a c t i v a t e d  p e r t u s s i s  t o x i n  
( F i g .  4 a ,  P t x )  l e d  t o  t h e  A D P - r i b o s y l a t i o n  o f  a ~ 4 0  k D a  
p r o t e i n  w h i c h  u p o n  v e l o c i t y  s u c r o s e  g r a d i e n t  c e n t r i f u -  
g a t i o n  w a s  d e t e c t e d  i n  t w o  p e a k s ,  o n e  i n  t h e  t o p  t h r e e  
f r a c t i o n s  o f  t h e  g r a d i e n t  w h i c h  a r e  k n o w n  t o  c o n t a i n  
v a r i o u s  s u b c e l l u l a r  o r g a n e i l e s  o f  P C I 2  c e l l s  i n c l u d i n g  
p o s t - T G N  v e s i c l e s  [ 12] a n d  p l a s m a  m e m b r a n e  [23] .  a n d  
t h e  o t h e r  in  t h e  b o t t o m  h a l f  o f  t h e  g r a d i e n t  w h i c h  is 
k n o w n  t o  c o n t a i n  T G N  m e m b r a n e s  ( s e e  b a r  i n  F i g .  4 a  
a n d  [ I 2 ] ) .  W h e n  t h e  l a t t e r  m a t e r i a l  w a s  s u b j e c t e d  t o  a 
s e c o n 0 ,  e q u i l i b r i u m  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n ,  t h e  
p r o t e i n  A D P - r i b o s y l a t e d  b y  p e r t u s s i s  t o x i n  c o - m i g r a t e d  
w i t h  t h e  T G N  ( F i g .  4 b ) .  a s  i d e n t i f i e d  b y  s u l p h a t e - l a -  
b e l l e d  h s P g  ( F i g .  4 c )  a n d  S g l l  ( F i g .  4 d J .  N o  A D P - r i b o -  
s y l a t e d  ct s u b u n i t  c o - m i g r a t i n g  w i t h  t h e  T G N  w a s  o b -  
s e r v e d  w h e n  c h o l e r a  t o x i n  w a s  u s e d  ( d a t a  n o t  s h o w n J .  
T h e s e  r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  a p e r t u s s i s  t o x i n -  
s e n s i t i v e  ~t s u b u n i t  ( G e t ,  a n d / o r  Get , , )  is  p r e s e n t  o n  d i e  
T G N  n ~ e m b r a n e  o f  P C I 2  c e l l s .  

A I B ' P - r ! b o s y l a t i o n  b y  p e r t u s s i s  t o x i r ,  b l o c k s  t h e  i n t e r -  
a c t i o n  o f  ~ s u b u n i t s  w i t h  r e c e p t o r s ,  a n d  t ~ t e r e b y  p r e -  
v e n t q  t h e  r e c e p t o r - m e d i a t e d  G D P - G T P  e x c h a n g e  a n d  
h e n c e  a c t i v a t i o n  o f  t h e  G - p r o t e i n  {18 ,24 ] .  I L  u n d e r  o u r  
c e i l - f r e e  c o n d i t i o n s ,  t h e  i n h i b i t o r y  e f f e c t  o f  G T P y S  o n  
t h e  f o r m a t i o n  o f  p o s t - T G N  v e s i c l e s  i n v o l v e s  a r e c e p t o r -  
m e d i a t e d  g u a m , ~ e  n u e l e o t i d e  e x c h a n g e ,  a n d  i f  t h i s  g u a -  
n i n e  n u c l e o t i d e  e x c h a n g e  o c c u r s  a t  a p e r t u s s i s  t o x i n -  
s e n s i t i v e  et s u b u n i t ,  p e r t u s s i s  t o x i n - c a t a l y z e d  A D P - r i -  

[ : ig  4 .  P r e s e n c e  o f  a p c r t u ~ s i s  t o x i n - s e n s i t i v e  ( J  p r o t e i n  ~ s u b u n i t  in 
the T G N  of  P C t 2  cells, in.b) A PNS prepared  l'roxn unlabellcd PCI2  
~.-¢lls was subjected to ADP-r lbosy | a t ion ,  under  cell-free vesicle forma-  
t ion condi t ions ,  in the presence of  ["~'PINAD and  ei ther  heat - react ivat -  
ed ICon)  or  act ivated 115] (Ptx) pertussis  toxin,  fol|ov, ed by v¢lo.'ity 
sucrose gradient  cemrifugat ion.  In) Al iquots  of  the  gradient  f ract ions 
i top  : left)  were analysed by S D S - P A G E  and  au torad iograph~-  onl~ 
the 35-45 kDa  region o f  the gel is shown.  The  bar  indicate5 the 
t ract ions  known  to eontai,a T G N  I121., b) Aliquots  o f  such fract ions.  
from (:¢ii-frce react ions with act ivated t)ertussis toxin, ge r e  subjec-ted 
to equi l ibr ium sucrose gradient  c(:ntriCugation as de,~.'ribed in Fig. 3. 
The. ,.;;~:ribution of  | ' :P ]ADP-r tbosy la t ed  G prote in  a subuni t  in the 
gradient  fract ions was de termined  and  ~s expressed as percent  of  the 
to.'al rex;overed, for two independent  experiments .  {c.d) A PNS was 
prepared  f rom sulphate-label led PCI2  cells, incuba ted  at 4"C for 60 
rain as describ~.'xl e.*:c',ept tha t  the sample con ta ined  in addi t ion  10 rn~t 
thymid=ne, and  was sub.leered lo velocity sucrose gradient  centr i fuga-  
tion. Al iquots  of  fraetiom; con la in ing  T G N  were subj¢'cted to equil ib- 
h a m  ~ucrose gradient  centr i fugat ion.  T he  distribtation o f  sulphate-  
lab~[h.d hsPg (c) and  Sgll  (d) in the gradient  f ract ions  v, as de termined  

and ~s e x p r e s ~ d  as p~'r~.'¢r~t of  total  rc~:o~-ered 

b o s y l a t i o n  o f  t h i s  ~t s u b u n i t  p r i o r  t o  c e l l - f r e e  v e s i c l e  
f o r m a t i o n  s h o u l c l  r e d u c e  t h e  i n h i b i t o r y  e f f e c t  o !  G T P y S  
o n  t h i s  p r o c e s s .  I n d e e d ,  w h e n  t h e  P N S  w a s  i n c u b a t e d  
f o r  5 r a i n  i n  t h e  p r e s e n c e  o f  a c t i v a t e d  p e r t u s s i s  t o x i n  a n d  
N A D  p r i o r  t o  t h e  a d d i t i o n  o f  2 0 / z M  G T P T S ,  t h e  c e i l -  
f r e e  f o r m a t i o n  o f  I S G s  a n d  C S V s  w a s  5 2 %  a n d  3 7 %  o f  

a V e l o c i t y  S u c r o s e  G r a d i e n t s  

C o n  

Ptx ~ - = , .  ~ 4BD,==-,mllB~a~m.m~ 
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c o n t r o l  ( n o  t o x i n ,  n o  G T P ? ' S ) ,  r e s p e c t i v e l y ,  w h e r e a s  t h e  
f~ r m a t i o n  o f  I S G s  a n d  C S V s  in  t h e  p r e s e n c e  o f  G T P y S  
w a s  3 4 %  a n d  229£ o f  c o n t r o l ,  r e s p e c t i v e l y ,  w h e n  t h e  
p e r t u s s i s  t o x i n  h a d  b e e n  h e a t - i n a c t i v a t e d .  

I n  c o n c l u s i o n ,  t h e  p r e s e n t  r e s u l t s  s h o w  t h a t  o n e  o r  
m o r e  p e r t u s s i s  t o x i n - s e n s i t i v e  t r i m e r i c  G - p r o t e i n s  a r e  
i n v o l v e d  in  t h e  f o r m a t i o n  o f  C S V s  a n d  I S G s  f r o m  t h e  
T G N .  A l t h o u g h  t h e  i d e n t i t y  o f  t h e  0t s u b u n i t  i n v o l v e d  
is  n o t  y e t  k n o w n ,  o u r  d a t a  a r e  c o n s i s t e n t  w i t h  t h i s  s u b -  
u n i t  b e l o n g i n g  t o  t h e  G~, ,  o r  G o t °  c l a s s  a n d  e x e r t i n g  a n  
i n h i b i t o r y  e f f e c t  o n  v e s i c l e  f o r m a t i o n .  I n  t h i s  r e g a r d ,  it  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  G ~ t ~ ,  w h i c h ,  l i k e  t h e  c o n s t i t u -  
t i v e  s e c r e t o r y  p a t h w a y ,  is  f o u n d  in  v i r t u a l l y  a l l  c e l l  t y p e s  
[3], i s  c o n c e n t r a t e d  in  t h e  G o l g i  c o m p l e x  [25].  T h u s ,  t h e  
~t s u b u n i t  i n v o l v e d  i n  t h e  f o r m a t i o n  o f  C S V s  f r o m  t h e  
T G N  m a y  w e l l  b e  G~e,_,. 

O n  a m o r e  g e n e r a l  n o t e ,  o u r  r e s u l t s  h a v e  t w o  i m p l i c a -  
t i o n s .  F i r s t ,  t h e y  i n d i c a t e  t h a t  n o t  o n l y  s m a l l ,  r a s - l i k e  
( q T P a s e s  [8], b u t  a l s o  t r i m c r i c  G - p r o t e i n s  h a v e  a f u n d a -  
m e n t a l  r o l e  in  m e m b r a n e  t r a f f i c .  S e c o n d .  t h e y  i m p l y  t h e  
e x i s t e n c e  o f  s i g n a l - t r a n s d u c t i o n  m e c h a n i s m s  in  t h e  
m e m b r a n e s  o f  i n t r a c e l l u l a r  o r g a n e l l e s  w h i c h  a r e  l i n k e d  
t o  v e s i c l e  f o r m a t i o n .  

N O T E  

A f t e r  s u b m i s s i o n  o f  t h i s  s t u d y ,  S t o w  e t  a l .  [26] r e p o r t -  
e d  t h a t  t h e  o v e r e x p r e s s i o n  o f  Grv,~ i n h i b i t s  t h e  s e c r e t i o n  
o f  a h e p a r a n  s u l f a t e  p r o t e o g l y c a n  f r o m  e p i t h e l i a l  c e l l s .  
a n  e f f e c t  r e v e r s e d  b y  p e r t u s s i s  t o x i n .  T h e s e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h o s e  r e p o r t e d  h e r e .  
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