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STRATEGIES FOR THE INVESTIGATION OF EXOCYTOTIC MEMBRANE FUSION 

Manfred G r a t z l 

A b t e i l u n g Anatomie und Z e l l b i o l o g i e 
Universität Ulm, B u n d e s r e p u b l i k D e u t s c h l a n d 

INTRODUCTION 

The t r a n s f e r o f hormones from t h e c e l l i n t o t h e 
e x t r a c e l l u l a r s p a c e d u r i n g s e c r e t i o n by e x o c y t o s i s i s 
a c c o m p l i s h e d by t h e f u s i o n of t h e s e c r e t o r y v e s i c l e membrane 
w i t h t h e p l a s m a membrane. As opposed t o t h e s t u d y o f 
a r t i f i c i a l membranes o r i s o l a t e d n a t u r a l membranes a s models, 
s u i t a b l e m o d i f i e d s e c r e t o r y c e l l s have been i n t r o d u c e d i n t h e 
p a s t few y e a r s t o i n v e s t i g a t e e x o c y t o t i c membrane f u s i o n . The 
g roups w o r k i n g i n t h e l a t t e r f i e l d a r e a t t e m p t i n g t o l e a r n a s 
much a s p o s s i b l e from n a t u r e w i t h t h e aim o f c h a r a c t e r i z i n g 
t h e p r o p e r t i e s of membrane f u s i o n a s i t o c c u r s i n t h e i n t a c t 
c e l l . 

The i n h e r e n t p r o b l e m i n s u c h i n v e s t i g a t i o n s i s t h a t t h e 
i n t e r a c t i n g membranes a r e not a c c e s s i b l e from o u t s i d e t h e 
c e l l s . M a n i p u l a t i o n of t h e c y t o p l a s m i n a r a t h e r l i m i t e d way 
c a n be c a r r i e d o u t u s i n g i o n o p h o r e s . D i r e c t a c c e s s t o t h e 
c y t o p l a s m and i t s c o m p l e t e c o n t r o l r e q u i r e s t h e breakdown o f 
t h e p l a s m a membrane a s a p e r m e a b i l i t y b a r r i e r . With s i n g l e 
c e l l s t h i s c a n be done u s i n g c e l l s a t t a c h e d t o p i p e t t e s ( c . f . 
F e r n a n d e z e t a l . , 1 9 8 4 ) . C e l l s u s p e n s i o n s have been 
p e r m e a b i l i z e d w i t h d i f f e r e n t t e c h n i q u e s w i t h o u t i m p a i r i n g t h e 
p r o c e s s of e x o c y t o s i s . With h i g h - v o l t a g e d i s c h a r g e s and 
d e t e r g e n t s , i t h a s been p o s s i b l e t o p e r m a n e n t l y p e r m e a b i l i z e 
c e l l s f o r s e c r e t i o n s t u d i e s . I n b o t h ways, i f c a r e f u l l y 
c o n t r o l l e d , t h e c e l l s seem n o t t o be a l t e r e d g r e a t l y i n so f a r 
a s t h e r e l e a s e p r o c e s s i s c o n c e r n e d ( c . f . K n i g h t and B a k e r , 
1982; W i l s o n and K i r s h n e r , 1983; Dunn and H o l z , 1 9 8 3 ) . The 
l e s i o n s e v o k e d i n t h e c e l l membrane w i t h t h e s e methods d i f f e r 
i n s i z e . W i t h d e t e r g e n t s , c e l l u l a r m a c r o m o l e c u l e s ( l i k e 
c y t o p l a s m i c l a c t a t e d e h y d r o g e n a s e ) a r e l o s t , w h i l e w i t h h i g h 
v o l t a g e d i s c h a r g e s few s u c h m o l e c u l e s e s c a p e . I n c o n t r a s t t o 
t h e t e c h n i q u e s m e n t i o n e d above, d e f i n e d p o r e s c a n be i n s e r t e d 
i n t o t h e c e l l membrane o f s e c r e t o r y c e l l s u s i n g s t a p h y l o c o c c a l 
a l p h a - t o x i n . T h i s a l l o w s s m a l l s o l u t e s t o be e x c h a n g e d and 
k e e p s m a c r o m o l e c u l e s n e c e s s a r y f o r s e c r e t i o n w i t h i n t h e c e l l s . 
The a p p l i c a t i o n of a l p h a - t o x i n f o r t h e a n a l y s i s of e x o c y t o t i c 
membrane f u s i o n ( A h n e r t - H i l g e r e t a l . , 1985a,b, 1987; 
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Bader e t a l . , 1986; L i n d e t a l . , 1987; A h n e r t - H i l g e r and 
G r a t z l , 1987) w i l l be d e s c r i b e d i n t h i s c h a p t e r . The 
c h a r a c t e r i s t i c s o f hormone r e l e a s e from p e r m e a b i l i z e d c e l l s 
w i l l be compared w i t h s e c r e t i o n by i n t a c t c e l l s and f u s i o n o f 
i s o l a t e d s e c r e t o r y v e s i c l e membranes and o f l i p o s o m e s . 

PERMEABILIZATION OF SECRETORY C E L L S WITH ALPHA-TOXIN 

A l p h a - t o x i n i s a w a t e r s o l u b l e p r o t e i n p r o d u c e d by most 
s t r a i n s o f S t a p h y l o c o c c u s a u r e u s . The mechanism of t h e t o x i n s 
a t t a c k o f mammalian c e l l s h a s been e s t a b l i s h e d i n a s e r i e s o f 
i n v e s t i g a t i o n s (Füssle e t a l . , 1981; B h a k d i e t a l . , 1981, 
1984; f o r r e v i e w s e e B h a k d i and T r anum-Jensen, 1 9 8 7 ) . F i r s t 
t h e t o x i n ( m o l e c u l a r w e i g h t 34 KD) i s bound t o t h e c e l l s , t h e n 
i t h e x a m e r i z e s i n t h e p l a s m a membrane and forms s t a b l e 
transmembrane p o r e s , w h i c h do n o t p e r m i t t h e p a s s a g e o f 
m a c r o m o l e c u l e s w i t h a m o l e c u l a r w e i g h t o f 4 KD and l a r g e r b u t 
a l l o w s f o r t h e r e l e a s e o f s m a l l m o l e c u l e s from e r y t h r o c y t e s . 

S e c r e t o r y c e l l s c a n a l s o be p e r m e a b i l i z e d by a l p h a - t o x i n . 
B o v i n e c h r o m a f f i n c e l l s , r a t pheochromocytoma o r i n s u l i n o m a 
c e l l s i n c u l t u r e , upon a d d i t i o n o f a l p h a - t o x i n , r e l e a s e s m a l l 
s o l u t e s l i k e m o n o v a l e n t c a t i o n s o r ATP and t a k e up t r y p a n b l u e 
w h i l e l a r g e p r o t e i n s s u c h a s c y t o p l a s m i c l a c t a t e d e h y d r o g e n a s e 
a r e r e t a i n e d by t h e c e l l s ( A h n e r t - H i l g e r e t a l . , 1985; Bader 
e t a l . , 1986; L i n d e t a l . , 1 9 8 7 ) . I n o t h e r words t h e s i z e o f 
t h e a l p h a - t o x i n p o r e a l l o w s f o r t h e r e m o v a l of a l l s m a l l 
m o l e c u l e s from t h e c y t o p l a s m and t h e i r r e p l a c e m e n t by o t h e r 
o n e s . T h e r e f o r e t h i s t e c h n i q u e c a n s e r v e t o add b u f f e r 
s u b s t a n c e s f o r t h e c o n t r o l o f pH and d i v a l e n t c a t i o n s . I n 
a d d i t i o n , d r u g s known t o i n t e r f e r e w i t h d e f i n e d i n t r a c e l l u l a r 
r e g u l a t o r s i t e s , b u t i n e f f e c t i v e i n i n t a c t c e l l s due t o 
l i m i t e d a c c e s s , c a n e a s i l y be i n t r o d u c e d i n t o s e c r e t o r y c e l l s . 
F i n a l l y , t h e r e m a r k a b l e i n s e n s i t i v i t y o f s e c r e t o r y v e s i c l e 
f u s i o n w i t h t h e p l a s m a membrane t o t h e i n c o r p o r a t i o n of 
a l p h a - t o x i n a l l o w s s u f f i c i e n t t i m e f o r t h e e x p e r i m e n t a l 
m a n i p u l a t i o n o f t h e p e r m e a b i l i z e d c e l l s . 

As a c o n s e q u e n c e o f t h e s m a l l s i z e of t h e a l p h a - t o x i n 
p o r e , t h e t o x i n monomer i t s e l f i s e x c l u d e d from t h e c y t o p l a s m . 
Thus t h e t o x i n ' s a t t a c k i s r e s t r i c t e d t o t h e p l a s m a membrane 
w h i c h i s an a d v a n t a g e when compared t o t h e a c t i o n o f 
d e t e r g e n t s u s e d f o r c e l l p e r m e a b i l i z a t i o n . A l s o d e t e r g e n t s 
l i k e d i g i t o n i n h a r b o r t h e h a z a r d s o f m o d i f y i n g t h e c o m p o s i t i o n 
of t h e i n t e r a c t i n g membrane and t h u s d i s t o r t i n g t h e d a t a 
o b t a i n e d . 

As e v i d e n c e f o r e x o c y t o s i s i n a l p h a - t o x i n p e r m e a b i l i z e d 
c e l l p r e p a r a t i o n s , t h e same c r i t e r i a c a n be u s e d w h i c h were 
a p p l i e d t o i n t a c t c e l l s : Ε. g. i n o r d e r t o e x c l u d e s i m p l e 
l e a k a g e o f hormones from s e c r e t o r y v e s i c l e s t h e p a r a l l e l 
r e l e a s e o f s m a l l and l a r g e m o l e c u l a r w e i g h t s e c r e t o r y p r o d u c t s 
p r e s e n t w i t h i n t h e v e s i c l e s c a n be m easured. T h i s c o - r e l e a s e , 
i n c o n j u n c t i o n w i t h t h e o b s e r v a t i o n t h a t l a r g e m o l e c u l e s 
r e s i d i n g i n t h e c y t o p l a s m r e m a i n w i t h i n t h e c e l l s c l e a r l y 
i n d i c a t e s t h a t hormone r e l e a s e o c c u r s v i a e x o c y t o s i s 
( A h n e r t - H i l g e r e t a l . , 1985b; B a d e r e t a l . , 1 9 8 6 ) . A n o t h e r 
a p p r o a c h t o d e m o n s t r a t e e x o c y t o s i s makes u s e o f t h e 
c o m p a r t m e n t a t i o n of enzymes m e t a b o l i z i n g c a t e c h o l a m i n e s 
( A h n e r t - H i l g e r e t a l . , 1 9 8 7 ) . C a t e c h o l a m i n e s a r e r e l e a s e d 
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unchanged from i n t a c t pheochromocytoma c e l l s because t h e 
cyto p l a s m c o n t a i n i n g t h e o x i d i z i n g enzymes i s c i r c u m v e n t e d i f 
s e c r e t i o n occurs by e x o c y t o s i s . When t r a n s f e r r e d i n t o t h e 
cyt o p l a s m (by r e v e r s i n g t h e d r i v i n g f o r c e f o r v e s i c u l a r uptake 
o f catecholamines) o x i d i z e d c a t e c h o l a m i n e s are formed. Since 
t h e same s i t u a t i o n i s seen i n a l p h a - t o x i n p e r m e a b i l i z e d c e l l s , 
i t i s safe t o conclude t h a t t h e s e c r e t o r y v e s i c l e c o n t e n t s are 
d i r e c t l y t r a n s p o r t e d by e x o c y t o s i s i n t o t h e e x t r a c e l l u l a r 
space. 

R e c e n t l y , i n a d d i t i o n t o t h e o t h e r documented procedures 
( c . f . r e f e r e n c e s Bhakdi and Tranum-Jensen, 1987) a r a p i d and 
e f f e c t i v e p u r i f i c a t i o n p rocedure f o r a l p h a - t o x i n from t h e 
c u l t u r e medium o f Staphylococcus aureus ( s t r a i n Wood 46) has 
been d e s c r i b e d ( L i n d e t a l . , 1987). T h i s t e c h n i q u e f a c i l i t a t e s 
a g a i n t h e study o f membrane f u s i o n i n p e r m e a b i l i z e d s e c r e t o r y 
c e l l s . 

CHARACTERIZATION OF EXOCYTOSIS IN ALPHA-TOXIN PERMEABILIZED 
CELLS 

I n t h e f i r s t s e r i e s o f ex p e r i m e n t s t h e m i n i m a l 
( c y t o p l a s m i c ) r e q u i r e m e n t s f o r s e c r e t o r y v e s i c l e / p l a s m a 
membrane f u s i o n have been e s t a b l i s h e d i n a l p h a - t o x i n 
p e r m e a b i l i z e d PC12 c e l l s , a r a t pheochromocytoma c e l l l i n e . I t 
was demonstrated t h a t t h e r e l e a s e o f dopamine from these c e l l s 
upon a d d i t i o n o f a l p h a - t o x i n was reduced from " e x t r a c e l l u l a r " 
(mM) t o i n t r a c e l l u l a r (μΜ) c a l c i u m c o n c e n t r a t i o n s 
( A h n e r t - H i l g e r e t a l . , 1985a). I n media c o n t a i n i n g d e f i n e d 
f r e e c o n c e n t r a t i o n s o f c a l c i u m ( a d j u s t e d w i t h c h e l a t o r s and 
c o n t r o l l e d w i t h a c a l c i u m - s p e c i f i c e l e c t r o d e ) a c h a r a c t e r i s t i c 
b i p h a s i c response as a f u n c t i o n o f t h e f r e e c a l c i u m 
c o n c e n t r a t i o n c o u l d be observed ( F i g . 1 and A h n e r t - H i l g e r e t 
a l . , 1985a,b; A h n e r t - H i l g e r and G r a t z l , 1987). One phase 
a l r e a d y a c t i v a t e d below 1 μΜ f r e e c a l c i u m , p l a t e a u e d a t about 
1-5 μΜ f r e e c a l c i u m and a second o c c u r r e d i n t h e presence of 
l a r g e r amounts o f f r e e c a l c i u m (10-100 μΜ) . Calcium-induced 
dopamine r e l e a s e c o u l d be observed a t pH 6.6 as w e l l as a t 
pH 7.2, i t was i n s e n s i t i v e t o changes i n t h e n a t u r e o f 
monovalent c a t i o n s or a n i o n s . Magnesium was unable t o r e p l a c e 
c a l c i u m . However, when p r e s e n t s i m u l t a n e o u s l y w i t h c a l c i u m i n 
1-5 μΜ c o n c e n t r a t i o n s i t augmented hormone r e l e a s e ( F i g . 2 and 
A h n e r t - H i l g e r and G r a t z l , 1987). I t i s i n t e r e s t i n g t o note 
t h a t t h e e f f e c t o f magnesium was o n l y seen a t t h e low c a l c i u m 
c o n c e n t r a t i o n s which are l i k e l y t o occur i n s t i m u l a t e d c e l l s 
(see n e x t c h a p t e r ) . F u r t h e r a t t e m p t s t o c h a r a c t e r i z e or 
i d e n t i f y t h e t a r g e t s ( r e c e p t o r s ) o f c a l c i u m w i t h i n t h e 
pheochromocytoma c e l l s u s i n g g r o u p - s p e c i f i c r e a g e n t s or drugs 
i n t e r f e r i n g w i t h c a l m o d u l i n ( t r i f l u o p e r a z i n e ) have n o t y e t 
been s u c c e s s f u l . 

One reason f o r t h a t may be t h a t a d d i t i o n a l m o d u l a t o r y 
r e a c t i o n s i n v o l v e d i n t h e r e g u l a t i o n o f e x o c y t o s i s are w o r k i n g 
i n a l p h a - t o x i n p e r m e a b i l i z e d c e l l s . From t h e i n h i b i t o r y a c t i o n 
of GTP-gamma-S on c a l c i u m - i n d u c e d e x o c y t o s i s , a mo d u l a t o r y 
r o l e o f GTP b i n d i n g p r o t e i n s has been i n f e r r e d as f o r t h e 
a c t i v a t i o n by TPA an i n v o l v e m e n t o f t h e p r o t e i n k i n a s e C 
cascade ( A h n e r t - H i l g e r e t a l . , 1987). The l a t t e r e f f e c t 
r e q u i r e s t h e presence o f ATP w h i l e t h e c a l c i u m - i n d u c e d 
e x o c y t o s i s i n t h e pheochromocytoma c e l l s used i s e n t i r e l y 
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i n d e p e n d e n t on t h i s n u c l e o t i d e ( A h n e r t - H i l g e r e t a l . , 1985a,b; 
A h n e r t - H i l g e r and G r a t z l , 1 9 8 7 ) . 

I n t e r e s t i n g l y , c h r o m a f f i n c e l l s i n p r i m a r y c u l t u r e a l s o 
i n t h e a b s e n c e o f TPA r e q u i r e a d d i t i o n a l ATP f o r 
c a l c i u m - i n d u c e d e x o c y t o s i s ( B a d e r e t a l . , 1 9 8 6 ) . O t h e r 
n u c l e o t i d e s c o u l d n o t r e p l a c e ATP s u g g e s t i n g a v e r y s p e c i f i c 
r o l e i n t h e s e c e l l s . The ATP r e q u i r e m e n t o f s e c r e t i o n i n 
i n t a c t c e l l s w i l l be d i s c u s s e d i n d e t a i l i n t h e n e x t s e c t i o n 
of t h i s a r t i c l e . 

COMPARISON OF EXOCYTOSIS IN ALPHA-TOXIN PERMEABILIZED C E L L S 
WITH MEMBRANE FUSION OF BIOLOGICAL MEMBRANES AND OF LIPOSOMES 

The i m p o r t a n c e o f e x t r a c e l l u l a r c a l c i u m i n 
s t i m u l u s - s e c r e t i o n c o u p l i n g was r e a l i z e d more t h a n 25 y e a r s 
ago ( D o u g l a s and R u b i n , 1 9 6 1 ) . I n j e c t i o n s t u d i e s w i t h mast 
c e l l s and t h e g i a n t s y n a p s e i n d i c a t e d t h a t i n t r a c e l l u l a r 
c a l c i u m may t r i g g e r s e c r e t i o n (Kanno e t a l . , 1973; M i l e d i , 
1 9 7 3 ) . A f t e r i t was o b s e r v e d t h a t t r a n s m i t t e r r e l e a s e i s 
a c t u a l l y p a r a l l e l e d by an i n c r e a s e i n i n t r a c e l l u l a r f r e e 
c a l c i u m (Llinäs and N i c h o l s o n ) t h i s i s s u e was f u r t h e r 
i n v e s t i g a t e d i n a v a r i e t y o f s e c r e t o r y c e l l s . T h e s e s t u d i e s 
soon became e x p e r i m e n t a l l y e a s i e r t o be c a r r i e d o u t b e c a u s e 
new t e c h n i q u e s became a v a i l a b l e . R e s t i n g pheochromocytoma 
c e l l s o r a d r e n a l m e d u l l a r y c h r o m a f f i n c e l l s i n p r i m a r y 
c u l t u r e , i . e. t h e c e l l s u s e d up t o now f o r p e r m e a b i l i z a t i o n 
w i t h a l p h a - t o x i n , c o n t a i n about 0.1 μΜ f r e e c a l c i u m . 

F i g . 1. C a l c i u m r e q u i r e m e n t o f dopamine r e l e a s e by i n t a c t and 
by a l p h a - t o x i n p e r m e a b i l i z e d pheochromocytoma c e l l s 
( f r om A h n e r t - H i l g e r e t a l . , 1985a, by p e r m i s s i o n ) . 
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When s t i m u l a t e d , t h e f r e e c a l c i u m i n c r e a s e s t o about 0.5 μΜ 
( K n i g h t and K e s t e v e n , 1983; M e l d o l e s i e t a l . , 1 9 8 4 ) . I t i s 
w o r t h m e n t i o n i n g , however, t h a t an a v e r a g e i n t r a c e l l u l a r f r e e 
c a l c i u m c o n c e n t r a t i o n has been measured i n t h e s e s t u d i e s and 
t h e t r u e c o n c e n t r a t i o n s j u s t b e n e a t h t h e p l a s m a membrane may 
be h i g h e r as a c o n s e q u e n c e o f t h e c a l c i u m i n f l u x d u r i n g 
s t i m u l a t i o n . I n a n o t h e r s t u d y (Kao and S c h n e i d e r , 1986) v a l u e s 
o f about 10 μΜ f r e e c a l c i u m have been o b t a i n e d i n c h r o m a f f i n 
c e l l s s t i m u l a t e d w i t h n i c o t i n e . 

I n any c a s e , t h e c a l c i u m dependence of c a t e c h o l a m i n e 
s e c r e t i o n by i n t a c t c e l l s i s i n a c c o r d a n c e w i t h t h e s i t u a t i o n 
s e e n i n a l p h a - t o x i n p e r m e a b i l i z e d pheochromocytoma c e l l s and 
a d r e n a l m e d u l l a r y c h r o m a f f i n c e l l s i n p r i m a r y c u l t u r e ( s e e 
p r e v i o u s c h a p t e r ) . I n t e r e s t i n g l y enough, a l s o t h e dependence 
on ATP i n a l p h a - t o x i n p e r m e a b i l i z e d c h r o m a f f i n c e l l s ( B a d e r e t 
a l . , 1986) i s p a r a l l e l e d by a s i m i l a r o b s e r v a t i o n i n i n t a c t 
c e l l s ( R u b i n , 1969; K i r s h n e r and S m i t h , 1 9 6 5 ) . I n t a c t 
pheochromocytoma c e l l s , on t h e o t h e r hand, do not depend on 
c y t o p l a s m i c ATP d u r i n g s e c r e t i o n ( R e y n o l d s e t a l . , 1 9 8 2 ) , a 
f a c t w h i c h i s s u p p o r t e d by t h e i n s e n s i t i v i t y o f 
c a l c i u m - i n d u c e d dopamine r e l e a s e t o ATP i n t h e same c e l l s 
p e r m e a b i l i z e d w i t h a l p h a - t o x i n ( A h n e r t - H i l g e r e t a l . , 1985a,b; 
A h n e r t - H i l g e r and G r a t z l , 1 9 8 7 ) . 

25 

no addition Mg 2 ATP5 Mg 2 Ί 
Mg 2ATP1 

F i g . 2. E f f e c t o f magnesium w i t h o r w i t h o u t ATP on 
c a l c i u m - i n d u c e d dopamine r e l e a s e by p e r m e a b i l i z e d 
pheochromocytoma c e l l s . The open b a r s r e p r e s e n t 
c o n t r o l s , t h e h a t c h e d b a r s a l p h a - t o x i n t r e a t e d c e l l s . 
The medium c o n t a i n e d 10 μΜ f r e e c a l c i u m and t h e 
i n d i c a t e d amounts o f f r e e magnesium (fr o m 
A h n e r t - H i l g e r and G r a t z l , 1987, by p e r m i s s i o n ) . 
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The e x a c t r e a s o n f o r t h e n e c e s s i t y o f ATP i n 
p e r m e a b i l i z e d c h r o m a f f i n c e l l s i n p r i m a r y c u l t u r e i s not 
known. One p o s s i b i l i t y i s t h a t r e g u l a t o r y s e q u e n c e s ( l i k e t h e 
P r o t e i n k i n a s e C s y s t e m ) have a l l components a c t i v a t e d b u t one 
key p r o t e i n i s d e p h o s p h o r y l a t e d and r e q u i r e s ATP f o r 
r e p h o s p h o r y l a t i o n . I n o r d e r t o i d e n t i f y s u c h s i t e s 
p h o s p h o r y l a t i o n s t u d i e s have been c a r r i e d o u t u s i n g i n t a c t 
c e l l s , p e r m e a b i l i z e d c e l l s , o r s u b c e l l u l a r f r a c t i o n s (Schulman 
and G r e e n g a r d , 1978; Amy and K i r s h n e r , 1981; T r e i m a n e t a l . , 
1983; N i g g l i e t a l . , 1 9 8 4 ) . However, a l s o t h e t o p o g r a p h y of 
c h r o m a f f i n v e s i c l e d i s t r i b u t i o n i n t h e d i f f e r e n t c e l l s 
i n v e s t i g a t e d must be c o n s i d e r e d . I n c u l t u r e d pheochromocytoma 
c e l l s s e c r e t o r y v e s i c l e s a r e c o n c e n t r a t e d n e a r t h e p l a s m a 
membrane (Watanabe e t a l . , 1983) and t h u s a r e c l o s e t o t h e 
s i t e o f e x o c y t o s i s . On t h e o t h e r hand w i t h i n a d r e n a l m e d u l l a r y 
c h r o m a f f i n c e l l s s e c r e t o r y v e s i c l e s a r e more randomly 
d i s t r i b u t e d ( c . f . B a d er e t a l . , 1981) and ATP dependent 
v e s i c l e movement ( A l l e n e t a l . , 1985; V a l e e t a l . , 1985) c o u l d 
be n e c e s s a r y . 

The s t e p r e q u i r i n g ATP i s not t h e p r o c e s s o f membrane 
f u s i o n i t s e l f b u t a p r e c e d i n g one, s i n c e i s o l a t e d s e c r e t o r y 
v e s i c l e s i s o l a t e d from c h r o m a f f i n and o t h e r s e c r e t o r y c e l l s 
f u s e w i t h o u t ATP added. T h e s e b i o l o g i c a l membranes f u s e h a l f 
maximal w i t h about 1-10 μΜ f r e e c a l c i u m , i . e. t h e same 
c o n c e n t r a t i o n o b s e r v e d i n s t i m u l a t e d i n t a c t c e l l s o r t h e 
amount o f c a l c i u m e f f e c t i v e i n a l p h a - t o x i n p e r m e a b i l i z e d c e l l s 
( D a h l and G r a t z l , 1976; E k e r d t e t a l . , 1981; G r a t z l and D a h l , 
1976, 1978; G r a t z l e t a l . , 1977, 1 9 8 0 ) . When t h e membranes 
i n v e s t i g a t e d were f u r t h e r s i m p l i f i e d by t h e p r e p a r a t i o n o f 
l i p o s o m e s from t h e membrane l i p i d s o f c h r o m a f f i n v e s i c l e s , 
c h a r a c t e r i s t i c p r o p e r t i e s l i k e t h e s u s c e p t i b i l i t y t o low 
c o n c e n t r a t i o n s o f c a l c i u m f o r t h e f u s i o n p r o c e s s were l o s t 
( E k e r d t e t a l . , 1 9 8 1 ) . I n c o n j u n c t i o n w i t h t h e o b s e r v a t i o n 
t h a t t r e a t m e n t w i t h c h e m i c a l s o r enzymes of t h e s e c r e t o r y 
v e s i c l e membranes l e d t o t h e same c h a n g e s i n membrane f u s i o n 
p r o p e r t i e s , i t was c o n c l u d e d t h a t membrane p r o t e i n s a r e 
r e s p o n s i b l e f o r t h e s e p r o p e r t i e s ( E k e r d t e t a l . , 1 9 8 1 ) . 
A c t u a l l y l i p o s o m e s c o n t a i n i n g a c i d i c p h o s p h o l i p i d s e x h i b i t 
v e r y s i m i l a r f u s i o n p r o p e r t i e s as do t h e l i p o s o m e s p r e p a r e d 
from t h e membrane l i p i d s o f i s o l a t e d s e c r e t o r y v e s i c l e s 
( E k e r d t e t a l . , 1981; c . f . f o r r e f . Düzgünes, 1 9 8 5 ) . I n 
a t t e m p t s t o r e d u c e t h e c a l c i u m r e q u i r e m e n t s o f t h e s e membranes 
from mM t o more p h y s i o l o g i c a l (μΜ) c o n c e n t r a t i o n s t h e e f f e c t 
o f s y n e x i n , a c y t o p l a s m i c p r o t e i n p r e s e n t i n a v a r i e t y of 
s e c r e t o r y c e l l s h a s been i n v e s t i g a t e d (Hong e t a l . , 1 9 8 2 a , b ) . 
I t t u r n e d o u t t h a t w i t h t h i s p r o t e i n , i n t h e p r e s e n c e o f mM 
magnesium, t h e t h r e s h o l d o f t h e l i p o s o m e s t o undergo f u s i o n 
c o u l d be r e d u c e d t o about 10 μΜ c a l c i u m . T h i s i n d i c a t e s t h a t 
f u s i o n o f l i p o s o m e s c a n be mo d u l a t e d i n a way t o a p p r o a c h t h e 
m i l i e u e x i s t i n g i n r e s t i n g o r s t i m u l a t e d c e l l s . 

CONCLUSION 

P e r m e a b i l i z a t i o n o f s e c r e t o r y c e l l s by s t a p h y l o c o c c a l 
a l p h a - t o x i n i n d e e d i s a v a l u a b l e t e c h n i q u e t o i n v e s t i g a t e 
membrane f u s i o n d u r i n g e x o c y t o s i s b e c a u s e i t a l l o w s t h e 
permanent c o n t r o l o f t h e c o m p o s i t i o n o f t h e c y t o p l a s m w i t h 
r e s p e c t t o s m a l l m o l e c u l e s (MW 1 KD) w i t h o u t p e r t u r b i n g t h e 
f u s i o n p r o c e s s i t s e l f . The s e c r e t i o n o b s e r v e d i n s u c h 
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p e r m e a b i l i z e d c e l l s i s c o m p a t i b l e w i t h s e c r e t i o n by i n t a c t 
c e l l s and c l o s e l y r e s e m b l e s membrane f u s i o n s t u d i e d w i t h 
i s o l a t e d s e c r e t o r y v e s i c l e membranes. 

A f t e r e x t e n s i v e l y s t u d y i n g t h e e f f e c t s o f s m a l l s o l u t e s , 
i n h i b i t o r s o r a c t i v a t o r s , t h e c o n c e p t o f u s i n g n a t u r a l 
o c c u r r i n g p o r e f o r m i n g s u b s t a n c e s f o r c e l l p e r m e a b i l i z a t i o n 
opens f u r t h e r p o s s i b i l i t i e s . Permanent p o r e s w h i c h a r e b i g 
enough t o r e l e a s e e v e n l a r g e m o l e c u l a r w e i g h t s u b s t a n c e s from 
t h e c e l l - s o r t o i n t r o d u c e a n t i b o d i e s d i r e c t e d a g a i n s t membrane 
components s t i l l r e s i d i n g i n p e r m e a b i l i z e d c e l l s c a n be u s e d 
t o i d e n t i f y t h e r e l e v a n t membrane p r o t e i n s i n v o l v e d i n 
e x o c y t o t i c membrane f u s i o n . Then t h e y c a n be i s o l a t e d and 
i n c o r p o r a t e d i n t o l i p o s o m e s w i t h t h e aim o f m o d i f y i n g t h e i r 
p r o p e r t i e s i n a way t h a t t h e f u s i o n p r o c e s s i n t h i s s i m p l i f i e d 
s y s t e m i s c o m p a t i b l e w i t h t h e s i t u a t i o n s e e n i n i n t a c t 
s e c r e t o r y c e l l s . T h i s would t h e n e l u c i d a t e t h e m o l e c u l a r 
mechanism o f membrane f u s i o n d u r i n g e x o c y t o s i s . 
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