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Introduction 

More t h a n 20 y e a r s ago, e x p e r i m e n t a l d a t a s u g g e s t e d t h a t P r o t e i n s 
a r e r e l e a s e d t o g e t h e r w i t h c a t e c h o l a m i n e s f r o m t h e a d r e n a l m e d u l l a 
upon S t i m u l a t i o n (Banks and H e l l e 1965). C o - s t o r a g e and c o - r e l e a s e 
of t h e s e P r o t e i n s , named c h r o m o g r a n i n s , w i t h c a t e c h o l a m i n e s i s now 
w e l l e s t a b l i s h e d ( c f . W i n k l e r e t a l . 1986). C h r o m o g r a n i n A i s t h e 
most abundant member of t h i s a c i d i c group of p r o t e i n s , w h i c h has 
a l s o been d e t e c t e d i n many o t h e r e n d o c r i n e c e l l s s e c r e t i n g by e x o c y -
t o s i s ( c f . W i n k l e r e t a l . 1986). P r e v i o u s i n v e s t i g a t i o n s d i f f e r e d i n 
th e p r e c i s e c e l l u l a r l o c a t i o n of t h e a n t i g e n i n t h e p a n c r e a t i c i s l e t 
(O'Connor e t a l . 1983; Cohn e t a l . 1984; W i l s o n and L l o y d 1984; 
V a r n d e l l e t a l . 1985). The p r e s e n t c o n t r i b u t i o n summarizes r e c e n t 
d a t a on t h e c e l l u l a r and s u b c e l l u l a r d i s t r i b u t i o n s of c h r o m o g r a n i n A 
i n t h e b o v i n e p a n c r e a t i c i s l e t ( E h r h a r t e t a l . 1986) and r e l a t e s 
them t o t h e Ca** b i n d i n g f u n c t i o n of c h r o m o g r a n i n A ( R e i f f e n and 
G r a t z l 1986a,b). 

Immunocytochemical Observations 

F o u r P e p t i d e s c o n s t i t u t e t h e e s t a b l i s h e d i s l e t hormones w i t h i n t h e 
mammalian e n d o c r i n e p a n c r e a s : i n s u 1 i n , g l u c a g o n , s o m a t o s t a t i n and 
p a n c r e a t i c P o l y p e p t i d e . Äppropriately d i l u t e d a n t i s e r a a g a i n s t t h e s e 
hormones were used t o i d e n t i f y t h e d i f f e r e n t e n d o c r i n e c e l l s (PAP-
t e c h n i q u e ) . A p o l y c l o n a l a n t i b o d y d i r e c t e d a g a i n s t b o v i n e chromogra
n i n A was a p p l i e d t o c o n s e c u t i v e s e c t i o n s . I t was o b s e r v e d by t h i s 
p r o c e d u r e t h a t t h e c e l l s w h i c h r e a c t e d w i t h a n t i b o d i e s a g a i n s t 
i n s u l i n , g l u c a g o n o r s o m a t o s t a t i n a l s o d i s p l a y e d i m m u n o r e a c t i v i t y 
a g a i n s t c h r o m o g r a n i n A. 

At t h e u l t r a s t r u c t u r a l l e v e l ( p r o t e i n A - g o l d t e c h n i q u e ) , chromogra
n i n A was c o n f i n e d e x c l u s i v e l y t o t h e s e c r e t o r y v e s i c l e s of t h e 
p a n c r e a t i c e n d o c r i n e c e l l s . As an example, i m m u n o s t a i n i n g of t h e 
i n s u l i n c o n t a i n i n g s e c r e t o r y v e s i c l e s of p a n c r e a t i c B c e l l s i s shown 
i n . F i g . 1. The t o p o g r a p h y of t h e g o l d p a r t i c l e s a f t e r s t a i n i n g w i t h 
t h e a n t i b o d y a g a i n s t i n s u l i n was d i f f e r e n t f r o m t h a t o b s e r v e d w i t h 
t h e a n t i - c h r o m o g r a n i n A a n t i b o d y . A p p r o x i m a t e l y 70% of t h e i n s u l i n 
i m m u n o r e a c t i v i t y was l o c a t e d i n t h e c e n t e r of t h e e l e c t r o n dense 
c o r e of t h e v e s i c l e s . Whereas 64% of t h e g o l d p a r t i c l e s i n d i c a t i n g 
c h r o m o g r a n i n A i m m u n o r e a c t i v i t y were o b s e r v e d o v e r l y i n g t h e c l e a r 
h a l o and t h e o u t e r l a y e r of t h e e l e c t r o n dense c o r e . S i m i l a r r e s u l t s 
were o b t a i n e d i n t h e g l u c a g o n c o n t a i n i n g v e s i c l e s . T h i s s u b v e s i c u l a r 
d i s t r i b u t i o n of c h r o m o g r a n i n A i s v e r y much r e m i n i s c e n t of t h e 
d i s t r i b u t i o n of Ca** i n t h e v e s i c l e s as r e v e a l e d by t h e p y r o a n t i m o -
n a t e t e c h n i q u e ( c f . L e n z e n and Klöppel 1984). 
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F i g . 1. P h o t o m i c r o g r a p h of an u l t r a t h i n s e c t i o n of a p a n c r e a t i c B 
c e l l immunostained f o r c h r o m o g r a n i n A by t h e p r o t e i n A - g o l d t e c h n i 
que. B a r = 0.5 um. 
( C o u r t e s y of M. E h r h a r t , A b t e i l u n g K l i n i s c h e M o r p h o l o g i e , U n i v e r s i 
tät Ulm) 

Functional Considerations 

Low i n t r a c e 1 l u l a r f r e e Ca** c o n c e n t r a t i o n s a r e m a i n t a i n e d i n mamma-
l i a n c e l l s by Ca** t r a n s p o r t Systems p r e s e n t i n t h e plasma membrane, 
e n d o p l a s m i c r e t i c u l u m and m i t o c h o n d r i a . I n e n d o c r i n e c e l l s , c y t o -
p l a s m i c Ca** p l a y s a S t r a t e g i e r o l e i n t h e r e g u l a t i o n of s e c r e t i o n 
by e x o e y t o s i s and i n t h e s e c e l l s , s e c r e t o r y v e s i c l e s c o n s t i t u t e an 
a d d i t i o n a l Ca** S e q u e s t r a t i o n System. S e c r e t o r y v e s i c l e s of p r a c -
t i c a l l y a l l e n d o c r i n e c e l l s c o n t a i n l a r g e amounts of Ca**, and, i n 
some c a s e s , t h e t r a n s p o r t System f o r t h i s d i v a l e n t c a t i o n a c r o s s t h e 
membrane has been c h a r a c t e r i z e d i n some d e t a i l ( c f . K r i e g e r - B r a u e r 
and G r a t z l 1983; Saermark e t a l . 1983). 

Ca** t r a n s p o r t e d i n t o t h e v e s i c l e s i s l a r g e l y bound t o i n t r a v e s i c u -
l a r s u b s t a n c e s ( B u l e n d a and G r a t z l 1985). Among t h e p r o t e i n s p r e s e n t 
w i t h i n c h r o m a f f i n s e c r e t o r y v e s i c l e s , o n l y c h r o m o g r a n i n A b i n d s Ca** 
( R e i f f e n and G r a t z l 1986a,b). The p r e s e n c e of t h i s p r o t e i n w i t h i n 
a l m o s t a l l e n d o c r i n e c e l l s , i n c l u d i n g t h e p a n c r e a t i c i s l e t c e l l s may 
i n d i c a t e t h a t p r o c e s s e s s i m i l a r t o t h o s e f o u n d i n c h r o m a f f i n v e s i c 
l e s work i n many e n d o c r i n e c e l l s s e c r e t i n g by e x o e y t o s i s . I n t h i s 
c o n j u n e t i o n , t h e c y t o c h e m i c a l O b s e r v a t i o n t h a t Ca** and c h r o m o g r a n i n 
A e x i s t t o g e t h e r i n t h e submembrane space of t h e s e c r e t o r y v e s i c l e 
o f t h e p a n c r e a t i c i s l e t c e l l s i s of p a r t i c u l a r i n t e r e s t (see p r e -
v i o u s c h a p t e r s ) . 
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Markers f o r Endocrine C e l l s 

A c e r t a i n d i v i s i o n of e n d o c r i n e c e l l s w i t h i n t h e body have been 
d e s c r i b e d as " e n d o c r i n e e p i t h e l i a l o r g a n s " ( F e y r t e r 1938). The endo
c r i n e c e l l s b e l o n g i n g t o t h i s d i v i s i o n c a n be i d e n t i f i e d by c y t o c h e -
m i c a l c h a r a c t e r i s t i c s , by u l t r a s t r u c t u r a l c r i t e r i a ( P e a r s e 1968) and 
by t h e i r p r o p e r t i e s r e l a t e d t o t h e p r o c e s s of 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 ( F u j i t a 1976). 

Düring t h e i n v e s t i g a t i o n of t h e m o l e c u l a r e v e n t s of e x o e y t o s i s and 
i t s r e g u l a t i o n , more and more c o n s t i t u e n t s of t h e s e s p e c i a l i z e d 
e n d o c r i n e c e l l s have been i d e n t i f i e d . B e s i d e s c h r o m o g r a n i n A, a 
v a r i e t y of a d d i t i o n a l m a r k e r s , a l l of w h i c h e x h i b i t a v e r y s i m i l a r 
p a t t e r n of d i s t r i b u t i o n i n t h e body, have been d e t e c t e d i n P o l y p e p 
t i d e s e c r e t i n g e n d o c r i n e c e l l s . O b v i o u s l y , t h e s e components a r e 
l i n k e d t o t h e f u n e t i o n o r t h e s p e c i f i c m e t a b o l i c r e q u i r e m e n t s of 
e n d o c r i n e c e l l s . 

A Ca** b i n d i n g membrane p r o t e i n w i t h a m o l e c u l a r w e i g h t of 38,000 i s 
among t h e s e c e l l u l a r c o n s t i t u e n t s ( c f . Navone e t a l . 1986) as w e l l 
as neuron s p e c i f i c e n o l a s e (Schmechel e t a l . 1978). Thus, a new 
g e n e r a t i o n of b i o c h e m i c a l m a r k e r s f o r t h e P o l y p e p t i d e s e c r e t i n g 
e n d o c r i n e c e l l s i s a v a i l a b l e . They can be used t o f i n d o u t w h e t h e r 
c e r t a i n e n d o c r i n e c e l l s b e l o n g t o t h e " e n d o c r i n e e p i t h e l i a l o r g a n s " 
f i r s t d e s c r i b e d by F e y r t e r ( 1 9 3 8 ) . 
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