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SUMMARY

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

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

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

d e t e r g e n t  T r i t o n  X 1 0 0  f o l l o w e d  b y  a f f i n i t y  p u r i f i c a t i o n  

o n  a n  < * - t o x i n  a f f i n i t y  c o l u m n .  S p e c f i c  a c t i v i t y  o f  

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

o f  i o d i n a t e d  ^ - b u n g a r o t o x i n  w h i c h  w a s  i t s e l f  c h e c k e d  t o  

m a x i m i s e  b i o l o g i c a l  a c t i v i t y .  E f f o r t s  w e r e  m a d e  t o  

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

g l y c o p r o t e i n .

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

T o r p e d o  AChR r e v e a l e d  t h e  p r e s e n c e  o f  f u c o s e  ( 4 7 . 1 n m o l / m g  

p r o t e i n ) /  m a n n o s e  ( 1 2 2 . 7 n m o l / m g  p r o t e i n ) /  g a l a c t o s e  

( 4 0 . 3 n m o l / m g  p r o t e i n )  a n d  N - a c e t y l - D - g l u c o s a m i n e  

( 4 1 . 8 n m o l / m g  p r o t e i n ) .  T h e  p r e s e n c e  o f  g l u c o s e  w a s  m o r e  

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

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

m o n o s a c c h a r i d e  r e s i d u e s  c o u l d  b e  r e d u c e d  b y  g l y c o s i d a s e  

t r e a t m e n t .  F r o m  a l k a l i n e  b o r o h y d r i d e  t r e a t m e n t  o f  t h e  

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

N - g l y c o s i d i c a l l y  l i n k e d  t o  t h e  p r o t e i n .

A l e c t i n - b i n d i n g  a s s a y  w a s  d e v e l o p e d  t o  d e t e c t  

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

o f  T o r p e d o  AChR.  L e c t i n  b i n d i n g  t o  t h e s e  b l o t s  s h o w e d  

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

f u c o s e /  g a l a c t o s e /  ( g l u c o s e ) /  N - a c e t y l g l u c o s a m i n e  a n d



s i a l i c  a c i d  a p p e a r  t o  b e  p r e s e n t  i n  t h e  a n d  S - c h a i n s

o n l y .

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

b i n d i n g  t o  t h e  T o r p e d o  AChR.  T h i s  a s s a y /  t h e

e n z y m e - l i n k e d  l e c t i n  b i n d i n g  a s s a y  ( E L B A ) /  w a s  d e v e l o p e d  

f r o m  a  m o d i f i c a t i o n  o f  t h e  E L I S A  a n d  w a s  s u c c e s s f u l l y  

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

AChR.  B i n d i n g  o f  Con  A a n d  L o t u s  t e t r a g o n o l o b u s  l e c t i n s  

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

f u c o s e  r e s p e c t i v e l y .

A p a s s i v e  h a e m a g g l u t i n a t i o n  t e s t  w a s  d e v e l o p e d .  

T h e  AChR w a s  c o u p l e d  t o  r e d  b l o o d  c e l l s  b y  t h e  c h r o m i c  

c h l o r i d e  m e t h o d .  T h e  b o u n d  r e c e p t o r  r e t a i n e d  b o t h  

a n t i g e n i c  a c t i v i t y  a n d  t h e  a b i l i t y  t o  b i n d  fl^BGT. T h e

A C h R - c o a t e d  RBC w e r e  s u c c e s s f u l l y  u s e d  i n  a

‘h a e m a g g l u t i n a t i o n  t e s t  t o  d e t e r m i n e  a n t i b o d y  t i t r e  a n d  

c r o s s - r e a c t i v i t y  o f  p o l y c l o n a l  a n d  m o n o c l o n a l  

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

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

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

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

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

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

n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r  ( AChR)  h a s  b e e n  

f a c i l i t a t e d  b y  t h e  a v a i l a b i l i t y  o f  a  u n i q u e  t i s s u e  -  t h e  

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

e l e c t r o p l a q u e  c e l l s  o f  e l e c t r i c  t i s s u e  f r o m  T o r p e d o  

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

i n n e r v a t i o n  a n d  c o n t a i n  d e n s e l y  p a c k e d  a r r a y s  o f  r e c e p t o r  

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

T h e  h u m a n  d i s e a s e  M y a s t h e n i a  g r a v i s  a n d  i t s  a n i m a l  

m o d e l /  E x p e r i m e n t a l  A u t o i m m u n e  M y a s t h e n i a  g r a v i s /  b o t h  

i n v o l v e  a n  a u t o i m m u n e  r e s p o n s e  t o  a n t i g e n i c  d e t e r m i n a n t s  

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

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

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

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

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

T h e  E l e c t r i c  O r g a n s  o f  t h e  E l e c t r i c  F i s h e s  ( R e v i e w e d  b y  

B e n n e t t /  1 9 7 0 )

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

l a r g e /  f l a t /  k i d n e y - s h a p e d  m a s s e s  o n  b o t h  s i d e s  o f  t h e  

a n t e r i o r  p a r t  o f  t h e  b o d y /  t h e i r  w e i g h t  r a n g i n g  f r o m  o n e  

s i x t h  t o  o n e  q u a r t e r  o f  t h a t  o f  t h e  f i s h .  E m b r y o l o g i c a l  

s t u d i e s  h a v e  s h o w n  t h a t  t h e  o r g a n  d e r i v e s  f r o m  s t r i a t e d  

m u s c l e  ( s p e c i f i c a l l y /  m o d i f i e d  b r a c h i a l  m u s c l e s )  a n d
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r e c e i v e s  6 0 0 0  n e r v e  f i b r e s  f r o m  a n  e q u a l  n u m b e r  o f  

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

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

f r o m  t h e  o r g a n s ,  t h e y  h a v e  r e t a i n e d  t h e i r  e x c i t a b i l i t y ,  

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

m u s c l e  c e l l s .

T h e  e l e c t r i c  o r g a n s  o f  t h e  e l e c t r i c  f i s h e s  c o n s i s t  

o f  a r r a y s  o f  l a r g e  f l a t  c e l l s ,  t h e  e l e c t r o p l a q u e s ,  e a c h  

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

r e c e i v i n g  a  n e r v e  i m p u l s e .  T h e  c e l l s  a r e  a r r a n g e d  i n  

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

p o t e n t i a l  g e n e r a t e d  b y  e a c h  e l e c t r o p l a q u e  ( a p p r o x .  

0 . 1 4 V / c e l l ) .  E . e l e c t r i c u s  a n d  T . m a r m o r a t a  g e n e r a t e

p o t e n t i a l s  o f  6 00V a n d  4 0 - 6 0 V  r e s p e c t i v e l y .  T h i s  a b i l i t y  

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

n u m b i n g  s h o c k s  h a s  b e e n  k n o w n  s i n c e  R o m a n  t i m e s ,  a n d  w a s  

t h e  s u b j e c t  o f  a  p o e m ,  De T o r p e d i n e  b y  C l a u d i a n  ( 3 7 0 - 4 0 8  

A D ) .  A p r i m i t i v e  f o r m  o f  e l e c t r o c o n v u l s i v e  s h o c k  t h e r a p y  

w a s  e v e n  c a r r i e d  o u t  b y  p l a c i n g  l i v e  T o r p e d o  o n  t h e  

p a t i e n t s  h e a d !

T h e  e l e c t r o p l a q u e s  o f  b o t h  s p e c i e s  c o n s i s t s  o f  a  

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

c o n t a i n i n g  s e v e r a l  t h o u s a n d  n u c l e i .  E a c h  c e l l  r e c e i v e s  

n e r v e  t e r m i n a l s  o n  o n e  f a c e  o n l y .  I n  E l e c t r o p h o r u s , t h i s  

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

f a c e .  T h e  s u r f a c e  a r e a s  o f  b o t h  t h e  d o r s a l  a n d  v e n t r a l  

p l a s m a  m e m b r a n e s  s h o w  a  c o n s i d e r a b l e  i n c r e a s e  a s  a  

c o n s e q u e n c e  o f  t h e  p r o l i f e r a t i o n  o f  i n v a g i n a t i o n s  a n d
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v i l l o s i t i e s .  I n  E l e c t r o p h o r u s , n e r v e - e n d i n g s  may

5 6 .e s t a b l i s h  1 0  -  1 0  s p e c i f i c  c o n t a c t s .  H o w e v e r  m

T o r p e d o , i n n e r v a t i o n  i s  m u c h  d e n s e r  a n d  t h e  i n n e r v a t e d

m e m b r a n e  l e s s  c o n v o l u t e d .  T h e r e  m a y  b e  a s  m a n y  a s

1 5 0 - 3 0 0 / 0 0 0  e l e c t r o p l a q u e s  i n  o n e  o r g a n  o f  E l e c t r o p h o r u s

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

i n  t h e  r e g i o n  o f  1 0 ^ ^  -  1 0 ^ .  A l l  t h e  s y n a p s e s  f u n c t i o n

w i t h  t h e  s a m e  n e u r o t r a n s m i t t e r /  a c e t y l c h o l i n e .  T h e  f i s h

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

o r g a n s  f r o m  b o t h  s p e c i e s  ( a n d  e s p e c i a l l y  T o r p e d o ) s e r v e

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

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

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

To  d a t e /  t h e r e  a r e  b u t  m i n o r  d i f f e r e n c e s  . k n o w n  

b e t w e e n  t h e  e l e c t r o p l a q u e  s y n a p s e  a n d  t h e  n e u r o m u s c u l a r  

j u n c t i o n  f r o m  h i g h e r  o r d e r  v e r t e b r a t e s .  A t  t h e  e l e c t r o n  

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

s i m p l e r  t h a n  t h a t  a t  t h e  m o t o r  e n d  p l a t e  o f  s k e l e t a l  

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

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

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

( B o u r g e o i s  et^ a_l .  , 1 9 7 8 )  .

T h e  o ( - N e u r  o t o x i n s  As P r o b e s  F o r  T h e  A c e t y l c h o l i n e  

R e c e p t o r

T h e  i s o l a t i o n  a n d  c h a r a c t e r i s a t i o n  o f  t h e  

a c e t y l c h o l i n e  r e c e p t o r  w a s  m a d e  p o s s i b l e  b y  t h e  u s e  o f
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D ^ - t o x i n s  f r o m  t h e  E l a p i d a e  ( e g  c o b r a  a n d  k r a i t )  a n d  

H y d r o p h i d a e  ( s e a  s n a k e s )  f a m i l i e s  o f  s n a k e s .  T h e s e  

( / - t o x i n s  a r e  s m a l l  c o m p a c t  p o l y p e p t i d e s  w i t h  6 0 - 7 4  a m i n o  

a c i d s ,  p o s s e s s i n g  a  n e t  p o s i t i v e  c h a r g e .  T h e y  b l o c k  

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

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

a c e t y l c h o l i n e  o r  i t s  h y d r o l y s i s  b y  a c e t y l c h o l i n e s t e r a s e .  

T h e  b i n d i n g  o f  ^ ( - t o x i n s  c a n  b e  p r e v e n t e d  b y  

d - t u b o c u r a r i n e  ( a  n i c o t i n i c  a n t a g o n i s t ) .  Two g r o u p s  o f  

{ / - t o x i n s  h a v e  b e e n  i d e n t i f i e d  a c c o r d i n g  t o  t h e i r  a c t i o n  

a t  t h e  n e u r o m u s c u l a r  j u n c t i o n .  T y p e  I  { / - t o x i n s  ( e . g .  t h e  

( / - t o x i n  f r o m  N a j a  n a j a  s i a m e n s i s ) p r o d u c e  a  r e v e r s i b l e  

n e u r o m u s c u l a r  b l o c k a d e  a n d  h a v e  b e e n  u s e d  a s  l i g a n d s  f o r  

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

a c e t y l c h o l i n e  r e c e p t o r .  E l u t i o n  o f  t h e  r e c e p t o r  i s  

e f f e c t e d  b y  a g o n i s t s  s u c h  a s  c a r b a m y l c h o l i n e  ( K l e t t  et^ 

a l . /  1 9 7 3 /  L i n d s t r o m  a n d  P a t r i c k /  1 9 7 4 ) .  T y p e  I I

/ - n e u r o t o x i n s  ( e . g .  t h e  o / - t o x i n  f r o m  B u n g a r u s ) b i n d  

a l m o s t  i r r e v e r s i b l y  t o  a c e t y l c h o l i n e  r e c e p t o r  a n d  may  b e  

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

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

/ - b u n g a r o t o x i n  (</BGT) i s  e x t e n s i v e l y  u s e d  f o r  d e t e c t i o n  

a n d  q u a n t i f i c a t i o n  o f  AChR f o r  b i o c h e m i c a l  a n a l y s i s .  

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

/ - ■ n e u r o t o x i n s  ( r e v i e w e d  b y  F u l p i u s /  1 9 7 6 ) .  T h e s e  m e t h o d s

3i n c l u d e  a c e t y l a t i o n  w i t h  H a c e t i c  a n h y d r i d e  ( B a r n a r d  e_t

a l . / 1 9 7 1 /  C h a n g  et^ a l . / 1 9 7 3 ) /  r a d i o l a b e l l i n g  w i t h
3

N - s u c c i n i d y l - ( 2 / 3 -  H) p r o p i o n a t e  ( D o l l y  e t  a l . /  1 9 8 1 )  a n d
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/
*| ^ r  I OC

i o d i n a t i o n  w i t h  I  ( Wa ng  a n d  S c h m i d t /  1 9 8 0 ) .  I -o(BGT

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

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

c e l l  m e m b r a n e s .  S e p a r a t i o n  o f  b o u n d  r a d i o l a b e l l e d  c^BGT 

f r o m  f r e e  l i g a n d  i n  a n y  a s s a y  may  b e  a c h i e v e d  b y  a 

v a r i e t y  o f  t e c h n i q u e s :  g e l  f i l t r a t i o n  o n  S e p h a d e x  G50

( M i l e d i  e t  a l . , 1 9 7 1 ) /  u l t r a f i l t r a t i o n  o f  t h e

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

( L i n d s t r o m  a n d  P a t r i c k /  1 9 7 4 ) /  d i f f e r e n t i a l  a mmoni um 

s u l p h a t e  p r e c i p i t a t i o n  o f  t h e  r e c e p t o r - t o x i n  c o m p l e x  

( M e u n i e r  e_t a l^ .  / 1 9 7 2 )  a n d  s e p a r a t i o n  o n  D E A E - c e l  l u l  o s e  

f i l t e r  d i s c s  ( S c h m i d t  a n d  R a f t e r y ; 1 9 7 3 /  D o l l y /  1 9 7 9 ) .  

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

m o l e s  o f  o^BGT b i n d i n g  s i t e s  p e r  g r a m  o f  p r o t e i n .
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P u r i f i c a t i o n  a n d  C h a r a c t e r i s a t i o n  o f  t h e  A c e t y l c h o l i n e  

R e c e p t o r  f r o m  t h e  E l e c t r i c  F i s h e s

Among t h e  f i r s t  s t u d i e s  o n  t h e  a c e t y l c h o l i n e

r e c e p t o r  w e r e  t h o s e  r e p o r t e d  b y  M i l e d i  ( 1 9 7 1 ) .  As t h e

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

h y d r o p h o b i c a l l y  / d e t e r g e n t  i s  r e q u i r e d  t o  e x t r a c t  i t  a n d

m a i n t a i n  i t  i n  s o l u t i o n .  M i l e d i  l a b e l l e d  m e m b r a n e

r e c e p t o r  w i t h  r a d i o i o d i n a t e d  ^ BGT a n d  d i s s o l v e d  t h e  w h o l e

c o m p l e x  i n  T r i t o n  X 1 0 0 .  I t  w a s  s h o w n  t h a t  s o l u b i l i s e d

1 2 5r e c e p t o r  p r o t e i n  -  I -o(BGT c o m p l e x  f r o m  m e m b r a n e s  o f

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

a c e t y l c h o l i n e s t e r a s e  b y  g e l  f i l t r a t i o n  ( M i l e d i  £l t  a l^ .  ,

1 9 7 1 ) .  T h i s  w a s  s i m i l a r l y  d e m o n s t r a t e d  b y  e l u t i n g

E l e c t r o p h o r u s  r e c e p t o r  f r o m  a n  a f f i n i t y  c o l u m n  ( M e u n i e r  

e t  a l . /  19  7 1 ) .  An h y p o t h e s i s  t h a t  t h e  a c e t y l c h o l i n e  

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

a c e t y l c h o l i n e s t e r a s e  ( C h a n g e u x /  1 9 6 6 )  w a s  t h e r e b y

d i s p r o v e d  ( M i l e d i  et_ a l^ .  , 1 9 1 1 ,  a n d  M e u n i e r  et^ a l .  ,

19  7 1 ) .  S e p h a d e x  g e l  f i l t r a t i o n  a n d  d e n s i t y  g r a d i e n t

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

t h e  p r o t e i n - d e t e r g e n t  c o m p l e x  h a d  a  h i g h  m o l e c u l a r  

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

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

p u r i f i c a t i o n  o f  b o t h  t h e  f r e e  r e c e p t o r  a n d  t o x i n - r e c e p t o r  

c o m p l e x .  T h e s e  t e c h n i q u e s  h a v e  b e e n  p a r t i c u a r l y
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s u c c e s s f u l  w i t h  h i g h  s p e c i f i c  a c t i v i t y  c r u d e  e x t r a c t s  

f r o m  T o r p e d o  e l e c t r i c  t i s s u e  ( P o t t e r ,  1 9 7 3 ) .  I m p r o v e m e n t  

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

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

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

e f f e c t e d  b y  c o n j u g a t i o n  o f  e i t h e r  Na j a  o ( - t o x i n  o r ,  

s y n t h e t i c  c h o l i n e r g i c  l i g a n d s ,  t o  a g a r o s e  b e a d s  ( O l s e n  e_t 

a l . ,  1 9 7 3 ,  S c h m i d t  a n d  R a f t e r y ,  1 9 7 2 ,  B i s e c k e r ,  1 9 7 3 ,  

K a r l i n  a n d  C o w b u r n ,  1 9 7 3 ) .  O r i g i n a l l y  t h e  o ( - t o x i n  f r o m  

N a j a  n i g r i c o l l i s  w a s  u s e d ,  h o w e v e r  t h i s  b i n d s  t h e  

r e c e p t o r  s i t e  w i t h  t o o  h i g h  a n  a f f i n i t y  a n d  q u a n t i t a t i v e  

r e l e a s e  o f  t h e  r e c e p t o r  f r o m  t h e  c o l u m n  o f  o ^ - t o x i n  i s  

m o r e  r e a d i l y  a c h i e v e d  b y  u s e  o f  t h e  o ( - n e u r o t o x i n  f r o m  

N a j a  n a j a  s i a m e n s i s  ( w h i c h  h a s  a  l o w e r  a f f i n i t y )  

( K a r l s s o n  ej t  a l ^ .  , 1 9 7 2 ,  K l e t t  e_t a l^ .  , 1 9 7 3 ,  E l d e f r a w i  a n d  

E l d e f r a w i ,  1 9 7 3 ,  L i n d s t r o m  a n d  P a t r i c k ,  1 9 7 4 ) .  M o r e  

r e c e n t l y ,  L e n n o n  e_t al_ ( 1 9 8 0 ) ,  h a v e  u s e d  m o n o c l o n a l  

a n t i - ( A C h R )  I g G  c o u p l e d  t o  a g a r o s e  t o  p u r i f y

T . c a l i f o r n i c a  AChR.

P u r i f i c a t i o n  t o  h o m o g e n e i t y  w a s  a c h e i v e d  b y  

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

u l t r a c e n t r i f u g a t i o n  ( L i n d s t r o m  a n d  P a t r i c k ,  1 9 7 4 ,  M e u n i e r  

a n d  C h a n g e u x ,  1 9 7 3 ,  M e u n i e r  e t  a l . , 1 9 7 4 ) ,  DEAE

c h r o m a t o g r a p h y  ( K l e t t  e t  a l . , 1 9 7 3 )  o r  e l e c t r o p h o r e s i s

( E l d e f r a w i  a n d  E l d e f r a w i ,  1 9 7 3 ) .

T h e  AChR o f  t h e  e l e c t r o p l a q u e  h a s  b e e n  e x t e n s i v e l y  

c h a r a c t e r i s e d  ( f o r  r e v i e w s  s e e  K a r l i n ,  1 9 8 0 ,  C h a n g e u x ,

1 9 8 1 ,  C o n t i - T r o n c o n i  a n d  R a f t e r y ,  1 9 8 2 ,  B a r r a n t e s ,  1 9 8 3 ,
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P o p o t  a n d  C h a n g e u x ,  1 9 8 4 ) .  T h e  p h y s i c a l  p r o p e r t i e s  o f  

t h e  a c e t y l c h o l i n e  r e c e p t o r  a r e  s u m m a r i s e d  i n  T a b l e  1 . 1 .  

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

( s e e  I n t r o d u c t i o n  s e c t i o n  o n  t h e  H i s t o r y  o f  t h e  

G l y c o p r o t e i n  N a t u r e  o f  t h e  A C h R ) .

M o l e c u l a r  W e i g h t  a n d  S u b u n i t  C o m p o s i t i o n

D e t e r m i n a t i o n  o f  t h e  m o l e c u l a r  w e i g h t  o f  t h e  AChR 

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

o f  b o u n d  d e t e r g e n t .  B o u n d  T r i t o n  X 1 0 0  h a s  b e e n  r e p o r t e d  

a s  c o n t r i b u t i n g  u p  t o  21% ( 1 6 0 - 1 7 0  m o l e c u l e s )  o f  t h e

t o t a l  m a s s  o f  t h e  r e c e p t o r - t o x i n  c o m p l e x  ( M e u n i e r  ej t  a l .  ,

1 9 7 2 )  o r  0 . 5 g  T r i t o n  X 1 0 0  p e r  g r a m  p r o t e i n  ( K a r l i n  ej t  

a l . , 1 9 7 9 ) .  V a l u e s  f o r  t h e  m o l e c u l a r  w e i g h t  h a v e  b e e n

q u o t e d  i n  t h e  r e g i o n  o f  2 5 0 , 0 0 0 - 3 7 0 , 0 0 0  ( f o r  r e v i e w s  s e e  

C h a n g e u x ,  1 9 7 5 ,  F u l p i u s ,  1 9 7 6 ,  C h a n g e u x ,  1 9 8 1 ,  P o p o t  a n d  

C h a n g e u x ,  1 9 8 4 ) .

S u c r o s e  d e n s i t y  c e n t r i f u g a t i o n  h a s  s h o w n  T o r p e d o  

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

s e d i m e n t a t i o n  c o e f f i c i e n t s  o f  9S a n d  1 3 S  ( R e y n o l d s  a n d  

K a r l i n ,  1 9 7 8 ) .  T h e  l a t t e r  f o r m  i s  a  d i m e r  o f  t h e  9S 

p r o t e i n  l i n k e d  b y  d i s u l p h i d e  b o n d s  b e t w e e n  t h e  ^ - s u b u n i t s  

( S o b e l  e_t a l_ .  , 1 9 7 7 ,  S u a r e z - I s l a  a n d  H u c h o ,  1 9 7 7 ) .  T h e  

1 3 S  f o r m  h a s  n o t  b e e n  d e t e c t e d  i n  E l e c t r o p h o r u s  ( R u c h e l  

e t  a l . ,  1 9 8 1 ) .

T h e  n u m b e r  o f  s u b u n i t s  w a s  t h e  s u b j e c t  o f  

c o n f l i c t i n g  r e p o r t s  f r o m  d i f f e r e n t  l a b o r a t o r i e s  ( s e e
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T a b l e  1 . 1  P h y s i c a l  P r o p e r t i e s  o f  t h e  AChR f r o m  F i s h  

E l e c t r i c  O r g a n  ( E l e c t r o p h o r u s  a n d  T o r p e d o )  ( a d a p t e d  

f r o m  C h a n g e u x ,  1 9 8 0 )

PROPERTY VALUE REFERENCES

LI GHT FORM

SEDIMENTATION
C O E F F I C I E N T

STOKES RADIUS

9 s

7nm

M e u n i e r  e_t a l 19 7 1 , 1 9  72
R a f t e r y  je_t a l 19 7 1 , 1 9 7 2

M e u n i e r  e_t a l 19  7 1 , 1 9  72
R a f t e r y  _e t a l 19 7 1 , 1 9 7 2
K l e t t  e t  a l 19 73

MOLECULAR Wt 
S D S - c r o s s  l i n k i n g  2 6 0 / 0 0 0
S D S - c r o s s  l i n k i n g  2 3 0 , 0 0 0
H y d r o d y n a m i c s  2 5 0 , 0 0 0
N e u t r o n  s c a t t e r i n g  2 4 0 , 0 0 0
( R a d i  a t i o n  

i n a c t i v a t i o n )

RADIUS OF GYRATION 
N e u t r o n  s c a t t e r i n g  4 . 6 1 n m

SHAPE ( e l e c t r o n  
m i c r o s c o p e )

R o s e t t e  9nm

DETERGENT ( T r i t o n  X 1 0 0 )
BI NDING

H y d r o d y n a m i c s  0 . 2 3 g / g
O s m o m e t r y  0 . 4 5 g / g

D i r e c t  b i n d i n g  0 . 3 7 g / g
N e u t r o n  s c a t t e r i n g  0 . 4 9 g / g

B i s e c k e r ,  1 9 7 3  
H u c h o  & C h a n g e u x ,  1 9 7 3  
R e y n o l d s  & K a r l i n ,  1 9 7 8  
W i s e  e t  a l . ,  1 9 7 9

3 0 0 , 0 0 0  Lo j e t  a l . , 1 9 8 2

Wi s e  e t  a l . ,  1 9 7 9

C a r t a u d  e_t a l .  , 1 9 7 8  
H e u s e r  & S a l p e t e r . , 1 9 7 9

G i b s o n  e_t a l .  , 1 9 7 6  
M a r t i n e z - C a r r i o n  e t  a l . ,  
1 9 7 5
W i s e  e_t a l . , 19  79 
W i s e  e t  a l .  , 1 9 7 9



Table 1.1 Cont.

PROPERTY VALUE REFERENCES

HEAVY FORM

HYDRODYNAMIC
PARAMETERS

MOLECULAR Wt

SHAPE ( e l e c t r o n  
m i c r o s c o p y )

D o u b l e t  o f  r o s e t t e s

1 3 s /  9nm R a f t e r y  e t  a l . /  1 9 7 2  
P o t t e r /  1 9 7 3

5 0 0 / 0 0 0  R e y n o l d s  & K a r l i n . /  1 9 7 8

2 x 9nm C a r t a u d  e t  a l . /  1 9 8 0  
Wi s e  e  t  a l . /  1 9 8 1

SUBUNIT MW:-  4 0 ,  5 0 ,  6 0 ,  65K

I S OELECTRI C POI NT 4 . 9

CARBOHYDRATES:-  G l u c o s a m i n e ,  
m a n n o s e ,  g l u c o s e ,  g a l a c t o s e ,  
s i a l i c  a c i d ,  7 5  r e s i d u e s  p e r  
m o l e c u l e

PHOSPHORUS 
I n  v i t r o  p h o s p h o r y l a t i o n

R a f t e r y  e t  a l . ,  1 9 7 2

V a n d l e n  e t  a l . ,  1 9 7 9

T e i c h b e r g  e t  a l . ,  1 9 7 7  
G o r d o n  e t  a l . ,  1 9 7 7  
S a i t o h  & C h a n g e u x ,  1 9 8 0

C h e m i c a l  a n a l y s i s ,
0 - p h o s p h o s e r i n e R e y n o l d s  & K a r l i n ,  1 9 7 8  

V a n d l e n  e t  a l . ,  1 9 7 9
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C o n t i - T r o n c o n i  a n d  R a f t e r y ,  1 9 8 2 ) .  H o w e v e r  t h e  u s e  o f  

p o t e n t  p r o t e a s e  i n h i b i t o r s  a p p e a r s  s u b s e q u e n t l y  t o  h a v e  

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

r e s u l t i n g  f r o m  p r o t e o l y s i s  ( K a r l i n  ej t  a l . , 1 9 7 6 ,  R a f t e r y  

e t  a l . , 1 9 7 6 ,  L i n d s t r o m  al^.  , 1 9 7 8 )  . T h e  9S f o r m  o f  

t h e  AChR h a s  now b e e n  e s t a b l i s h e d  t o  c o n s i s t  o f  f i v e  

s u b u n i t s  0^, f ,  £  h a v i n g  m o l e c u l a r  w e i g h t s ,  a s  a s s e s s e d  

b y  S D S - P A G E , o f  4 0 , 0 0 0 ,  5 0 , 0 0 0 ,  6 0 , 0 0 0 ,  a n d  6 5 , 0 0 0

r e s p e c t i v e l y  ( R e y n o l d s  a n d  K a r l i n ,  1 9 7 8 ,  L i n d s t o m  et^ a l . , 

1 9 7 9 ,  R a f t e r y  £t^  a l^ .  , 1 9 8 0 ) .  R e c e n t l y  t h e  0^, JS, H a n d  

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

a c i d  s e q u e n c e s  o f  t h e  c h a i n s  h a v e  b e e n  e l u c i d a t e d  ( N o d a  

a l j  1 9 8 2 ,  1 9 8 3 a ,  1 9 8 3 b ) .  C o n s i d e r a b l e  h o m o l o g y  h a s

b e e n  f o u n d  b e t w e e n  s u b u n i t s .

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

4 3 , 0 0 0  a n d  9 0 - 1 5 0 , 0 0 0  h a v e  b e e n  c o n s i s t e n t l y  a s s o c i a t e d  

w i t h  t h e  AChR;  t h e  h i g h e r  m o l e c u l a r  w e i g h t  c o m p o n e n t  i s  

c o n s i d e r e d  t o  b e  a  c o m p o n e n t  o f  t h e  Na , K - A T P a s e .  A 

95K c o m p o n e n t  h a s  a l s o  b e e n  s h o w n  t o  b e  d e r i v e d  f r o m  

c o n t a m i n a n t s  ( L i n d s t r o m  et^ a l^ .  , 1 9 7 9 ) .  E a r l y  e v i d e n c e

s u g g e s t e d  t h a t  t h e  43K p r o t e i n  may b e  i n v o l v e d  i n  t h e  

b i n d i n g  o f  n o n - c o m p e t i t i v e  b l o c k e r s  ( S o b e l  ej :  a l . , 1 9 7 8 ,  

B l a n c h a r d  a n d  R a f t e r y ,  1 9 7 9 ,  N e u b i g  £t_ a l^ .  , 1 9 7 9 )  b u t

r e c e n t  r e p o r t s  ( B a r r a n t e s  et^ al_.  , 1 9 8 0 ,  Lo e_t j r l .  , 1 9 8 0 ,  

W e n n o g l e  a n d  C h a n g e u x ,  1 9 8 0 ,  G o r d o n  e t  a l . ,  1 9 8 3 )

i n d i c a t e  t h a t  t h e  43K p r o t e i n  i s  a  p e r i p h e r a l  p r o t e i n  

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

p o s s i b l y  h a v i n g  a  s t r u c t u r a l  r o l e .  M o r e  r e c e n t l y
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B a r  r  a n t e s  ( 1 9 8 3 )  h a s  s u m m a r i s e d  t h e  i n f o r m a t i o n  

c o n c e r n i n g  43K p r o t e i n  a s  f o l l o w s .  I t

1 )  a p p e a r s  t o  b e  e s t a b l i s h e d  i n  c l o s e  c o n t a c t  w i t h  t h e  

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

c o v e r i n g  p a r t  o f  t h e  ^ t  a n d  £> s u b u n i t s

2 )  p a r t i c i p a t e s  i n  t h e  t h i o l - d e p e n d e n t  r e c e p t o r  

a g g r e g a t i o n a l  s t a t e s

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

t h e  a c e t y l c h o l i n e  r e c e p t o r  p r o t e i n /  b o t h  i n  t e r m s  o f  i t s  

r o t a t i o n a l  a n d  t r a n s l a t i o n a l  m o b i l i t y /  a n d

4 )  p o s s i b l y  h a s  a n  i n f l u e n c e  o n  t h e  s u s c e p t i b i l i t y  o f  t h e  

a c e t y l c h o l i n e  r e c e p t o r  t o  t h e r m a l  d e n a t u r a t i o n  ( S a i t o h  e_t 

a l . / 1 9 7 9 )  o r  e n z y m i c  a t t a c k  ( K l y m k o w s k y  ej t  a l _ . / 1 9 8 0 /  

W e n n o g l e  a n d  C h a n g e u x /  1 9 8 0 ) .

F u n c t i o n s  o f  t h e  s u b u n i t s  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r

S p e c i f i c  b i n d i n g  w i t h  t h e  a f f i n i t y  l i g a n d s  

4 - ( N - m a l e i m i d o ) - b e n z y l  t r i m e t h y l a m m o n i u m  i o d i d e  (MBTA) 

( R e i t e r  e_t a_l .  / 1 9 7 2 )  a n d  b r o m o a c e t y l c h o l i n e  ( S i l m a n  a n d  

K a r l i n /  1 9 6 9 )  t o  t h e  a c e t y l c h o l i n e  s i t e /  a f t e r  r e d u c t i o n  

o f  d i s u l p h i d e  b o n d s  b y  d i t h i o t h r e i t o l /  l a b e l s  t h e  4 0 / 0 0 0  

s u b u n i t /  w h i c h  i s  a c c o r d i n g l y  c o n s i d e r e d  t o  b e a r  a l l  o r  

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

b i n d i n g  s i t e .  I t  a p p e a r s /  h o w e v e r /  t h a t  o n l y  50% o f  

^ - t o x i n  b i n d i n g  c a n  b e  i n h i b i t e d  w i t h  MBTA/ s u g g e s t i n g  

t h a t  o n l y  o n e  o f  t h e  o ^ - s u b u n i t s  h a s  b e e n  l a b e l l e d  ( R e e d  

e t  a l . / 1 9 7 5 /  K a r l i n  e t  a l . / 1 9 7 6 ) .  Br omo
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a c e t y l c h o l i n e  o n  t h e  o t h e r  h a n d /  l a b e l s  a l l  t h e  o ^ - t o x i n  

s i t e s /  a l t h o u g h  b i n d i n g  t o  m e m b r a n e  f r a g m e n t s  o f  T o r p e d o  

i s  b i p h a s i c  ( W o l o s i n  ej t  aJK / 1 9 8 0 ) .  To  e x p l a i n  t h e s e

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

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

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

a n d  t h e  a b i l i t y  o f  t h e  - S H  t o  r e a c t  i n  d i f f e r e n t  s t a t e s  

o f  t h e  r e c e p t o r .

T h e  f u n c t i o n  o f  t h e  )l a n d  S  s u b u n i t s  o f  t h e  

a c e t y l c h o l i n e  r e c e p t o r  i s  s t i l l  n o t  c l e a r .  C l o n e d  mDNAs 

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

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

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

t o  e l i c i t  a  n o r m a l  n i c o t i n i c  r e s p o n s e  t o  a c e t y l c h o l i n e /  

w h e r e a s  o n l y  t h e  o ( - s u b u n i t  i s  i n d i s p e n s a b l e  f o r  

0 ^ - b u n g a r o t o x i n  b i n d i n g  a c t i v i t y  ( M i s h i n a  e t  a l^ .  / 1 9 8 4 ) .



P h o s p h o r y l a t i o n  o f  t h e  A c e t y l c h o l i n e  R e c e p t o r

P h o s p h o r y l a t i o n  o f  T o r p e d o  a n d  E l e c t r o p h o r u s  AChR 

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

d e t e r g e n t  e x t r a c t s  ( T e i c h b e r g  a n d  C h a n g e u x /  1 9 7 6 /  G o r d o n  

e t  a l . / 1 9 7 7 /  S a i t o h  a n d  C h a n g e u x /  1 9 8 0 ) .  T h e  d e g r e e  o f  

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

d e v e l o p m e n t  ( S a i t o h  a n d  C h a n g e u x /  1 9 8 1 ) .  P u r i f i e d  AChR 

f r o m  T o r p e d o  c o n t a i n s  a b o u t  1 0  p h o s p h a t e  g r o u p s /  p o s s i b l y  

a t t r i b u t a b l e  t o  t h e  p h o s p h o s e r i n e  p r e s e n t  i n  e a c h  c h a i n  

( V a n d l e n  e t  a l . , 1 9 7 9 ) .

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

m e m b r a n e

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

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

m e m b r a n e  h a s  b e e n  i n v e s t i g a t e d  b y  u s i n g  a  n u m b e r  o f  

t e c h n i q u e s .  X - r a y  d i f f r a c t i o n  a n a l y s i s  ( R o s s  ej t  a l . , 

1 9 7 7 /  P o t t e r  a n d  S m i t h /  1 9 7 7 )  h a s  b e e n  u s e d  i n  a n  a t t e m p t  

t o  c h a r a c t e r i s e  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r a l  

o r g a n i s a t i o n  o f  t h e  AChR.  E l e c t r o n  m i c r o s c o p y  o f  

n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s /  i n  w h i c h  t h e  r e c e p t o r  

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

r e c e p t o r  e x t e n d s  a p p r o x i m a t e l y  5 . 5 n m  f r o m  t h e  

e x t r a c e l l u l a r  s u r f a c e  o f  t h e  m e m b r a n e  w i t h  a  1 . 5 n m  

e x p o s u r e  o n  t h e  c y t o p l a s m i c  f a c e  ( K l y m k o w s k y  a n d  S t r o u d /  

1 9 7 9 /  S c h i e b l e r  a n d  H u c h o /  1 9 7 8 /  K i s t l e r  e t  a l . / 1 9 8 2 ) .
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C i r c u l a r  d i c h r o i s m  s t u d i e s  s u g g e s t  t h a t  34% o f  

a c e t y l c h o l i n e  r e c e p t o r  i s  o t - h e l i c a l  ( M o o r e  e_t £*3̂ . , 1 9 7 4 ) .

A c o m b i n a t i o n  o f  e l e c t r o n  m i c r o s c o p y  a n d  s i n g l e  p a r t i c l e  

i m a g e  a v e r a g i n g  h a s  i n d i c a t e d  t h a t  t h e  t w o  o ( . s u b u n i t s  a r e  

d i a m e t r i c a l l y  a p p o s e d  w i t h  a b o u t  50A s e p a r a t i n g  t h e m  

( Z i n g s h e i m  e t  a l .  , 1 9 8 2 ) .  C o n f o r m a t i o n  b y  c r o s s - l i n k i n g

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

p r e d o m i n a n t l y  t h e  a n d  6 )  a r e  i n  c l o s e  p r o x i m i t y

( K a r l i n ,  1 9 8 0 /  H u c h O /  1 9 8 1 ) .  T h e  f o r m a t i o n  o f  d i a m i d e  

i n d u c e s  t r i m e r s  o f  t h e  AChR i n  r e c e p t o r - r i c h  m e m b r a n e s .  

D i s u l p h i d e  b o n d s  l i n k  a l t e r n a t i n g  p a i r s  o f  S c h a i n s  a n d  £ 
c h a i n s .  An a n g l e  o f  5 0 - 8 0 °  b e t w e e n  t h e  d i s u l p h i d e

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

e l e c t r o n  m i c r o s c o p y  ( W i s e  ej:  £^1. / 1 9 8 1 ) .  M o r e  r e c e n t l y /  

K a r l i n  et^ a_l .  ( 1 9 8 3 )  h a v e  e l u c i d a t e d  t h e  a r r a n g m e n t  o f  

t h e  f i v e  s u b u n i t s .  U s i n g  Na j a  n a  j a  s i a m e n s i s  0 ^ - t o x i n  

l a b e l l e d  w i t h  b i o t i n  a n d  a v i d i n  t h e y  d e d u c e d  t h a t  t h e  

m o s t  l i k e l y  o r i e n t a t i o n  o f  t h e  s u b u n i t s  i s  i n  t h e  o r d e r  

0(/ V/ bt t  8 /  (3. V a r i o u s  s t u d i e s  o n  t h e  o r i e n t a t i o n  o f

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

l a c t o p e r o x i d a s e - c a t a l y s e d  i o d i n a t i o n  ( H a r t i g  a n d  R a f t e r y /  

1 9 7 7 /  C o h e n  et :  a l ^ .  / 1 9 8 0 ) /  p e p t i d e  c r o s s - l i n k i n g

( W i t z e m a n n  a n d  R a f t e r y /  1 9 7 8 /  K a r l i n  £ t  a l . / 1 9 7 9 /

K a r l i n /  1 9 8 0 ) ,  p r o t e o l y t i c  d e g r a d a t i o n  ( S t r a d e r  a n d  

R a f t e r y /  1 9 8 0 /  W e n n o g l e  a n d  C h a n g e u x /  1 9 8 0 /  A n d e r s o n  a n d  

B l o b e l /  1 9 8 1 /  W e n n o g l e  ej t  al_ .  / 1 9 8 1 )  a n d  e l e c t r o n

m i c r o s c o p y  ( B r i s s o n  a n d  U n w i n /  1 9 8 5 )  h a v e  i n d i c a t e d  t h a t  

a l l  c h a i n s  a r e  e x p o s e d  e x t r a c e l l u l a r l y  w h i l s t  t h e  43K
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p r o t e i n  i s  l o c a t e d  o n  t h e  c y t o p l a s m i c  f a c e .  T h e  s u b u n i t  

o r g a n i s a t i o n  i s  s h o w n  i n  F i g u r e  1 .

B i n d i n g  o f  m o n o c l o n a l  a n t i b o d i e s  ( r a i s e d  a g a i n s t  

a c e t y l c h o l i n e  r e c e p t o r  f r o m  e l e c t r i c  f i s h )  t o  s k e l e t a l  

m u s c l e  o f  R a n a  a n d  X e n o p u s / f o l l o w e d  b y  e l e c t r o n  

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

a r e  e x p o s e d  o n  t h e  c y t o p l a s m i c  s u r f a c e  ( S a r g e n t  ej t  a l .  , 

1 9 8 4 ) .  R e s u l t s  o f  i n i t i a l  s t u d i e s  t o  d e t e r m i n e  t h e  

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

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

As s e q u e n c e  i n f o r m a t i o n  o n  t h e  a c e t y l c h o l i n e  

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

l a b o r a t o r i e s  h a v e  p r o p o s e d  s t r u c t u r e s  f o r  t h e  

m e m b r a n e - s p a n n i n g  p o r t i o n s  o f  t h e  c h a n n e l .  T h e r e  i s  now 

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

c h a r g e - l i n e d  p o r e  w i t h  a l t e r n a t i n g  r e g i o n s  w h e r e  p o s i t i v e  

a n d  n e g a t i v e  c h a r g e s  p r e d o m i n a t e  ( Y o u n g  e^t al_* ' 1 9 8 5 /  

R a t n a m  a n d  L i n d s t r o m /  1 9 8 4 /  C r i a d o  £t^ a l .  / 1 9 8 5 ) .

H i s t o r y  o f  t h e  G l y c o p r o t e i n  N a t u r e  o f  t h e  A c e t y l c h o l i n e  

R e c e p t o r

E l d e f r a w i  a n d  E l d e f r a w i  ( 1 9 7 3 )  a s s a y e d  t h e  

c a r b o h y d r a t e  c o n t e n t  o f  p u r i f i e d  AChR f r o m  T . m a r m o r a t a  b y  

t h e  A n t h r o n e  c o l o u r i m e t r i e  m e t h o d .  E q u a l  a m o u n t s  o f  

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

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

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



F i g u r e  1 .  ( T o p  l e f t )  C u t  a w a y  v i e w  o f  AChR i n  t h e  

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

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

e s t a b l i s h e d .  ( B o t t o m  a n d  r i g h t )  S t a n d a r d  m e t h o d s  o f  

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

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

o r i e n t a t i o n  o f  a n  i n d i v i d u a l  s u b u n i t  i n  t h e  m e m b r a n e  

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

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

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

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

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

h y d r o p h o b i c  ( M1- M4)  a n d  o n e  a m p h i p a t h i c  (MA) t r a n s 

m e m b r a n e  h e l i c e s  a s  s h o w n :  a n  a m p h i p a t h i c  h e l i x  h a s  

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

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

t o  c o n t r i b u t e  t o  t h e  l i n i n g  o f  t h e  i o n  c h a n n e l .  T h e  

a l p h a  s u b u n i t  ( s h o w n  h e r e )  h a s  a  b i n d i n g  s i t e  f o r  ACh 

c l o s e  t o  a  c y s t e i n e  ( C 1 9 2 )  t h a t  p a r t i c i p a t e s  i n  a  d i 

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

( C 1 2 8 ,  C 1 4 2  a n d  C 1 9 3 )  i n  t h e  e x t r a c e l l u l a r  p o r t i o n  o f  

t h e  p r o t e i n .  An N - g l y c o s y l a t i o n  s i t e  ( N 1 4 1 )  i s  i m p o r t 

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

r e c e p t o r .  ( F i n e r - M o o r e  a n d  S t r o u d ,  1 9 8 4 ) .
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thus concluded that the only carbohydrates in the

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

a f f i n i t y  a d s o r p t i o n .  H o w e v e r ;  i n  t h e  s a m e  y e a r ,  R a f t e r y

e t  a l  ( 1 9 7 3 )  p r o v e d  t h a t  t h e  p u r i f i e d  AChR f r o m

T . c a l i f o r n i c a  w a s  a  g l y c o p r o t e i n  ( b y  c a r b o h y d r a t e  

s t a i n i n g  o f  SDS g e l s ) ,  a n d  t h a t  i t  c o n t a i n e d

a p p r o x i m a t e l y  7% t o t a l  n e u t r a l  s u g a r s .  M a n n o s e ,  g a l a c t o s e  

a n d  N - a c e t y l - D - g l u c o s a m i n e  w e r e  t e n t a t i v e l y  i d e n t i f i e d .  

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

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

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

t h e  p r o t e i n  a n d  s u g a r  s t a i n s .  Two m a j o r  a n d  t w o  m i n o r  

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

i n  t h e  n e i g h b o u r h o o d  o f  4 0 , 0 0 0 ,  t h e  h i g h e r  m o l e c u l a r  

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

m a t e r i a l  t h a n  t h e  l o w e r  m o l e c u l a r  w e i g h t  o n e s .

M e u n i e r  al^ ( 1 9 7 4 )  i n v e s t i g a t e d  t h e  p r e s e n c e  o f  

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

AChR f r o m  E l e c t r o p h o r u s  e l e c t r i c u s  w i t h  a  v a r i e t y  o f  

p l a n t  l e c t i n s ,  p r o t e i n s  k n o w n  t o  b i n d  s u g a r s .  R e a c t i o n  

o f  t h e  r e c e p t o r  w i t h  C o n c a n a v a l i n  A,  a  l e c t i n  w h i c h  

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

a s s e s s e d  b y  f i r s t  p r e c i p i t a t i n g  t h e  AChR w i t h  Co n  A

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

a s s a y e d  f o r  r e c e p t o r  a c t i v i t y  b y  t h e  M i l l i p o r e  f i l t r a t i o n  

a s s a y  ( S c h m i d t  a n d  R a f t e r y ,  1 9 7 3 ) .  I n t e r a c t i o n  o f  

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

v u l g a r i s , R i c i n u s  c u l i n a r i s , P h a s e o l u s  v u l g a r i s  a n d  L e n s
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c u l i n a r i s ) w a s  a c h i e v e d  b y  m i x i n g  p u r i f i e d  AChR w i t h  t h e

l e c t i n s  i m m o b i l i s e d  o n  B i o g e l  P - 3 0 0 .  A f t e r  i n c u b a t i o n

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

M i l l i p o r e  a s s a y .  M e u n i e r  e_t a J  f o u n d  t h a t  Con  A

p r e c i p i t a t e d  t h e  nAChR a n d ,  i n  a d d i t i o n ,  i n h i b i t e d  t h e  

3b i n d i n g  o f  H - l a b e l l e d  t o x i n  t o  r e c e p t o r .  As  t h e r e  w a s

3i n c o m p l e t e  i n h i b i t i o n  o f  H - l a b e l l e d  t o x i n  b i n d i n g  t o  

t h e  r e c e p t o r  p r o t e i n  b y  C o n  A t h e y  s u g g e s t e d  t h a t  t h i s  

m i g h t  i n d i c a t e  a n  h e t e r o g e n e i t y  o f  t h e  c a r b o h y d r a t e  

m o i e t y  o f  t h e  r e c e p t o r  m o l e c u l e .  E x p e r i m e n t s  w i t h  t h e  

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

P h a s e o l u s  v u l g a r i s  a n d  L e n s  c u l i n a r i s  ( s p e c i f i c  f o r  

N - a c e t y l - D - g a l a c t o s a m i n e  a n d  D - m a n n o s e  r e s p e c t i v e l y ) .  

T h e y  d e t e c t e d  n o  b i n d i n g  t o  R i c i n u s  c o m m u n i s  o r  T r i t i c u m  

v u l g a r i s  ( s p e c i f i c  f o r  D - g a l a c t o s e  a n d  d i - N - a c e t y l -  

c h i t o b i o s e  r e s p e c t i v e l y ) .  T h e s e  p r e l i m i n a r y

i n v e s t i g a t i o n s  s u g g e s t e d  t h a t  t h e  AChR f r o m  E . e l e c t r i c u s  

c o n t a i n e d  a t  l e a s t  D - m a n n o s e  a n d  N - a c e t y l - C ^ -  

D - g a l a c t o s a m i n e .

L a t e r  t h e  s a m e  y e a r  M o o r e  e_t al^ ( 1 9 7 4 )  f o u n d  ( u s i n g  

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

f r o m  T . n o b i l i a n a  c o n t a i n e d  g l u c o s a m i n e  ( a b o u t  3 . 8 %  w/ w 

p r o t e i n ) ,  w h i l e  M i c h a e l s o n  ej t  al_ ( 1 9 7 4 )  f o u n d  t h a t  f r o m  

T . c a l i f o r n i c a  t o  c o n t a i n  N - a c e t y l - D - g l u c o s a m i n e  ( u s i n g  a n  

a m i n o  a c i d  a n a l y s e r )  a n d  a p p r o x i m a t e l y  5% n e u t r a l  s u g a r s  

( a s  m e a s u r e d  b y  t h e  p h e n o l  s u l p h u r i c  a c i d  m e t h o d ) .  

A n a l y s i s  o f  t h e  n e u t r a l  s u g a r s  b y  i o n - e x c h a n g e  p r o c e d u r e s  

r e v e a l e d  t h e  p r e s e n c e  o f  m a n n o s e ,  g a l a c t o s e  a n d  g l u c o s e
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i n  t h e  r e l a t i v e  p r o p o r t i o n s  o f  1 0 : 2 : 1 .  T h e y  a l s o

1 2 5r e p o r t e d  t h a t  I -o ( BGT-AChR c o m p l e x  f o r m a t i o n  c o u l d  b e  

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

C a n a v a l i a  e n s i f o r m i s  s u g g e s t i n g  t h e  p r e s e n c e  o f  D - m a n n o s e  

a n d  D - g a l a c t o s e  i n  t h e  r e c e p t o r  m o l e c u l e .

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

i n t a c t  r e c e p t o r  f r o m  T . m a r m o r a t a  b y  M a t t s s o n  a n d  

H e i l b r o n n  ( 1 9 7 5 ) .  T h i s  e x a m i n a t i o n  r e v e a l e d  a  t o t a l  

c a r b o h y d r a t e  c o n t e n t  o f  3 8  + 1 2 j * g / m g  n AC h R.  T h e  

c a r b o h y d r a t e s  c o n s i s t e d  o f  m a n n o s e  ( 5 0 - 7 0 %  o f  t h e  t o t a l  

s u g a r ) /  g a l a c t o s e  ( 1 0 - 2 0 % )  a n d  g l u c o s e  ( 1 0 - 3 0 % ) .  

N - A c e t y l g l u c o s a m i n e  w a s  a l s o  s h o w n  t o  b e  p r e s e n t .  K a r l i n  

e t  a l  ( 1 9 7 5 )  c o n f i r m e d  t h e  p r e s e n c e  o f  s u g a r s  o n  t h e  t h e n  

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

s u b u n i t s  o f  T o r p e d o  c a l i f o r n i c a  b y  p e r i o d i c  a c i d  S c h i f f s  

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

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

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

g l y c o s y l a t e d  ( L i n d s t r o m  ej t  aJL_/ 1 9 7 9 ) .  T h e y  s h o w e d  a l l  

t h e  s u b u n i t s  t o  c o n t a i n  m a n n o s e /  g a l a c t o s e /  g l u c o s e  a n d  

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

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

a c i d  o b s e r v e d  i n  t h e  p i -  a n d  ^ - s u b u n i t s  w e r e  p r o b a b l y

i n s  i g n  i  f i c a n t .

V a n d l e n  ej t  al^ ( 1 9 7 9 )  p e r f o r m e d  a  s l i g h t l y  m o r e

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

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

w a s  a c h i e v e d  b y  i o n - e x c h a n g e  c h r o m a t o g r a p h y  ( H e l l e r  a n d
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R a f t  e  r y  / 1 9 7 5 )  o r  b y  t h e  p h e n o l  s u l p h u r i c  a c i d

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

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

c o l o r i m e t r i c  m e t h o d s .  A m i n o  s u g a r s  w e r e  d e t e r m i n e d  

d u r i n g  a m i n o  a c i d  a n a l y s i s .  As h a d  b e e n  s h o w n  b e f o r e  

( K a r l i n  et^ al_,  1 9 7 5 ) ,  a l l  f o u r  s u b u n i t s  s t a i n e d  

p o s i t i v e l y  f o r  c a r b o h y d r a t e  w i t h  t h e  PAS s t a i n .  T h e

n e u t r a l  s u g a r s ,  m a n n o s e ,  g a l a c t o s e  a n d  g l u c o s e ,  w e r e  

f o u n d  t o  b e  p r e s e n t  i n  a  m o l a r  r a t i o  o f  1 0 : 1 : 2  ( t o t a l  

w e i g h t ,  b y  i o n - e x c h a n g e  c h r o m a t o g r a p h y ,  o f  2 . 7  + 0 . 3 % ) .  

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

1 9 4  n m o l  o f  c a r b o h y d r a t e  p e r  mg ,  o r  3 . 5 %  b y  w e i g h t  w a s  

o b t a i n e d .  T h e  r e c e p t o r  w a s  a l s o  f o u n d  t o  c o n t a i n  0 . 9  m o l  

p e r c e n t  s i a l i c  a c i d ,  w h i c h  w a s  d e t e c t a b l e  i n  a l l

s u b u n i t s .

F r a g m e n t s  o f  t h e  s u b u n i t s  o f  t h e  AChR f r o m

T . m a r m o r a t a  w e r e  s t u d i e d  f o r  t h e i r  a b i l i t y  t o  b i n d  C o n  A 

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

o f  t h e  i n t a c t  r e c e p t o r  ( W e n n o g l e  a n d  C h a n g e u x ,  1 9 8 0 ) .  

T h e s e  i n v e s t i g a t i o n s  r e v e a l e d  t h a t  a l l  s u b u n i t s  a n d  

f r a g m e n t s  d e r i v e d  f r o m  t h e m  b o u n d  C o n  A.  T h e  4 3 , 0 0 0  

p e r i p h e r a l  p r o t e i n  w a s  n o t  l a b e l l e d .  R e s u l t s  o b t a i n e d  

w i t h  P h a s e o l u s  v u l g a r i s  l e c t i n  s h o w e d  t h a t  o n l y  t h e

5 0 , 0 0 0  a n d  6 6 , 0 0 0  c h a i n s  b o u n d  t h i s  l e c t i n .  T h e s e  

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

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

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

P u r i f i e d  nAChR f r o m  t h e  e l e c t r i c  o r g a n  N a r k e
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j a p o n i c a  h a s  b e e n  f o u n d  t o  c o n t a i n  a s  m u c h  a s  18% ( b y  

w e i g h t )  c a r b o h y d r a t e  ( I s h i k a w a  £t_ 1 9 8 0 ) .

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

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

p r o v i d e d  b y  B e r s i n g e r  et^ al_ ( 1 9 8 3 a ) .  Q u a n t i t a t i v e  

a n a l y s e s  o f  t h e  s i a l i c  a c i d  l i b e r a t e d  b y  e x t e n s i v e  

n e u r a m i n i d a s e  t r e a t m e n t  o f  nAChR w e r e  p e r f o r m e d  o n  

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

F o r  t h e s e  t w o  s o u r c e s  o f  r e c e p t o r /  t h e y  g a v e /  

r e s p e c t i v e l y /  1 . 1  + 0 . 4  a n d  0 . 7  + 0 . 1  m o l e s  s i a l i c  a c i d  

p e r  m o l e  nAChR/  c a l c u l a t e d  f r o m  t h e  s p e c i f i c  &CBGT b i n d i n g  

c a p a c i t y .  B i n d i n g  o f  i o d i n a t e d  AChR t o  v a r i o u s  l e c t i n s  

( C o n  A/ L e n s  c u l i n a r i s / T r i t i c u m  v u l g a r i s / H e l i x  p o m a t i a , 

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

N - a c e t y l - g l u c o s a m i n e ,  N - a c e t y l - g a l a c t o s a m i n e  a n d

g a l a c t o s e .

P o s s i b l e  s i t e s  o f  g l y c o s y l a t i o n  h a v e  c o me  f r o m  w o r k  

d o n e  b y  N o d a  et^ al^ ( 1 9 8 2 ,  1 9 8 3 a ,  b )  f o l l o w i n g  c l o n i n g  a n d  

s e q u e n c i n g  o f  cDNA f o r  t h e  s u b u n i t s  o f  T . c a l i f o r n i c a . 

T h e  o n l y  p o s s i b l e  s i t e  o f  N - g l y c o s i d i c  l i n k a g e  i n  t h e  

^ ( - s u b u n i t  i s  t h e  a s p a r a g i n e  r e s i d u e  i n  t h e  s e q u e n c e  

As n  -  C y s  -  T h r  a t  p o s i t i o n s  1 4 1  -  1 4 3  ( N o d a  et^ a l , 

1 9 8 2 ) .  T h i s  s e q u e n c e  i s  c o n t a i n e d  w i t h i n  r e g i o n  b ,  a  

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

d - , £> -  a n d  ^ - s u b u n i t s ,  a n d  w h i c h  i s  e x p o s e d  o n  t h e

e x t r a c e l l u l a r  s u r f a c e  o f  t h e  r e c e p t o r  m o l e c u l e  ( N o d a  et_  

a l , 1 9 8 3 a ) .  F u r t h e r  w o r k  b y  t h e  Numa g r o u p  ( 1 9 8 3 b )  h a s

r e v e a l e d  t h a t  t h e r e  i s  a  s i n g l e  p o s s i b l e  N - g l y c o s i d i c
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l i n k a g e  s i t e  ( p o s i t i o n  141)  i n  t h e  0 - s u b u n i t /  3 p o s s i b l e  

g l y c o s y l a t i o n  s i t e s  ( p o s i t i o n s  1 0 ,  141 and 306)  i n  t h e  

^ - s u b u n i t  and 4 p o s s i b l e  g l y c o s y l a t i o n  s i t e s  ( p o s i t i o n s  

7 0 /  1 4 1 /  306  and 354)  ^ - s u b u n i t .  P o s i t i o n s  3 0 6  and 354

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

t h e  membrane (Noda et: al_,  1 9 8 3 b ) .

B o t h  j u n c t i o n a l  a n d  e x t r a j u n c t i o n a l  nAChR f r o m  r a t

d i a p h r a g m  m u s c l e  w e r e  f o u n d  t o  b i n d  C o n  A ( B r o c k e s  a n d

H a l l /  1 9 7 5 )  s h o w i n g  t h a t /  l i k e  t h e  r e c e p t o r  f r o m  t h e

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

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

n a t u r e  o f  m a m m a l i a n  AChR w a s  f o u n d  b y  S h o r r  e t  a l  ( 1 9 7 8 ) /

who  f o u n d  t h a t /  o u t  o f  t h e  f o u r  s u b u n i t s  { 4 1 / 0 0 0 /  5 0 / 0 0 0 /

6 0 / 0 0 0  a n d  1 0 0 / 0 0 0  MW) f r o m  c a t  s k e l e t a l  m u s c l e  AChR/

o n l y  t h e  4 1 / 0 0 0  s u b u n i t  e x h i b i t e d  PAS s t a i n i n g .  H o w e v e r  

1 2 5
I - l a b e l e d  C o n  A h a s  b e e n  s h o w n  t o  b i n d  t o  3 s u b u n i t s  

( 4 2 /  4 9  a n d  55K s u b u n i t s )  o f  t h e  f o e t a l  c a l f  r e c e p t o r s  

( C o n t i - T r o n c o n i  £^t al_/  1 9 8 2 ) .  A l s o /  G o t t i  et :  a l  ( 1 9 8 2 )  

f o u n d  a  l a r g e  a m o u n t  o f  a m i n o  s u g a r s  ( 2  mol% 

N - a c e t y l g l u c o s a m i n e /  8 mol% N - a c e t y l g a l a c t o s a m i n e )  t o  b e  

c o n s i t e n t l y  p r e s e n t  i n  a m i n o  a c i d  a n a l y s i s  o f  4 

p r e p a r a t i o n s  o f  f o e t a l  c a l f  m u s c l e .  S e p a r a t i o n  o f  

E l e c t r o p h o r u s  m u s c l e  AChR b y  SDS PAGE a n d  s u b s e q u e n t  

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

w i t h  i o d i n a t e d  Con  A h a s  r e v e a l e d  t h a t  a l l  f o u r  s u b u n i t s  

a r e  g l y c o s y l a t e d  ( G u l l i c k  a n d  L i n d s t r o m /  1 9 8 3 ) .  A l s o /  

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

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

a l s o  b e e n  s h o w n  ( H a l l  ejt  £ l ^  1 9 8 3 )  t h a t  t h e  a d u l t  a n d

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

m y a s t h e n i a  g r a v i s  a u t o a n t i b o d y  a g a i n s t  c a r b o h y d r a t e .

1 2 5T u r n b u l l  et_ a l  ( 1 9 8 5 )  f o u n d /  t h r o u g h  b i n d i n g  o f  I - C o n

A/  t h a t  t h e  4 s u b u n i t s  o f  h u m a n  s k e l e t a l  m u s c l e  AChR w e r e

g l y c o s y l a t e d .  T h e y  a l s o  n o t e d  a  m a r k e d  d i f f e r e n c e  i n  t h e

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

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

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

1 2 5r e c e p t o r s  w e r e  i n c u b a t e d  w i t h  I - l a b e l l e d  C o n  A;  

a l t h o u g h /  i n  b o t h  c a s e s /  a l l  f o u r  m a j o r  s u b u n i t s  s h o w e d  

b o u n d  r a d i o a c t i v i t y /  t h e  4 4 / 0 0 0  b a n d  o f  f o e t a l  r e c e p t o r  

w a s  m u c h  l e s s  s t r o n g l y  l a b e l l e d  t h a n  t h a t  o f  t h e  a d u l t  

f  o r m .

E v i d e n c e  a b o v e  i n d i c a t e s  t h a t  m u s c l e  AChR s h o w s  a  

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

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

p r e c u r s o r s  o f  m u s c l e  r e c e p t o r  h a s  r e v e a l e d  r e m a r k a b l e  

h o m o l o g y  i n  t h e  s i t e s  o f  N - g l y c o s y l a t i o n  i n  m u s c l e  a n d  

e l e c t r i c  o r g a n  r e c e p t o r .  C l o n i n g  a n d  s e q u e n c e  a n a l y s e s  

o f  c a l f  AChR cDNA e n c o d i n g  t h e  0 ( -  a n d  ( 3 - s u b u n i t s  h a v e  

s h o w n  t h e  a s p a r a g i n e  r e s i d u e  ( r e s i d u e  1 4 1 )  t o  b e  t h e  o n l y  

p o s s i b l e  s i t e  o f  N - g l y c o s i d i c  l i n k a g e  ( N o d a  ejt  a l /  1 9 8 3 c /  

T a n a b e  e t  e r l /  1 9 8 4 ) .  I n  a d d i t i o n  t o  a s p a r a g i n e  r e s i d u e  

1 4 1 /  t h e  ^ - s u b u n i t  h a s  3 o t h e r  p o s s i b l e  s i t e s  ( r e s i d u e s  

3 0 / 3 0 6  a n d  3 5 4 ) /  t w o  o f  w h i c h  ( r e s i d u e s  1 4 1  a n d  3 0 6 )  a r e  

c o n s e r v e d  i n  i t s  T o r p e d o  e l e c t r i c  o r g a n  c o u n t e r p a r t :
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o n l y  r e s i d u e s  3 0  a n d  1 4 1  a r e  a s s i g n e d  t o  t h e  

e x t r a c e l l u l a r  s i d e  o f  t h e  m e m b r a n e  ( T a k a i  j s t  a l^/  1 9 8 4 ) .  

T h e  S - s u b u n i t  h a s  2 p o s s i b l e  s i t e s  o f  N - g l y c o s y l a t i o n  

( r e s i d u e s  7 6  a n d  1 4 1 )  ( K u d o  e t  a l , 1 9 8 5 ) .
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F u n c t i o n  o f  t h e  C a r b o h y d r a t e  C o m p o n e n t  o f  t h e  

A c e t y l c h o l i n e  R e c e p t o r

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

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

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

s e v e r a l  i n s t a n c e s  t h e  n a t u r e  o f  t h i s  c a r b o h y d r a t e  

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

u n c l e a r .  W o n n a c o t t  et :  al_ ( 1 9 8 0 a / b )  i n v e s t i g a t e d  t h e  

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

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

T . m a r m o r a t a . T h e y  r e p o r t e d  t h a t /  d e s p i t e  t r e a t m e n t  t o  

r e m o v e  c a r b o h y d r a t e s  f r o m  t h e  r e c e p t o r  ( p e r i o d a t e  

o x i d a t i o n  a n d  i n c u b a t i o n  w i t h  T . f o e t u s  g l y c o s i d a s e s / 

J S - D - g a l a c t o s i d a s e  a n d  o ( - L - f  u c o s  i d a s e ) / n e i t h e r  l o s s  o f  

a n t i g e n i c i t y  n o r  l o s s  o f  t o x i n - b i n d i n g  c o u l d  b e  

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

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

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

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

r e c e p t o r  i n  i t s  m e m b r a n e  e n v i r o n m e n t .

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

m o n o c l o n a l  a n t i b o d i e s  ( B e r s i n g e r  ej t  £ l_/  1 9 8 3 b )  i n d i c a t e d  

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

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

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

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

m o n o c l o n a l  a n t i b o d y  s p e c i f i c  f o r  t h e  t o x i n  s i t e  o f  nAChR.
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An i n h i b i t o r y  e f f e c t  o f  C o n  A o n  t h e  b i n d i n g  o f  a  

m o n o c l o n a l  a n t i b o d y  d i r e c t e d  a t  t h e  m a j o r  i m m u n o g e n i c  

r e g i o n  o f  t h e  AChR w a s  a l s o  o b s e r v e d /  i n d i c a t i n g  t h e  

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

i m m u n o g e n i c  r e g i o n  o f  t h e  r e c e p t o r .

E v i d e n c e  t o  s u p p o r t  t h e  t h e o r y  t h a t  c a r b o h y d r a t e  

s t a b i l i s e s  t h e  a c e t y l c h o l i n e  r e c e p t o r  i n  t h e  m e m b r a n e  

c a m e  f r o m  w o r k  d o n e  b y  P r i v e s  a n d  O l d e n  ( 1 9 8 0 ) .  T h e  

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

b e  c o n v e n i e n t l y  s t u d i e d  i n  c u l t u r e d  c e l l s  b y  t h e  u s e  o f  

t u n i c a m y c i n /  a n  a n t i b i o t i c  w h i c h  s p e c i f i c a l l y  i n h i b i t s  

p r o t e i n  N - g l y c o s y l a t i o n .  P r i v e s  a n d  O l d e n  f o u n d  t h a t  t h e  

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

t h r e e  m a r k e d  e f f e c t s :  f i r s t l y  t h e  g l y c o s y l a t i o n  o f

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

AChR i n  i n t a c t  m u s c l e  c e l l s  w a s  i n h i b i t e d /  l a s t l y /  

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

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

m a r k e d l y  e n h a n c e d  r a t e  o f  d e g r a d a t i o n .  I n  c o n t r a s t  t h e y  

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

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

b i o s y n t h e s i s /  i n t r a c e l l u l a r  t r a n s p o r t  o r  i n c o r p o r a t i o n  

i n t o  s u r f a c e  m e m b r a n e s .  L e u p e p t i n /  a n  i n h i b i t o r  of_ 

i n t r a c e l l u l a r  p r o t e a s e s /  m a r k e d l y  i n c r e a s e d  a c c u m u l a t i o n  

o f  a c e t y l c h o l i n e  r e c e p t o r  o n  t h e  e x t e r n a l  s u r f a c e  o f  

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

f r o m  t h e s e  e x p e r i m e n t s  w e r e  t h a t  i m p a i r m e n t  o f  p r o t e i n  

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

b y  c e l l u l a r  p r o t e a s e s .

T h e  a b s e n c e  o f  o l i g o s a c c h a r i d e  s i d e  c h a i n s  ( a s  a  

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

d r a m a t i c  e f f e c t  o n  t h e  l e v e l  o f  t o x i n - b i n d i n g  s i t e s  i n  

m u s c l e  c e l l  s u r f a c e  m e m b r a n e s  ( M e r l i e  e_t a_l .  / 1 9 8 1 a ) .

Two r e a s o n s  h a v e  b e e n  s u g g e s t e d  f o r  t h i s :  i n c r e a s e d  

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

p r o p o s e d  b y  P r i v e s  a n d  O l d e n /  1 9 8 0 /  s e e  a b o v e )  a n d  

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

a  f u n c t i o n a l  t o x i n - b i n d i n g  m o l e c u l e .  T h e  l a t t e r  t h e o r y  

( f r o m  M e r l i e  £_t a l ^ .  / 19813 ' )  c o n t r a d i c t s  t h e  e v i d e n c e  o f

P r i v e s  a n d  O l d e n /  1 9 8 0 ) .

B l o c k i n g  N - l i n k e d  g l y c o s y l a t i o n  s e e m s  t o  h a v e  a  

w i d e  r a n g e  o f  e f f e c t s  d e p e n d i n g  o n  t h e  s p e c i f i c  p r o t e i n /  

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

t e r t i a r y  s t r u c t u r e .  G i b s o n  et^ a l_ .  ( 1 9 7 9 )  h a v e  s h o w n  

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

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

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

a n d  i s  i n s o l u b l e  i n  T r i t o n  X 1 0 0  e x t r a c t s .  M e r l i e  £ t  al_ 

( 1 9 8 1 b )  h a d  s h o w n  t h a t  t h e  s u b u n i t  o f  t h e  a c e t y l c h o l i n e  

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

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

c o - t r a n s l a t i o n a l l y  a t  a  s i t e  c l o s e  t o  t h e  NF^ t e r m i n u s .  

I n  v i v o / t h e  g l y c o s y l a t e d  s u b u n i t  t r a n s i t s  a  p r e c u r s o r  

p o o l  b e f o r e  a c q u i r i n g  t^BGT b i n d i n g  a c t i v i t y  1 5 - 3 0 m i n  

a f t e r  c o m p l e t i o n  o f  s y n t h e s i s  ( M e r l i e  a n d  S e b b a n e /  1 9 8 1 ) .
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Whe n  g l y c o s y l a t i o n  i s  i n h i b i t e d ,  t h e  s u b u n i t  d o e s  n o t  

t r a n s i t  t h i s  p o o l  a n d  b e c o m e  a s s e m b l e d .  T h i s  may  b e  

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

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

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

G o l g i  a p p a r a t u s .  On t h e  b a s i s  o f  s i m i l a r i t i e s  o f  t h e  

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

g l y c o p r o t e i n s ,  M e r l i e  a n d  S e b b a n e  ( 1 9 8 1 )  c o n c l u d e d  t h a t  

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

a p p a r a t u s  ( F a m b r o u g h  a n d  D e v r e o t e s ,  1 9 7 8 ) .  F u r t h e r m o r e ,  

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

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

w i t h  t u n i c a m y c i n  may  b e  t h e  i n e f f i c i e n c y  o f  t r a n s p o r t  o f  

s u b u n i t s  t o  t h e  G o l g i  ( M e r l i e  £j t  a l ,  1 9 8 1 a ) .  M e r l i e  ej t  

a l  ( 1 9 8 1 a )  r e a s o n e d  t h a t  i f  ( i n  t u n i c a m y c i n - t r e a t e d

• c e l l s )  a s s e m b l y  i s  i n d e e d  b l o c k e d  b e c a u s e  t h e  

s t r u c t u r a l l y  a b n o r m a l  n o n g l y c o s y l a t e d  o ( - s u b u n i t  i s  n o t  

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

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

r e f l e c t  a n  p ( - s u b u n i t  w h i c h  i s  q u a n t i t a t i v e l y  d i f f e r e n t  i n  

i t s  p o t e n t i a l  t o  b e  t r a n s p o r t e d .  F o r  e x a m p l e ,  t h e s e  

tL - p o l y p e p t i d e s  may  h a v e  b e e n  s y n t h e s i s e d  a t  s i t e s  w h i c h  

a r e  c l o s e r  t o  t h e  s i t e  o f  a s s e m b l y .  An a l t e r n a t i v e  

e x p l a n a t i o n  o f  t h e  e f f e c t  o f  t u n i c a m y c i n  o n  a c e t y l c h o l i n e  

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

s y n t h e s i s  o f  t h e  P - ,  £ -  a n d / o r  ^ - s u b u n i t s  a n d  i t  i s  t h e  

l a c k  o f  o n e  o r  m o r e  o f  t h e s e  w h i c h  i s  t h e  l i m i t i n g  f a c t o r  

i n  a s s e m b l y .
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F u r  t  h e  r  e v i d e n c e  s h o w i n g  t h a t  g l y c o s y l a t i o n  i s

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

s t u d i e s  u s i n g  X e n o p u s  o o c y t e s .  S u m i k a w a  e_t al^ ( 1 9 8 1 )

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

X e n o p u s  o o c y t e s  i n j e c t e d  w i t h  h e t e r o g e n o u s  mRNAs f o r

T o r p e d o  r e c e p t o r  i n  c o n t r a s t  t o  t h e  s i t u a t i o n  i n

c e l l - f r e e  s y s t e m s  ( M e n d e z  ej t  a l_ .  , 1 9 8 0 ) .  T h e  r e c e p t o r

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

c h a r a c t e r i s t i c  o f  n a t i v e  AChR,  i n c l u d i n g  b i n d i n g  o f o C B G T .

T h e  a c e t y l c h o l i n e  r e c e p t o r  p r o d u c e d  b y  X e n o p u s  o o c y t e s  

w a s  g l y c o s y l a t e d  ( i t  b o u n d  C o n  A - S e p h a r o s e ) ,  a l t h o u g h ,  

t h e  ^ - s u b u n i t  may n o t  b e  c o r r e c t l y  g l y c o s y l a t e d  a n d / o r

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

t h a n  t h a t  i n  t h e  p u r i f i e d  n a t i v e  a c e t y l c h o l i n e  r e c e p t o r .  

T u n i c a m y c i n  b l o c k e d  a c t i v e  r e c e p t o r  p r o d u c t i o n  ( S u m i k a w a  

e t  a l . , 1 9 8 3 ) .

B r i e f l y ,  f r o m  t h e  e v i d e n c e  t o  d a t e  t h e r e  a p p e a r  t o  

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

p o r t i o n  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r .  F i r s t l y ,  i t  may 

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

M y a s t h e n i a  G r a v i s  ( B e r s i n g e r  et^ a l y  1 9 8 3 )  a l t h o u g h  t h i s  

i s  t h o u g h t  t o  b e  u n l i k e l y  ( W o n n a c o t t  e_t a T ,  1 9 8 0 a ) .  

S e c o n d l y ,  i t  may b e  i n v o l v e d  i n  s t a b i l i s i n g  t h e  r e c e p t o r  

s u b u n i t s  i n  t h e  m e m b r a n e  ( P r i v e s  a n d  O l d e n ,  1 9 8 0 ) .  

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

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

t h e  m e m b r a n e  ( M e r l i e  e t  a l , 1 9 8 1 a ) .
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G l y c o p r o t e i n s  a n d  t h e i r  C h a r a c t e r i s a t i o n

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

a t t a c h e d  t o  t h e  p e p t i d e  b a c k b o n e  i s  t h e  f e a t u r e  w h i c h  

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

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

G l y c o p r o t e i n s  o c c u r  i n  f u n g i /  g r e e n  p l a n t s /  v i r u s e s /  

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

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

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

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

i m m u n o g l o b u l i n s /  m u c i n s /  b l o o d - g r o u p  s u b s t a n c e s  a n d  a l s o  

i n  c o l l a g e n s  a n d  b a s e m e n t  m e m b r a n e s .  C u r r e n t  i n t e r e s t  i n  

m e m b r a n e  s t r u c t u r e  h a s  d r a w n  t h e  a t t e n t i o n  o f  m a n y  

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

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

f l u i d  m o s a i c  m o d e l  o f  m e m b r a n e  s t r u c t u r e  ( S i n g e r  a n d  

N i c o l s o n /  1 9 7 2 )  e m p h a s i s e d  t h e  o c c u r r e n c e  o f  i n t e g r a l  

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

b e e n  s t u d i e d  a n d  s h o w n  t o  i n c l u d e  c a r b o h y d r a t e .

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

a r e  u n c l e a r  a l t h o u g h  v a r i o u s  t h e o r i e s  h a v e  b e e n  

p o s t u l a t e d /  t h e s e  i n c l u d e :

1 )  a n  i n v o l v e m e n t  i n  p o l y p e p t i d e  p r o c e s s i n g

2 )  i n t r a c e l l u l a r  t r a n s p o r t  o f  g l y c o p r o t e i n s

3 )  c a t a b o l i s m  a n d  c l e a r a n c e  o f  g l y c o p r o t e i n s

4 )  c e l l  a d h e s i o n

5)  a n t i g e n i c i t y
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Many p o l y p e p t i d e s  o r  p r o t e i n s  a r e  s y n t h e s i s e d  a s  

g i a n t  p r e c u r s o r s  t h a t  a r e  s u b s e q u e n t l y  c l e a v e d  b y  

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

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

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

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

T h i s  d o e s  a p p e a r  t o  h a p p e n  i n  t h e  p i t u i t a r y  g l a n d  w h e r e  

c e l l s ,  t r e a t e d  w i t h  t u n i c a m y c i n  t o  b l o c k  g l y c o s y l a t i o n ,  

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

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

g l y c o s y l a t i o n  w a s  t o  f a c i l i t a t e  s e c r e t i o n .  L a t e r  

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

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

p r o t e i n s  i n t o  m e m b r a n e s  a n d  t h e i r  t r a n s p o r t  b y  m e m b r a n e  

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

A c o m m o n l y  o b s e r v e d  f e a t u r e  o f  t u n i c a m y c i n - t r e a t e d  c e l l s  

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

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

o t h e r  c e l l u l a r  s i t e s .

P r o t e i n s  w i t h i n  c e l l s  a r e  d e g r a d e d  i n  a  c o n t r o l l e d  

m a n n e r  d u r i n g  n o r m a l  g r o w t h  a n d  d i f f e r e n t i a t i o n  ( D e a n ,  

1 9 7 8 ) .  T h e  d e g r a d a t i o n  a n d  t u r n o v e r  o f  p r o t e i n s  i s  

d e t e r m i n e d  i n  p a r t  b y  i n h e r e n t  f e a t u r e s ,  ( e . g .  

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

c o n s i d e r a b l e  e v i d e n c e  t h a t  t h e  c a r b o h y d r a t e  m o i e t i e s  a l s o  

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

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

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

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

w i t h i n  a  f e w  h o u r s  ( H u g h e s ,  1 9 7 6 ) .

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

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

e m b r y o g e n e s i s .  P r o c e s s e s  i n v o l v e d  i n  e m b r y o n i c  

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

a n d  s e l e c t i v e  a d h e s i o n  b e t w e e n  c e l l s .  C e l l s  d i s s o c i a t e d  

f r o m  v a r i o u s  o r g a n s  a n d  m i x e d  i n  s u s p e n s i o n  t e n d  t o  

r e f o r m  a g g r e g a t e s  o f  c e l l s  i n  a  t i s s u e - s p e c i f i c  m a n n e r .  

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

d e v e l o p m e n t ,  ( e . g .  i n  s e a  u r c h i n  e m b r y o s  a s  w e l l  a s  i n  

s o m e  d e v e l o p i n g  m a m m a l i a n  s y s t e m s  s u c h  a s  k i d n e y ) .  H e n c e  

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

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

d e v e l o p m e n t .  I f  c a r b o h y d r a t e  m o i e t i e s  o f  g l y c o p r o t e i n s  

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

i n t e r a c t i o n s  a r e  p o s s i b l e .  T h e  f i r s t  i s  b e t w e e n  

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

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

( R e e s ,  1 9 7 7 )  a n d  t h e  s e c o n d  may b e  b e t w e e n  a  c a r b o h y d r a t e  

m o i e t y  a n d  a  c a r b o h y d r a t e - b i n d i n g  p r o t e i n ,  e . g .  a  l e c t i n .

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

i n v o l v e d  i n  a n t i b o d y / a n t i g e n  i n t e r a c t i o n s .  A n t i b o d i e s  

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

e m b r y o n i c  c e l l s .  T h e  a n t i g e n s ,  h o w e v e r ,  s e e m e d  e l u s i v e  

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

t e c h n i q u e s  i n c l u d i n g  i m m u n e  p r e c i p i t a t i o n  a n d
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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 .  S e v e r a l  o f  t h e m ,  

i n c l u d i n g  s o m e  o n c o f e t a l  ( t u m o u r - a s s o c i a t e d )  a n t i g e n s ,  

h a v e  b e e n  s h o w n  s u b s e q u e n t l y  t o  b e  c a r b o h y d r a t e  s e q u e n c e s  

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

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

a u t o i m m u n e  h a e m o l y t i c  d i s o r d e r  ( F e i z i  a n d  H a d l e r ,  1 9 8 3 )  

a r e  now k n o w n  t o  b e  c a r b o h y d r a t e  s t r u c t u r e s  o n  

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

c e l l s  t y p e s  ( F e i z i ,  1 9 8 1 ,  U e m u r a  et^ a l ^ .  , 1 9 8 3 )  c o n s i s t i n g  

o f  r e p e a t i n g  u n i t s  o f  N - a c e t y l l a c t o s a m i n e

( G a l - £ (  l - * 4 ) - G l c N A c ) . V a r i o u s  a n t i g e n s  a s s o c i a t e d  w i t h  

c e l l s  o f  a  n o n - c a n c e r o u s  ( e . g .  e r y t h r o c y t e s ,  g a s t r i c  

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

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

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

A n a l y s i s  o f  O l i g o s a c c h a r i d e s

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

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

g l y c o p r o t e i n s ,  a  g r e a t  d e a l  o f  e f f o r t  h a s  b e e n  e x t e n d e d  

i n  r e c e n t  y e a r s  t o  d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  

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

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

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

f e w  a n d  i n c l u d e  D - g a l a c t o s e ,  D - m a n n o s e ,  D - g l u c o s e  

( r a r e l y ) ,  L - f u c o s e ,  N - a c e t y l - g l u c o s a m i n e ,  N - a c e t y l - D -
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g a l a c t o s a m i n e  a n d  s i a l i c  a c i d /  a r r a n g e d  i n  o l i g o 

s a c c h a r i d e  s i d e  c h a i n s  o f  v a r y i n g  s i z e s  a n d  

g l y c o s i d i c a l l y - l i n k e d  t o  a  p o l y p e p t i d e  b a c k b o n e .

M e m b r a n e  g l y c o p r o t e i n s  h a v e  b e e n  i n v e s t i g a t e d  b y

e x t r a c t i o n  o f  t h e  m e m b r a n e s  w i t h  d i s s o c i a t i n g  r e a g e n t s  

( J u l i a n o /  1 9 7 8 )  f o l l o w e d  b y  p u r i f i c a t i o n .  O t h e r  

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

s u c h  a s  t h e  u s e  o f  l e c t i n s  ( L o t a n  a n d  P e r t l o w /  1 9 7 9 )  a n d  

c y t o c h e m i c a l  r e a g e n t s  ( J u l i a n o /  1 9 7 9 )  a c t i n g  o n  t h e

i n t a c t  m e m b r a n e .

O n e  o f  t h e  c h e m i c a l  t e c h n i q u e s  e m p l o y e d  t o  i d e n t i f y  

a  g l y c o p r o t e i n  i n v o l v e s  t h e  p e r i o d i c  a c i d - S c h i f f  ( P A S )  

r e a g e n t .  T h e  PAS s t a i n  f o r  c a r b o h y d r a t e  d e p e n d s  o n  

p e r i o d a t e  o x i d a t i o n  o f  c a r b o n - c a r b o n  b o n d s  b e a r i n g  

v i c i n a l  h y d r o x y l  g r o u p s  t o  g i v e  c a r b o n y l  g r o u p s .  T h e s e  

w i l l  r e a c t  w i t h  S c h i f f s  r e a g e n t  ( l e u c o f u c h s i n )  y i e l d i n g  a  

p i n k  o r  p u r p l e  S c h i f f s  b a s e .

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

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

o f  m o n o -  o r  o l i g o - s a c c h a r i d e s .  A v e r y  common  l i n k a g e  

i n v o l v e s  t h e  C ( l )  o f  N - a c e t y l g l u c o s a m i n e  a n d  t h e  a m i d e  

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

e x t e n d e d  p o l y p e p t i d e  s e q u e n c e  a n d  t h e  N - a c e t y l g l u c o s a m i n e  

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

m o n o s a c c h a r i d e s .  T h e  c a r b o h y d r a t e  c h a i n s  a t t a c h e d  t o  

p o l y p e p t i d e s  i n  t h i s  f a s h i o n  a r e  N - g l y c a n s  ( F i g u r e  2 b ) .

T h e  s e c o n d  c l a s s  o f  l i n k a g e  s u g a r s  a r e  O - g l y c a n s  

j o i n e d  t h r o u g h  C ( l )  b y  g l y c o s i d i c  b o n d s  t o  t h e
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A .  c h 2 o h

R NH

I I
—  CH —  CH

NHAc q q

S e r i n e  (R -  H)  

T h r e o n i n e  (R “  C H 3 )

I
o  n h

II I
C —  C H .  —  CH

2 I
CO

NHAc

A s p a r a g i n e

F i g u r e  2 .  C a r b o h y d r a t e  l i n k a g e s .  A.  O - g l y c o s i d i c  

l i n k a g e  t o  s e r i n e  o r  t h r e o n i n e .  B.  N - g l y c o s i d i c  

l i n k a g e  t o  a s p a r a g i n e .
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h y d r o x y l a t e d  s i d e  c h a i n s  o f  s e r i n e ,  t h r e o n i n e ,

h y d r o x y l y s i n e  o r  h y d r o x y p r o l i n e  ( F i g u r e  2 f l ) .  T h e  l a t t e r

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

g l y c o p r o t e i n s .  M a n n o s e  l i n k e d  t o  s e r i n e  a n d  t h r e o n i n e  

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

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

r e c e n t l y  b e e n  d e t e c t e d  i n  m a m m a l i a n  g l y c o p r o t e i n s  a s  a  

m i n o r  c o m p o n e n t s  ( F i n n e  ej t  a J .  , 1 9 7 9 )  . I n  g l y c o p r o t e i n s  

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

f o u n d  l i n k e d  t o  s e r i n e  a n d  t h r e o n i n e  i s  

N - a c e t y l g a l a c t o s a m i n e .

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

O - g l y c o s i d i c  l i n k a g e s  i n v o l v i n g  N - a c e t y l g a l a c t o s a m i n e  a s  

t h e  l i n k a g e  s u g a r  a r e  s h o w n  i n  T a b l e  1 . 2 .  

N - G l y c o s i d i c a l l y - l i n k e d  ( t o  a s p a r a g i n e )  o l i g o s a c c h a r i d e

u n i t s  a r e  u s u a l l y  f o u n d  t o  b e  o f  t w o  t y p e s .  T h e  f i r s t

c o n t a i n s  o n l y  m a n n o s e  a n d  N - a c e t y l g l u c o s a m i n e  a n d  i s

c a l l e d  h i g h - m a n n o s e  o r  s i m p l e  t y p e  ( F i g u r e  3 ) .  T h e  

s e c o n d  ( c o m p l e x  t y p e )  c o n t a i n s  a  v a r i a b l e  n u m b e r  o f  o u t e r  

c h a i n s  l i n k e d  t o  a  P - m a n n o s y l - d i - N - a c e t y l c h i t o b i o s e  u n i t ,  

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

t y p i c a l  h i g h - m a n n o s e  o l i g o s a c c h a r i d e s  ( F i g u r e  3 ) .

D e t a i l e d  i n f o r m a t i o n  a b o u t  t h e  i s o l a t i o n  a n d  

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

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

( S t u r g e s s  ej t  a l ^ .  , 1 9 7 8 ,  T a n n e r ,  1 9 7 8 ,  K o r n f e l d  a n d

K o r n f e l d ,  1 9 8 0 ) .

G l y c o p r o t e i n s  c a n  b e  s e p a r a t e d  a n d  a n a l y s e d  f o r
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Table 1.2 Glycopeptides linked through N-acetyl-
g a l a c t o s a m i n e  t o  h y d r o x y l  g r o u p s  o f  s e r i n e  a n d  t h r e o n i n e .

( A f t e r  K o r n f e l d a n d  K o r n f e l d /  1 9 8 0 )

S t r u c t u r e G l y c o p r o t e i n

o ( 2 . 6
A NANA—* G a l N A c —^ S e r (  T h r ) S u b m a x i l l a r y  m u c i n s  

( NGNA)

" A n t i f r e e z e "  g l y c o p r o t e i n  o f  
a n t a r c t i c  f i s h :  h u m a n  I g A :  
s u b u n i t  HCG: c a r t i l a g e  k e r a t i n  
s u l p h a t e :  e p i g l y c a n i n  o f  TA^-HA 
c e l l s :  l y m p h o c y t e /  RBC a n d  m i l k  
f a t  g l o b u l e  m e m b r a n e s

B o v i n e  k i n i n o g e n :  e p i g l y c a n i n  o f
T A - . H A  c e l l s :  B . ^  m e l a n o m a  c e l l s  3 1 6

F e t u i n :  h u m a n  RBC m e m b r a n e  
s i a l o g l y c o p r o t e i n ^  b o v i n e  
k i n i n o g e n :  r a t  b r a i n :  m i l k  
f a t  g l o b u l e  m e m b r a n e :  h u m a n  
p l a t e l e t  m e m b r a n e

E p i g l y c a n i n  
T G a l N A c —̂ S e r ( T h r )

oi 2 . 3
"

NANA 

P I . 3 p i . 3
F G a l —̂ G l c N A c - > G a l N A c  Human g a s t r i c  m u c i n :  c o r e  r e g i o n

t  S e r ( T h r )  o f  h u m a n  a n d  h o g  b l o o d  g r o u p  
I 1 . 6  s u b s t a n c e .

G l c NA c

tl .4
G a l

B G a l - ^ G a l N A c  —» S e r  ( T h r )

P i . 3
C G a l —* G a l N A c —> S e r ( T h r ) 

| < *  2 . 3  

NANA

P i . 3
D G a l —> G a l N A c - >  S e r (  T h r ) 

< * 2 . 3  |  < * 2 . 6  

NANA NANA 

E G a l —̂ G l c N A c G a l —>
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Asn

GlcNAc--------Fuc

GlcNAc
Core

Man

GlcNAc

Gal (Man)n

Sialic acid

♦ *Complex type High mannose
chain type chain

Figure 3. Schematic representation of a 

N-g1ycosidica1ly-1inked oligosaccharide in 

secreted glycoproteins. (After Montreuil/

typical

1975)



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

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

c h e m i c a l /  e n z y m i c  o r  p h y s i c a l  t e c h n i q u e s  ( T a b l e  1 . 3 ) .

O v e r a l l  S u g a r  C o n t e n t

i )  T o t a l  h y d r o l y s i s

T h e  a c t u a l  s u g a r  c o n t e n t  o f  a  g l y c o p r o t e i n  c a n  b e  q u i t e  

d i f f i c u l t  t o  d e t e r m i n e  ( M a r s h a l l  a n d  N e u b e r g e r /  1 9 7 0 ) .  

C o l o r i m e t r i c  m e t h o d s  ( D i s c h e /  1 9 6 2 /  A s h w e l l /  1 9 6 6 )  h a v e  

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

g l y c o p r o t e i n s .  T h e  p h e n o l - s u l p h u r i c  a c i d  m e t h o d  h a s  b e e n  

u s e d  t o  m e a s u r e  t o t a l  h e x o s e f w h i l e  t h e  

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

C o m p l e t e  q u a n t i t a t i v e  a n a l y s i s  r e q u i r e s  l i b e r a t i o n  o f  t h e  

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

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

H y d r o l y s i s  i s  u s u a l l y  c a r r i e d  o u t  u n d e r  a c i d  

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

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

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

s t a b i l i t i e s  t o w a r d s  h o t  a c i d .  H e x o s a m i n e s  a r e  m o r e  

r e s i s t a n t  t h a n  m o s t /  b u t /  e v e n  s o ; 5 - 1 5 %  o f  a m i n o  s u g a r s  

s u c h  a s  N - a c e t y l g l u c o s a m i n e  a n d  N - a c e t y l g a l a c t o s a m i n e  a r e  

d e s t r o y e d  o n  h e a t i n g  i n  4M HC1 a t  1 0 0 ° C  f o r  1 6 h .  S i a l i c  

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

m i n e r a l  a c i d s  w h i l e  a l d o s e s  s u c h  a s  m a n n o s e  a n d
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Table 1.3 Steps in the Sequence Analysis Glycans

1 .  P r o t e o l y s i s :  p r o n a s e ,  t r y p s i n ,  c h y m o t r y p s i n ,

c o l l a g e n a s e ,  e t c

2 .  R e l e a s e  o f  p u r e  o l i g o s a c c h a r i d e  c h a i n s :  a l k a l i n e

b o r o h y d r i d e ,  e n d o g l y c o s i d a s e s

3 .  S e p a r a t i o n  o f  g l y c o p e p t i d e s : g e l  f i l t r a t i o n ,  i o n -

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

a n d  c h r o m a t o g r a p h y

•4.  C o m p o s i t i o n :  g a s - l i q u i d  c h r o m a t o g r a p h y  

( m o n o s a c c h a r i d e s ) ,  i o n - e x c h a n g e  

c h r o m a t o g r a p h y  ( a m i n o  a c i d s )

5 .  C a r b o h y d r a t e  s e q u e n c e  d e t e r m i n a t i o n :

a )  c h e m i c a l :  m e t h y l a t i o n ,  p e r i o d a t e  o x i d a t i o n

b )  e n z y m i c :  e x o -  a n d  e n d o - g l y c o s i d a s e s

c )  p h y s i c a l :  m a s s  s p e c t r o m e t r y ,  n u c l e a r  m a g n e t i c  

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

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

e x t r e m e s .  T h e  g l y c o s i d i c  l i n k a g e  o f  a m i n o  s u g a r s  i s  

p r o t e c t e d  b y  N H ^ * .  S i a l i c  a c i d  r e s i d u e s  a r e  v e r y  r e a d i l y

r e m o v e d  f r o m  g l y c o p r o t e i n s  b y  h y d r o l y s i s  w i t h  0 . 0 5 M  H2 s ° 4

a t  8 0 ° C  f o r  l h .  F u c o s e  i s  a l s o  e a s i l y  r e m o v e d  f r o m  

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

g a l a c t o p y r a n o s i d e s  a n d  g l u c o p y r a n o s i d e s  a r e  5 a n d  2 5  

t i m e s  ( r e s p e c t i v e l y )  l e s s  r e a d i l y  h y d r o l y s e d  t h a n  t h e  

6 - d e o x y h e x o s e .

I n f o r m a t i o n  c o n c e r n i n g  t h e  n a t u r e  o f  t h e

c a r b o h y d r a t e  l i n k a g e  c a n  a l s o  b e  o b t a i n e d  f r o m  

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

d i s t i n g u i s h e d  b y  t r e a t m e n t  w i t h  m i l d  a l k a l i s .

N - g l y c o s i d i c  l i n k a g e s  f r o m  N - a c e t y l g l u c o s a m i n e  t o  t h e  

a m i d e  n i t r o g e n  o f  a s p a r a g i n e /  ( F i g u r e  2 6 )  a r e  r e l a t i v e l y  

s t a b l e  t o  h y d r o l y s i s  b y  s t r o n g  a l k a l i .  O - G l y c o s i d i c  

l i n k a g e s  f r o m  N - a c e t y l g a l a c t o s a m i n e  t o  t h e  h y d r o x y  g r o u p  

o f  s e r i n e  o r  t h r e o n i n e  ( F i g u r e  2ft)  c a n  b e  c l e a v e d  b y  m i l d  

a l k a l i n e  t r e a t m e n t  w h i c h  p r o m o t e s  a  ^ - e l i m i n a t i o n  

r e a c t i o n  ( F i g u r e  4 ) .  I f  a l k a l i n e  b o r o h y d r i d e  i s  u s e d  t o  

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

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

a l d i t o l  b y  r e d u c t i o n  w i t h  t h e  s o d i u m  b o r o h y d r i d e  ( F i g u r e

4 ) .  T h e  p r o d u c t i o n  o f  N - a c e t y l g a l a c t o s a m i n i t o l  a n d  

2 - a m i n o a c r y l i c  a c i d  ( f r o m  s e r i n e )  o r  2 - a m i n o c r o t o n i c  a c i d  

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

n a t u r e  o f  t h e  c a r b o h y d r a t e  l i n k a g e s  ( S h a r o n /  1 9 7 5 /  F a r r a r



HO

CH OH S e r i n e  (R -  H)
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OH
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F i g u r e  4- .  S c h e m e  f o r  A l k a l i n e  B o r o h y d r i d e  R e d u c t i o n
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and Harrison/ 1978) .

i i )  G a s - L i q u i d  C h r o m a t o g r a p h y

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

q u a n t i t a t i v e  a n d  q u a l i t a t i v e  i n f o r m a t i o n  o n  t h e  

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

b e e n  e x t e n s i v e l y  u s e d  f o r  t h i s  p u r p o s e .

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

( GLC) w a s  p u b l i s h e d  b y  M a r t i n  a n d  J a m e s  i n  1 9 5 2 .  I n  1 9 5 7  

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

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

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

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

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

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

t e c h n i q u e s .  T h e s e  f e a t u r e s  w e r e  p a r t i c u l a r l y  d e s i r a b l e  

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

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

p r e s e n t  g e n e r a l l y  i n t e r f e r e  t o  a  g r e a t e r  o r  l e s s e r  e x t e n t  

w i t h  m o s t  c o l o r i m e t r i c  a s s a y s .

I n  g a s - l i q u i d  c h r o m a t o g r a p h y /  a  c a r r i e r  g a s  p a s s e s  

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

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

c o a t i n g  o f  l i q u i d  ( l i q u i d  p h a s e ) .  E a c h  c o m p o n e n t  o f  a  

m i x t u r e  w i l l  b e  p a r t i t i o n e d  b e t w e e n  t h e  m o b i l e  g a s  p h a s e  

a n d  t h e  s t a t i o n a r y  l i q u i d  p h a s e .  H o w e v e r /  a s  t h e  g a s  i s  

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



-44-

i s  c a r r i e d  a l o n g  t h e  c o l u m n /  b e i n g  c o n t i n u a l l y  

p a r t i t i o n e d  b e t w e e n  t h e  t w o  p h a s e s .  T h e  a b s o l u t e  t i m e  

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

t o  d e t e r m i n e  b e c a u s e  t h e  a c t u a l  t i m e  o f  i n j e c t i o n  a n d  t h e  

t i m e  s p e n t  b y  t h e  c o m p o n e n t  b e t w e e n  t h e  c o l u m n  a n d  

d e t e c t o r  a r e  n o t  e a s i l y  a s c e r t a i n e d .  To  o v e r c o m e  t h i s  

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

a d d e d  t o  t h e  s a m p l e  a n d  t h e  r e t e n t i o n  t i m e s  c a n  b e  

r e l a t e d  t o  t h a t  f o r  t h e  r e f e r e n c e .  T h i s  r e f e r e n c e  

c o m p o u n d  i s  k n o w n  a s  a n  i n t e r n a l  s t a n d a r d .

M o s t  q u a n t i t a t i v e  a n a l y s e s  b y  GLC a r e  c a r r i e d  o u t  

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

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

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

s u b s e q u e n t  l o s s e s  a r e  a s s u m e d  t o  a f f e c t  b o t h  t h e  s t a n d a r d  

a n d  t h e  s a m p l e  i n  q u e s t i o n  t o  a n  e q u a l  e x t e n t .  T h e  p e a k  

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

t h e  c a l c u l a t i o n s .  B e c a u s e  o f  t h e i r  t e n d e n c y  t o  c h a r  a t  

h i g h  t e m p e r a t u r e s  s u g a r s  m u s t  b e  d e r i v a t i s a t e d  p r i o r  t o  

t h e i r  a n a l y s i s  b y  g a s - l i q u i d  c h r o m a t o g r a p h y .  F u r t h e r  

d e t a i l s  o f  GLC a n a l y s i s  c a n  b e  f o u n d  i n  r e v i e w s  b y  C l a m p  

e t  a l  ( 1 9 7 2 )  a n d  D u t t o n  ( 1 9 7 3 ,  1 9 7 4 ) .

D e t a i l e d  S t r u c t u r a l  A n a l y s i s  o f  C a r b o h y d r a t e  S t r u c t u r e s

D e t a i l e d  s t r u c t u r a l  a n a l y s i s  o f  t h e  c a r b o h y d r a t e  

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

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

o l i g o s a c c h a r i d e ( s ) . T h e  c a r b o h y d r a t e  c o m p o n e n t  m a y  b e  

i s o l a t e d  b y  h y d r o l y s i s  o r  e x h a u s t i v e  d i g e s t i o n  o f  t h e  

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

g l y c o s i d a s e s  ( e n z y m e s  m e t a b o l i s i n g  c o m p l e x  c a r b o h y d r a t e s )  

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

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

r e s i d u e s  a t t a c h e d  ( S p i r o /  1 9 7 3 /  S h a r o n /  1 9 7 5 ) .  T h e  

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

g e l  f i l t r a t i o n  o r  i o n - e x c h a n g e  c h r o m a t o g r a p h y  ( K a w a s a k i  

a n d  A s h w e l l /  1 9 7 6 /  H a r r i s o n  et^ a l .  / 1 9 7 5 /  H a r r i s o n /  1 9 7 7 /  

F a r r a r  a n d  H a r r i s o n /  1 9 7 8 ) .

i )  G l y c o s i d a s e s

G l y c o s i d a s e s  a r e  v a l u a b l e  t o o l s  w i t h  w h i c h  t o  s t u d y  

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

r a t h e r  e x a c t  s p e c i f i c i t i e s  f o r  t h e i r  s u b s t r a t e s .  T h e  

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

i n t o  t w o  g r o u p s :  t h e  e x o -  a n d  e n d o - g l y c o s i d a s e s .

E x o - g l y c o s i d a s e s  o n l y  c l e a v e  o f f  s u g a r s  w h e n  t h e  s p e c i f i c  

m o n o s a c c h a r i d e  i s  a  t e r m i n a l  r e s i d u e .  M o s t  

e x o - g l y c o s i d a s e s  d i s p l a y  g r e a t  s p e c i f i c i t y  f o r  t h e  s u g a r  

m o i e t y  a n d  f o r  t h e  a n o m e r i c  c o n f i g u r a t i o n  o f  t h e  

g l y c o s i s i c  l i n k a g e .  S t e p w i s e  r e m o v a l  o f  m o n o s a c c h a r i d e s  

f r o m  a  g l y c o p e p t i d e  b y  e x o - g l y c o s i d a s e s  f o l l o w e d  b y  

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

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



Table 1.5 Endo-glycos idases

ENZYME SOURCE ENZYME S P E C I F I C I T Y

E n d o - £ - N - a c e t y l g l u c o s a m i n i d a s e
T y p e  A J.

D S t r e p t o c o c c u s  p n e u m o n i a e  m a n ^ l - * 3 m a n / ? l ‘* 4 g l c N A c £ l " ,4 g l c N A c - A s n

H S t r e p t o m y c e s  p l i c a t u s  m a n ^ l - 9 3 . m a n ^ l - * 6 m a n £ l - » 4 g l c N A c £ 1 ^ 4 g l c N A c - A s n
S t r e p t o m y c e s  g r i s e u s

( l ) ^C l  a n d  C I I  C l o s t r i d i u m  p e r f r i n g e n s  ^  m a n p Q - > 3 m a n « Q * » 4 g l c N A c £ l - * 4 g l c N A c —As n

mano^ ’9>̂ r n a n °^ ' ^6manj 3 l ->4g l c N A c £ l - * 4 g  l c N A c - A s n  
M a m m a l i a n  k i d n e y #  l i v e r #  m a n « Q *  ♦
s p l e e n
He n  o v i d u c t

J
T y p e  B A l m o n d  e m u l s i n  ma n < ^ l * » 4 g l c NA c / ? l * * 4 g l c NA c - As n

*
E n d o -  - N - a c e t y l g a l a c t o s a m i n i d a s e  S t r e p t o c o c c u s  p n e u m o n i a e  galyfl l - * 3 g a l N A c  l i n k e d  t o  s e r  o r  t h r

C l o s t r i d i u m  p e r f r i n g e n s

I

E n d o -  - g a l a c t o s i d a s e  S t r e p t o c o c c u s  p n e u m o n i a e  g l c N A c £ l - * 3 g a l ^ l - * 4 g l c ( g l c N A c  ) - R
E s c h e r i c h i a  f r e u n d i i  g a l  ( g a l N A c  ) ^ l - ^ 3 g a l ; S l - * 4 g l c N A c / ? l - R

2 t  3 
t  t

f u c o Q  ( f u c r t . 1 )
0 o r  1



T y p e  A e n z y m e s  a l l  s p l i t  t h e  g l y c o s i d i c  l i n k a g e  b e t w e e n  t h e  t w o  t f - a c e t y l g l u c o s a m i n e  r e s i d u e s  

i m m e d i a t e l y  a d j a c e n t  t o  t h e  a s p a r a g i n e  r e s i d u e  o f  t h e  p o l y p e p t i d e .  D a n d  C l  b u t  n o t  H o r  C I I  

h y d r o l y s e  t h i s  b o n d  e v e n  i f  t h e  c h i t o b i o s e  s e q u e n c e  i s  s u b s t i t u t e d  w i t h  f u c o s e .  T h e  

o ( 3 - s u b s t i t u t e d  m a n n o s y l  u n i t  a t  t h e  n o n - r e d u c i n g  e n d  o f  g l y c o p e p t i d e s  s u s c e p t i b l e  t o  D a n d  C l  m u s t  

b e  u n s u b s t i t u t e d .  T h e  e n z y m e s  a l s o  h y d r o l y s e  o l i g o s a c c h a r i d e s .  H r e q u i r e s  a  m o r e  c o m p l e x  

s e q u e n c e  o f  m a n n o s y l  r e s i d u e s  s u b s t i t u t e d  o n t o  t h e  C ( 6 )  o f  t h e  m a n n o s y l  r e s i d u e  o f  t h e  

t r i s a c c h a r i d e  c o r e  a n d  d o e s  n o t  r e a c t  w h e n  t h i s  c o r e  i s  s u b s t i t u t e d  w i t h  f u c o s e .

T y p e  B e n d o - £ - N - a c e t y l g l u c o s a m i n i d a s e  i s  r e a c t i v e  w i t h  b o t h  i n t a c t  g l y c o p r o t e i n s  a n d  g l y c p e p t i d e s .

* T h e  e n z y m e  i s  i n a c t i v a t e d  b y  a n y  s u b s t i t u t i o n  o f  t h i s  d i s a c c h a r i d e .

R -  h y d r o g e n /  s u g a r s  o r  c e r a m i d e .

^  -  p o i n t  o f  h y d r o l y s i s .

( 1 )  C l  o n l y

( 2 )  C I I  o n l y

-4
9
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T a b l e  1 . 4  g i v e s  a  l i s t  o f  a  f e w  o f  t h e  m a n y  c o m m e r c i a l l y  

a v a i l a b l e  e x o - g l y c o s i d a s e s  ( f r o m  H u g h e s ,  1 9 8 3 ) .

E n d o - g l y c o s i d a s e s  a r e  a s  v a l u a b l e  a s

e x o - g l y c o s i d a s e s  i n  e l u c i d a t i n g  c a r b o h y d r a t e  s t r u c t u r e s .  

T h e y  h y d r o l y s e  i n t e r n a l  l i n k a g e s  a n d  r e l e a s e  

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

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

i n t a c t  g l y c o p r o t e i n s  a n d  e v e n  t h e  g l y c o p r o t e i n s  p r e s e n t  

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

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

b i o l o g i c a l  r o l e s  o f  t h e  c a r b o h y d r a t e  m o i e t i e s  o f  

g l y c o c o n j u g a t e s .  F o r  e x a m p l e ,  t h e  S t r e p t o c o c c a l

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

o l i g o s a c c h a r i d e s  s h o w n  b e l o w .

4
g a l  ( g a l N A c  ) -<^- (  l-*3  ) - g a l - f 3 - (  l -*4)  - g l c N A c - £  - ( I -*) - R

f  t
2 3
I I

f u c - o ( - l  ( f u c - o t - 1 )

0 o r  1

R = h y d r o g e n  o r  s u g a r  

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

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

h u m a n  b l o o d  g r o u p s  A ( w i t h  N - a c e t y l g a l a c t o s a m i n e  t e r m i n a l  

u n i t )  o r  B ( w i t h  g a l a c t o s e  t e r m i n a l  u n i t ) .  T h e  

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

s u s c e p t i b l e  s t r u c t u r e s ,  g a l - | J - ( l  4 ) - g l c N A c  l i k a g e s  b u t
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T a b l e  1 . 4  E x o - G l y c o s i d a s e s  u s e d  f o r  D e t e r m i n a t i o n  o f  

C a r b o h y d r a t e  S e q u e n c e s  i n  G l y c o p r o t e i n s  ( f r o m  H u g h e s /  

1 9 8 3 )

G l y c o s i d a s e  S o u r c e  L i n k a g e  S p e c i f i c i t y

N e u r a m i  n i d a s e

G a l a c t o s i d a s e
( ? )

S t r e p t o c o c c u s  p n e u m o n i a e  
C l o s t r i d i u m  p e r f r i n g e n s

V i b r i o  c h o l e r a e  
I n f l u e n z a  v i r u s

S t r e p t o c o c c u s  p n e u m o n i a e  
C l o s t r i d i u m  p e r f r i n g e n s  
J a c k  b e a n  m e a l  
A s p e r g i l l u s  n i g e r

NeuNAcoi2-*3(  6 ) g a l , 
NeuNAco(2-*6g l c N A c  
NeuNAc<^2-*3ga l>  2-*6 
NeuNAc<*2-»3gal

G a l p l - * 4 g l c N A c  o n l y

G a l £  l-*4g  l c N A c l - ^ 3

p - M a n n o s i d a s e

o C - M a n n o s i d a s e  

p - F u c o s i d a s e

H e n  o v i d u c t  
T u r b o  c o r n u t u s  
S n a i l  
P i n e a p p l e

J a c k  b e a n  m e a l

C l o s t r i d i u m  p e r f r i n g e n s  
A s p e r g i l l u s  n i g e r  
B a c i l l u s  f u l m i n a n s  
T u r b o  c o r n u t u s  
C h a r a n i a  l a m p a s  
A l m o n d  e m u l s i n

N o t  d e f i n e d

Manot l -*2man = 
o a + 6 > *  l-*3

F u c p l - * 2 g a l  o n l y

F u c p l - * 2 g a l  o n l y  
A l l  k n o w n  

l i n k a g e s  
F u c £  l-* 3 (  4 ) g a l  n o t  
cQ**2 n o t  Fuco£l->6 
g l c N A c

p - N - A c e t y l -  S t r e p t o c o c c u s  p n e u m o n i a e  B r o a d
g l u c o s a m i n i d a s e  C l o s t r i d i u m  p e r f r i n g e n s

J a c k  b e a n  m e a l
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n o  t  g a l  -  £ - (  1 -^3) - g l c N A c  l i k a g e s  a r e  h y d r o l y s e d .  B o t h  

t h e s e  l i n k a g e s  a r e  p r e s e n t  i n  s e p a r a t e  c h a i n s  s u b s t i t u t e d  

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

N - a c e t y l - g a l a c t o s a m i n e  t o  f o r m  d i s t i n c t  c h a i n s  w i t h  A a n d  

B b l o o d  g r o u p  a c t i v i t y .  S t r e p t o c o c c u s  e n z y m e  c a n  

d i s c r i m i n a t e  a n t i g e n i c  s t r u c t u r e s  a n d  e x h i b i t s  h i g h e r  

s p e c i f i c i t y  t h a n  a n t i b o d i e s  i n  t h i s  c a s e  ( H u g h e s ,  1 9 8 3 ) .  

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

r e v i e w  o f  H u g h e s  ( 1 9 8 3 ) .  T a b l e  1 . 5  l i s t s  som e  o f  t h e  

c o m m e r c i a l l y  a v a i l a b l e  e n d o - g l y c o s i d a s e s .

i i )  M e t h y l a t i o n  A n a l y s i s

C h e m i c a l  t e c h n i q u e s  a r e  a l s o  w i d e l y  u s e d  i n  

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

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

o f  f r e e  h y d r o x y l  g r o u p s ,  f o l l o w e d  b y  a c i d  h y d r o l y s i s  a n d  

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

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

e x t e n s i v e l y  u s e d .  A t e c h n i q u e  d e v e l o p e d  b y  H a k o m o r i  

( 1 9 6 4 )  r e s u l t s  i n  c o m p l e t e  m e t h y l a t i o n  o f  a l l  f r e e  

h y d r o x y l s  a s  w e l l  a s  N - m e t h y l a t i o n  o f  t h e  a c e t a m i d e  g r o u p  

i n  h e x o s a m i n e  r e s i d u e s  w i t h o u t  l o s s  o f  N - a c e t y l  g r o u p s .  

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

g l y c o p e p t i d e s  a n d  r a r e l y  o n  i n t a c t  g l y c o p r o t e i n s .  

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

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

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

b e e n  s e p a r a t e d  i n  t h i s  wa y  ( K a r k k a i n e n /  1 9 7 1 ) .

i i i )  N u c l e a r  m a g n e t i c  r e s o n a n c e

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

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

c a r r i e d  o u t  b y  u s i n g  s u c h  t e c h n i q u e s  a s  m a s s  s p e c t r o m e t r y  

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

N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y

C ^ H - n . m . r )  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  e x t e n s i o n

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

c a r b o h y d r a t e s .  H o w e v e r /  t h i s  t e c h n i q u e  r e q u i r e s  t h e

a v a i l a b i l i t y  o f  m o d e l  c o m p o u n d s  ( D o r l a n d  ej t  a l .  / 1 9 7 8 a /

b /  F o u r n e t  ej t  a l_ .  , 1 9 7 8 )  t h a t  h a v e  s t r u c t u r e s  c l o s e l y

r e l a t e d  t o  t h e  c o m p l e x  c a r b o h y d r a t e  b e i n g  c h a r a c t e r i s e d .

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

i n s e n s i t i v e  t e c h n i q u e  a n d  t h e  r i c h n e s s  o f  i n f o r m a t i o n

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

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

u s e f u l l y  b e  s t u d i e d .  D e s p i t e  i t s  a p p a r e n t  l i m i t a t i o n s /

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

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

a s  l i t t l e  a s  2mg o f  m a t e r i a l  w h e r e a s  m u c h  l a r g e r  a m o u n t s

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

1 3e n z y m i c  t e c h n i q u e s  ( F o u r n e t  a J .  / 1 9 7 8 ) .  C - n . m . r  h a s  

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

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

i v )  M a s s  s p e c t r o m e t r y

C o m b i n e d  g a s - l i q u i d  c h r o m a t o g r a p h y  a n d  m a s s

s p e c t r o m e t r y  ( G L C - M S )  c a n  b e  u s e d  t o  s e p a r a t e  a n d

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

c o n t a i n i n g  s e v e r a l  h e x o s e  u n i t s  ( L u n d b l a d  et^ a l_ .  , 1 9 8 0 ) .

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

s e p a r a t i o n  o f  t h e  c o n s t i t u e n t s  o f  a  m i x t u r e  b u t  d o e s  n o t  

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

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

e f f i c i e n t  i n  t h e  s t u d y  o f  c o m p l e x  m i x t u r e s  ( F r i g e r i o /  

1 9 7 4 ) .  T h e  p r i n c i p l e  o f  m a s s  s p e c t r o m e t r y  i s  t h a t

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

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

f i e l d .  T h e y  a r e  d e v i a t e d  i n  a  m a g n e t i c  f i e l d  a n d  t h e n  

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

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

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

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

M c N e i l  «st a l .  , 1 9 8 2 ,  N i l s s o n  a n d  Z o p f ,  1 9 8 2 ,  B a r k e r  ert  

a l . ,  1 9 8 2  a n d  B o c k  a n d  P e d e r s e n ,  1 9 8 3 .
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v )  F a s t  a t o m  b o m b a r d m e n t  (FAB)

O v e r  t h e  p a s t  t w o  d e c a d e s  m a s s  s p e c t r o m e t r y  h a s  

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

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

o l i g o s a c c h a r i d e s /  g l y c o p e p t i d e s  a n d  g l y c o l i p i d s  ( f o r  

r e v i e w  s e e  R e i n h o l d  a n d  C a r r . /  1 9 8 3 ) .  V a r i o u s  m e t h o d s  o f  

m a s s  s p e c t r o m e t r y  ( e . g .  e l e c t r o n  i o n i z a t i o n /  c h e m i c a l  

i o n i z a t i o n  a n d  d i r e c t  c h e m i c a l  i o n i z a t i o n  m a s s  

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

r e l a t i v e l y  v o l a t i l e  d e r i v a t i v e .  F a s t  a t o m  b o m b a r d m e n t  

c i r c u m v e n t s  t h e  r e q u i r e m e n t  f o r  c h e m i c a l  d e r i v a t i z a t i o n .  

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

b e  o b t a i n e d  b y  FAB/  s t r u c t u r a l l y  s i g n i f i c a n t  f r a g m e n t  

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

o b s c u r e d  b y  t h e  b a c k g r o u n d  s i g n a l s .  FAB h a s  o t h e r  

l i m i t a t i o n s  i n  t h a t  s e q u e n c e - s p e c i f i c  f r a g m e n t s  a r e  o f t e n  

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

s p e c t r a  o f  N - l i n k e d ,  h i g h - m a n n o s e  o l i g o s a c c h a r i d e s  a n d  

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

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

s t r u c t u r e s  h a s  r e c e n t l y  b e e n  a c h i e v e d  ( C a r r  e_t a l . / 

1 9 8 5 ) .
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L e c t i n s

L e c t i n s  ( L a t . :  L e g e r e  -  t o  p i c k  o u t  o r  c h o o s e )  a l s o  

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

p h y t o h a e m a g g l u t i n i n s ,  o r  h a e m a g g l u t i n i n s ;  r e p r e s e n t  a  

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

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

l e g u m i n o s a e .  I t  h a d  b e e n  k n o w n  f o r  a  l o n g  t i m e  t h a t  

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

e r y t h r o c y t e s  o f  v a r i o u s  a n i m a l s .  S t i l l m a r k  ( 1 8 8 8 ;  1 8 8 9 )  

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

h a e m a g g l u t i n a t i o n  b y  p l a n t  e x t r a c t s .  T h e s e  e x t r a c t s  w e r e  

f r o m  t h e  c a s t e r  b e a n  R i c i n u s  c o m m u n i s . S o o n  a f t e r  t h i s

d i s c o v e r y ;  H e l l i n  ( 1 8 9 1 )  f o u n d  a n o t h e r  l e c t i n ;  a b r i n ;

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

1 8 9 1  t h e s e  t w o  l e c t i n s  w e r e  u s e d  b y  E h r l i c h  i n  h i s  

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

o f  t h e  s p e c i f i c i t y  o f  a n t i b o d i e s .

F o l l o w i n g  t h e  d i s c o v e r y  o f  t h e  l e c t i n  f r o m  R i c i n u s , 

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

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

l e c t i n s  w e r e  d i s c o v e r e d .  H o w e v e r ;  u p  u n t i l  t h e  l a t e  

1 9 4 0 s  l e c t i n s  a p p e a r e d  t o  h a v e  n o  i m p o r t a n t  s c i e n t i f i c  o r  

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

R e n k o n e n  ( 1 9 4 8 )  a n d  B oyd a n d  R e g u e r a  ( 1 9 4 9 )  l e d  t o  t h e  

d i s c o v e r y  o f  b l o o d - g r o u p  s p e c i f i c  l e c t i n s .  T h i s  

d i s c o v e r y  r e s u l t e d  i n  r e n e w e d  i n t e r e s t ;  a n d  i n  t h e



i n t e r v e n i n g  y e a r s  ma ny  o t h e r  l e c t i n s  h a v e  b e e n  d i s c o v e r e d  

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

I n  1 9 8 0  G o l d s t e i n  e_t al^ p r o p o s e d  t h e  f o l l o w i n g  

d e f i n i t i o n :

1 )  A l e c t i n  i s  a  s u g a r - b i n d i n g  p r o t e i n  o r  g l y c o p r o t e i n  

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

p r e c i p i t a t e s  g l y c o c o n j u g a t e s .

2 )  L e c t i n s  s h o u l d  b e a r  a t  l e a s t  t w o  s u g a r  b i n d i n g  

s i t e s .

3 )  T h e  s p e c i f i c i t y  o f  a  l e c t i n  s h o u l d  b e  d e f i n e d  i n  

t e r m s  o f  m o n o s a c c h a r i d e s  ( o r  s i m p l e  o l i g o s a c c h a r i d e s )  

t h a t  i n h i b i t  l e c t i n - i n d u c e d  a g g l u t i n a t i o n  ( o r  

p r e c i p i t a t i o n )  r e a c t i o n s .

M o r e  r e c e n t l y /  K o c o u r k  a n d  H o r e j s i  ( 1 9 8 1 )  a d d e d  

a n o t h e r  p r o v i s o  t o  t h e  d e f i n i t i o n /  v i z :  l e c t i n s  s h o u l d  b e  

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

b i n d  a n d  s h o u l d  n o t  r e q u i r e  f r e e  g l y c o s i d i c  h y d r o x y l  

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

M a n n o s e  B i n d i n g  L e c t i n s

T h e  l e c t i n  f r o m  C o n c a n a v a l i a  e n s i f o r m i s  ( C o n  A) i s  

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

i s o l a t e d  a n d  c r y s t a l l i s e d  b y  S u m n e r  ( 1 9 1 9 ) .  I t  i s  t h e  

m o s t  e x t e n s i v e l y  i n v e s t i g a t e d  l e c t i n /  a n d  t h e  o n l y  o n e  

f o r  w h i c h  t h e  p r i m a r y  s t r u c t u r e  h a s  b e e n  e s t a b l i s h e d .  I n
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1 9 3 6  S u m n e r  a n d  H o w e l l  s u g g e s t e d  t h a t  h a e m a g g l u t i n a t i o n  

b y  C o n  A may b e  a  c o n s e q u e n c e  o f  t h e  r e a c t i o n  o f  t h e  

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

a d d i t i o n  t o  i t s  a b i l i t y  t o  a g g l u t i n a t e  c e l l s  a n d  t o  

p r e c i p i t a t e  g l y c o p r o t e i n s  a n d  p o l y s a c c h a r i d e s /  Co n  A 

p o s s e s s e s  s t r o n g  m i t o g e n i c  a c t i v i t y .  I t  i s  w e l l  

e s t a b l i s h e d  ( H a r d m a n  a n d  A i n s w o r t h /  1 9 7 2 /  Wang e t  a l . /  

1 9 7 1 /  E d m u n d s o n  eMt a l .  / 1 9 7 1 )  t h a t  C o n  A c o n s i s t s  o f  

p o l y p e p t i d e  s u b u n i t s /  o f  m o l e c u l a r  w e i g h t  2 6 / 0 0 0 .  A t  pH

5 . 6  a n d  b e l o w /  t w o  p r o t o m e r s  a r e  a s s o c i a t e d  i n  a  d i m e r  o f  

m o l e c u l a r  w e i g h t  5 2 / 0 0 0 .  A b o v e  pH 5 . 6 /  t h e  d i m e r s  

a g g r e g a t e /  f o r m i n g  a  t e t r a m e r .  C o n  A a l s o  e x h i b i t s  a  

r e v e r s i b l e /  t e m p e r a t u r e  d e p e n d e n t  d i m e r  -  t e t r a m e r

t r a n s i t i o n  ( G o r d e n  a n d  M a r q u a r d t /  1 9 7 4 ) .

2+ 2+T h e  m e t a l  i o n s  Ca  a n d  Mn a r e  r e q u i r e d  f o r

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

e a c h  i o n  ( p l u s  a  s a c c h a r i d e )  p e r  s u b u n i t /  ( Y a r i v  ej t  a l . ,

1 9 6 8 /  K a l b  a n d  L e v i t z k i /  1 9 6 8 ) .  B o t h  m e t a l s  c a n  b e

r e v e r s i b l y  r e m o v e d  f r o m  t h e  p r o t e i n  a t  l o w  p H .  I n  

2+a d d i t i o n  Mn c a n  r e a d i l y  b e  r e p l a c e d  b y  o t h e r  t r a n s i t i o n

2+m e t a l s /  s u c h  a s  Ni  w i t h o u t  a n y  s u b s t a n t i a l  c h a n g e  m

c a r b o h y d r a t e - b i n d i n g  o f  t h e  l e c t i n  ( A g r a w a l  a n d

2+G o l d s t e i n /  1 9 6 8 ) .  B i n d i n g  o f  Mn t o  d e m e t a l l i s e d  C o n  A

24-m u s t  p r e c e d e  Ca  b i n d i n g  ( H a s s i n g  a n d  G o l d s t e i n /  1 9 7 0 /

K a l b  a n d  L e v i t z k i /  1 9 6 8 ) .  T h e  b i n d i n g  o f  t h e  t r a n s i t i o n

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

24-i o n - b i n d i n g  s i t e  ( S 2 ) ; ( K a l b  a n d  L e v i t z k i /  1 9 6 8 ) .  Mn 

24-a n d  Ca s t a b i l i s e  t h e  c o n f o r m a t i o n  o f  t h e  s u b u n i t /  i n
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their absence, the four carboxyl groups clustered at the

m e t a l  b i n d i n g - s i t e s  w o u l d  s t r o n g l y  r e p e l  o n e  a n o t h e r

2+ 2 +( H a r d m a n ,  1 9 7 3 ) .  Mn a n d  Ca a l s o  s e e m  t o  p r o t e c t  t h e

p r o t e i n  a g a i n s t  h e a t  i n a c t i v a t i o n  ( D o y l e  ej t  a l^ .  , 1 9 7 6 )

a n d  a g a i n s t  h y d r o l y s i s  b y  p r o t e o l y t i c  e n z y m e s  ( T h o m a s s o n

a n d  D o y l e ,  1 9 7 6 ) .  F u r t h e r  i n f o r m a t i o n  o n  t h e  l e c t i n  c a n

b e  f o u n d  i n  v a r i o u s  r e v i e w s  ( C u n n i n g h a m ,  1 9 7 5 . ,  B i t t i g e r

a n d  S c h e b l i , 1 9 7 6 . ,  G o l d s t e i n  a n d  H a y e s , 1 9 7 8 ) .

O t h e r  l e c t i n s  t h a t  h a v e  b e e n  s h o w n  t o  b i n d  m a n n o s e

i n c l u d e  t h o s e  f r o m  L e n s  c u l i n a r i s  ( L e n t i l )  a n d  P i s u m

s a t i v u m  ( P e a ) .  H e m a g g l u t i n a t i n g  a c t i v i t y  i n  t h e  common

l e n t i l  w a s  f i r s t  r e p o r t e d  b y  L a n d s t e i n e r  a n d  R a u b i t s c h e k

( 1 9 0 7 ) .  T h e  l e n t i l  l e c t i n  h a s  b e e n  i s o l a t e d  i n  a  p u r e

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

i n t e r a c t i o n s  w i t h  c a r b o h y d r a t e s  ( H o w a r d  a n d  S a g e ,  1 9 6 9 . ,

T i c h a  e_t a l ^ .  , 1 9 7 0 .  , T o y o s h i m a  et^ a l ^ .  , 1 9 7 0 .  , H o w a r d  ej :

a l . , 1 9 7 1 . ,  P a u l  o v a  ej t  aJL. , 1 9 7 1 ) .  T h e  l e c t i n  f r o m  t h e

p e a  w a s  n o t  p u r i f i e d  u n t i l  m o r e  r e c e n t l y  ( H u p r i k a r  a n d

S o h o n i e ,  1 9 6 5 . ,  S h i n o h a r a ,  1 9 7 1 . ,  B e t a i l  ej :  <a l . , 1 9 6 9 . ,

G u i l l o t  et^ a l ^ .  , 1 9 6 9 .  , O n o d e r a  a n d  S h i n o h a r a ,  1 9 7 3 .  ,

T r o w b r i d g e ,  1 9 7 4 ) .  B o t h  l e c t i n s  h a v e  b e e n  s h o w n ,  l i k e

24 24-C o n  A,  t o  h a v e  Mn a n d  Ca  b o u n d  t o  e a c h  m o l e c u l e  

( T i c h a  ej t  a l .  , 1 9 7 0 .  , E n t l i c k e r  et^ a j l . , 1 9 7 0 )  .

On t h e  b a s i s  o f  s t u d i e s  w i t h  v a r i o u s  m o n o -  a n d  

d i s a c c h a r i d e s ,  t h e  p e a  l e c t i n  h a d  b e e n  c l a s s i f i e d  w i t h  

l e n t i l  l e c t i n  a n d  C o n  A a s  h a v i n g  a ( - g l u c o s y l -  a n d  

o ( - m a n n o s y l - b i n d i  n g - s p e c i  f  i c i  t y  ( A l l e n  e_t a i^ .  , 1 9 7 6 . ,  V a n  

Wauwe e t  a l . ,  1 9 7 5 ) .  I n  m o r e  r e c e n t  y e a r s ,  t h e
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c a r b o h y d r a t e - b i n d i n g  s p e c i f i c i t i e s  o f  b o t h  l e n t i l  l e c t i n  

( K o r n f e l d  e_t a l . , 1 9 7 1 . /  Y o u n g  a n d  L e o n /  1 9 7 4 . /  T o y o s h i m a  

et_ a l . / 1 9 7 2 )  a n d  Con  A ( K o r n f e l d  a n d  F e r r i s /  1 9 7 5 . /  

B a e n z i g e r  a n d  F i e t e /  1 9 7 9 )  h a v e  b e e n  e x a m i n e d  u s i n g  

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

s t r u c t u r e  t o  p r o b e  t h e  s u g a r  r e q u i r e m e n t s  f o r  t i g h t  

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

l e c t i n s /  w h i l e  r e q u i r i n g  o ( - m a n n o s y l  g r o u p s /  p r o b a b l y  

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

s i n g l e  o ( - m a n n o s e  r e s i d u e  t o  p r o m o t e  t i g h t  b i n d i n g .  

I n v e s t i g a t i o n s  b y  K o r n f e l d  et^ a l  ( 1 9 8 1 )  s h o w e d  t h a t  t h e  

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

a s p a r a g i n e - l i n k e d  N - a c e t y l g l u c o s a m i n e  r e s i d u e  o f  a  t e s t  

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

b o t h  p e a  a n d  l e n t i l  l e c t i n - S e p h a r o s e  b u t  n o t  t o  Co n  

A - S e p h a r o s e .

G a l a c t o s e - B i n d i n g  L e c t i n s

E x t r a c t s  o f  p e a n u t  ( A r a c h i s  h y p o g a e a ) h a v e  b e e n  

r e p o r t e d  t o  a g g l u t i n a t e  n e u r a m i n a d a s e - t r e a t e d  h u m a n  r e d  

b l o o d  c e l l s  ( B i r d /  1 9 6 4 . /  U h l e n b r u c k  ej t  a l . / 1 9 6 9 ) .  T h e  

e x t r a c t  w a s  f o u n d  t o  h a v e  a  h i g h  a f f i n i t y  t o w a r d s  t h e  

d i s a c c h a r i d e  G a l - £ - (  l - * 3 ) - G a l N A c . I t s  b i n d i n g  a c t i v i t y  

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

N - a c e t y l g a l a c t o s a m i n e .  P e a n u t  l e c t i n  h a s  b e e n  p u r i f i e d  

( L o t a n  ej t  a l_.  , 1 9 7 5 .  / T e r a o  £ t ^  a l ^ .  / 1 9 7 5 )  b y  u s i n g

a f f i n i t y  c h r o m a t o g r a p h y  a n d  h a s  b e e n  f o u n d  t o  h a v e  a
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m o l e c u l a r  w e i g h t  o f  1 1 0 / 0 0 0 .

P e a n u t  a g g l u t i n i n  h a s  n o  c o v a l e n t l y  b o u n d  s u g a r .  

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

b l o o d  t y p e s  e q u a l l y  w e l l /  b u t  o n l y  a f t e r  t h e y  h a v e  b e e n  

t r e a t e d  w i t h  n e u r a m i n a d a s e .  O f  t h e  m o n o s a c c h a r i d e s  

t e s t e d  f o r  t h e i r  a b i l i t y  t o  i n h i b i t  a g g l u t i n a t i o n /  o n l y  

D - g a l a c t o s e  a n d  o( -  a n d  3 - D - g a l a c t o s i d e s  w e r e  a c t i v e .  

H i g h l y  i n h i b i t o r y  a c t i v i t y  w a s  f o u n d  w i t h  t h e  

d i  s a c c h a r i d e  D - G a l - £ - (  l - * 3 ) - D - G a l N A c  a n d  w i t h  t h e  

d e s i a l y l a t e d  g l y c o p r o t e i n s :  o ( ^ - a c i d  g l y c o p r o t e i n /  f e t u i n /  

g l y c o p h o r i n  a n d  h u m a n  b l o o d  g r o u p  NN o r  MM a n t i g e n  ( L o t a n  

e t  a l . /  1 9 7 5 ) .  T h e r e  h a v e  b e e n  c o n f l i c t i n g  r e p o r t s  a b o u t  

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

p e r i p h e r a l  b l o o d  l y m p h o c y t e s  ( N o v g r o d s k i  ej t  aJL. / 1 9 7 5 .  ,

T e r a o  ej t  aJL. , 1 9 7 5 )  .

A n o t h e r  m a j o r  g a l a c t o s e - b i n d i n g  l e c t i n  i s  t h a t  

o b t a i n e d  f r o m  R i c i n u s  c o m m u n i s  a n d  a l r e a d y  m e n t i o n e d  

b r i e f l y .  E x t r a c t s  f r o m  R i c i n u s  c o n t a i n  t w o /  c h e m i c a l l y  

d i s t i n c t /  c a r b o h y d r a t e - b i n d i n g  p r o t e i n s :  a  t o x i n  a n d  a  

h a e m a g g l u t i n i n  ( T a k a h a s h i  ej t  a l ^ .  / 1 9 6 2 .  , I s h i g u r o  £ j t  aJL. , 

1 9 6 4 ) .  T h e  h a e m a g g l u t i n i n  i s  s e p a r a b l e  f r o m  r i c i n  ( t h e  

t o x i n )  b y  s e l e c t i v e  e l u t i o n  o f  r i c i n  f r o m  S e p h a r o s e  w i t h  

2 - a c e t a m i d o - 2 - d e o x y - D - g a l a c t o s e  f o l l o w e d  b y  e l u t i o n  o f  

t h e  h a e m a g g l u t  i n i n  w i t h  D - g a l a c t o s e  ( N i c o l s o n  e_t al_.  , 

1 9 7 4 ) .  T h e  t o x i n  ( r i c i n )  c o n s i s t s  o f  t w o  p e p t i d e  c h a i n s  

o f  a b o u t  e q u a l  s i z e /  t h e  A - c h a i n  a n d  t h e  B - c h a i n .  As  a  

n o t e  o f  i n t e r e s t /  t h e  t o x i c i t y  o f  r i c i n  m a y  r e s u l t  f r o m  

t h e  b i n d i n g  o f  t h e  t o x i n  t o  m a m m a l i a n  c e l l s  b y  w a y  o f  i t s
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B - s u b u n i t  ( p r e s u m a b l y  t h r o u g h  a  c a r b o h y d r a t e  s t r u c t u r e )  

f o l l o w e d  b y  i n g e s t i o n  o f  t o x i n  ( A - s u b u n i t )  a n d  f i n a l l y #  

b y  A - c h a i n  i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s  ( O l s n e s  a n d  

P i  h i  # 1 9 7 6 ) .

T h e  a g g l u t i n i n  f r o m  R i c i n u s  c o n t a i n s  a b o u t  12% ( b y  

w e i g h t )  o f  c a r b o h y d r a t e #  w h i c h  i s  n o t  r e q u i r e d  f o r  

b i n d i n g .  T h e  f a i l u r e  o f  EDTA t o  i n h i b i t  R . c o m m u n i s  

a g g l u t i n i n  s u g g e s t s  i t s  l a c k  o f  d e p e n d e n c e  o n  m e t a l  

c a t i o n s  f o r  i t s  a c t i v i t y  ( L i s  a n d  S h a r o n #  1 9 7 3 ) .  S u g a r s  

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

e f f e c t i v e l y  w i t h  s o m e  p r e f e r e n c e  f o r  ^ - D - g a l a t o s i d e s / 

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

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

m e t h y l - P - D - g a l a c t o p y r a n o s i d e .

N - A c e t y l g l u c o s a m i n e - B i n d i n g  L e c t i n s

T r i t i c u m  v u l g a r i s  l e c t i n  i s  n o t  a  b l o o d

g r o u p - s p e c i f i c  h a e m a g g l u t i n i n .  I t  w i l l  a g g l u t i n a t e  a l l

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

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

c e l l s  i s  i n h i b i t e d  b y  N - a c e t y l g l u c o s a m i n e  a n d  i t s  

p l - * 4  o l i g o m e r s  ( B u r g e r  a n d  G o l d b e r g #  1 9 6 7 . #  A l l e n  ej t  a l . #

1 9 7 3 ) .  I n  a d d i t i o n #  T . v u l g a r i s  l e c t i n  h a s  b e e n  c l a i m e d

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

e q u i l i b r i u m  d i a l y s i s  a n d  n u c l e a r  m a g n e t i c  r e s o n a n c e  d a t a  

( G r e e n a w a y  a n d  L e V i n e #  1 9 7 3 . #  J o r d a n  a J .  # 1 9 7 7 ) .

F u r t h e r m o r e #  t h e  a g g l u t i n a t i o n  o f  n e u r a m i n i d a s e - t r e a t e d
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c e l l s  u s u a l l y  r e q u i r e s  a  h i g h e r  c o n c e n t r a t i o n  o f  

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

( B u r g e r  a n d  G o l d b e r g /  1 9 6 7 . ,  N i c o l s o n  ej t  a J .  , 1 9 7 5 )

M o n s i g n y  £j t  al^ ( 1 9 8 0 )  s h o w e d  t h a t  N - a c e t y l -  

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

c o n t a i n i n g  N - a c e t y l n e u r a m i n i c  a c i d  d o  b i n d  t o  T . v u l g a r i s  

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

o f  N - a c e t y l n e u r a m i n i c  a c i d  t o  w h e a t - g e r m  a g g l u t i n i n  i s  

b a s e d  o n  c o n f i g u r a t i o n a l  s i m i l a r i t i e s  b e t w e e n  

N - a c e t y l n e u r a m i n i c  a c i d  a n d  N - a c e t y l g l u c o s a m i n e .

T h e  i n t e r a c t i o n  b e t w e e n  T . v u l g a r i s  l e c t i n  a n d  

g l y c o c o n j u g a t e s  c o n t a i n i n g  N - a c e t y l n e u r a m i n i c  a c i d  h a s  

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

S u c c i n y l a t e d  T . v u l g a r i s  l e c t i n  w h i c h  i s  n e g a t i v e l y  

c h a r g e d  a t  p h y s i o l o g i c a l  p H ,  i n  c o n t r a s t  t o  T . v u l g a r i s  

l e c t i n  w h i c h  i s  p o s i t i v e l y  c h a r g e d ,  d o e s  n o t  b i n d  c e l l  

s u r f a c e  g l y c o c o n j u g a t e s  c o n t a i n i n g  N - a c e t y l n e u r a m i n i c  

a c i d  b u t  d o e s  b i n d  c e l l  s u r f a c e  g l y c o c o n j u g a t e s  

c o n t a i n i n g  N - a c e t y l g l u c o s a m i n e  ( M o n s i g n y  £ t  aJL. , 1 9 8 0 ) .

N - A c e t y l g a l a c t o s a m i n e - B i n d i n g  L e c t i n s

T h e  l e c t i n  f r o m  G l y c i n e  max  ( S o y b e a n )  i s  a

g l y c o p r o t e i n  c o n t a i n i n g  a p p r o x i m a t e l y  7% ( b y  w e i g h t )  o f

2+
c a r b o h y d r a t e .  I t  i s  a  m e t a l l o p r o t e i n  c o n t a i n i n g  Ca a n d

2 +  2 +  2 ^. 2 1
Mn w h i c h  i s  i n a c t i v a t e d  b y  Al  , Fe  a n d  Pb  . T h e

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

a p p e a r s  t o  b e  d i r e c t e d  t o w a r d s  b o t h  a n o m e r s  o f
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N - a c e t y l g a l a c t o s a m i n e .  By i n h i b i t i o n  o f  h a e m a g g l u t i n 

a t i o n ,  L i s  et_ al _.  ( 1 9 7 0 )  f o u n d  t h a t  f o u r  d i  s a c c h a r i d e s /  

i n  w h i c h  N - a c e t y l g a l a c t o s a m i n e  w a s  l i n k e d  ( 3 - D - ( l - > 6 ) ,  

o ( - D - ( l - * 3 ) ,  p > - D - ( l - * 3 ) ,  a n d  £ - D - ( l - » 4 ) ,  r e s p e c t i v e l y ,  t o

D - g a l a c t o s e ,  w e r e  a p p r o x i m a t e l y  e q u i v a l e n t  t o  N - a c e t y l -  

g a l a c t o s a m i n e  i n h i b i t i o n .  F r o m  o t h e r  i n v e s t i g a t i o n s ,  

P e r e i r a  ej t  a l ^ .  ( 1 9 7 4 )  c o n c l u d e d  t h e  f o l l o w i n g :  F i r s t l y ,

t h e  l e c t i n  e x h i b i t e d  g r e a t e s t  a f f i n i t y  f o r  N - a c e t y l -

g a l a c t o s a m i n e ,  i t s  g l y c o s i d e s ,  a n d  o l i g o s a c c h a r i d e s  i n  

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

( t h e  r e a c t i o n  w a s  i n h i b i t e d  t o  a  l e s s e r  e x t e n t  b y  

D - g a l a c t o s e  a n d  i t s  d e r i v a t i v e s ) .  S e c o n d l y  t h e r e  i s  a 

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

s u g a r s .  F i n a l l y ,  s u b s t i t u t i o n  o f  b l o o d - g r o u p  A - a c t i v e  

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

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

f r o m  G . m a x . T h e  a g g l u t i n i n  f r o m  G . m a x  i s  u n u s u a l  a m o n g  

t h e  l e c t i n s  i n  t h a t  h a e m a g g l u t i n a t i o n  i s  i n h i b i t e d  m o s t  

e f f e c t i v e l y  b y  t h e  m o n o s a c c h a r i d e  r a t h e r  t h a n  b y  

o l i g o s a c c h a r i d e  s t r u c t u r e s .

L - F u c o s e - B i n d i n g  L e c t i n s

T h e  b l o o d - g r o u p  H ( 0 ) - s p e c i f i c  h a e m a g g l u t i n a t i n g

a c t i v i t y  o f  L o t u s  t e t r a g o n o l o b u s  w a s  o r i g i n a l l y  r e p o r t e d  

i n  1 9 4 8  ( R e n k o n e n ,  1 9 4 8 ) .  M o r g a n  a n d  W a t k i n s  ( 1 9 5 3 ) ,  i n  

a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  R e n k o n e n  ( 1 9 4 8 ) ,  f o u n d  t h a t  

t h e  l e c t i n  f r o m  L . t e t r a g o n o l o b u s  a g g l u t i n a t e d  t y p e  O
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c e l l s  c o n s i d e r a b l y  b e t t e r  t h a n  i t  d i d  A^ c e l l s ,  w h e r e a s  

t y p e s  A^ , B a n d  AB w e r e  n o t  a g g l u t i n a t e d  b y  t h i s  l e c t i n .  

F u r t h e r m o r e  t h i s  a g g l u t i n a t i o n  c o u l d  b e  i n h i b i t e d  b y  

p u r i f i e d  H ( 0 ) - a c t i v e  b l o o d - g r o u p  s u b s t a n c e ,  a n d  b y  

L - f u c o s e .

I n v e s t i g a t i o n s  b y  P e r e i r a  a n d  K a b a t  ( 1 9 7 4 )  s h o w e d  

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

L . t e t r a g o n o l o b u s  l e c t i n  c o u l d  m o s t  e f f e c t i v e l y  b e  

i n h i b i t e d  b y  a n  H - a c t i v e  d i f u c o s y l  o l i g o s a c c h a r i d e .

A s e c o n d  f u c o s e - b i n d i n g  l e c t i n ,  f r o m  U l e x  e u r o p e u s , 

h a s  b e c o m e  a  s t a n d a r d  s e r o l o g i c a l  r e a g e n t  ( R a c e  a n d  

S a n g e r ,  1 9 7 5 ) .  T h e r e  a r e  t w o  l e c t i n s  o f  d i s t i n c t  

s u g a r - b i n d i n g  s p e c i f i c i t y  i n  U l e x  e x t r a c t s .  U l e x  I  i s  

r e a d i l y  i n h i b i t e d  b y  L - f u c o s e  d e r i v a t i v e s  w h i l e  U l e x  I I  

b i n d s  P - D - g l u c o s i d e s .

A S i a l i c  A c i d - B i n d i n g  L e c t i n

A s i a l i c  a c i d - b i n d i n g  l e c t i n  h a s  b e e n  i s o l a t e d  f r o m  

h o r s e - s h o e  c r a b  ( L i m u l u s  p o l y p h e m u s ) h a e m o l y m p h .  T h e  

L i m u l u s  l e c t i n  a g g l u t i n a t e s  e r y t h r o c y t e s  ( C o h e n  ej :  a l . , 

1 9 7 4 ) .  C a l c i u m  i o n s  a r e  r e q u i r e d  f o r ,  a n d  s o m e t i m e s  

e n h a n c e ,  t h e  a g g l u t i n a t i o n  r e a c t i o n  ( R o c h e  a n d  M o n s i g n y ,

1 9 7 4 ) .  N - a c e t y l n e u r a m i n i c  a c i d  a n d  D - g l u c u r o n i c  ( b u t  n o t  

D - g a l a c t u r o n i c ) a c i d  s p e c i f i c a l l y  i n h i b i t  a g g l u t i n a t i o n  

o f  h o r s e  e r y t h r o c y t e s  b y  L i m u l u s  l e c t i n  ( N o w a k  a n d  

B a r o n d e s ,  1 9 7 5 ) .  P r e c i p i t i n  r e a c t i o n s  w e r e  f o u n d  t o  b e  

i n h i b i t e d  b y  b o v i n e  s u b m a x i l l a r y - m u c i n  b u t  n o t  b y
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d e s i a l a t e d  m u c i n  ( O p p e n h e i m  e_t a^L. , 1 9 7 4 )  a n d  t h e s e

s t u d i e s  i n d i c a t e  t h a t  t h e  L i m u l u s  p o l y p h e m u s  l e c t i n

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

c e l l s  c o n t a i n i n g  t e r m i n a l  s i a l i c  a c i d  r e s i d u e s .

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

l e c t i n s  c a n  b e  s e e n  i n  T a b l e  1 . 6 .
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T a b l e  1 . 6  S u g a r  S p e c i f i c i t y  a n d  B l o o d  G r o u p  R e q u i r e m e n t  

o f  V a r i o u s  L e c t i n s

LECTIN SUGAR BLOOD TYPE

L o t u s
t e t r a g o n o l o b u s

U l e x  e u r o p e u s

L i m u l u s
p o l y p h e m u s

T r i t i c u m  
v u l g a r i s

P i s u m  s a t i v u m

L e n s  c u l i n a r i s

G l y c i n e  max

A r a c h i s  
h y p o g a e a

pi  - L - F u c o s e

e ^ - L - F u c o s e

Fe  t u i n , 
G l u c u r o n i c  

a c i d

N - A c e t y l - D -
g l u c o s a m i n e

N A c G l c /
o t - D - G l c ,
D - M a n n o s e

N A c G l c /
O ^ - D - G l c  / 
D - M a n n o s e

N A c G a l ,
L a c t o s e

D - G a l a c t o s e  
( D e s i a l a t e d ) 

p - D - G a l - D - G a l N A c

0

0

H o r s e
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Aims of the Project

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

t o  t h e  t o t a l  w e i g h t  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r  t h e i r  

r o l e  i n  t h e  g l y c o p r o t e i n  may  b e  m u c h  m o r e  i m p o r t a n t  t h a n  

p r e s e n t  r e s e a r c h  i n d i c a t e s .  C a r b o h y d r a t e s  h a v e  b e e n

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

g l y c o p r o t e i n s  ( F i e z i /  1 9 8 1 ,  U e m u r a  et^ a l . , 1 9 8 3 )  , i n

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

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

s h o w n  t o  b e  c o m p l e t e l y  i n h i b i t e d  b y  50mM 

N - a c e t y l g l u c o s a m i n e  ( H a l l  ej t  a l . , 1 9 8 3 ) .  T h e s e  r e s u l t s  

s u g g e s t  t h a t  t h e  a n t i b o d y  r e c o g n i s e s  a  g l y c o s y l  s i d e  

c h a i n  o n  t h e  a c e t y l c h o l i n e  r e c e p t o r .  I f  t h i s  i s  i n d e e d

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

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

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

s u c h  a s  m y a s t h e n i a  g r a v i s .

T h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s  g i v e s  t h e  

i m p r e s s i o n  t h a t  t h e r e  h a s  b e e n  s u b s t a n t i a l  i n v e s t i g a t i o n  

i n t o  t h e  c a r b o h y d r a t e  p a r t  o f  t h e  n i c o t i n i c  a c e t y l c h o l i n e  

r e c e p t o r .  H o w e v e r ,  m o s t  i n v e s t i g a t i o n s  h a v e  s i m p l y  

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

m u c h  i n d i c a t i o n  a s  t o  t h e  q u a n t i t y  o r  s u b u n i t  

d i  s t r i b u t i o n .

O n e  o f  t h e  m a j o r  p r o b l e m s  w i t h  a s c e r t a i n i n g  t h e  

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

a m o u n t s  o f  m a t e r i a l  r e q u i r e d .  E v e n  u s i n g  n u c l e a r
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m a g n e t i c  r e s o n a n c e  a t  l e a s t  2mg o f  p u r e  o l i g o s a c c h a r i d e  

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

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

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

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

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

e a c h  s u b u n i t  ma y  h a v e  a  d i f f e r e n t  s u g a r  c o n t e n t  t h u s

c o m p l i c a t i o n s  a r i s e  w h e n  l o o k i n g  a t  t h e  w h o l e  r e c e p t o r  

m o l e c u l e .

U s i n g  g a s - l i q u i d  c h r o m a t o g r a p h y ,  a  r e l a t i v e l y  c h e a p  

a n d  c omm o n  m e t h o d  o f  a n a l y s i s ,  c o u p l e d  w i t h  e n z y m e  

t r e a t m e n t  w i t h  g l y c o s i d a s e s ,  t h e  q u a n t i t a t i v e  a n d  

q u a l i t a t i v e  c a r b o h y d r a t e  c o n t e n t  o f  t h e  a c e t y l c h o l i n e  

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

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

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

u s i n g  l e c t i n s .  T h e  l e c t i n s  b i n d  w i t h  h i g h  s p e c i f i c i t y  t o  

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

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



-67-

2 MATERIALS

T o r p e d o  m a r m o r a t a  w e r e  o b t a i n e d  f r o m  I n s t i t u t  d e  

B i o l o g i e  M a r i n e /  A r c a c h o n ,  F r a n c e ,  a n d  t h e  e l e c t r i c  

o r g a n s  w e r e  s t o r e d  a t  - 8 0 ° C .

2 . 1  B u f f e r s  a n d  S o l u t i o n s

T h e s e  w e r e  p r e p a r e d  b y  u s i n g  g l a s s  d i s t i l l e d  w a t e r  

a n d  w h e n e v e r  p o s s i b l e  A n a l a R  g r a d e  b i o c h e m i c a l s .  B u f f e r s  

w e r e  m a d e  a s  d e s c r i b e d  i n  D a t a  f o r  B i o c h e m i c a l  R e s e a r c h  

( D a w s o n  e t  a l  e d s ) ,  2 n d  E d . ,  1 9 7 4 ,  U n i v e r s i t y  P r e s s ,  

O x f o r d ,  G r e a t  B r i t a i n .

2 . 2  C h e m i c a l s  

1 2 5 I  Na w a s  p u r c h a s e d  f r o m  t h e  R a d i o c h e m i c a l  

C e n t r e . , A m e r s h a m ,  B u c k s ,  U . K .  B e n z o q u i n o n i u m  c h l o r i d e  

w a s  a  g i f t  f r o m  t h e  S t e r l i n g  W i n t h r o p  R e s e a r c h  

I n s t i t u t e . ,  R e n s s a l a e r ,  New Y o r k ,  U . S . A .  L e c t i n s  w e r e  

o b t a i n e d  f r o m  S i g m a  C h e m i c a l  C o . L t d . ,  K i n g s t o n -  

u p o n - T h a m e s ,  S u r r e y ,  U . K .  O t h e r  c h e m i c a l s  w e r e  p u r c h a s e d  

f r o m  BDH C h e m i c a l s  L t d . ,  P o o l e ,  D o r s e t ,  U . K .  C h r o m i c  

c h l o r i d e  w a s  p u r c h a s e d  f r o m  BDH C h e m i c a l s ,  P o o l e ,  D o r s e t .  

A m p h o l i n e s  w e r e  o b t a i n e d  f r o m  L . K . B  L t d . ,  C r o y d o n ,

U . K .
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2 . 3  C h r o m a t o g r a p h i c  M e d i a

S e p h a d e x  ( G 5 0  m e d i u m /  G25  m e d i u m )  a n d  S e p h a r o s e  4B 

w e r e  o b t a i n e d  f r o m  P h a r m a c i a  F i n e  C h e m i c a l s /  U p p s a l a /  

S w e d e n .  C a r b o x y m e t h y l  C e l l u l o s e  (CM 3 2 ) /  C a r b o x y m e t h y l  

S e p h a d e x  ( C - 5 0 ) /  D i e t h y l a m i n o e t h y l  C e l l u l o s e  (DEAE 

c e l l u l o s e /  D E 5 2 )  a n d  C e l l u l o s e  P h o s p h a t e  ( P l l )  w e r e  

o b t a i n e d  f r o m  W h a t m a n  B i o c h e m i c a l s  L t d . , M a i d s t o n e /  U . K .  

ACA 3 4  U l t r a g e l  w a s  p u r c h a s e d  f r o m  LKB L t d . , C r o y d o n /  

U . K .

2 . 4  S n a k e  V e n o m s  a n d  p f T o x i n s

N a j a  n a j a  s i a m e n s i s  a n d  B u n g a r u s  m u l t i c i n c t u s

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

F l o r i d a /  U . S . A .  B u n g a r o t o x i n  (cCBGT) w a s  o b t a i n e d  f r o m  

B o e h r i n g e r  C o r p . /  L e w e s /  S u s s e x /  U . K .

2 . 5  S p o t  t e s t  a n d  E l e c t r o t r a n s f e r

N i t r o c e l l u l o s e  p a p e r  ( 0 . 4 5 / u m )  w a s  p u r c h a s e d  f r o m  

B i o - r a d  L a b s . /  R i c h m o n d /  C a l i f o r n i a  U . S . A .  G e l a t i n  w a s  

o b t a i n e d  f r o m  D i f c o  L a b o r a t o r i e s /  M i c h i g a n /  U . S . A .

2 . 6  E n z y m e s

N e u r a m i n a d a s e  ( C l o s t r i d i u m  p e r f r i n g e n s ) w a s

p u r c h a s e d  f r o m  t h e  B o e h r i n g e r  C o r p . /  L e w e s /  S u s s e x /  U . K .
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^ - G a l a c t o s i d a s e  ( E . c o l i ) w a s  o b t a i n e d  f r o m  t h e  S i g m a  

C h e m i c a l  C o .  M i x e d  E n d o g l y c o s i d a s e s  D ( D . p n e u m o n i a e  ) w e r e  

p u r c h a s e d  f r o m  S e i k a g a k u  K o g y o  C o . L t d . ,  T o k y o .  1 0 3 .  

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

p r o v i d e d  b y  D r .  M . G.  O r m e r o d ,  I n s t i t u t e  o f  C a n c e r  

R e s e a r c h ,  R o y a l  C a n c e r  H o s p i t a l ,  S u t t o n ,  S u r r e y ,  U . K .

2 . 7  G a s  C h r o m a t o g r a p h y

D - G a l a c t o s e ,  D - m a n n o s e ,  D - g l u c o s e ,  N - a c e t y l -  

D - g l u c o s a m i n e ,  N - a c e t y l - D - g a l a c t o s a m i n e ,  L - f u c o s e  a n d  

P e r s e i t o l  w e r e  o b t a i n e d  S i g m a  C h e m i c a l  C o .  M i c r o f l u x  

v i a l s  w e r e  f r o m  P i e r c e  C h e m i c a l  C o . ,  R o c k f o r d ,  I l l i n o i s ,  

U . S . A  A l l  o t h e r  r e a g e n t s  w e r e  A n a l a R  g r a d e  w h e n e v e r

p o s s i b l e .

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

p u r c h a s e d  f r o m  P e r k i n - E l m e r  L t d . ,  B u c k s ,  E n g l a n d . U . K .  T h e  

c o l u m n s  w e r e  c o n d i t i o n e d  b e f o r e  u s e  a s  f o l l o w s : -  T h e  

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

c a r r i e r  f l o w  r a t e  s e t  t o  1 0  m l / m i n ,  t h e  c o l u m n  w a s  p u r g e d  

a t  r o o m  t e m p e r a t u r e  f o r  a p p r o x i m a t e l y  2 h  a n d  t h e  

t e m p e r a t u r e  w a s  p r o g r a m m e d  ( l ° C / m i n )  u p  t o  2 5  -  5 0 ° C

b e l o w  t h e  m a x i mu m r e c o m m e n d e d  t e m p e r a t u r e .

2 . 8  I m m u n o l o g i c a l  R e a g e n t s  a n d  R e d  B l o o d  C e l l s

R a b b i t  a n t i - ( o ( B G T )  s e r u m  w a s  a  g i f t  f r o m  M i s s  

J . W h y t e ;  s h e e p  a n d  r a b b i t  a n t i - ( T o r p e d o  AChR)  a n t i b o d i e s
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w e r e  s u p p l i e d  b y  Dr  S .  W o n n a c o t t ;  m o n o c l o n a l  a n t i - ( A C h R )  

a n t i b o d i e s  w e r e  p r o v i d e d  b y  M i s s  S .  W a l s h  ( a l l  o f  

B i o c h e m i s t r y  D e p a r t m e n t /  U n i v e r s i t y  o f  B a t h ) .  T h e  

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

f r o m  F l o w  L a b o r a t o r i e s . /  A y r s h i r e /  S c o t l a n d :  F o e t a l  c a l f  

s e r u m /  Mi n i mu m  E s s e n t i a l  Me d i u m ( M . E . M )  ( E a g l e ) /  H e p e s  

1M/ 7 . 5 %  ( w / v )  s o d i u m  b i c a r b o n a t e /  L - g l u t a m i n e  ( 2 0 0 m M ) /

P e n i c i l l i n  -  S t r e p t o m y c i n  ( 5 0 0 0  I U / m l  a n d  5 0 0 0  / U q / m l ,  

r e s p e c t  i v e l y ) .

S h e e p  r e d  b l o o d  c e l l s  ( SRBC)  i n  A l s e v e r s  b u f f e r  

w e r e  p u r c h a s e d  f r o m  T i s s u e  C u l t u r e  S e r v i c e s . /  S l o u g h /  

B e r k s .  Huma n  r e d  b l o o d  c e l l s  (HRBC)  w e r e  d o n a t e d  b y  

d e p a r t m e n t a l  p e r s o n n e l .  G u i n e a  p i g  c o m p l e m e n t  w a s  

o b t a i n e d  f r o m  M i l e s /  S l o u g h /  B e r k s .  M i c r o t i t r e  t r a y s  

w e r e  p u r c h a s e d  f r o m  N u n c /  G i b c o /  U x b r i d g e /  U . K .  B i o e a d s /  

Sm2 w e r e  f r o m  B i o - R a d  L a b s /  R i c h m o n d /  C . A .

2 . 9  H e p e s - B u f f e r e d  E a g l e  M e d i u m  ( H - E a g l e )

C o m p o n e n t  m l / l O O m l

M . E . M  ( 1 0  x c o n c e n t r a t e d )  1 0

H e p e s  (1M)  2

L - G l u t a m i n e  1

P e n i c i l l i n  -  S t r e p t o m y c i n  4

7 . 5 %  ( w / v )  s o d i u m  b i c a r b o n a t e  1 . 1 3

D o u b l e  d i s t i l l e d  w a t e r  t o  1 0 0 m l  

A d j u s t  pH w i t h  1M NaOH t o  7 . 4  -  7 . 6



3 METHODS

3 .1  BUNGAROTOXIN STUDIES

3 . 1 . 1  P u r i f i c a t i o n  of  ot-Toxin from Bungarus 

m u l t i c i n c t u s  Venom

The a - t o x i n  (aBGT) from Bungarus m u l t i c i n c t u s  was 

p u r i f i e d  according  to the method of  Lee e t  £ l  ( 1 97 2 ) .  

Bungarus venom (50mg) was d i s s o l v e d  in 50mM ammonium 

a c e t a t e  b u f f e r  pH 3 . 0  (5ml) and app l i ed  to  a CM Sephadex 

column (2.0cm x 25cm) p r e v io u s l y  e g u i l i b r i a t e d  with the  

same b u f f e r .  The column was e lu t e d  with a l i n e a r

g r a d i e n t  (340ml)  of  0.05M (pH 5 . 0 )  -  0.5M (pH 7 . 0 )  

ammonium a c e t a t e  b u f f e r .  The f low r a te  was 15ml/h and 

. f r a c t i o n s  of  3ml were c o l l e c t e d .  E lu t i on  from the column 

was monitored at 280nm.

Peak II was poo l ed ,  l y o p h i l i s e d  and r e d i s s o l v e d  in  

0 .05  M ammonium a c e t a t e  pH 5 . 0  and app l i e d  to a CM

C e l l u l o s e  (CM 52) column (0.8cm x 14cm). The column was 

e l u t e d  with a l i n e a r  grad ien t  (200ml)  o f  0.05M (pH

5 . 0 )  -  0.2M (pH 7 . 0 )  ammonium a c e t a t e .  The f low ra te  was 

mainta ined at  9 . 3ml/h and was c o n t i n u o u s l y  monitored at  

280nm. F r a c t io n s  of  1.4ml were c o l l e c t e d .

3 . 1 . 2  R e p u r i f i c a t i o n  of  Commercial a -Bungarotox in

Commercial  aBGT (lOmg) was d i s s o l v e d  in 0.05M
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ammonium a c e t a t e ,  pH 5 . 0 ,  1ml and ap p l i e d  to  a column of  

CM c e l l u l o s e .  The column was e x t e n s i v e l y  washed with the  

same bu f f er  and the  aBGT was e l u t e d  wi th a l i n e a r  

g ra d i en t  of  0.05M (pH 5 . 0 )  -  0.5M (pH.7 . 0 )  ammonium 

a c e t a t e .  The f low r a t e  was mainta ined at  lOml/h with a 

p e r i s t a l t i c  pump and f r a c t i o n s  of  1ml were c o l l e c t e d .  

The f r a c t i o n s  were assayed for  p r o t e i n  and the main 

p r o t e i n  peak was poo led and l y o p h i l i s e d .

3 . 1 . 3  I o d i n a t i o n  o f  P r o t e i n s

aBGT was l a b e l l e d  with 125i  by the  chloramine  T 

method o f  Hunter ( 1 9 7 8 ) .  The procedure  was as f o l l o w s s -  

c a r r i e r - f r e e  125i  ( lmCi)  was added to  50mM potass ium  

phosphate b u f f e r ,  pH 7 . 5 ,  ( 1 Oy1) in  a p l a s t i c  tube .  The 

spr o t e i n  (5 - 10 yg )  in b u f f er  ( 1 0 - 2 5 p l )  was added to  the  

mixture and s t i r r e d .  Chloramine T (50yg)  in bu f f er  

( l O y l )  was added to  i n i t i a t e  i o d i n a t i o n .  The r e a c t i o n  

was c a r r i e d  out at  20°C for  60 s e c  wi th  s t i r r i n g .  

Terminat ion o f  the  r e a c t i o n  was ach i eved  by adding sodium 

m e t a b i s u l p h i t e  ( 120pg)  in 50mM phosphate  b u f f e r  ( 0 . 7 5 m l ) ,  

f o l l ow ed  by KI (2mg) in  the  same b u f f e r  ( 2 0 0 p l ) .

Separa t ion  of  f r e e  from bound 125i  was achi eved  by 

g e l  f i l t r a t i o n  on Sephadex G25 ( s e e  chromatography  

s e c t i o n  3 . 1 . 5 ) .  F r a c t i o n s  corres po nd ing  to  the p r o t e i n  

peak were pooled and s t o r e d  at  4°C.
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Incorporation of 125i into void volume peak (pCi/pl) =

cpm (poo l ed  t u b e s ) x mCi 125i  added
cpm ( t o t a l 1 2 5 I e l u t e d ) t o t a l  volume void v o l .  (ml)

P r o t e in  c o n c e n tr a t i o n  in pool  ( p m o l / u l )

cpm (poo l ed  tubes )  
cpm ( p r o t e i n  peak)

x
t o t a l  vol  pool  (ml)  x 1000

pmoles p r o t e i n  added

3 . 1 . 4  A l t e r n a t i v e  Methods for  I o d i n a t i n g  

ot-Bungarotoxin

Two a l t e r n a t i v e  methods o f  i o d i n a t i n g  aBGT were 

i n v e s t i g a t e d  in a d d i t i o n  to  the chloramine  T method of

Hunter ( 1 9 7 8 ) .  These i nc lud ed  the o x i d a t i v e  i o d i n e

monochlor ide  method (Vogel  ^ t  a l . ,  1972) and a

m o d i f i c a t i o n  o f  t h i s  method (Doran and Spar,  1980 ) .  

These methods are de sc r ib ed  be low.

1) O x id a t ive  Iod ine  Monochloride  Method for  I o d i n a t i n g  

a -Bungaro toxin  (Vogel  e_t a l ,  . 1972)

aBGT was l a b e l l e d  with 125i  by a m o d i f i c a t i o n  of  

the  methods of  McFarlane (1958 )  and Helmkamp (1967 )  as

f o l l o w s :  Na125I ( lmCi)  was incubated  with a s o l u t i o n  of  

lOmM i o d i n e  monochlor ide ,  33mM h yd ro c h l or i c  ac id  and
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170mM sodium c h l o r i d e  ( 7 y l  in t o t a l )  at room temperature  

in a p l a s t i c  tube .  Af t er  4 min, 0.4M NHi,Cl, pH 8 . 9 ,  

( 1 3 y l )  and aBGT ( 2 . 5  nmoles)  were added and the mixture  

was incubated for 2 min over i c e .  The r e a c t i o n  was 

stopped by the a d d i t i o n  of  0.1M sodium m e t a b i s u l p h i t e  

( 2 0 y l ) .  The mixture was d i l u t e d  with 0.1M sodium i o d i d e  

( 2 0 y l )  and lOmM potass ium phosphate  b u f f e r  ( 9 3 0 y l ) .  Free  

i o d i n e  was separated  from t h a t  bound to t ox i n  by g e l  

f i l t r a t i o n  on Sephadex G25 ( s e e  s e c t i o n  3 . 1 . 5 ) .

2) M odi f i c a t i on  o f  the  O x id a t iv e  Iod ine  Monochloride  

method (Doran and Spar,  1980)

The method o f  Helmkamp (1967 )  was modi f i ed  by Doran 

and Spar (1980)  for  the  l a b e l l i n g  o f  microgram amounts o f  

pro t e in  in a reduced r e a c t i o n  volume.  The chemica l  b a s i s  

o f  the o x i d a t i v e  IC1 method i s  the o x i d a t i o n  of  

r a d i o i o d i d e  (and s t a b l e  i o d i n e )  t o  i o d i n e  monochlor ide  

which then i o d i n a t e s  the p r o t e i n .  The r e a c t i o n  

gene ra t ing  the IC1 moiety has been summarised by Helmkamp 

a s :

21“ + I 0 S“ + 6HC1 = 3IC1 3” + 3H20 

C a l c u l a t i o n s  

N = P x ( I / P )

N = number of  moles o f  IC1 needed
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P = number of  moles of  pro t e in  to  be i o d i n a t e d

I /P = de s i r ed  maximum io d i ne  to p r o t e i n  r a t i o

For every 3 moles of  IC1 produced,  2 moles come from

i o d i d e  and one from i o d a t e .  Hence the number of  moles of

i o d i d e  needed (L) i s

L = ( 2 / 3 )  x N

As not  a l l  the i o d i d e  would, in most exper iment s ,  be 

s u pp l i e d  by r a d i o i o d i d e ,  the r a d i o i o d i d e  i s  u s u a l l y  

supplemented with s t a b l e  i o d i d e .  125i  has a molar 

s p e c i f i c  r a d i o a c t i v i t y  of  2 . 2  mCi/nmole.  Let S be the  

d e s i r e d  molar s p e c i f i c  r a d i o a c t i v i t y  (mCi/nmole)  o f  the  

i o d i n a t e d  p r o t e i n .  Then the number o f  moles of  

r a d i o i o d i d e  (R) needed i s :

R = S x P / ( 2 . 2  mCi/nmole)

S t a b l e  i o d i d e  ( i n  the  form o f  KI) = L -  R

Iod ate  i s  supp l i ed  in e x c e s s  (5 x L moles)

Reagents  were added to  a p l a s t i c  d i s p o s a b l e  t e s t  tube in 

the f o l l o w i n g  order:

D i s t i l l e d  water ( lOOpl)  c o n t a i n i n g  ( t  -  R) moles KI 

Na125I s tock  (10 -  lOOpl) c o n t a i n i n g  R moles of

r a d i o i o d i d e .

5M NaCl (lOOpl)
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D i s t i l l e d  water ( lOOyl)

D i s t i l l e d  water (lOOyl)  c o n t a i n i ng  5 x L moles KI03 

250mM HC1 (lOOpl)

The c o nt en t s  of  the tube were b r i e f l y  mixed and

incubated  at room temperature for  5 min a f t e r  which t ime

they  were added to a s o l u t i o n  ( 2 0 p l )  ofaBGT in 75mM NaOH

in borate  buf f ered  s a l i n e .  Af t er  1 min, lOmM potass ium  

phosphate  bu f f er  (1ml) c o n t a in in g  2% BSA was added and

the  f ree  125i  was separated from the  r a d i o l a b e l l e d  to x i n  

by g e l  f i l t r a t i o n  as b e f o re .

3 . 1 . 5  Gel F i l t r a t i o n  o f  Iod i na t ed  g -Bungarotox in

Free 125i  was s epara ted  from i o d i n a t e d  aBGT by ge l  

■ f i l t r a t i o n  on Sephadex G25. The i o d i n a t i o n  mixture  was 

a p p l i e d  to  a column (1.5cm x 25cm) o f  Sephadex G25 

(medium) which had been p r e v i o u s l y  sw o l l e n  and packed 

according  to the manufacturers i n s t r u c t i o n s .  E l u t i o n  was 

c a r r i e d  out with lOmM sodium phosphate  b u f f e r ,  pH 7 . 5 ,  

c o n t a i n i n g  1% BSA. Chromatography was performed under 

g r a v i t y  and f r a c t i o n s  (1ml) were c o l l e c t e d  by hand.  

Figure  3 . 1 . 1  shows a t y p i c a l  example o f  the e l u t i o n  

p r o f i l e  of  i o d in a te d  aBGT on Sephadex G25.

3 . 1 . 6  Assay o f  A c e t y l c h o l i n e  Receptor

A c e t y l c h o l i n e  r ec ep t or  was q u a n t i f i e d  in terms of
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Figure 3.1.1 Elution profile of iodinated o(BGT on 

Sephadex G25 column (1.5cm x 25cm). The column was 

eluted(under gravity) with sodium phosphate buffer/ lOmM 

pH 7.5/ containing 1% (w/v) BSA. Fractions of lml were 

collected and samples (lOywl) counted for radioactivity.
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/ - b u n g a r o t o x i n  b i n d i n g  s i t e s #  d i f f e r e n t  m e t h o d s  b e i n g  

u s e d  f o r  p u r i f i e d  a n d  c r u d e  p r e p a r a t i o n s .

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

c a r r i e d  o u t  b y  a  m o d i f i c a t i o n  o f  t h e  m e t h o d  o f  S c h m i d t  

a n d  R a f t e r y  ( 1 9 7 3 ) .  A l l  d i l u t i o n s  w e r e  m a d e  i n  lOmM 

p o t a s s i u m  p h o s p h a t e  b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  0 . 1 %  ( w / v )  

BSA,  0 . 1 %  ( v / v )  T r i t o n  X1 0 0  a n d  0 . 0 2 %  ( w / v )  s o d i u m  a z i d e  

( t o x i n  b i n d i n g  a s s a y  b u f f e r )  u n l e s s  o t h e r w i s e  s t a t e d .  

D u p l i c a t e  d i l u t i o n s  o f  AChR ( lOOywl)  w e r e  i n c u b a t e d  w i t h  

^ ■ ^ I - & ( b GT ( 5 0 y * l ,  a p p r o x .  l O n M o l a r )  f o r  6 0 - 9 0  m i n  a t  2 0 ° C  

o r  o v e r n i g h t  a t  4 ° C .  T h e  s a m p l e s  ( d i l u t e d  w i t h  t o x i n

b i n d i n g  a s s a y  b u f f e r ,  1 m l )  w e r e  a p p l i e d  t o  a  d o u b l e

t h i c k n e s s  o f  m o i s t e n e d  DEAE 81  -  c e l l u l o s e  d i s c s  a n d  

f i l t e r e d  u n d e r  s u c t i o n .  T u b e s  w e r e  w a s h e d  w i t h  b u f f e r  ( 2  

x 1 m l ) ,  a n d  t h e  f i l t e r  d i s c s  w i t h  a  f u r t h e r  1 m l .  B o u n d  

r a d i o a c t i v i t y  w a s  c o u n t e d  i n  a n  LKB 1 2 8 0  U l t r o g a m m a  

c o u n t e r .  N o n - s p e c i f i c  b i n d i n g  w a s  d e t e r m i n e d  b y

i n c l u d i n g  25mM b e n z o q u i n o n i u m  c h l o r i d e  ( 1 ( ^ 1 )  a n d

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

i i )  A s s a y  o f  c r u d e  T r i t o n  X100  s o l u b i l i s e d  AChR w a s

c a r r i e d  o u t  b y  p r e c i p i t a t i o n  w i t h  a mm o n i u m  s u l p h a t e .

S a m p l e s  { I OOjxI ,  d i l u t e d  i n  t o x i n  b i n d i n g  a s s a y  b u f f e r )

125w e r e  i n c u b a t e d  w i t h  I -o(BGT ( 5 ( ^ i l ,  a p p r o x .  l O n M o l a r )

f o r  l h  a t  2 0 ° C  a f t e r  w h i c h  t i m e  s a t u r a t e d  a mm o n i u m  

s u l p h a t e  s o l u t i o n  (133yixl )  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  

l e f t  o v e r n i g h t  a t  4 ° C .  T h e  s a m p l e s ,  d i l u t e d  i n  40%
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ammonium su l p h a te  (1 m l ) ,  were a p p l i e d  to  a GFC f i l t e r  and 

washed as above by us ing  40% ammonium s u lp h ate .  

N o n - s p e c i f i c  b ind ing  was determined by inc ubat ion  in the 

presence  of  lOmM benzoquinonium c h l o r i d e  ( 5 0 y l ) .  Bound 

r a d i o a c t i v i t y  was counted as b e f o r e .

3 . 1 . 7  An t ig e n i c  A c t i v i t y  o f  125I-g-BGT

125I-aBGT (0 .52pmol  in lOOpl) was incubated with

r a b b i t  a n t i - ( a - b u n g a r o t o x i n )  ant i serum ( 5 y l ,  d i l u t i o n s

ranging from 1 /2  -  1 / 4 0 )  f or  24h at  4°C. N o n - s p e c i f i c  

binding  was determined by p r e in c u b a t i n g  immune serum with  

O.lmM n a t i v e  t o x i n  ( 5 y l )  ( p u r i f i e d  and unpur i f i ed

commercial  aBGT) for  lh at  room temperature ,  or by

s u b s t i t u t i o n  wi th non-immune serum. Toxin-ant ibody  

complexes  were p r e c i p i t a t e d  by the  a d d i t i o n  of  sheep  

a n t i - ( r a b b i t  IgG) serum (120vi l )  f o l l o w ed  by incub at ion  at  

room temperature  for  2h. The complexes  were p e l l e t e d  by 

c e n t r i f u g a t i o n  at  3000g for  10 min in an M.S.E. Mis t ra l  

c e n t r i f u g e .  The p e l l e t s  were washed twice  with lOmM 

pot as s ium phosphate  b u f f e r ,  pH 7 . 4 ,  co n t a i n i ng  0.13M 

NaCl, and 0.1% (w/v )  sodium a z i d e ,  and the r a d i o a c t i v i t y  

d e t er m in e d .
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Immunobiological  a c t i v i t y  can be d e f i n e d  as

Toxin-Ab complex ppt .  (cpm) -  n o n s p e c i f i c  component (cpm)
Total  t o x in  added (cpm)

x 100

3 . 1 . 8  B i o l o g i c a l  A c t i v i t y  o f  I o d in a te d  ot-Bunqarotoxin 

Pre pa ra t io n s

P rep a ra t io n s  of  r a d i o l a b e l l e d  t o x i n  ( 0 . 1  -  1 . 0  

pmol, 5 0 p l ) were incubated  wi th  a 1000 f o l d  molar e x ce s s  

of  Torpedo AChR (lOOpl)  f or  90 min at  room temperature ,  

f i l t e r e d  through DEAE-ce l lu lo se  f i l t e r s  to  remove f re e  

125I-aBGT and the r a d i o a c t i v i t y  was counted as above 

(methods 3 . 1 . 6 ) .

B i o l o g i c a l  a c t i v i t y  (%) can be d e f i n e d  as

L a b e l l e d  t o x i n  bound (cpm)------------------------------------------  r ---------- x 100
Total  l a b e l l e d  t ox in  added (cpm)

3 . 1 . 9  F r a c t i o n a t i o n  of  I o d i n a t e d  a -Bunqarotoxin

aBGT was i o d i n a t e d  by the o x i d a t i v e  i o d i n e  

monochloride  method of  Vogel  et: a l  (1972)  and s epara ted  

from f r e e  125i  as d e sc r i b ed  p r e v i o u s l y .  The r e s u l t a n t
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125I-aBGT peak was loaded onto a column of  CM Sephadex  

(C50) p r e v i o u s l y  e q u i l i b r i a t e d  with lOmM potas s ium  

phosphate b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  BSA (2mg/ml ) .  

E lu t i on  of  the i o d i n a t e d  aBGT f r a c t i o n s  was c a r r i e d  out  

with a l i n e a r  g r a d i e n t  o f  the phosphate b u f f e r  (50ml)  and 

the same b u f f e r  c o n t a i n i n g  80mM NaCl (50ml ) .  The column 

was e l u t e d  at  15ml/h and f r a c t i o n s  (1ml)  were c o l l e c t e d .  

Samples ( 1 0 y l )  were counted.

3 . 1 . 1 0  Compet i t i on  S t u d i e s

Compet i t ion  s t u d i e s  were used as an a l t e r n a t i v e  

method to  t h a t  d e s c r i b e d  in s e c t i o n  3 . 1 . 3  for  de termining  

the c o n c e n t r a t i o n  o f  i o d i n a t e d  aBGT. There were c a r r i e d  

put as f o l l o w s .  A l i q u o t s  ( 1 0 y l )  o f  i o d i n a t e d  aBGT 

p r e p a r a t i o n s  were incubated  wi th 0 -  0 . 4  pmol o f  p u r i f i e d  

Torpedo a c e t y l c h o l i n e  r e c ep to r  ( lOOpl)  and 0 - 1 0  pmol 

n a t i v e  aBGT ( l O y l )  at 4°C o v e r n i g h t .  The tubes  were 

f i l t e r e d  and counted as in method 3 . 1 . 6 ( i ) .

3 . 2 . 1  P u r i f i c a t i o n  o f  g-Na.ja Toxin

a-Naja t o x i n  was p u r i f i e d  from the l y o p h i l i s e d  

venom o f  Na.1 a na.ja s i a m e n s i s  according  to  the method o f  

Cooper and Reich ( 1 9 7 2 ) .

Venom ( l g )  was d i s s o l v e d  in d i s t i l l e d  water (10ml)  

and ap p l i e d  to  a column o f  c e l l u l o s e  phosphate  (2 .2cm x 

34cm) packed according  to  the  manufacturers  i n s t r u c t i o n s
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and p r e v i o u s l y  e q u i l i b r i a t e d  with lOmM potass ium

phosphate b u f f e r ,  pH 6 . 0 .  The column was washed with the  

same b u f f er  u n t i l  the absorbance  o f  the e luant  (monitored  

at 280nm with a C e c i l  Spec trophotometer)  had returned to  

b a s e l i n e .  E lu t i on  was c a r r i e d  out with a l i n e a r  gr ad i en t  

o f  potass ium phosphate  b u f f e r  pH 6 . 0  with 0.01M and 0.5M

as l i m i t i n g  c o n c e n t r a t i o n s  (800ml of  ea ch ) .  The column

was e lu t e d  at 60ml/h and f r a c t i o n s  (15ml) were

a u t o m a t i c a l l y  c o l l e c t e d .  The peak p r o te in  f r a c t i o n s  (OD 

280 nm) were assayed for  t h e i r  a b i l i t y  to i n h i b i t  

125I-aBGT binding  to  AChR. A l i q u o t s  of  the peak 

f r a c t i o n s  ( i n s t e a d  of  benzoquinonium c h l o r i d e )  were 

c o incubated  with p u r i f i e d  AChR and aBGT as de scr ibed  in 

methods 3 . 1 . 6 ( i ) .  Those f r a c t i o n s  showing peak i n h i b i t i o n  

were pooled and ammonium su l p h a te  added to  g i v e  a

s a t u r a t e d  s o l u t i o n .  The s o l u t i o n  was al lowed to

p r e c i p i t a t e  overn ight  at 4°C with s t i r r i n g  and then

c e n t r i f u g e d  at  30 ,000g  for  10 min to  i s o l a t e  the p r o t e i n .

The p e l l e t s  were d i s s o l v e d  i n ,  and e x t e n s i v e l y  d i a l y s e d  

a g a i n s t ,  d i s t i l l e d  water and then l y o p h i l i s e d .  The

p u r i f i e d  g - Na.ja t o x in  was s t o r e d  at  4°C.

3 . 2 . 2  Coupl ing of  g-Na.ja Toxin to  Sepharose  4B

Sepharose  4B was a c t i v a t e d  by the cyanogen bromide  

method of  March el: al_ ( 1 9 7 4 ) .  Packed Sepharose  4B beads  

( 50mls)  were washed in 0.1M sodium c h l o r i d e  (11)  f o l l owed  

by water (500ml ) .  They were then suspended in i c e - c o l d
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water (50-100ml)  and s t i r r e d  over i c e  with 2M sodium 

carbonate  (100ml ) .  A c t i v a t i o n  was c a r r i e d  out by mixing  

with cyanogen bromide ( 2 . 5 g ,  2g/ml in a c e t o n i t r i l e ) for  

2 min fo l l owed by rapid f i l t r a t i o n  and washing with

i c e - c o l d  water.

ot-Na.ja tox in  (25mg in 0.2M sodium b icarbonate

b u f f e r ,  pH 9 . 4 ,  100ml) was coupled to  the beads by

s t i r r i n g  overn ight  at 4°C. The beads were then f i l t e r e d ,  

washed with water (400ml)  and su bs equ ent ly  s t i r r e d  with  

1M g l y c i n e ,  pH 9 .0  (200ml overn ight  at  4°C) to  block  

unbound s i t e s .  The beads were f i n a l l y  washed a l t e r n a t e l y  

in 0.1M sodium a c e t a t e  b u f f e r ,  pH 4 . 0 ,  c o n t a i n i n g  1M NaCl 

and 0.1M sodium borate  b u f f e r ,  pH 8 . 0 ,  c o n t a i n i n g  1M

NaCl. The a f f i n i t y  beads were s to r ed  at 4°C in lOmM

potass ium phosphate b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  0.1% 

Triton  X100 and 0.02% sodium a z i d e .

The e f f i c i e n c y  o f  binding  was c o n s i s t e n t l y  good 

with more than 95% of  the added p r o te in  be ing bound.
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3 . 3  PURIFICATION OF TORPEDO MARMORATA ACETYLCHOLINE 

RECEPTOR

3 . 3 . 1  P u r i f i c a t i o n  o f  A c e t y l c h o l i n e  Receptor  us ing an 

ot-Na/ja Toxin A f f i n i t y  Column

P u r i f i c a t i o n  o f  Torpedo AChR was c a rr i e d  out  

[ e s s e n t i a l l y  as d e sc r i b ed  by Lindstrom,  19763 by 

homogenising the f rozen  e l e c t r i c  organs in 0.4M NaCl, pH

7 . 4 ,  in a S o r v a l l  Omnimix for  3 min at  f u l l  speed,  [50ml  

b u f f e r  to  50g f rozen  t i s s u e ) .  The homogenate was then 

c e n t r i f u g e d  at 100 ,000g in a Beckman L5-65 c e n t r i f u g e  

[S35 r o t or )  f or  30 min at  4°C. The p e l l e t s  were 

resuspended [wi th  a P o ly t r o n )  in 20mM potass ium phosphate  

. b u f f e r ,  pH 7 .4  [ l g  o r i g i n a l  t i s s u e / m l )  and c e n t r i f u g e d  as 

b e f o r e .  The a c e t y l c h o l i n e  r e c e p to r  was s o l u b i l i s e d  from

the p e l l e t s  in 50mM potas s ium phosphate b u f f e r ,  pH 7 . 4 ,

c o n t a i n i n g  196 Tr i to n  X100 (50ml to  lOOg o r i g i n a l  t i s s u e )

for 4h at 20°C or o v e r n ig h t  ot  4°C a f t e r  which time the  

e x t r a c t  was c e n t r i f u g e d  at  100 ,000g  in a Beckman L5-65 

c e n t r i f u g e  (S35 r o t o r )  f or  lh at  4°C.

P u r i f i c a t i o n  o f  the s o l u b i l i s e d  a c e t y l c h o l i n e  

r ec ep to r  was ach i eved by s t i r r i n g  the Tr i ton  X100 e x t r a c t  

with the a -na ja  t o x i n  a f f i n i t y  g e l  (50ml)  for  4h at 20°C

or ove rn ight  at 4°C. The g e l  was then poured i n t o  a

g l a s s  column ( t h e  non-bound f r a c t i o n  was c o l l e c t e d  and 

assayed for t ox i n  b ind ing  a c t i v i t y ,  methods 3 . 1 . 6 ( i i ) )
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and washed with lOmM potass ium phosphate b u f f e r ,  pH 7 . 4 ,  

c o n t a i n i n g  0.1% Tri ton X100 and 0 . 5 M  NaCl ( 5 0 0 m l )  and 

then with the same bu f f er  minus the s a l t .  The r ec ep to r  

was e l u t e d  from the g e l  by us ing  1M Carbamoyl c h o l i n e  

( c a r b a c h o l ) .  E lu t ion  was achi eved by mixing the  g e l  with  

the  carbachol  overn ight  at  4°C. The g e l  was then poured 

back i n t o  the column and the carbachol  washed o f f  with 

lOmM phosphate b u f f e r ,  pH 7 . 4 ,  0.1% Tri ton X100. The 

carbacho l  s o l u t i o n  and washings were combined and 

d i a l y s e d  ag a in s t  lOmM potass ium phosphate b u f f e r ,  0.1% 

( v / v )  Tr i ton X100 ( d i a l y s i s  b u f f e r ) .

The d i a l y s e d ,  a f f i n i t y  p u r i f i e d  AChR was 

c o n c en tr a te d  by passage  through a column (3.5cm x 3cm) of  

DEAE c e l l u l o s e  (DE52).  The bound rec ep tor  was washed 

with d i a l y s i s  bu f f er  (11)  and e l u t e d  with 0.5M NaCl in 

t he  same buf f er  (50ml ) .  The column was e l u t e d  under 

g r a v i t y  and f r a c t i o n s  of  1ml were c o l l e c t e d  by hand and 

assayed  for  tox in  binding ( s e c t i o n  3 . 1 . 6 ( i ) ) .

Preca ut ion s  were taken throughout  to  prevent  

b a c t e r i a l  contaminat ion and p r o t e o l y t i c  degradat ion by 

i n c l u d i n g ,  in a l l  b u f f e r s ,  the  i n h i b i t o r s  l i s t e d  in t a b l e  

3 . 3 . 1 .  The p u r i f i e d  a c e t y l c h o l i n e  rec ep tor  was s t o r ed  at  

4°C .

Table 3 . 3 . 1  B a c t e r i o c i d e s  and Pr o te a se  I n h i b i t o r s

1) 0.02% (w/v)  sodium az id e

2) 5mM EDTA
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3 )  0 . 5mM PMSF

4 )  O . l m M  B e n z e t h o n i u m  c h l o r i d e

5 )  0 . 5 g / l  B a c i t r a c i n

3 . 3 . 2  M o d i f i c a t i o n s  o f  t h e  B a s i c  M e t h o d  o f  P u r i f i c a t i o n  

o f  A c e t y l c h o l i n e  R e c e p t o r

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

t w o  m a j o r  w a y s .  B o t h  a l t e r n a t i v e  m e t h o d s  w e r e  c a r r i e d  

o u t  o m i t t i n g  t h e  s e c o n d  1 0 0 / 0 0 0 g  c e n t r i f u g a t i o n  s t e p .  

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

f i r s t  s p i n .

T h e  f i r s t  a l t e r a t i o n  w a s  t h e  s u b s t i t u t i o n  o f  t h e  1% 

s o l u t i o n  o f  T r i t o n  X 1 0 0  u s e d  f o r  s o l u b i l i s a t i o n  o f  t h e  

r e c e p t o r  w i t h  2% T r i t o n  X 1 0 0 .  T h e  s e c o n d  a l t e r a t i o n  

i n v o l v e d  t h e  e l u t i o n  o f  AChR f r o m  t h e  a f f i n i t y  g e l  b y  

u s i n g  4mM b e n z o q u i n o n i u m  c h l o r i d e  ( L i n d s t r o m  e t a l , 1 9 8 1 ) .

T h i s  w a s  a c h i e v e d  b y  r e c y c l i n g  t h e  b e n z o q u i n o n i u m  

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

c e l l u l o s e  c o l u m n  f o r  1 8  -  2 4 h  a t  4 ° C .  O n e  a d v a n t a g e  w i t h  

t h i s  m e t h o d  i s  t h a t  i t  a v o i d s  t h e  n e e d  f o r  d i a l y s i s  t o  

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

3 . 3 . 3  C o u p l i n g  o f  A n t i - ( T o r p e d o  AChR)  M o n o c l o n a l  

A n t i b o d i e s  t o  S e p h a r o s e  4B

M o n o c l o n a l  a n t i b o d i e s  t o  p u r i f i e d  T o r p e d o  AChR w e r e  

c o u p l e d  t o  S e p h a r o s e  4B b y  t h e  m e t h o d  d e s c r i b e d  i n
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s e c t i o n  3 . 2 . 2 .  The p r o t e i n  was coupled at 1.5mg/ml g e l .  

More than 90% o f  the  p r o t e i n  was bound.

3 . 3 . 4  P u r i f i c a t i o n  o f  Torpedo A c e t y l c h o l i n e  Receptor on 

an A n t i - ( Torpedo AChR) Monoclonal  Antibody A f f i n i t y  

Column

P u r i f i c a t i o n  by t h i s  method employed a m o d i f i c a t i o n  

of  t h a t  o f  Lennon e t  a l  ( 1 9 8 0 ) .  The f rozen t i s s u e  was 

homogenised in 0.4M NaCl and then c e n t r i f u g e d  at  100,000g  

as d e sc r i b ed  above (method 3 . 3 . 1 ) .  The p e l l e t  was then  

resuspended and the  r e c e p to r  s o l u b i l i s e d  in lOmM 

potas s ium phosphate  b u f f e r ,  pH 7 . 5 ,  c o n t a i n i n g  lOOmM NaCl 

and 1% sodium c h o l a t e  f or  2h at  20°C, and then 

c e n t r i f u g e d  at  1 00 , 00 0g  for  l h .  The supernatant  was then 

^mixed with a n t i  -  ( Torpedo AChR) monoclonal  a n t i b o d i e s ,  

c o v a l e n t l y  l in ke d  to  Sepharose  4B, for  2h at  20°C. The 

g e l  was washed in a column with 20mM potass ium phosphate  

b u f f e r ,  pH 7 . 5 ,  c o n t a i n i n g  0.2% sodium c h o l a t e  ( over n ig ht  

at 4°C, 500ml) .  The r e c e p t o r  was e l u t e d  from the column 

with 0.2M g lyc ine /NaOH, 500mM NaCl,  1% sodium c h o l a t e ,  pH 

1 0 .0 .  The p r o t e i n  peak (moni tored at  280nm) was 

immediate ly  n e u t r a l i s e d  with lOmM potass ium phosphate,  

0.2% sodium c h o l a t e ,  pH 7 . 5 ,  and d i a l y s e d  e x t e n s i v e l y  

a g a i n s t  the same b u f f e r .  The d i a l y s a t e  was concentrated  

on a DEAE c e l l u l o s e  column as d e s c r i b e d  above ( s e c t i o n  

3 . 3 . 1 ) .
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3 .4  SUGAR AND SIALIC ACID DETERMINATIONS

3 . 4 . 1  S i a l i c  Acid De terminat ions

S i a l i c  ac id  in column e l u a t e s  and p u r i f i e d  AChR was 

determined by hydro ly s ing  a sample ( lOOyl)  wi th 0.2N 

H 2 S 0 i» at  80°C for  lh fo l lowed by assay  o f  the f re e  s i a l i c  

ac id us ing  t h i o b a r b i t u r i c  ac id  as de scr ibed  by Warren 

(1959)  and modi f i ed  by Aminoff ( 1 9 6 1 ) .  Af t er  h y d r o l y s i s ,  

d i s t i l l e d  water ( 5 0 p l )  was added fo l l ow ed  by 25mM sodium 

p e r io d a te  in 0.125N H2SCU (125j i l )  and the mixture was 

incubated for 30min at  37°C. 2% (w/v)  sodium a r s e n i t e  in

0.5M HC1 (IOOjj) was then added fo l l owed  by thorough  

mixing and the a d d i t i o n  of  0.1M t h i o b a r b i t u r i c  ac id  

( l m l ) .  The mixture was b o i l e d  for 5 - 7  min and the  

co lour  was e x t r a c t e d  by the a d d i t i o n  o f  b u t a n - l - o l  

c o n t a i n i n g  5% ( v / v )  conc .  HC1. The o p t i c a l  d e n s i t y  (OD) 

of  the  e x t r a c t e d  co lour  was measured at  550nm. 

Q u a n t i t a t i v e  e s t i m a t i o n  of  the  s i a l i c  ac id  was c a r r i e d  

out by r e f e r e n c e  to  a c a l i b r a t i o n  curve based on 

N- ace ty lneuramin ic  a c id .

3 . 4 . 2  Hexose De terminat ions

The presence  of  hexose  in column f r a c t i o n s  was 

determined c o l o r i m e t r i c a l l y  by a m o d i f i c a t i o n  of  the  

c y s t e i n e / s u l p h u r i c  ac id  assay (D i sche  and Dani l chenko,
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1967) .  Samples ( lOOyl)  of  column f r a c t i o n s  were 

incubated with a s o l u t i o n  c o n t a i n i n g  0.06% (w/v)  c y s t e i n e  

hy dro ch lo r id e  in 60% su lph ur i c  ac id  ( 60 0 p l )  at 100°C for  

3 min in acid  washed g l a s s  t u b e s .  The samples were then  

co o l e d  and fur th e r  60% H2S0«, C600 )j 1) was added and

v i g o r o u s l y  mixed.  The OD of  the r e s u l t i n g  s o l u t i o n s  were 

read at  420nm.

3 . 4 . 3  Acid H y d r o ly s i s  and A l d i t o l  Aceta te  D e r i v a t i s a t i o n  

o f  A c e t y l c h o l i n e  Receptor  Monosaccharides

I n d i v i d u a l  su g ar s ,  i n c l u d i n g  amino - sug ars , were 

determined in the  p u r i f i e d  AChR by g a s - l i q u i d  

chromatography.  Q u a n t i t a t i v e  d e t er m in a t i on s  were done by 

us ing  a l d i t o l  a c e t a t e  d e r i v a t i v e s ,  comparing the d e t e c t o r  

r e s po ns es  for i n d i v i d u a l  sugars  with thos e  of  i d e n t i c a l l y  

t r e a t e d  s ta n d a r d s .  D e r i v a t i s a t i o n  i s  a three  s t e p  

procedure i n v o l v i n g  ac id  h y d r o l y s i s  ( t o  r e l e a s e  bound 

monosacchar ides ) ,  r ed uc t io n  by a l k a l i n e  borohydride  

t reatment  ( t o  form a l d i t o l s )  and f i n a l l y  p e r a c e t y l a t i o n  

by t reatment  with a c e t i c  anhydride .

Samples (approx.  0 . 05  -  l .Oyg)  of  p u r i f i e d  AChR 

were evapora ted to  dryness  in 1ml microf lux  v i a l s  in a 

g e n t l e  stream o f  N2 at 50°C. 2N T r i f l u o r o a c e t i c  ac id  

(TFA) ( 5 0 p l ) ,  c o n t a i n i n g  p e r s e i t o l  ( 10 -25yg )  as an

i n t e r n a l  s tandard ,  was added to  each sample and the v i a l s  

were s e a l e d  and incubated  at  120°C for lh a f t e r  which 

t ime they were dr i ed  as de sc r i b ed  above.  2M ammonium
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hydroxide  ( lOOyl)  was added to ensure  a l k a l i n e  

c o n d i t i o n s .  The reduc t ion  o f  the f r e e  monosaccharide  was 

then c a r r i e d  out by the a dd i t i o n  of  f r e s h l y  made sodium 

borohydride  ( 2 5 u l ,  20mg/ml) in 3M NHUOH. The s e a l e d  

v i a l s  were incubated  for  lh at 20°C. Excess  borohydride  

was n e u t r a l i s e d  by the a d d i t i o n  o f  g l a c i a l  a c e t i c  ac id  

( 1 - 3  drops)  f o l l o w ed  by a d d i t i o n  o f  methanol  ( 2 0 0 y l )  and 

dr i ed  as above.  The r e s i d u e  was washed tw i ce  with  

methanol ,  tw ic e  with methanol -water  ( 1 : 1 )  and tw i ce  with  

dry methanol .  The r e s i d u e  was fu r t h e r  dr ied  by s ta n d i ng  

over phosphorous pentox ide  overn ight  in a d e s s i c a t o r .  

A c e t y l a t i o n  was c a r r i e d  out by i nc ub a t io n  with a c e t i c  

anhydride  ( 5 0 p l )  at 120°C for l h .  The samples were dr i ed  

and the  r e s i d u e  taken up in water ( 5 0 j j 1 ) .  The a l d i t o l  

a c e t a t e s  were e x t r a c t e d  from water with ch loro form.  The 

■chloroform e x t r a c t  was then dr ied  and the r e s i d u e  

d i s s o l v e d  in  di chloromethane  ( 1 0 - 1 0 0 p l ) .

Standards  were prepared by d e r i v a t i s a t i o n  of  

equimolar  mixtures  ( 5 0 p l )  o f  s tandard hexoses  ( L - f u c o s e ,  

D-mannose,  D- g l uc os e  and D - g a l a c t o s e ) , hexosamines  

( N - a c e t y l - D - g l u c o s a m i n e ,  and N - a c e t y l - D - g a l a c t o s a m i n e )  

and the  i n t e r n a l  s tandard ( P e r s e i t o l )  under the same 

c o n d i t i o n s  as de sc r i b ed  for AChR.

3 . 4 . 4  G a s - l i q u i d  Chromatography

G a s - l i q u i d  chromatography was performed by 

i n j e c t i o n  o f  samples ( 0 . 5  -  l . O y l )  of  the  d i ch loromethane
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s o l u t i o n  d i r e c t l y  i n t o  columns (2m x 0.25cm) of  c o i l e d  

g l a s s  c o n t a i n i n g  3% 0V 225 on High Performance Gas Chrom 

Q in a Perkin-Elmer  Sigma 3 (OV 225) gas chromatograph,  

equipped with a dual  f lame i o n i z a t i o n  d e t e c t o r .  

Chromatography was c a r r i e d  out i s o t h e r m a l l y  at  210°C with  

a c a r r i e r  gas ( n i t r o g e n )  f low ra te  of  45ml/h.  

Det erminat ion of  the  q u an t i ty  of  i n d i v i d u a l  sugars  

present  in i n d i v i d u a l  samples was achi eved by r e f er e n c e  

to  the i n t e r n a l  s tandard by us ing  the f o l l o w in g  formula

Wt. o f  monosaccharide  =

Peak area o f  monosaccharide  x KF x Wt. P e r s e i t o l  
Peak area o f  p e r s e i t o l

■ where KF =  Peak area o f  P e r s e i t o l _______
Peak area o f  equal  Wt. o f  monosaccharide

I n d i v i d u a l  monosacchar ides  were i d e n t i f i e d  by comparison  

o f  t h e i r  r e t e n t i o n  t imes  with t ho s e  o f  the s tandards .

3 .5  ENZYME AND ALKALINE BOROHYDRIDE TREATMENT OF 

ACETYLCHOLINE RECEPTOR

In some i n s t a n c e s ,  samples of  p u r i f i e d  AChR ( in  

lOmM potass ium phosphate  b u f f e r ,  0.1% Tr iton X100 ( v / v ) ,

pH 7 . 4 )  were c o n c e n t r a t e d  on a Minicon c on cen tra to r  pr ior  

to  g l y c o s i d a s e  t r e a t m e n t .  The pH o f  the AChR s o l u t i o n s
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w a s  a d j u s t e d  t o  t h e  o p t i m u m  ( o r  m e a n  o p t i m u m  pH f o r  

m i x t u r e s )  f o r  e a c h  e n z y m e  b y  t h e  a d d i t i o n  o f  lOOmM c i t r i c  

a c i d  c o n t a i n i n g  ImM PMSF a n d  ImM b e r i z e t h o n i u m  c h l o r i d e  

( t o  p r e v e n t  p r o t e o l y s i s ) .  A l l  e n z y m e  t r e a t e d  AChR 

s a m p l e s  w e r e  s u b j e c t e d  t o  c o l u m n  c h r o m a t o g r a p h y  ( u n l e s s  

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

s i a l i c  a c i d  o r  s u g a r s  ( S e p h a d e x  G 2 5 ,  s e e  s e c t i o n  3 . 7 . 1 )  

o r  e n z y m e s  (ACA 3 4 ,  s e e  s e c t i o n  3 . 7 . 2 ) .

3 . 5 . 1  N e u r a m i n i d a s e  T r e a t m e n t  o f  T o r p e d o  A c e t y l c h o l i n e  

R e c e p t o r

S a m p l e s  o f  p u r i f i e d  ( c o n c e n t r a t e d )  AChR ( 5  -  l Omg 

i n  1 . 5  -  3 . 0 m l  b u f f e r ,  pH 5 . 8 )  w e r e  i n c u b a t e d  w i t h  a  

s o l u t i o n  o f  n e u r a m i n i d a s e  (30mU i n  s o d i u m  a c e t a t e  b u f f e r ,  

0 . 0 5 m M ,  pH 5 . 5 ,  c o n t a i n i n g  154mM N a C l ,  a n d  9mM C a C ^ )  a t  

3 7 ° C  f o r  2 -  3 h .

3 . 5 . 2  M i x e d  E n d o g l y c o s i d a s e  D T r e a t m e n t

M i x e d  e n d o g l y c o s i d a s e  D c o n s i s t e d  o f  n e u r a m i n i d a s e ,  

|5 - g a l a c t o s  i d a e ,  £ - N - a c e t y l g l u c o s a m i n i d a s e  a n d
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e n d o g l y c o s i d a s e  D (1 U/ml, 2 . 3  U/ml,  13 .0  U/ml and 5 U/ml 

r e s p e c t i v e l y ) .  AChR in phosphate bu f f er  (pH 6 . 5 )  was 

incubated  with a s o l u t i o n  of  the mixed e n d o g l y c o s i d a s e s  

(lOmU in 5mM potass ium phosphate b u f f e r ,  pH 6 . 5 )  f or  6h 

at  37°C.

3 . 5 .  T . f o e t u s  Enzyme Treatment

Crude pr epa ra t io ns  of  T. f o e t u s  enzymes (9mg 

sample s )  were fur ther  p u r i f i e d  on a column of  Sephadex  

G25 (1 .2cm x52cm).  The column was e lu t ed  under g r a v i t y  

with lOmM potass ium phosphate b u f f e r ,  pH 6 . 0 ,  c o n t a i n i n g  

1% BSA. F r a c t i o n s  of  1ml were c o l l e c t e d  and the  p r o t e i n  

peak (as  measured at 280nm) was pooled and s t o r e d  at  4°C 

in lOOmM potas s ium phosphate b u f f e r ,  pH 6 . 0 ,  c o n t a i n i n g  

, lmg/ml BSA.

The pH o f  the Torpedo r ec e p to r  pr e pa r a t io n s  (1 .3mg)  

was ad ju s t e d  to  pH 6 . 0  pr ior  to  inc ub a t io n  with T. f o e t u s  

enzymes (3mg).  Incubat ion was c a r r i e d  out for  5h at  37°C

3 . 5 .  A l k a l i n e  Borohydride Treatment

P u r i f i e d  l y o p h i l i s e d  AChR (6.5mg) was t r e a t e d  with  

0.05M sodium hydroxide c o n t a i n i n g  1M potas s ium

borohydride  (1ml)  at 50°C for 20h.  The s o l u t i o n  was then  

n e u t r a l i s e d  by the dropwise  a d d i t i o n  of  g l a c i a l  a c e t i c  

ac id  p r i o r  to  column chromatography on Sephadex G25 

( s e c t i o n  3 . 7 . 1 ) .
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3 .6  ASSAYS

3 . 6 . 1  Assay for  G ly c o s i da s e  A c t i v i t y

Assay of  3 - g a l a c t o s i d a s e  a c t i v i t y  was c a r r i e d  out  

by a m o d i f i c a t i o n  of  the method o f  D i s t l e r  and Jourdian  

( 1 9 73 ) .  A sample ( lOOpl) o f  s o l u t i o n  was added to lOmM 

potass ium phosphate b u f f e r ,  pH 6 . 4 ,  C900p i ) con t a i n in g  

5mg/ml 0 - n i t r o p h e n y 1 - 3 - D - g a l a c t o p y r a n o s i d e  and 0.2% BSA. 

The mixture was incubated for  30 min at  37°C a f t e r  which 

0.25M g l y c i n e ,  pH 1 0 .0 ,  (1ml)  was added and the

absorbance read at  420nm.

3 . 6 . 2  P ro t e in  Assay

Tota l  p r o t e i n  in aqueous s o l u t i o n s  was determined  

c o l o r i m e t r i c a l l y  by the method of  Lowry e t  a l  ( 1 9 59 ) .  5%

sodium dodecyl  su lp ha te  (SDS) was inc luded  in the a l k a l i  

bu f f er  for samples c o n t a i n i n g  Tr i ton X100 (Du l l ey  and 

Grieve ,  1975)

3 .7  GEL FILTRATION OF TORPEDO ACETYLCHOLINE RECEPTOR

Al l  column chromatography was performed at room 

temperature .  Gels  were sw o l l en  and columns packed 

according to  the manufac turers ’ i n s t r u c t i o n s .  Gels and 

e l u t i o n  b u f f e r s  were degassed b e f or e  use and columns were
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p r e - e q u i l i b r i a t e d  in e l u t i o n  b u f f e r s .  Flow r a t e s  were 

maintained with a p e r i s t a l t i c  pump and samples  

a u to m a t i c a l l y  c o l l e c t e d  with an LKB Redirak 2112 f r a c t i o n  

c o l l e c t o r  with an e l e c t r o n i c  t imer .  Columns were 

monitored cont inu ous ly  ( a t  280nm) with a C e c i l  272 

Spectrophotometer  f i t t e d  with a f low c e l l  ( 5 0 0 y l  volume)  

and coupled to a Bryans 28000 char t  r ec ord er .

3 . 7 . 1  Sephadex G25 (medium) Chromatography

Small  molecular  weight  molecu l e s  were s epara ted  

from Torpedo a c e t y l c h o l i n e  re c ep to r  (approx.  weight

250 .000)  by g e l  f i l t r a t i o n  on Sephadex.  The column 

(1 .8cm x 82.5cm) was e lu t ed  with lOmM ammonium a c e t a t e  

b u f f e r ,  pH 7 . 4 ,  co n t a i n i n g  0.01% th i o m e rs o l  ( t o  prevent  

b a c t e r i a l  con ta m in a t i on ) .  E lu t i on  was c a r r i e d  out at  a 

f low ra te  of  30ml/h.  F ra c t io n s  of  3ml were c o l l e c t e d  in 

g l a s s  tub es .

3 . 7 . 2  U l t r a g e l  ACA 34 Chromatography

Gel f i l t r a t i o n  of  some t r e a t e d  and untre a ted  

samples of  a c e t y l c h o l i n e  rec ep tor  (approx.  weight

250 .000)  was c a rr i e d  out on a column (1.2cm x 51cm) of  

U l t r a g e l  ACA 34 ( e x c l u s i o n  l i m i t  of  35000 for  g l o b u la r  

p r o t e i n s ) .  The column was e lu t e d  at  12ml/h with lOmM 

potass ium phosphate b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  0.3M NaCl 

and 0.02% sodium a z i d e .  F r a c t io n s  of  1ml were c o l l e c t e d .
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The column was c a l i b r a t e d  by us ing Dextran blue  

(M.Wt 2 x 106) ,  IgG (M.Wt 1 5 0 , 0 0 0 ) ,  Ovalbumin (M.Wt

4 3 , 0 0 0 ) ,  Myoglobin (M.Wt 18 ,000 )  and DNP l y s i n e  ( s e e  

Figure  3 . 7 . 1 ) .

3 . 7 . 3  Sephacry l  S2QQ ( S u p e r f i n e )  Chromatography

Gel f i l t r a t i o n  of  some untreated  samples of  

a c e t y l c h o l i n e  r ec e p to r  (approx.  1 . 5  -  2.5mg) was c a r r i e d  

out  on a column (1 .5cm x 30cm) o f  Sephacryl  S200.  The 

column was e l u t e d  at  60ml/h with lOmM potassium phosphate  

b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  0.3M NaCl and 0.02% sodium 

a z i d e .  F r a c t i o n s  (1ml)  were c o l l e c t e d .  The column was 

c a l i b r a t e d  as for  the  ACA 34 column ( s e e  Figure  3 . 7 . 2 ) .
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3 .8  GEL ELECTROPHORESIS AND ISOELECTRIC FOCUSSING

3 . 8 . 1  I s o e l e c t r i c  Focuss ing

I s o e l e c t r i c  f o c u s s in g  was c a r r i e d  out in tubes  

0.4cm x 20cm us ing  g e l s  c o n s i s t i n g  o f  5% acry lamide ,  1% 

Tri ton X100, 7% amphol ines (4.37% ampholine pH 5 -  7,

2.63% ampholine pH 3 .5  - 10 ) ,  0.2% ( v / v )  TEMED, 0.3%

(w/v)  ammonium p e r s u l p h a t e .  The g e l s  were over layed with  

water and a l lowed to  s e t .  Produc t ion of  pH g r a d i e n t s  in 

the g e l s  was achi eved  by pre -running  for  1 or 2h at  400V 

or 200V r e s p e c t i v e l y .  Samples o f  p u r i f i e d  AChR (wi th  or 

without  enzyme t re a tment )  were incubated  with 125i  -  aBGT 

(+ benzoquinonium c h l o r i d e )  f or  90 min at  20°C pr ior  to  

being loaded onto the g e l s .  Samples o f  the  

AChR/125I -  aBGT mixtures  a f t e r  inc ub at io n  were loaded  

onto the g e l s  in g l y c e r o l  and su b je c t e d  to  i s o e l e c t r i c  

f o c u s s i n g  for  5h at  1000V or ov ern igh t  at 500V. B u f f e r s  

used were : -

Cathode,  0.4% ( v / v )  H2S0«t, 1% Tr i ton  X100.

Anode, 0.01N NaOH, 1% Tr i ton X100.

Af ter  f o c u s s i n g  the g e l s  were e i t h e r  s l i c e d  

immediate ly  or f i r s t  f rozen  at  -80°C.  S l i c e s  of  2mm or 

5mm were put in a d i s p o s i b l e  tube with 0.4ml water and 

mixed.  R a d i o a c t i v i t y  was counted in a gamma counter  and 

the pH o f  each f r a c t i o n  was measured a f t e r  2h.
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3 . 8 . 2  5D5 -  Po ly ac ry l am ide  Gel E l e c t r o p h o r e s i s

( SDS PAGE)

i )  Disc  and s l a b  g e l s  were made and run according  

to  the method o f  Laemmli (1970)  us ing  7.3% or 10% 

acry lamide .

i i )  3 -  14% g r a d i e n t  acry lamide  s l ab  g e l s  were

poured and run as f o l l o w s : -

Gels  o f  3 14% acry lamide  (0.35% N,N,methyl

b i s a c r y l a m i d e )  in 0.375M Tr i s  HC1 pH 8 . 9  c o n t a i n i n g  15% 

( w/v )  s u c r o s e ,  0 . 5  M ure a ,  0.1% (w/v)  SDS and 0.01% (w/v)  

ammonium pe r su l p h a t e  were poured by us ing  a g l a s s

g r a d i e n t  mixer and a p e r i s t a l t i c  pump ( t o  maintain a

c o n s t a n t  f l o w ) .  The g e l s  were ove r la yed  with water and

a l lowed  to  s e t .  Once s e t ,  the  water was poured o f f  and a

s t a c k i n g  g e l  o f  4% acry lamide  in  0.125M Tr is  HC1, pH 6 .6

( c o n t a i n i n g  18% s u c r o s e ,  0.5M urea ,  0.11% SDS and 0.5%

ammonium p e r s u l p h a t e )  was ove r la yed  on the  grad i en t  g e l .  

Wells  were preformed in  t h i s  g e l  by us ing  a p l a s t i c  comb.

The g e l s  were a l l owed  to  s e t  ove rn ight  at room

temperature  p r io r  to  runn ing .

Samples were run i n t o  the  g e l  at  10mA, a l lowed to  

run through the  s t a c k i n g  g e l  at  15mA and through the  

running g e l  at  30mA. The e l e c t r o p h o r e s i s  bu f f er  

c o n s i s t e d  of  0.025M T r i s  c o n t a i n i n g  0.05M g l y c i n e ,  0.1% 

SDS, 0.5M urea .

Samples o f  AChR and s tandard p r o t e i n s  ( 1 0  -  200 j j1 )
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were denatured by incubat ing  in B-mercaptoethanol  and SDS 

at  100°C for  2 - 1 0  min. Standards  r o u t i n e l y  used for  g e l  

e l e c t r o p h o r e s i s  are shown in Table 3 . 8 . 1 .  Bromophenol  

blue  was r o u t i n e l y  used as a t ra c k i n g  dye.  

E l e c t r o p h o r e s i s  was c a rr i e d  out u n t i l  the t r a c k i n g  dye 

was w i t h i n  4cm o f  the end of  the g e l .

3 . 8 . 3  Coomassie  Blue S t a i n i n g  o f  Gels

Gels  were e i t h e r  s t a i n e d  for 2 -  12h in a s o l u t i o n  

of  Coomassie  b r i l l i a n t  blue  R 230 ( 1 . 25g /5 00m l ) in 45%

( v / v )  methanol ,  10% a c e t i c  a c i d ,  or in a s o l u t i o n  of  

0,04% (w/v )  Coomassie b r i l l i a n t  blue  R (250)  in 12.5% 

(w/v)  t r i c l o r o a c e t i c  ac id  (TCA) for  6 -  24h.  D e s t a i n i n g  

was c a r r i e d  out in 30% methanol ,  10% a c e t i c  ac id  (method 

1) or in 12.5% TCA (method 2 ) .

3 . 8 . 4  V i s u a l i s a t i o n  o f  Carbohydrates  in SDS 

Po lyacry lamide  Gels

SDS po lyacry lamide  g e l s  were s t a i n e d  with S c h i f f s  

rea ge nt  according  to  S e g r e s t  and Jackson ( 1 9 7 2 ) .  The 

S c h i f f s  r eagent  was prepared as f o l l o w s : -  b a s i c  fu s ch in  

( 2 . 5 g )  was d i s s o l v e d  in 500ml b o i l i n g  water and then  

co o l e d  to  60 -  80°C. Sodium m e t a b i s u l p h i t e  ( 5g )  and 1M 

HC1 (50ml )  were added and s t i r r e d  u n t i l  the s o l u t i o n  was 

d e c o l o u r i s e d .  Af t er  c o o l i n g  to  4°C, HCl-washed c h ar coa l  

( 1 . 5 g )  was added and the s o l u t i o n  s t i r r e d  for  1 min. The
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T a b l e  3 . 8 . 1  M o l e c u l a r  W e i g h t s  o f  S t a n d a r d  P r o t e i n s  u s e d  

i n  G e l  E l e c t r o p h o r e s i s

PR OTEI N MOLECULAR WEIGHT

G l u c o s e  o x i d a s e 8 0 / 0 0 0

M u c i n 7 4 , 0 0 0

IgM ( h e a v y c h a i n ) 7 4 , 0 0 0

( l i g h t c h a i n ) 2 5 , 0 0 0

BSA 6 3 , 0 0 0

I g G  ( h e a v y c h a i n ) 5 0 , 0 0 0

( 1 i g h t c h a i n ) 2 5 , 0 0 0

O v a l b u m i n 4 2 , 0 0 0

C a s e i n 1 8 , 0 0 0

M y o g l o b i n 1 7 , 2 0 0

R i b o n u c l e a s e 1 3 , 7 0 0

C y t o c h r  ome c 1 1 , 7 0 0
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S c h i f f s  r eagent  was rap id ly  f i l t e r e d  through f i l t e r  paper 

and s t o r e d  in a brown b o t t l e  at 4°C.

The g e l s  were s t a i n e d  for  g l y c o p r o t e i n s  by the  

f o l l o w i n g  method.  Af t er  e l e c t r o p h o r e s i s ,  g e l s  were f i xe d  

in 40% methanol ,  5% a c e t i c  ac id  at  room temperature  for  

24h. The g e l s  were then p laced in a s o l u t i o n  of  0.7% 

(w/v)  p e r i o d i c  ac id  in 5% a c e t i c  ac id  for 2 -  3h ( i n  the  

dark) wi th  one change .  Free i o d i n e  was removed from the  

g e l  by repea ted  washing in 0.2% sodium m e t a b i s u l p h i t e ,  5% 

a c e t i c  ac id  u n t i l  a l l  the  brown co lo u r  was removed.  The 

g e l  was then p laced in the  S c h i f f s  r e a g e n t .  Colour  

deve loped in up to  2h. Af t er  c o lo u r  development ,  the g e l  

was r e p e a t e d l y  washed in 0.1% sodium m e t a b i s u l p h i t e ,  

0.01N HC1. The g e l s  were then photographed.

3 . 8 . 5  S t a i n i n g  o f  G ly c o p r o t e i n s  in  Po lyacry lamide  Gels  

with FITC-Label led L e c t i n s

S t a i n i n g  for  ca rbohydra te s  with f l u o r e s c e i n  

i s o t h i o c y a n a t e  (FITC) l a b e l l e d  l e c t i n s  was c a r r i e d  out  

according  to  Furlan et_ a_l ( 1 9 7 9 ) .

SDS po lya cry la mid e  s l a b  g e l s  were f i x e d  overn ight  

in m eth ano l : a c e t i c  a c id : w a t e r  ( 1 0 : 3 : 2 7 )  and then  

e q u i l i b r i a t e d  in 0.1M NaCl , 50mM Tr is  HC1 (pH 7 . 0 )  

c o n t a i n i n g  ImM c h l o r i d e  s a l t s  (CA2+, Mn2 + , Mg2+, Zn2+) .  

FITC -  l e c t i n s ,  s o l u b i l i s e d  in the  same b u f f e r  (50pg/ml )  

were ov e r l a ye d  on the g e l s  and l e f t  at 20°C for 20 - 72h.

D e s t a i n i n g  was c a r r i e d  out in b u f f e r  a l o n e .  The g e l s
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were then photographed.

3 .9  DETECTION OF CARBOHYDRATE RESIDUES AND STAINING OF 

GLYCOPROTEINS IMMOBILISED ON NITROCELLULOSE PAPER

3 . 9 . 1  E l e c t r o t r a n s f e r

P r o t e i n s  from SDS-PAGE were t r a n s f e r r e d  onto  

n i t r o c e l l u l o s e  paper according  to  a modi f i ed method of  

B i t t n e r  e t  ^1 ( 1 9 8 0 ) .  When g e l s  were run for  t h i s

purpose 0 . 2% methyl  green was used as the t rack in g  dye.  

30 min be fore  the end o f  e l e c t r o p h o r e s i s  a fur ther  amount 

( l y l )  of  methyl  green was added to  each we l l  and al lowed  

to  run i n t o  the  running g e l .  Methyl  green remains bound 

to  the  n i t r o c e l l u l o s e  a l l o w in g  channe ls  to  be a c cu ra t e l y  

. l o c a t e d .

Af t er  e l e c t r o p h o r e s i s ,  g e l s  were b r i e f l y  r in se d  in  

water and then l a yered  onto a s h e e t  o f  pre -we t t ed  ( in  

water)  n i t r o c e l l u l o s e  paper and sandwiched between  

pre -w et t ed  Whatman f i l t e r  paper (3mm). Preca ut ions  were 

taken to  ensure  t ha t  no a i r  bubbles  were trapped between 

the g e l  and n i t r o c e l l u l o s e  paper .  The sandwich was then 

placed between S c o t c h b r i t e  pads and supported between a 

nylon g r i d .  Trans fer  was c a r r i e d  out in 30mM sodium 

phosphate b u f f e r ,  pH 6 . 6 ,  o v e rn ig h t  with a con s tan t  

current  of  0 .2A.  The b u f f e r  was s t i r r e d  to  avoid l o c a l  

hea t ing  e f f e c t s .

The n i t r o c e l l u l o s e  was e i t h e r  immediate ly  s t a i n e d
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for  pro te in  or was quenched in 50mM T r i s - S a l i n e ,  pH 7 . 4 ,  

c o n t a i n i n g  0.25% (w/v)  g e l a t i n ,  0.05% ( v / v )  Tween, 0.01% 

(w/v)  th io m ers o l ,  ImM s a l t s  (Ca2+, Mn2+, Mg2+, Zn2+)

( b l o c k i n g  b u f f er )  for  2h at 37°C or overn igh t  at 20°C.

3 . 9 . 2  Amido Black S ta i n in g  o f  P r o t e i n s

Af ter  e l e c t r o t r a n s f e r ,  s h e e t s  of  n i t r o c e l l u l o s e  

were washed in water for 10 min and then s t a i n e d  for  

10 -  15 min in 0.1% amido black in 45% methanol ,  10% 

a c e t i c  a c id .  Desta in ing  was c a r r i e d  out in 50% methanol ,  

10% a c e t i c  ac id .  The n i t r o c e l l u l o s e  was washed in water ,  

dr i ed  and s tored  between s h e e t s  o f  f i l t e r  paper in the  

dark.

• 3 . 9 . 3  Preparat ion  of  G lyc op r o t e i n - H or se ra d i s h  

Pero x id ase  Con/jugate

Glycopro te ins  were conjuga ted  to  h o r se r a d i sh  

pe ro x id ase  (HRO) by us ing a modi f ied  method of  Wilson and 

Nakane (1978)  for  co njuga t in g  a n t i b o d i e s  to  HRO. V

Horseradish pe ro x id ase ,  d i s s o l v e d  in water (2 m l ) ,  

was o x i d i s e d  by s t i r r i n g  with 0.1M sodium p e r io d a t e  

( 4 0 0 p l )  in the dark at 20°C for  30 min. P e r io d a t e  was 

removed from the s o l u t i o n  by d i a l y s i n g  a g a i n s t  ImM sodium 

a c e t a t e  b u f f e r ,  pH 4 . 4 ,  for lh with 2 changes ,  and then  

ov ern igh t  at 4°C. The pH o f  the  d i a l y s a t e  was then  

r a i s e d  to  9 .5  with 0.2M sodium c a r b o n a t e / b i c a r b o n a t e
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bu f f e r  ( 4 0 y l ) .  Molar e q u i v a l e n t s  of  the pr o t e i n  to  be 

conjuga ted  ( i n  lOmM sodium c a r b o n a t e / b i c a r b o n a t e  b u f f e r ,  

lml)  were immediate ly  added and s t i r r e d  for  4h at 20°C.  

The c o nj ug a te  was then reduced by the a d d i t i o n  of  f r e s h l y  

prepared sodium borohydride  (5mg/ml in water,  lOOyl) .  The 

mixture  was a l lowed to  s tand at  4°C for  2h (a second  

sample of  NaBHi, ( lOOyl)  was added a f t e r  1 h) and then  

d i a l y s e d  a g a i n s t  phosphate b u f f er ed  s a l i n e  (PBS).

Samples of  the c o n j u g a t e s  not r equ ired  for immediate use  

were s t o r e d  at 4°C.

In some i n s t a n c e s  the protein-HRO con jug a t e  was

sep a ra ted  from f r e e  HRO by g e l  f i l t r a t i o n  on Sephadex G75 

(1.5cm x 100cm).  F r a c t i o n s  (2 .5 m l )  were c o l l e c t e d  and

the column was e l u t e d  with PBS at  a f low ra te  of  20ml /h .  

F r a c t io n a t e d  and u n f r a c t i o n a t e d  HRO-conjugates were 

s t o r ed  in g l y c e r o l  ( 1 : 1 ,  v / v ) .

Approximation o f  HRO-conjugate c o n c e n t r a t i o n

HRO c o n c e n t r a t i o n  (mg/ml) = A403 /1 .5

P ro t e in  c o n c e n tr a t i o n  (mg/ml) =

___________A280 -  ( A 40 3 / 1 .5 ) _____________
E x t i n c t i o n  c o e f f i c i e n t  o f  the pr o t e i n
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Molar r a t i o  = HRO conc .  Mr Pro t e in
Prote in  conc .  Mr HRO

3 . 9 . 4  Spot Tes t s

i )  For t e s t i n g  glycoprotein-HRO conj uga te s

Lec t in  s o l u t i o n s  ( l y g )  were s p o t t e d  onto  

n i t r o c e l l u l o s e  paper (pr e - w e t t e d  for  30 min and dr ied  for  

3 min between f i l t e r  paper) and a l lowed to  dry for  30 min 

at  37°C. The s h e e t s  were then incubated with b lo ck ing  

b u f f e r  for 2h at 37°C and incubated with the  

glycoprote in-HRO conjugate  overn ight  at 20°C a f t e r  which 

t ime they  were washed (x 3) with b lock ing  b u f f e r  for  30 

min (w i t h  sh ak i ng ) .  A f i n a l  wash ( f o r  10 min) was 

c a r r i e d  out in 30mM sodium a c e t a t e  b u f f e r ,  pH 5 . 0 .  

Colour was developed by incub at ion  with 0.02% 

3 - a m i n o - 9 - e t h y l  c arb azo l e  ( d i s s o l v e d  in d ime thy l -  

formamide,  0.4% s o l u t i o n  ( w / v ) ) . ,  0.03% hydrogen perox ide  

in 50mM sodium a c e t a t e ,  pH 5 . 0 .  Af t er  development of  

c o l o u r ,  the s h e e t s  were r insed  in water,  dr i ed  and e i t h e r  

photographed or s to r ed  between s h e e t s  of  f i l t e r  paper in 

the  dark.
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ii) For the detection of carbohydrate residues in AChR

AChR (1 -  5yg) was s p o t t e d  onto n i t r o c e l l u l o s e  

paper,  dr ied and blocked as in i ) .  The s h e e t s  were 

incubated with s o l u t i o n s  (10 - 20yg/ml )  o f  l e c t i n s  in 

blo ck ing  buf f er  for  4h at 37°C (w i t h  shaking)  or 

overn ight  at 20°C. They were then washed (x 3) f or  30 

min with b locking  buf f er  and incubated  with a s u i t a b l e  

d i l u t i o n  of  the HRO-conjugate. Further  procedures  were 

then c a r r i e d . o u t  as in i ) .

3 . 9 . 5  De t ec t i on  o f  Carbohydrate r e s i d u e s  in  

Glyco pr o te in s  from P ro te in  B l o t s

Glycopro te ins  e l e c t r o p h o r e t i c a l l y  t r a n s f e r e d  from 

g e l s  onto n i t r o c e l l u l o s e  ( s e c t i o n  3 . 9 . 1 )  were quenched 

and t r e a t e d  as in i i )  above.

3 .10  ENZYME-LINKED LECTIN BINDING ASSAY (ELBA)

Lect in binding to g l y c o p r o t e i n s  and hence the  

d e t e c t i o n  of  carbohydrate  r e s i d u e s  was demonstrated by a 

m o d i f i c a t io n  of  the enzyme -  l inke d  immunosorbant assay  

(ELISA).

250pl  p l a s t i c  c u v e t t e s  were coa te d  wi th a s o l u t i o n  

(5pg /ml )  of  g l y c o p r o t e i n  in 50mM sodium b i c a r b o n a t e ,  pH

9 . 6 ,  overn ight  at 4°C. The c u v e t t e s  were washed b r i e f l y



-108-

wlth PBS, i n c u b a t e d . with 1% g e l a t i n  in PBS for 30 min at  

20°C to  block n o n - s p e c i f i c  b inding  s i t e s  and then washed 

3 x 30 min in PBS c o n t a i n i n g  0.05% ( v / v )  Tween 20.  The 

c u v e t t e s  were then incubated  wi th var iou s  c o n c e n t r a t i o n s  

of  Concanaval in A (Con A) or HPO-Lotus t e t r a g o n o l o b u s , in 

PBS for  2h at  37°C or overn ight  at 20°C.  Washing was 

c a r r i e d  out with PBS -  Tween as b e f o r e .  A s o l u t i o n  of  

HRO ( l p g / m l ,  250 |j1) in PBS was inc ubated  as for  the  

l e c t i n s  ( f o r  the c u v e t t e s  inc ubated  with Con A) and 

washed as b e f o r e .  Colour was dev e loped  by adding 0.04% 

( w/v)  o -phenylenediamine  in phosphate  -  c i t r a t e  b u f f e r ,  

pH 5 . 0 ,  c o n t a i n i n g  0.012% ( v / v )  hydrogen pe rox ide  to  the  

samples  and incub at ion  at RT. A f t e r  development o f  

c o lo u r  the  r e a c t i o n  was s topped by the  a d d i t i o n  of  60% 

H2S0 k ( 5 0 )j 1) and the c o lo u r  read ( a f t e r  mixing)  at  

490nm.

3 .11  HAEMAGGLUTINATION TESTS

3 . 1 1 . 1  Neuraminidase Treatment o f  Human Red 

Blood C e l l s  (Group A)

Human red blood c e l l s  (group A) were washed (5 

t imes )  wi th PBS by c e n t r i f u g a t i o n  at  300g for  10 min.  

They were resuspended (10% v / v )  in PBS, pH 7 . 4 ,  

c o n t a i n i n g  ImM CaCl2 and neuraminidase  ( 5 0 p l ,  1 IU/ml)  

and the  mixture was incubated  at  37°C for  30 min. The 

t r e a t e d  c e l l s  were washed tw i ce  as b e f o r e  and resuspended
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in PBS at a concentration of 2 % (v/v).

3 . 1 1 . 2  Haemagglut inat ion  A c t i v i t y  o f  L e c t i n s

The a c t i v i t y  o f  l e c t i n  s o l u t i o n s  was checked by the  

hae m ag g lu t ina t ion  t e s t .  Le c t i n  s o l u t i o n s  ( lmg/ml ,  25 p l )  

were s e r i - a l l y  d i l u t e d  in Tr is  - s a l i n e ,  pH 7 . 2 ,  ( 2 5 p l ,

c o n t a i n i n g  s a l t s  as in s e c t i o n  3 . 9 . 1 )  in U-bottomed  

m i c r o t i t r e  t r a y s .  To each w e l l  was then added a 2% ( v / v )  

su sp en s i o n  of  human red blood c e l l s  ( 2 5 p1) in PBS. The 

end p o i n t s  were determined a f t e r  2h in c u b a t io n  at  20°C by 

the  s e t t l e d  pa t t ern  t echn iqu e  (Ling e^ a l . ,  1977 ) .  The 

l e c t i n s  t e s t e d  are shown in Table 3 . 1 0 . 1 .  With the  

e x c e p t i o n  o f  Limulus polyphemus l e c t i n ,  a l l  l e c t i n s  

showed s t rong  binding  to  red blood c e l l s  (Table  3 . 1 0 . 2 ) .

3 . 1 1 . 3  I n h i b i t i o n  o f  L e c t in - I nd u ce d  Haemagglut ina t ion  

by Torpedo A c e t y l c h o l i n e  Receptor

Torpedo a c e t y l c h o l i n e  r ec e p to r  (270pmol ,  2 5 y l )  was 

s e r i a l l y  d i l u t e d  with T r i s - s a l i n e ,  pH 7 . 2 ,  in U-bottomed  

m i c r o t i t r e  p l a t e s .  Samples of  var ious  l e c t i n s  (40pg,  

25p l )  were pre incubated  with the  r e c e p to r  for  13 min at  

room temperature  a f t e r  which t ime a 2% ( v / v )  su sp en s io n

o f  human red blood c e l l s  ( 2 5 p l )  ( t y p e  0 or A) was added 

in PBS. The end p o i n t s  were determined,  by the s e t t l e d  

p a t t e r n  t ec hn iq u e ,  a f t e r  2h at room tempera ture .  

Co n t ro l s  were red blood c e l l s  only and s e r i a l  d i l u t i o n  o f
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T a b l e  3 . 1 1 . 1  B l o o d  G r o u p  U s e d  t o  T e s t  t h e  A c t i v i t y  o f  

V a r i o u s  L e c t i n s

BLOOD GROUP LECTI N

A L e n s  c u l i n a r i s

T r i t i c u m  v u l g a r i s  

S u c c i n y l a t e d  T . v u l g a r i s  

P i  sura s a t i v u m  

G l y c i n e  max

N e u r a m i n a d a s e
t r e a t e d  A A r a c h i s  h y p o g a e a

F I TC  l a b e l l e d  A . h y p o g a e a

0  C a n a v a l i a  e n s i f o r m i s  ( C o n  A)

L i m u l u s  p o l y p h e m u s  

L o t u s  t e t r a g o n o l o b u s  

HPO l a b e l l e d  L . t e t r a g o n o l o b u s  

U l e x  e u r o p e u s
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Table 3.11.2 Activity of Various Lectins to RBC

L EC TI N END POI NT -
( ^ i g / m l  x 1 0  )

L . c u l i n a r i s  7 . 8

T . v u l g a r i s  7 . 8

S u c c i n y l a t e d
T . v u l g a r i s  3 . 9

P . s a t i v u m  1 5 . 6

G . m a x  7 . 8

A . h y p o g a e a  > 0 . 9

F I T C  l a b e l l e d
A . h y p o g a e a  1 5 . 6

C . e n s i f o r m i s  ( C o n  A) 1 . 2

L . p o l y p h e m u s  > 5 0 0

L . t e t r a g o n o l o b u s  1 5 . 6

H P O - l a b e l l e d
L . t e t r a g o n o l o b u s  3 . 9

U . e u r o p e u s  6 2 . 5
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T r i t o n  X100  b u f f e r  (lOmM p o t a s s i u m  p h o s p h a t e /  pH 7 . 4 /  

0 . 1 %  T r i t o n  X 1 0 0 /  0 . 1 %  a z i d e )  i n  T r i s - s a l i n e /  pH 7 . 2  

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

3 . 1 2  PASSI VE HAEMAGGLUTINATION TEST

3 . 1 2 . 1  A t t a c h m e n t  o f  A c e t y l c h o l i n e  R e c e p t o r  t o  S h e e p  Re d  

B l o o d  C e l l s  (SRBC)

F r e s h  s h e e p  r e d  b l o o d  c e l l s  ( SRBC)  w e r e  c o a t e d  w i t h  

AChR b y  t h e  c h r o m i c  c h l o r i d e  p r o c e d u r e  o f  L i n g  ej t  al^ 

( 1 9 7 7 ) .  T h e  r e c e p t o r  w a s  d i a l y s e d  a g a i n s t  s a l i n e  ( 0 . 1 4 M  

N a C l )  f o r  2 4 h  p r i o r  t o  c o a t i n g .  0 . 5 m l  o f  a  10% ( v / v )  

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

b y  c e n t r i f u g a t i o n  ( 4 0 0  x q ,  5 m i n )  a n d  t h e  s u p e r n a t a n t  

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

a d d e d  0 . 3 0 m l  o f  AChR s o l u t i o n  ( 0 . 1 5 m g )  a n d /  w i t h  v o r t e x  

m i x i n g /  t h e  r e q u i r e d  a m o u n t  o f  0 . 1  m g / m l  a g e d  c h r o m i c  

c h l o r i d e  ( C r C l 2 - 6 H2 0 ) i n  s a l i n e  s o l u t i o n  ( 0 . 1 0  -  0 . 4 0 m l )  

w a s  a d d e d .  V o r t e x i n g  w a s  c o n t i n u e d  f o r  a  f u r t h e r  1 0  

s e c o n d s /  t h e n  s a l i n e  ( 2 m l )  w a s  l a y e r e d  o v e r  t h e  c e l l s  a n d  

t h e  p r e p a r a t i o n  l e f t  a t  4 ° C  o v e r n i g h t .  T h e  c e l l s  w e r e  

t h e n  w a s h e d  t h r e e  t i m e s  w i t h  H e p e s - b u f f e r e d  E a g l e s  m e d i u m  

( c o n t a i n i n g  1 0 (}juig/ml s t r e p t o m y c i n  a n d  1 0 0  u n i t s / m l  

p e n i c i l l i n )  a n d  f i n a l l y  s u s p e n d e d  a t  1% ( v / v )  i n  H - E a g l e  

c o n t a i n i n g /  5% ( v / v )  h e a t - i n a c t i v a t e d  f o e t a l  c a l f  s e r u m  

( F C S ) /  a n d  s t o r e d  a t  4 ° C .  R e d  c e l l s  c o a t e d  w i t h  b o v i n e  

h a e m o g l o b i n  ( Hb)  b y  t h e  a b o v e  p r o c e d u r e  w e r e  u s e d  a s
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c o n t r o l s .

3 . 1 2 . 2  P a s s i v e  h a e m a g g l u t i n a t i o n  a n d  c o m p l e m e n t  -  

m e d i a t e d  l y s i s  a s s a y s

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

0 . 0 5 m l  v o l u m e s  o f  H - E a g l e s - F C S  i n  m i c r o t i t r e  t r a y s .  

0 . 0 2 5 m l  o f  1% c o a t e d  c e l l s  w a s  a d d e d  a n d  t h e  e n d - p o i n t  

r e a d  b y  t h e  s e t t l e d  p a t t e r n  t e c h n i q u e  a f t e r  2 -  4 h  

i n c u b a t i o n  a t  2 0 ° C .

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

a g g l u t i n a t i o n  t e s t  w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  

p h o s p h a t e  b u f f e r e d  s a l i n e /  pH 7 . 3 /  c o n t a i n i n g  1% b o v i n e  

s e r u m  a l b u m i n  ( B S A / P B S )  w a s  u s e d  a s  t h e  d i l u e n t  a n d /  

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

g u i n e a  p i g  c o m p l e m e n t  ( d i l u t e d  1 : 4  i n  B S A / P B S )  w a s  a d d e d .

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

f o r  2 h  a t  3 7 ° C  a n d  t h e  e n d - p o i n t  ( l a s t  w e l l  s h o w i n g  

l y s i s )  w a s  r e c o r d e d .

3 . 1 2 . 3  c £ B u n g a r o t o x i n  b i n d i n g  t o  A C h R - c o a t e d  r e d  c e l l s

I n c r e a s i n g  a m o u n t s  o f  ^ ^ ^ I - e f B G T  ( 0 . 0 3 4  -  4 . 7 7  

p m o l e )  w e r e  a d d e d  t o  0 . 0 2 0 m l  a l i q u o t s  o f  a  1% ( v / v )

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

t o  0 . 2 m l  w i t h  H - E a g l e - F C S  a n d  t h e  m i x t u r e  i n c u b a t e d  f o r  

9 0 m i n s  a t  r o o m  t e m p e r a t u r e  w i t h  o c c a s i o n a l  m i x i n g .  T h e  

c e l l s  w e r e  t h e n  w a s h e d  t h r e e  t i m e s  ( 4 0 0  x g f 1 0  m i n )  w i t h
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H - E a g l e - F C S  m e d i u m  ( 0 . 5 m l )  a n d  b o u n d  r a d i o a c t i v i t y  w a s

c o u n t e d  i n  a n  LKB 1 2 8 0  U l t r a g a m m a  C o u n t e r .  S p e c i f i c

b i n d i n g  ( 7 0  -  80% o f  t o t a l )  w a s  d e f i n e d  a s  b i n d i n g  o f  

1 2 5 I-o^BGT t h a t  i s  d i s p l a c e a b l e  b y  63mM b e n z o q u i n o n i u m  

c h i o r i d e .
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4. RESULTS

4. 1 BUNGAROTOXIN STUDIES

Various s t u d i e s  were c a r r i e d  out on i o d i n a t e d  aBGT 

in order  to a s s e s s  the  accuracy o f  the  Toxin Binding  

Assay for the a c e t y l c h o l i n e  r e c e p t o r .  Compet i t ion  

s t u d i e s  were c a r r i e d  out to  v e r i f y  va l ue s  (ob ta ine d  by 

g e l  f i l t r a t i o n )  for  the c o n c e n t r a t i o n  o f  i o d i n a t e d  aBGT. 

The aBGT i o d i n a t e d  by the  s tandard Chloramine T method 

was compared with t o x i n  i o d i n a t e d  by o ther  methods.

4 . 1 . 1  P u r i f i c a t i o n  o f  the g-Toxin  from Bungarus  

m u l t i c i n c t u s  Venom

In order to  i n v e s t i g a t e  the  p u r i t y  of  commercial ly  

a v a i l a b l e  aBGT the a - t o x i n  was i s o l a t e d  from Bungarus 

m u l t i c i n c t u s  venom. F igure  4 . 1 . 1  shows the  e l u t i o n  

p r o f i l e  of  B . m u l t i c i n c t u s  venom on a column of  CM 

Sephadex.  Peak 2 from t h i s  column was rechromatographed  

on a column o f  CM c e l l u l o s e  ( F ig u r e  4 . 1 . 2 ) .

Peak 1 from the  CM Sephadex column i s  reported to  

be guan os in e ,  peaks 2 and 3 are  a - t o x i n s  and fur ther  

peaks 8 - t o x i n s  (Lee ^ t  j a l . ,  197 2 ) .  Rechromatography of  

peak 2 on CM c e l l u l o s e  r e s o l v e s  i t  i n t o  two peaks ,  both  

a - t y p e  n e u r o t o x i n s .  F ra c t io n  2 Z ( a - b u n g a r o t o x in ) i s  

rep or ted  to  be the  most po t e n t  and i s  f r ee  of  

a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  ( c o n c e n t r a t e d  in a narrow



FI GURE 4 . 1 . 1  C h r o m a t o g r a p h y  o f  B u n g a r u s  m u l t i c i n c t u s  

v e n o m  ( 5 0 m g )  o n  a C M - S e p h a d e x  c o l u m n  ( 2 . 0 c m  x 2 5 c m )  b y  

g r a d i e n t  e l u t i o n  w i t h  a mm o n i u m  a c e t a t e  b u f f e r  ( 3 4 0 m l )  o f  

0 . 0 5 M  (pH 5 . 0 )  -  0 . 5 M  (pH 7 . 0 )  ( g r a d i e n t  r e p r e s e n t e d  b y  

d o t t e d  l i n e ) .  E l u a t e s  o f  3ml  w e r e  c o l l e c t e d  w i t h  a  

f l o w - r a t e  o f  1 5 m l / h .

F I GURE 4 . 1 . 2  R e c h r o m a t o g r a p h y  o f  p e a k  2 ( f r o m  

C M - S e p h a d e x  c o l u m n ,  s e e  f i g u r e  4 . 1 . 1 )  o n  a  C M - c e l l u l o s e  

c o l u m n  ( 0 . 8 c m  x 1 4 c m )  b y  g r a d i e n t  e l u t i o n  w i t h  a mm o n i u m  

a c e t a t e  b u f f e r  ( 2 0 0 m l )  f r o m  0 . 0 5 M  ( pH 5 . 0 )  -  0 . 2 M  (pH 

7 . 0 )  ( g r a d i e n t  r e p r e s e n t e d  b y  d o t t e d  l i n e ) .  E l u a t e s  o f  

1 . 4 m l  w e r e  c o l l e c t e d  w i t h  a  f l o w - r a t e  o f  9 . 3 m l / h .
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peak around the s t a r t i n g  point  of  f r a c t i o n  2i (Lee e t  

a l . , 1972 ) .  Frac t ion  22 was l y o p h i l i s e d  and used in 

f u r t h e r  s t u d i e s .  I t  compri ses  approximate ly  25% (w/w) of  

t he  i n i t i a l  p r o t e i n .

4 . 1 . 2  P ur i ty  Check of  Commercial a-Bungarotoxin

Ion-exchange  chromatography of  commercial  

a - bung ar o to x in  was c a r r i e d  out on CM C e l l u l o s e .  The 

e l u t i o n  p r o f i l e  of  the aBGT from the CM c e l l u l o s e  column 

i s  shown in Figure  4 . 1 . 3 .  This Figure  shows two pro te in  

peaks .  The major one conta ined  85% o f  the pr o t e i n  and i t  

showed a - t o x i n .  The r e p u r i f i e d  aBGT was su bj ec t ed  to  

f urt her ,  i n v e s t i g a t i o n s ,  s e e  s e c t i o n s  4 . 1 . 5  and 4 . 1 . 6 .

4 . 1 . 3  Comparison of  Methods of  I o d i n a t i o n  of  

g - B u n g a r o t o x i n : Comparison of  Methods

Commercial a-BGT was i o d i n a t e d  by the Chloramine T 

method (Hunter,  1978 ) .  I t  was a l s o  i o d i n a t e d  by the  

o x i d a t i v e  i o d i n e  monochloride (IC1) method (Vogel  e t  

a l . , 1 9 7 2 )  and by a m o d i f i c a t i o n  o f  the IC1 method (Doran 

and Spar,  1980) in order to  compare methods.  S p e c i f i c  

a c t i v i t i e s  of  the  125i  -  aBGT prepar a t io ns  are shown in 

Table 4 . 1 . 1 .  The percentage  in c o rp o ra t i o n  o f  125I i n t o  

aBGT and s p e c i f i c  a c t i v i t y  o f  the  p re pa ra t io n s  us ing  the  

a l t e r n a t i v e  methods of  i o d i n a t i o n  was always lower than 

when the  Chloramine T method was used .  There was no
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Figure 4.1.3 Chromatography of commercial oiBGT (lOmg) on CM-cellulose column 

(0.8cm x 15cm) by gradient elution with ammonium acetate buffer, from 0.05M, pH 5.0 to 

0.5M, pH 7.0 (80 ml total). Eluates of 1ml were collected with a flow-rate of lOml/h.
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T a b l e  4 . 1 . 1 S p e c i f i c  A c t i v i t i e s  a n d  P e r c e n t a g e

I n c o r p o r a t i o n - 1 2 5 t . . o f  I  i n  V a r i o u s P r e p a r a t i o n s  o f

/ ^ B u n q a r o  t o x i n

METHOD OF S P E C I F I C PERCENTAGE

I ODI NATI ON ACTI VI TY INCORPORATION

( C i / m M o l ) -  1 2 5  o f  I

C h l o r a m i n e  T^ 7 6 3  + 3 4 8 1 . 2  + 5 ( 8 )

2O x i d a t i v e  I C1 2 3 4 29  ( 2 )

M o d i f i e d  I C 1 2 2 4 3  + 82 2 3  + 0 . 3  ( 4 )

^ H u n t e r /  1 9 7 8

2 V o g e l  e t  a l . , 1 9 7 2
3

D o r a n  a n d  S p a r ,  1 9 8 0  

+ S t a n d a r d  e r r o r  o f  t h e  m e a n

F i g u r e s  i n  b r a c k e t s  r e p r e s e n t  n u m b e r  o f  e x p e r i m e n t s
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a p p r e c ia b l e  d i f f e r e n c e  between the  va lue s  obtained by the  

IC1 and modi f i ed  IC1 methods.

4 . 1 . 4  F r a c t i o n a t i o n  of  I o d i n a t e d  g -Bungarotoxin

Commercial  aBGT i o d i n a t e d  by the O x id a t ive  IC1 

method was f r a c t i o n a t e d  on CM Sephadex ( s e e  Figure  

4 . 1 . 4 ) .

The recovery  of  r a d i o a c t i v i t y  from the column 

var i ed  between 74% and 81% over 3 p r e p a r a t i o n s .  A peak 

of  r a d i o a c t i v i t y ,  o f  between 10 and 34% o f  the t o t a l ,  was 

always pr ese n t  in the  column wash pr i or  to  s a l t  e l u t i o n .

The c o n c e n t r a t i o n  o f  aBGT in the i o d i n a t e d  

p r e p a r a t i o n s  was determined as de sc r i b ed  in methods  

3 . 1 . 1 2 .  20% o f  the  r a d i o a c t i v i t y  a p p l i e d  to  the column

was recovered  as the monoiodinated d e r i v a t i v e .

4 . 1 . 3  B i o l o g i c a l  A c t i v i t y  o f  R a d i o l a b e l l e d  

g -Bungarotox in  and S p e c i f i c  Binding to  AChR

The to x in  binding  a c t i v i t y  o f  var ious  p re pa ra t io n s  

of  i o d i n a t e d  aBGT was i n v e s t i g a t e d  by i n c ub a t in g  a 1000 

f o l d  molar e x c e s s  of  Torpedo a c e t y l c h o l i n e  r ec ep to r  with  

the  t ox in  for  60 min. The pe rcentage  o f  i o d i n a t e d  aBGT 

bound by the  AChR was c a l c u l a t e d .  Es t i m a t i o n s  of  the  

b i o l o g i c a l  a c t i v i t y  o f  f r a c t i o n a t e d  and u n f r a c t i o n a t e d  

t o x i n  are shown in Table 4 . 1 . 2 .  While the b i o l o g i c a l  

a c t i v i t y  o f  aBGT i o d i n a t e d  by any method was extremely
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Figure 4.1.4 Chromatography of iodinated /BGT on CM-Sephadex (C50, 1cm x 3cm) by 

gradient elution with lOmM potassium phosphate buffer,pH7.4, containing 0- 80mM NaCl (100ml). 

Fractions of 1ml were collected with a flow-rate of 15ml/h. Samples (10^.1) of each fraction 

were counted for radioactivity. 1. Free [,a5l]. 2. [ ,15IA ] - otBGT. 3. [ ,a5I]-oCBGT.
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T a b l e  4 . 1 . 2  B i o l o g i c a l  A c t i v i t y  o f  R a d i o l a b e l l e d  

Q ^ - B u n q a r o t o x i n

RADIOLABELLED S P E C I E S BIOLOGICAL
(%)

ACTI VI TY

U n f r a c t i o n a t e d  ^ 5 ^  o£BGT 3 0  -  7 5 ( 1 7 ) 3

4 2  -  6 6 ( 4 ) b

1 3  -  3 4 ( 3 ) C

M o n o i o d i n a t e d  ofBGT 5 2  -  6 5 ( 2 ) b

D i i o d i n a t e d  (XbGT 5 9  -  8 6 ( 2 ) b

M e t h o d  o f  i o d i n a t i o n

a )  C h l o r a m i n e  T

b )  O x i d a t i v e  I C1  m e t h o d  ( V o g e l  e t  a l . , 1 9 7 2 )

c )  M o d i f i e d  ICL m e t h o d  ( D o r a n  a n d  S p a r ,  1 9 8 0 )  

F i g u r e  i n  b r a c k e t s  i n d i c a t e s  n u m b e r  o f  e x p e r i m e n t s .
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v a r i a b l e ,  i o d i n a t i o n  by the  mod i f i ed  IC1 method always  

produced aBGT p r e p a r a t i o n s  with low b i o l o g i c a l  

a c t i v i t i e s .  Es t i m at io n  of  the  b i o l o g i c a l  a c t i v i t y  of  

a-BGT from venom and r e p u r i f i e d  from commercial  a-BGT 

( i o d i n a t e d  by the  Chloramine T method) gave va lues  in the  

range of  35 -  75%. These v a l u e s  were not s i g n i f i c a n t l y  

d i f f e r e n t  from th o s e  o f  the commercial  aBGT.

S p e c i f i c  b ind ing  o f  i o d i n a t e d  pr epara t ions  

( u n f r a c t i o n a t e d  and f r a c t i o n a t e d )  to Torpedo AChR was 

determined as d e s c r i b e d  in 3 . 1 . 6 ( i ) .  R e su l t s  are shown 

in  Table 4 . 1 . 3 .  There was no a pp r e c ia b l e  d i f f e r e n c e  

between the s p e c i f i c  b ind ing  of  f r a c t i o n a t e d  and 

u n f r a c t i o n a t e d  aBGT to  Torpedo AChR.

4 . 1 . 6  Immunological  A c t i v i t y  o f  Iod in a te d  g-Bungarotoxin

The propor t ion  o f  r a d i o l a b e l l e d  r e p u r i f i e d  

commercial  aBGT p r e c i p i t a t e d  by a n t i - ( a - b u n g a r o t o x i n ) 

a n t i b o d i e s  was i n v e s t i g a t e d  by radioimmunoassay.  The 

immunological  a c t i v i t y  o f  commercial  t ox i n  and tox in  

p u r i f i e d  from venom was found to  be approximate ly  63% and 

68% r e s p e c t i v e l y .  P r e in c u b a t i o n  o f  a n t i s e r a  with e i t h e r  

u n l a b e l l e d  r e p u r i f i e d  or commercial  aBGT or s u b s t i t u t i o n  

of  the  immune serum wi th  normal r a b b i t  serum reduced the  

r a d i o a c t i v i t y  to  l e s s  than 5% o f  the t o t a l  amount added.
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T a b l e  4 . 1 . 3  S p e c i f i c  B i n d i n g  o f  V a r i o u s  A c e t y l c h o l i n e  

R e c e p t o r  P r e p a r a t i o n s  t o  M o n o i o d i n a t e d  a n d  U n f r a c t i o n a t e d

CL B u n g a r o t o x i  n

UNFRACTIONATED MONOIODINATED

1 7 3 3  + 1 6 7 2 0 9 8  + 1 2 8

7 0 4 9  + 2 0 9 7 4 7 9  + 6 0 3

1 0 1 8 6  + 4 5 1 1 0 8 2 1  + 5 0 4

5 5 7 2 *  + 3 8 0 6 4 1 0 *  + 4 4 1

B i n d i n g  i s  e x p r e s s e d  a s  p m o l  AChR b o u n d  p e r  ml  o f  
r e c e p t o r  p r e p a r a t i o n

* S e p a r a t e  t o x i n  p r e p a r a t i o n

+ S t a n d a r d  e r r o r  o f  m e a n
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4 . 1 . 7  Es t im at ion  of  the  Conce ntra t ion  of  Iod inated  

g-Bungaro tox in  P r e p a r a t i o n s :  Comparison of  Methods

The binding  o f  i o d i n a t e d  commercial  aBGT to  

i n c r e a s i n g  q u a n t i t i e s  o f  Torpedo r ec ep to r  was p l o t t e d  for  

var ious  q u a n t i t i e s  of  u n l a b e l l e d  t o x i n  added.  The s l op es  

so de r iv ed  were p l o t t e d  a g a i n s t  the  c on cen tra t i on  of  

u n l a b e l l e d  t o x i n  ( s e e  F igure  4 . 1 . 5 ) .  Values for the  

c o n c e n t r a t i o n s  o f  i o d i n a t e d  a -bungarotox in  were obtained  

from t h e s e  s l o p e s  by l i n e a r  r e g r e s s i o n .  Table 4 . 1 . 4  

compares t h e s e  r e s u l t s  wi th  t h o s e  obtained by the ge l  

f i l t r a t i o n  method o f  q u a n t i t a t i o n .  The two s e t s  of  

va l u e s  are not  s i g n i f i c a n t l y  d i f f e r e n t .

4 . 1 . 8  pH Optimum for  g -Bungaro tox in  Binding to  AChR

This i n v e s t i g a t i o n  was c a r r i e d  out in order to  

d i s c o v e r  the s e n s i t v i t y  o f  the  t ox in  binding assay to  

changes  in pH. The a s say  was c a r r i e d  out as de scr ibed  in 

s e c t i o n  3 . 1 . 6 .  The pH o f  the  t o x i n  b inding  assay buf f er  

was ad j us t ed  to  g i v e  v a l u e s  in the  range of  6 . 0  - 7 . 8  at  

i n t e r v a l s  of  0 . 2 .  Changes in pH wi th in  the range s tud ied  

had no e f f e c t  on tox in  b ind ing  to  Torpedo a c e t y l c h o l i n e  

r e c e p t o r .



F i g u r e  4 . 1 . 5  T h e  q u a n t i t a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  

d. - b u n g a r o t o x i n , p u r i f i e d  f r o m  v e n o m /  i n  a  r a d i o l a b e l l e d  

p r e p a r a t i o n .

a )  T h e  b i n d i n g  o f  i o d i n a t e d  ( u n f r a c t i o n a t e d )  t o x i n  

p u r i f i e d  f r o m  v e n o m  t o  i n c r e a s i n g  q u a n t i t i e s  o f  T o r p e d o  

AChR i n  t h e  p r e s e n c e  o f  v a r i o u s  q u a n t i t i e s  o f  u n l a b e l l e d  

t o x i n .  (o)  0 p m o l e s ,  ( • )  2 p m o l e s ,  (A) 4 p m o l e s ,  ( A)  8 

p m o l e s .

b )  S l o p e s  d e r i v e d  f r o m  ( a )  p l o t t e d  a g a i n s t  t h e  

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

a b c i s s a  g i v e s  t h e  q u a n t i t y  o f  o i - b u n g a r o t o x i n  p r e s e n t  i n  

5 p l  o f  t h e  r a d i o l a b e l l e d  t o x i n .

A v a l u e  o f  0 . 7 0  pmol / / - < l  w a s  o b t a i n e d  b y  l i n e a r  r e g r e s s i o n  

a n a l y s i s .
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T a b l e  4 . 1 . 4 C o n c e n t r a t i o n  o f  R a d i o l a b e l l e d

cL B u n g  a  r o t  o x  i  n i n  V a r i o u s  P r e p a r a t i o n s : C o m p a r i s o n  o f

M e t h o d s  o f  E s t i m a t i o n

1 2 5
I  a - T O X I N METHOD OF CALCULATION

PREPARATION
FROM GEL 
FI LTRATI ON*  
( p m o l / y U l )

FROM COMPETITION
STUDI ES
( p m o l / / * l )

M o n o i o d i  n a t e d  
{CL BGT p u r i f i e d  

f r o m  v e n o m ) 0 . 2 0 0 . 2 9

U n f r a c t  i o n a t e d  
{CL BGT p u r i f i e d  

f r o m  v e n o m ) 0 . 7 5 0 . 7 0

U n f r a c t  i o n a t e d  
( c omme  r c i  a l  

fl tBGT) 0 . 6 0 0 . 5 5

1 2 5  1 2  5* F o l l o w i n g  s e p a r a t i o n  o f  f r e e  I  f r o m  I-QfBGT o n  

S e p h a d e x  G25  t h e  c o n c e n t r a t i o n  o f  r a d i o l a b e l l e d  t o x i n  i n  

f r a c t i o n s  w a s  c a l c u l a t e d  a s  d e s c r i b e d  i n  s e c t i o n  3 . 1 . 3 .
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4 . 2  P U R I F I C A T I O N  OF N a j a  n a j a  s i a m e n s i s  p^ -TOXIN ( p ^ - n a j a

TOXIN)

T h e  o ^ - t o x i n  f r o m  N a j a  n a j a  s i a m e n s i s  v e n o m  w a s

p u r i f i e d  t o  p r o v i d e  a n  a f f i n i t y  l i g a n d  f o r  t h e

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

e l e c t r i c  o r g a n s .  T h e  o ( - n a j a  t o x i n  w a s  f r a c t i o n a t e d  b y  

i o n - e x c h a n g e  c h r o m a t o g r a p h y  o n  P h o s p h o c e l l u l o s e . F i g u r e

4 . 2 . 1  s h o w s  t h e  e l u t i o n  p r o f i l e  o f  N a j a  n a j a  s i a m e n s i s  

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

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

b i n d i n g  o f  i o d i n a t e d  - b u n g a r o t o x i n  t o  T o r p e d o  AChR.  

P e a k  2 h a d  t h e  g r e a t e s t  i n h i b i t i o n  a c t i v i t y .  R e c o v e r i e s  

f r o m  t h e  p e a k s  a r e  s h o w n  b e l o w .

P e a k  1 5 0 . 3 m g  5% o f  o r i g i n a l  p r o t e i n

P e a k  2 1 0 3 . 8mg 10% o f  o r i g i n a l  p r o t e i n

T h e  I C ^ o  v a l u e s  o f  b o t h  p e a k s  w e r e  m e a s u r e d  b y  a d d i n g  

i n c r e a s i n g  a m o u n t s  o f  t h e  t o x i n  t o  f i x e d  a m o u n t s  o f  AChR 

a n d  i o d i n a t e d  o^BGT a n d  m e a s u r i n g  t h e  i n h i b i t i o n  o f  

b i n d i n g .  E x a m p l e s  o f  t h e  r e s u l t s  a r e  s h o w n  i n  F i g u r e s

4 . 2 . 2  a  a n d  b .  T h e  I C 5 Q o f  p e a k s  1 a n d  2 w e r e  5 . 4  x

- 4  - 7
1 0  M a n d  9 . 8  x 1 0  M r e s p e c t i v e l y .  T h e  - t o x i n ,  p e a k  2 ,

w a s  l y o p h i l i s e d  a n d  c o u p l e d  t o  S e p h a r o s e  4 B .



F i g u r e  4 . 2 . 2  D e t e r m i n a t i o n  o f  t h e  * C5 q p u r i f i e d  

d C - N a j a  t o x i n

a )  P e r c e n t a g e  i n h i b i t i o n  o f  oCBGT b i n d i n g  t o  AChR.

I n c r e a s i n g  a m o u n t s  o f  t h e  oC-N a j a  t o x i n  w e r e  c o i n c u b a t e d  

w i t h  a  f i x e d  a m o u n t  o f  AChR a n d  i o d i n a t e d  <£BGT a n d  t h e  

a s s a y  p e r f o r m e d  a s  d e s c r i b e d  i n  m e t h o d s  3 . 1 . 6 ( 1 ) .

P e r c e n t a g e  i n h i b i t i o n  o f  ofBGT b i n d i n g  t o  AChR w a s  p l o t t e d  

a g a i n s t  t h e  c o n c e n t r a t i o n  o f  cC-N a j a  t o x i n  a d d e d .

b )  I n  P e r c e n t a g e  t o x i n  b o u n d .  T h e  n a t u r a l  l o g  o f  t h e  

p e r c e n t a g e  o f  c£ - N a j a  b o u n d  w a s  p l o t t e d  a g a i n s t  t h e  

c o n c e n t r a t i o n  o f  dC- N a  j a  a d d e d .  T h e  i n t e r c e p t  o n  t h e

h o r i z a n t a l  a x i s  g i v e s  t h e  o f  t h e  t o x i n .

_ 7
A v a l u e  o f  9 . 8  x 1 0  w a s  o b t a i n e d  b y  l i n e a r  r e g r e s s i o n .



Toxin 
concentration 

(M)

In Percentage toxin bound Percentage Inhibition of toxin binding to AChR (%)

oo oo

-131-



-132-

4 .3  PURIFICATION OF TORPEDO ACETYLCHOLINE RECEPTOR

4 . 3 . 1  P u r i f i c a t i o n  o f  Torpedo A c e t y l c h o l i n e  Receptor  on 

an g-Toxin A f f i n i t y  Column

Torpedo AChR was e s s e n t i a l l y  p u r i f i e d  by d e t e r g e n t  

e x t r a c t i o n  and a f f i n i t y  chromatography as d e sc r i b ed  by 

Lindstrom ( 1 9 7 6 ) .  The s p e c i f i c  a c t i v i t y  o f  the r ec ep to r  

p r e p a r a t i o n s  was in the range 0 . 6  -  6 . 1 ,  mean = 3 .0  

pmol/pg (n = 8 ) .  M o d i f i c a t i o n s  o f  the  g e n e ra l  method o f  

p u r i f i c a t i o n  were c a r r i e d  out in order to  e f f e c t  an 

improvement in the y i e l d s  and s p e c i f i c  a c t i v i t y  o f  

r e c e p to r  p r e p a r a t i o n s .  R e s u l t s  can be seen in Table

4 . 3 . 1 .  E l u t i o n  o f  the rec ep to r  from the a f f i n i t y  g e l  

us ing  benzoquinonium c h l o r i d e  (lOmM, s e e  s e c t i o n  3 . 3 . 2 )  

produced re c ep to r  p re pa ra t io n s  with s p e c i f i c  a c t i v i t i e s  

in the range of  1 . 0  -  1 0 . 7 ,  mean = 3 . 5  (n = 6 ) .  The

s p e c i f i c  a c t i v i t y  o f  r e c ep tor  p r e p a r a t i o n s  was not  

g e n e r a l l y  improved by the use  of  2% Tr i ton  X100 for  

s o l u b i l i s a t i o n .  S p e c i f i c  a c t i v i t i e s  ( f o r  r ec ep t or  

s o l u b i l i s e d  with 2% Tr i ton  X100) were 1 .9  -  5 . 6  (mean = 

3 . 3 ,  n = 10) and 1 .7  -  7 . 4  (mean = 3 . 5 ,  n = 16) for

r e c e p to r  e l u t e d  from the a f f i n i t y  column by us ing  

carbach o l  and benzoquinonium c h l o r i d e  r e s p e c t i v e l y .

E l u t i o n  of  the  r ec ep t or  from the a f f i n i t y  g e l  by us ing  

carbacho l  always r e s u l t e d  in h i gher  y i e l d s  o f  p r o te i n  and 

t ox in  binding  a c t i v i t y .  The s p e c i f i c  a c t i v i t y  was

app arent ly  u n a f f e c t e d  by the o v e r a l l  t ime of



)

T a b l e  4 . 3 . 1  S p e c i f i c  A c t i v i t i e s  o f  T o r p e d o  A c e t y l c h o l i n e  R e c e p t o r  P r e p a r a t i o n s

METHOD OF PROTEI N TOXIN BINDING S P E C I F I C  P R O T E I N / l O O g  B I N D I N G / l O O g  ‘ TOTAL PROTEI N n
P U R I F I C A T I O N  U g / m l ) ( p r a o l / m l )  ACTIVITY ORIGINAL ORIGINAL ( mg )

( p m o l / u g )  T I S S U E  T I S S U E
( ^ x g / 1 0 0 g )  ( p m o l / l O O g )

1 1 5 3 1 4 1 4 6 3 . 0 4 . 7 1 4 7 5 1 1 2 . 8 8
( 8 8 0 ) ( 1 2 2 0 ) ( 0 . 6 ) ( 1 . 6 ) ( 5 3 4 5 ) ( 3 . 1 )

2 1 0 0 9 3 6 1 2 3 . 5 1 . 6 1 2 5 4 7 3 . 6 6
( 2 1 9 ) ( 7 0 0 ) ( 0 . 8 ) ( 0 . 9 ) ( 1 6 9 4 ) ( 0 . 9 )

3 2 1 7 4 6 2 8 9 3 . 3 9 . 8 3 4 3 6 7 2 3 . 7 1 0
( 8 5 3 ) ( 1 9 8 6 ) ( 0 . 3 ) ( 2 . 9 ) ( 3 3 8 ) ( 6 . 4 )

4 1 0 7 3 3 4 4 2 3 . 5 3 . 6 1 2 0 6 1 1 1 . 4 1 6
( 1 9 8 ) ( 7 3 5 ) ( 0 . 4 ) ( 0 . 6 ) ( 1 9 9 7 ) ( 1 . 8 )

5 2 6 3 5 3 6 1 . 9 0 . 7 1 3 3 5 2 . 2 3
( 6 0 ) ( 1 9 4 ) ( 0 . 3 ) ( 0 . 1 ) ( 2 3 0 0 ) ( 0 . 4 )



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

B a s i c  m e t h o d  o f  p u r i f i c a t i o n /  e s s e n t i a l l y  a s  d e s c r i b e d  b y  L i n d s t r o m  ( 1 9 7 6 ) .

B a s i c  m e t h o d  u s i n g  b e n z o q u i n o n i u m  f o r  e l u t i o n  o f  t h e  AChR f r o m  a f f i n i t y  c o l u m n .  

B a s i c  m e t h o d  u s i n g  2% T r i t o n  X 1 0 0  f o r  s o l u b i l i s a t i o n  o f  t h e  r e c e p t o r .

As ( 3 )  u s i n g  b e n z o q u i n o n i u m  c h l o r i d e  f o r  e l u t i o n .

P u r i f i c a t i o n  u s i n g  a n t i - ( T o r p e d o  AChR) a n t i b o d y  a f f i n i t y  c o l u m n ,  m o d i f i e d  m e t h o d  

L e n n o n  e t  a l . ,  1 9 8 0 .
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p u r i f i c a t i o n .

P e r c e n t a g e  r e c o v e r i e s  o f  a c e t y l c h o l i n e  r e c e p t o r  

f r o m  t h e  c r u d e  T r i t o n  e x t r a c t  w e r e  i n  t h e  r e g i o n  o f  

1 0  -  70% f o r  a l l  t h e  p r e p a r a t i o n s .  P e r c e n t a g e  r e c o v e r i e s  

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

e l u t e  t h e  r e c e p t o r  f r o m  t h e  a f f i n i t y  c o l u m n .  O v e r a l l  

y i e l d s  o f  p r o t e i n  w e r e  g r e a t e s t  w h e n  2% T r i t o n  X 1 0 0  w a s  

u s e d  f o r  s o l u b i l i s a t i o n .  S i m i l a r l y /  e l u t i o n  o f  t h e  AChR 

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

h i g h e r  y i e l d s  t h a n  w h e n  b e n z o q u i n o n i u m  c h l o r i d e  w a s  u s e d .

H o w e v e r /  t h e  u s e  o f  b e n z o q u i n o n i u m  c h l o r i d e  i n c r e a s e d  

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

4 . 3 . 2  P u r i f i c a t i o n  o f  T o r p e d o  A c e t y l c h o l i n e  R e c e p t o r  o n  

a n  A n t  i —( T o r p e d o  AChR)  M o n o c l o n a l  A n t i b o d y  A f f i n i t y  

C o l u m n

AChR w a s  p u r i f i e d  e s s e n t i a l l y  a s  d e s c r i b e d  i n  

m e t h o d  3 . 3 . 3  w i t h  t h e  e x c e p t i o n  t h a t  t h e  r e c e p t o r  w a s  

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

c o l u m n  o f  a n t i - ( T o r p e d o  AChR)  m o n o c l o n a l  a n t i b o d i e s .  

R e c e p t o r  p u r i f i e d  b y  t h i s  m e t h o d  g a v e  a  m u c h  l o w e r  y i e l d  

a n d  s p e c i f i c  a c t i v i t y  t h a n  w i t h  t h e  c o n v e n t i o n a l  p £ - N a j a  

t o x i n  a f f i n i t y  c o l u m n .  T h e  s p e c i f i c  a c t i v i t y  o f  t h e  

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

a p p r o x i m a t e l y  18% o f  t h e  b e s t  v a l u e  o b t a i n e d  b y  t h e  

c o n v e n t i o n a l  m e t h o d .  Y i e l d s  o f  r e c e p t o r  f r o m  t h e  T r i t o n  

e x t r a c t  w e r e  i n  t h e  r a n g e  o f  6 -  11% a n d  w e r e
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i n s u f f i c i e n t  to  a l low for s t u d i e s  on the carbohydrate  

nature  to be c a r r i e d  out .  There fore ,  the AChR was 

r o u t i n e l y  p u r i f i e d  by a - t o x i n  a f f i n i t y ,  chromatography.

A summary of  the  r e s u l t s  of  p u r i f i c a t i o n  of  

a c e t y l c h o l i n e  rec ep to r  by a f f i n i t y  chromatography on the  

monoclonal  ant ibody a f f i n i t y  column i s  shown in Table

4 . 3 . 1 .

4 . 3 . 3  E f f e c t  o f  Gel F i l t r a t i o n  on the  Torpedo AChR

Further p u r i f i c a t i o n  o f  Torpedo a c e t y l c h o l i n e  

r e c e p t o r ,  a f t e r  i on-exchange  chromatography,  was 

attempted by s u b j e c t i n g  p u r i f i e d  AChR (c o n ce nt r a t ed  on a 

Minicon c o n c e n t r a t o r )  t o  g e l  f i l t r a t i o n  on a column of  

U l t r a g e l  ACA 34 or Sephacryl  S200.  F ra c t io n s  from the  

columns were assayed for tox in  binding a c t i v i t y  and 

pr o t e i n  co nt en t  (Lowry).  The pr o t e i n  peak corresponding  

to  the  AChR was pool ed and a ssayed  as b e f o r e .  The mean 

s p e c i f i c  a c t i v i t y  o f  seven AChR pr epa ra t ions  was 3 . 0  

(S.E.M = 0 . 0 8 ) .  Af t er  g e l  f i l t r a t i o n ,  t h i s  va lue  was 

in c r e a se d  to  5 .0  (S.E.M = 0 . 3 7 ) .  In some i n s t a n c e s  the  

s p e c i f i c  a c t i v i t y  o f  AChR p r e p a r a t i o n s  was i n c re a se d  by 

approximately  100% f o l l o w i n g  g e l  f i l t r a t i o n .

An example of  the e l u t i o n  p r o f i l e  of  the rec ep to r  

on Sephacry l  S200 i s  shown in F igure  4 . 3 . 1  in which a 

smal l  but d i s c r e t e  p r o t e i n  peak,  s e pa r a te  from the AChR 

peak,  i s  e v i d e n t .  This corre sponds  to low molecular  

weight  p r o t e i n s  p o s s i b l y  r e s u l t i n g  from p r o t e o l y s i s  o f



0.5 _

0.4.

OD
0.3.

0.2

0.1

80604020

.8.0

. 6.0

4.0

2.0

coo
X

Ea
o

Elution volume (ml)
F i g u r e  4 . 3 . 1  C h r o m a t o g r a p h y  o t  AChR ( 1 . 5  -  2 . 5  mg;  o n  S e p h a c r y l  S 2 0 0  ( s u p e r f i n e ;

c o l u m n  ( 1 . 5 c m  x 3 0 c m ) .  The  c o l u m n  w a s  e l u t e d  w i t h  p o t a s s i u m  p h o s p h a t e  b u f f e r /  lOmM, pH 7 . 4

c o n t a i n i n g  0 .  3M N a C l . F r a c t i o n s  o f  1ml  w e . e  c o l l e c t e d  w i t h  a  f l o w - r a t e  o f  6 0 m l / h .

( • )  P r o t e i n  ( 2 8 0 n m ) /  ( -  -  - )  p r o t e i n  ( L o w r y  e t  a l /  1 9 5 1 ) /  ( o )  t o x i n  b i n d i n g  a c t i v i t y .

u>
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AChR.  T h i s  e x t r a  p r o t e i n  p e a k  c o n s t i t u t e d  ( i n  o n e  

i n s t a n c e )  a p p r o x i m a t e l y  18% o f  t h e  t o t a l  p r o t e i n  a p p l i e d  

t o  t h e  c o l u m n .

T h e  e l u t i o n  p r o f i l e  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r /

a s  m e a s u r e d  a t  2 8 0 n m /  s h o w s  a  b r o a d  p e a k  a r o u n d  t h e  a r e a

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

i s  a  r e s u l t  o f  n o n b o u n d  T r i t o n  X 1 0 0  w h i c h  a l s o  a b s o r b s  

l i g h t  a t  t h i s  w a v e l e n g t h .

4 . 4  CHEMICAL ANALYSIS OF AChR CARBOHYDRATE MOIETY

A l l  AChR p r e p a r a t i o n s  w e r e  s u b j e c t e d  t o  g e l

f i l t r a t i o n  o n  U l t r a g e l  ACA 3 4  o r  S e p h a c r y l  S 2 0 0  b e f o r e

a n y  c a r b o h y d r a t e  a n a l y s i s  w a s  c a r r i e d  o u t .  F o l l o w i n g  

c h r o m a t o g r a p h y  t h e  p u r i t y  o f  p r e p a r a t i o n  w e r e  c h e c k e d  b y  

SDS PAGE.

4 . 4 . 1  S i a l i c  A c i d  C o n t e n t  o f  I n t a c t  T o r p e d o  AChR

I t  h a s  b e e n  r e p o r t e d  t h a t  T o r p e d o  AChR c o n t a i n s  

t e r m i n a l  s i a l i c  a c i d  r e s i d u e s .  I n  o r d e r  t o  c o n f i r m  t h i s  

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

R e s u l t s  f r o m  t h e  t h i o b a r b i t u r i c  a c i d  a s s a y s  a r e  

p r e s e n t e d  i n  T a b l e  4 . 4 . 1 .  T h e  m e a n  m o l e / m o l e  r a t i o  o f  

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

t h e  r e c e p t o r  t o  b e  2 5 0 / 0 0 0 )  f o r  u n t r e a t e d  AChR i s  1 . 0 3  

( 0 . 1 3 %  s i a l i c  a c i d ) .



Table 4.4.1 Sialic Acid Content of the AChR and the Effect of Neuraminidase Treatment

AChR
PREPARATION

MOLAR RATIO 
( N e u N A c / A C h R )

PERCENTAGE 
NeuNAc i n  AChR

N e u N A c / m g
PROTEIN(ywjg/mg)

REDUCTION 
i n  NeuNAc  (%)

b e f o r e  a f t e r b e f o r e a f t e r b e f o r e  a f t e r

1 0 . 9 0  N.D 0 . 1 1 N.D 1 . 1 4  N. D 1 0 0

2 0 . 5 8  0 . 2 7 0 . 0 7 0 . 0 3 0 . 7 1  0 . 3 3 5 3 . 5

3 1 . 7 1 0 . 2 1 - 2 . 1 2 -

4 0 . 9 1 0 . 1 4 - 1 . 3 6 -

5 0 . 8 4  0 . 4 6 0 . 1 0 0 . 0 4 1 . 0 5  0 . 6 9 4 5 . 3

N . D .  N o t  d e t e c t e d .
-  A s s a y  n o t  p e r f o r m e d .
b e f o r e / a f t e r  -  b e f o r e / a f t e r  n e u r a m i n i d a s e  t r e a t m e n t
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4 . 4 . 2  E f f e c t  o f  N e u r a m i n i d a s e  T r e a t m e n t  o n  t h e  S i a l i c  

A c i d  C o n t e n t  o f  t h e  A c e t y l c h o l i n e  R e c e p t o r

S i a l i c  a c i d  w a s  r e m o v e d  f r o m  AChR b y  i n c u b a t i o n  

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

i n t a c t  T o r p e d o  r e c e p t o r  b y  g e l  f i l t r a t i o n  o n  S e p h a d e x  

G 2 5 .  F r a c t i o n s  w e r e  a s s a y e d  f o r  p r o t e i n ,  s i a l i c  a c i d  a n d  

h e x o s e ,  s e e  F i g u r e  4 . 4 . 1 .  T h e  e l u t i o n  p r o f i l e  o f  t h e  

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

o n l y  t h e  s i a l i c  a c i d  w a s  c l e a v e d  f r o m  t h e  AChR.  H e x o s e  

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

5 0  -  100% o f  t h e  s i a l i c  a c i d  w a s  r e m o v e d  b y

n e u r a m i n i d a s e  t r e a t m e n t .  R e s u l t s  o f  t h e  s i a l i c  a c i d  

a s s a y s  a r e  s h o w n  i n  T a b l e  4 . 4 . 1 .

4 . 4 . 3  H e x o s e  a n d  H e x o s a m i n e  C o n t e n t  o f  T o r p e d o  AChR

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

AChR b y  a c i d  h y d r o l y s i s .  T h e s e  w e r e  t h e n  c h e m i c a l l y  

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

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

S t a n d a r d  m i x t u r e s  o f  s u g a r s  w e r e  s i m i l a r l y  t r e a t e d  a n d  

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

r e c e p t o r .  T h e  c h r o m a t o g r a p h i c  t r a c e  o b t a i n e d  f r o m  

i n j e c t i o n s  o f  t h e  s t a n d a r d  s u g a r s  o n t o  t h e  c o l u m n  o f  OV 

2 2 5  i s  s h o w n  i n  F i g u r e  4 . 4 . 2 .

S o me  s a m p l e s  o f  p u r i f i e d  AChR,  w h e n  d e r i v a t i s e d ,  

p r o d u c e d  a  v a r y i n g  n u m b e r  o f  p e a k s  o n  t h e  OV 2 2 5  c o l u m n .  

O n l y  s o m e  o f  t h e s e  p e a k s  c o u l d  b e  i d e n t i f i e d  f r o m  t h e
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F i g u r e  4 . 4 . 1  E l u t i o n  p r o f i l e  o f  n e u r a m i n a d a s e  t r e a t e d  

AChR on  S e p h a d e x  G25 c o l u m n  ( 1 . 8 c m  x 8 2 c m ) .  The  c o l u m n  

w a s  e l u t e d  w i t h  lOmM a m m o n i u m  a c e t a t e ,  pH 7 . 4 ,  a n d  

f r a c t i o n s  o f  3ml  w e r e  c o l l e c t e d  w i t h  a f l o w - r a t e  o f  3 0 m l / h .  

( • )  P r o t e i n  ( L o w r y  e t  a l . ,  1 9 5 1 ) ,  ( o )  h e x o s e  s u g a r s

( c y s t e i n e / s u l p h u r i c  a c i d  a s s a y ) ,  (A)  s i a l i c  a c i d  

( t h i o b a r b i  t u r  i c  a c i d  a s s a y ) .
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FIGURE 4 . 4 . 2  G a s  c h r o m a t o g r a p h y  o f  a l d i t o l  a c e t a t e  d e r i v a t i s e d  m o n o s a c c h a r i d e s  o f  a s t a n d a r d  

m i x t u r e  o f  s u g a r s .  P e a k s  1 - 6  c o r r e s p o n d  t o  L - f u c o s e ,  D - m a n n o s e ,  D - g a l a c t o s e ,  D - g l u c o s e ,  

p e r s e i t o l  ( i n t e r n a l  s t a n d a r d ) ,  N - a c e t y l - D - g l u c o s a m i n e . C h r o m a t o g r a p h y  w a s  p e r f o r m e d  

i s o t h e r m a l l y  a t  2 1 ° C  on  a c o l u m n  o f  3% OV 2 2 5 .
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FIGURE 4.4.3 Gas chromatography of alditol acetate derivatised monosaccharides released during 

acid hydrolysis of purified AChR. Peaks 1 - 4  correspond to L-fucose, D-mannose, perseitol 

(internal standard) & N-acetyl-D-glucosamine. Chromatography was performed isothermally at 

210°C on a column of 3% OV225.
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FIGURE 4 . 4 . 4  G a s  c h r o m a t o g r a p h y  o f  a l d i t o l  a c e t a t e  d e r i v a t i s e d  m o n o s a c c h a r i d e s  r e l e a s e d  

d u r i n g  a c i d  h y d r o l y s i s  o f  T o r p e d o  AChR a f t e r  c h r o m a t o g r a p h y  o n  S e p h a c r y l  S 2 0 0 .  P e a k s  

1 - 6  c o r r e s p o n d  t o  L - f u c o s e ,  D - m a n n o s e ,  D - g a l a c t o s e /  D - g l u c o s e ,  p e r s e i t o l  ( i n t e r n a l  

s t a n d a r d )  a n d  N - a c e t y l - D - g l u c o s a m i n e . C h r o m a t o g r a p h y  w a s  p e r f o r m e d  i s o t h e r m a l l y  a t  2 1 0 ° C  

o n  a  c o l u m n  o f  3% O V 2 2 5 .
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t r a c e  ( F i g u r e  4 . 4 . 3 ) .  When t h e  AChR w a s  s u b j e c t e d  t o  

c o l u m n  c h r o m a t o g r a p h y  o n  ACA 3 4  o r  S e p h a c r y l  S 2 0 0  a n d  

t h e n  d e r i v a t i s e d  a s  b e f o r e  v i r t u a l l y  a l l  t h e  e x t r a n e o u s  

p e a k s  w e r e  r e m o v e d  ( F i g u r e  4 . 4 . 4 ) .  C o n s e q u e n t l y  AChR 

p r e p a r a t i o n s  w e r e  a l w a y s  s u b j e c t e d  t o  c o l u m n  

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

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

p r e p a r a t i o n s  w a s  a l s o  c h e c k e d  b y  SDS 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  ( s e e  s e c t i o n  4 . 5 . 4 ) .

S u g a r s  t h a t  w e r e  a l w a y s  p r e s e n t  o n  g a s  

c h r o m a t o g r a p h y  o f  AChR w e r e  L - f u c o s e /  D - m a n n o s e ,  

D - g a l a c t o s e  a n d  N - a c e t y l - D - g l u c o s a m i n e . D - g l u c o s e  w a s  

n o t  a l w a y s  e v i d e n t  a n d /  w h e n  p r e s e n t /  t h i s  p e a k  w a s  v e r y  

v a r i a b l e  i n  h e i g h t .

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

p r e p a r a t i o n s  a r e  s h o w n  i n  T a b l e s  4 . 4 . 2  -  4 . 4 . 5 .  T h e s e

t a b l e s  a l s o  s h o w  t h e  r e s u l t s  o f  e n z y m e  a n d  a l k a l i n e  

b o r o h y d r i d e  t r e a t m e n t .  T h e  g l u c o s e  p e a k  w a s  h i g h l y  

v a r i a b l e  a n d  m a y  i n  f a c t  b e  a  c o n t a m i n a n t .  T h e  m o l a r  

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

a c e t y l c h o l i n e  r e c e p t o r  w e r e  1 . 4 / 3 . 2 / 1 / 0 . 3 / 1 . 1  f o r  f u c o s e /  

m a n n o s e /  g a l a c t o s e /  g l u c o s e  a n d  N - a c e t y l g l u c o s a m i n e . 6 . 3

+ 0 . 6 %  ( b y  w e i g h t /  n = 1 0 )  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r  

w a s  f o u n d  t o  c o n s i s t  o f  s u g a r  w i t h  a  t o t a l  o f  8 7  +_ 1 2  ( n  

= 1 0 )  s u g a r  r e s i d u e s  p e r  r e c e p t o r  m o l e c u l e .  T h e  n u m b e r

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

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

t o x i n  b i n d i n g  o r  t h e  p r o t e i n  c o n t e n t  ( L o w r y ) .

No t r a c e  o f  s u g a r  r e s i d u e s  w a s  f o u n d  i n  s a m p l e s  o f



Table 4.4.2 Monosaccharide Content of Treated and Untreated Acetylcholine Receptor from

T o r p e d o  m a r m o r a t a

RECEPTOR
TREATMENT

MONOSACCHARIDE COMPONENT ( n g / ^ g ) AMOUNT OF SUGAR 
I N TORPEDO 
AChR (%)

n

L- FUCOSE D-MANNOSE D-GALACTOSE D-GLUCOSE N- AC ETYL- D-
GLUCOSAMINE

UNTREATED 1 1 . 6 2 6 . 8 1 0 . 3 5 . 1 9 . 7 6 . 3 1 0
' ( 2 . 5 ) ( 2 . 7 ) ( 1 . 7 ) ( 2 . 4 ) ( 3 . 5 ) ( 0 . 6 )

ALKALINE
BOROHYDRIDE 7 4 9 2 0 2 9 7 0 1 — 6 4 0 3 8 0 1

ENDO-
GLYCOSIDASE 7 . 2 1 3 . 2 3 . 9 5 . 5 5 . 9 3 . 5 3

( 0 . 2 ) ( 1 . 9 ) ( 0 . 8 ) ( 4 . 9 ) ( 0 . 8 ) ( 0 . 5 )

T . FO ETUS 7 . 4 2 1 . 2 5 . 9 _ 5 . 7 2 . 8 3
( 0 . 3 ) ( 3 . 9 ) ( 0 . 7 ) ( 2 . 0 ) ( 1 . 3 )

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



Table 4.4.3 Molar Ratios of Monosaccharides from Torpedo Acetylcholine Receptor

RECEPTOR
TREATMENT

MONOSACCHARIDE COMPONENT

L- FUCOSE D-MANNOSE D-GALACTOSE D-GLUCOSE N- AC E T Y L - D -  
GLUCOSAMINE

UNTREATED 1 . 4
( 0 . 2 )

3 . 2
( 0 . 4 )

1 0 . 3
( 0 . 1 )

1 . 1
( 0 . 3 )

ALKALINE
BOROHYDRIDE 1 . 2 2 . 9 1 - 0 . 4

ENDO-
GLYCOSIDASE 3 . 5

( 0 . 4 )
3 . 1
( 0 . 1 )

1 1 . 3
( 0 . 6 )

0 . 7
( 0 . 1 )

T .  FOETUS 1 . 0
( 0 . 1 )

3 . 2
( 0 . 3 )

1 0 . 9
( 0 . 2 )

F i g u r e s  i n  b r a c k e t s  r e p r e s e n t  s t a n d a r d  e r r o r  o f  m e a n .

N u m b e r  o f  s a m p l e s : -  U n t r e a t e d  = 1 0 /  a l k a l i n e  b o r o h y d r i d e  t r e a t e d  = 1 /  

e n z y m e  t r e a t e d  = 3 e a c h .
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Table 4.4.4 Monosaccharide Content of Treated and Untreated Acetylcholine

R e c e p t o r  f r o m  T o r p e d o  m a r m o r a t a  ( n m o l / m g )

RECEPTOR
TREATMENT

MONOSACCHARIDE COMPONENT (nmo 1 / m g )

L- FUCOSE D-MANNOSE D-GALACTOSE D-GLUCOSE N - A C E T Y L - D -
GLUCOSAMINE

TOTAL

UNTREATED 4 7 . 1
( 4 . 0 )

1 2 2 . 7
( 1 6 . 4 )

4 0 . 3
( 7 . 0 )

2 1 . 3
( 9 . 4 )

4 1 . 8
( 7 - 4 )

2 6 3
( 2 3 . 1 )

ALKALINE
BOROHYDRIDE 4 5 6 0 1 1 2 6 0 3 8 8 8 - 1 4 4 4 2 1 1 5 2

ENDO-
GLYCOSIDASE 4 1 . 6

( 0 . 8 )
7 6 . 3
( 3 . 1 )

2 2 . 5
( 1 . 2 )

3 0 . 6
( 1 5 . 3 )

2 7 . 5
( 1 . 2 )

1 8 7
( 2 8 . 2 )

T.  FOETUS 4 0 . 6
( 1 . 6 )

1 0 4 . 4
( 1 8 . 2 )

2 4 . 4
( 6 . 0 )

2 9 . 2
( 4 . 8 )

2 0 9
( 2 5 . 3 )

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

N u m b e r  o f  s a m p l e s : -  U n t r e a t e d  = 1 0 /  a l k a l i n e  b o r o h y d r i d e  t r e a t e d  = 1 /  
e n z y m e  t r e a t e d  = 3 e a c h .



Table 4.4.5 Carbohydrate Content of Torpedo Acetylcholine Receptor

( M o l a r  R a t i o  S u g a r / A C h R )

MONOSACCHARIDE COMPONENT

TOTALL- FUCOSE D-MANNOSE D-GALACTOSE D-GLUCOSE N- ACETYL-  
D-GLUCOSAMINE

1 3 . 1 3 5 . 4 9 . 9 9 . 0 9 . 9 8 6 . 0

S . E . M  + 2 . 1 ±  7 «4 + 2 . 3 + 4 . 2 + 2 . 1 + 1 6 . 0

1 1 . 9 3 3 . 8 1 2 . 2 7 . 1 1 1 . 6 8 8 . 4

S . E . M  + 1 . 5 + 4 . 8 + 2 . 0 + 3 . 3 + 2 . 3 + 7 . 7

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

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

p r o t e i n  c o n c e n t r a t i o n ,  n = 1 0
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b u f f e r  e l u t e d  t h r o u g h  a n y  o f  t h e  c o l u m n s  u s e d  i n  t h e  

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

4 . 4 . 4  E n z y m e  T r e a t m e n t  o f  T o r p e d o  AChR

To v e r i f y  t h a t  c a r b o h y d r a t e s  f o u n d  b y  g a s  

c h r o m a t o g r a p h y  w e r e  i n d e e d  f r o m  p u r i f i e d  T o r p e d o  AChR/  

t h e  r e c e p t o r  w a s  t r e a t e d  w i t h  v a r i o u s  e n z y m e s  ( m i x e d  

e n d o g l y c o s i d a s e  D a n d  T . f o e t u s  e n z y m e s )  t o  r e m o v e  b o u n d  

s u g a r s  ( s e e  s e c t i o n  3 . 5 . 4  a n d  3 . 5 . 5 .

M i x e d  e n d o g l y c o s i d a s e  D o r  T . f o e t u s  e n z y m e s  w e r e  

s e p a r a t e d  f r o m  t h e  AChR b y  g e l  f i l t r a t i o n  o n  S e p h a c r y l  

S 2 0 0 .  F r a c t i o n s  f r o m  t h e  c o l u m n  w e r e  a s s a y e d  f o r  p r o t e i n  

( L o w r y /  1 9 5 1 ) /  g l y c o s i d a s e  a c t i v i t y  a n d  t o x i n  b i n d i n g  

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

s h o w n  i n  F i g u r e  4 . 4 . 5 .  T h e  a c e t y l c h o l i n e  r e c e p t o r  p e a k  

w a s  p o o l e d  d e r i v a t i s e d  a n d  s u b j e c t e d  t o  g a s - l i q u i d  

c h r o m a t o g r a p h y  a s  i n  S e c t i o n  4 . 4 . 2 .

4 . 4 . 5  GLC A n a l y s i s  o f  t h e  C a r b o h y d r a t e  C o n t e n t  o f  E n z y m e  

T r e a t e d  AChR

E n z y m e  t r e a t e d  a c e t y l c h o l i n e  r e c e p t o r  w a s  s u b j e c t e d  

t o  g a s - l i q u i d  c h r o m a t o g r a p h y  a s  b e f o r e  ( s e e  T a b l e s  4 . 4 . 2  

-  4 . 4 . 5 ) .  C h a n g e s  i n  t h e  m o n o s a c c h a r i d e  c o n t e n t  o f  t h e

AChR w i t h  e n z y m e  t r e a t m e n t  a r e  s u m m a r i s e d  i n  T a b l e  4 . 4 . 6 .

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

t r e a t e d  AChR s h o w e d  t h a t  t h e r e  w a s  a  s i g n i f i c a n t  

r e d u c t i o n  ( P  = 0 . 5 )  o f  44% i n  t h e  t o t a l  w e i g h t  o f  s u g a r
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F i g u r e  4 . 4 . 5  C h r o m a t o g r a p h y  o f  T .  f o e t u s  t r e a t e d  AChR o n  U l t r a g e l  ACA 3 4  c o l u m n  ( 1 . 2 c m  x 5 1 cm  

u s i n g  p o t a s s i u m  p h o s p h a t e  b u f f e r  ( l O m M ) ,  pH 7 . 4 /  c o n t a i n i n g  0 . 3M N a C l . E l u a t e s  o f  1ml  w e r e  

c o l l e c t e d  w i t h  a f l o w - r a t e  o f  1 2 m l / h .  (O)  G l y c o s i d a s e  a c t i v i t y  ( D i s t l e r  & J o u r d i a n ,  1 9 7 3 )

( •  ) p r o t e i n  ( 2 8 0 n m ) ,  (A)  t o x i n  b i n d i n g  a c t i v i t y .



T a b l e  4 . 4 . 6  P e r c e n t a g e  R e d u c t i o n  i n  M o n o s a c c h a r i d e  C o n t e n t  o f  A c e t y l c h o l i n e  R e c e p t o r  

T r e a t e d  w i t h  G l y c o s i d a s e s

ENZYME
TREATMENT

MONOSACCHARIDE COMPONENT

L- FUCOSE D-MANNOSE D-GALACTOSE D-GLUCOSE N - AC E T Y L - D -  
GLUCOSAMINE

TOTAL

ENDO * i
GLYCOSIDASE 3 7 . 9 5 0 . 7 6 2 . 1 6 0 . 0 3 9 . 5 4 4 . 0

T .  FOETUS 3 6 . 2 2 0 . 9 4 2 . 7 1 0 0 4 1 . 2
2

5 5 . 5

N u m b e r  o f  d e t e r m i n a t i o n s  f o r  e a c h  e n z y m e  t r e a t m e n t  = 3 
★

P e r c e n t a g e  i n c r e a s e  

S i g n i f i c a n t  a t  ^ P = 0 . 5 /  ^ P = 0 . 0 1 .

-Z
9

I
-
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as compared wi th the un t r e a t e d  r e c e p t o r .  There was a

red uc t io n  o f  37.9%, 50.7%, 62.1% and 39.5% of  f uco se ,

mannose,  g a l a c t o s e  and N - a c e t y l g l u c o s a m i n e  r e s p e c t i v e l y .  

There was an apparent  60% i n c r e a s e  in the g l u c o se  

c o n t e n t .

T. f o e t u s  t re a t m en t ,  as wi th  the  prev ious  enzyme 

t r ea tm en t ,  r e s u l t e d  in a s i g n i f i c a n t  de c r e a se  (P = 0 .0 1 )

in the  p e r ce n t ag e  o f  the t o t a l  sugars  (by w e i g h t ) .  There 

was a 55.5% r e d u c t i o n  in the  t o t a l  su g a rs ,  36.2%, 20.9%,  

42.7%, 100% and 41.2% from f u c o s e ,  mannose,  g a l a c t o s e ,

g l u c o s e  and N - a c e t y l - D - g l u c o s a m i n e  r e s p e c t i v e l y .

E n d o g l y c o s id a se  t rea tment  only  s i g n i f i c a n t l y  

a l t e r e d  the  molar r a t i o s  o f  f u c o s e  to  g a l a c t o s e  (P = 0 . 1 )  

and g l u c o s e  to  g a l a c t o s e  (P = 2 . 5 )  as compared with the

un tr e a t ed  a c e t y l c h o l i n e  r e c e p t o r .  T. f o e t u s  treatment  had 

no such s i g n i f i c a n t  e f f e c t .

4 . 4 . 6  A l k a l i n e  Borohydride  Treatment o f  Torpedo 

A c e t y l c h o l i n e  Receptor

A l k a l i n e  borohydr ide  t r e a t e d  AChR was run on a 

Sephadex G25 column and f r a c t i o n s  were assayed for  

p r o t e i n ,  hexose  and t o x i n  b inding  a c t i v i t y .  A l l  t ox in  

binding  was e l i m i n a t e d  by the  a l k a l i n e  borohydride  

t r e a t m e n t .  This  may have been a r e s u l t  o f  the  complete  

breakdown of  the  p r o t e i n  as e v id e n t  from the e l u t i o n  

p r o f i l e .  A l l  the  he x o se s  appeared to  have remained bound 

t o  the  p r o t e i n  as none was found to  be inc lud ed  in the
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column. Figure 4.4.6 shows the elution profile.

4 . 4 . 7  GLC A n a ly s i s  o f  the Carbohydrate  Content  o f  

A l k a l i n e  Borohydride Treated AChR

Al k a l i n e  borohydride  t r e a t e d  AChR r e s u l t e d  in an 

apparent  i n c r e a s e  in the pe rcen ta ge  of  sugar in the  

r e c e p to r  ( s e e  Tables  4 . 4 . 3  -  4 . 4 . 6 3 .  Th i s ,  however,

r e s u l t s  from the breakdown of  the r e c ep to r  complex.  A 

g l u c o s e  peak was absent  from gas chromatography t r a c e s  of  

the t r e a t e d  r e c e p t o r .  The r a t i o s  of  sugars  were 

approximate ly  the same as in the u n tr e a t e d  a c e t y l c h o l i n e  

r e c e p t o r .

4 .5  GEL ELECTROPHORESIS AND ISOELECTRIC FOCUSSING

4 . 5 . 1  E f f e c t  o f  the  Removal o f  Carbohydrate  Res idues  

on the  P. o f  AChR

A c e t y l c h o l i n e  r ec ep t or  was incubated  with mixed 

e n d o g l y c o s i d a s e s  D for  60,  90,  120 and 240 min.

Neuraminidase  treatment  was a l s o  c a r r i e d  out on the  

r e c e p t o r .  The enzymes were s ep ar a t ed  from the rec ep tor  

p r o t e i n  by g e l  f i l t r a t i o n  on Sephacry l  S200.  Treated and 

un t r e a t ed  AChR were incubated  with i o d i n a t e d  aBGT and 

su b j e c t e d  to  i s o e l e c t r i c  f o c u s s i n g .  Typ ica l  p r o f i l e s  on 

i s o e l e c t r i c  f o c u s s i n g  g e l s  are shown in F ig ure s  4 . 5 . 1  and 

4 . 5 . 2 .
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F i g u r e  4 . 4 . 6  E l u t i o n  p r o f i l e  o f  a l k a l i n e  b o r o h y d r i d e  

t r e a t e d  AChR on  S e p h a d e x  G25 c o l u m n  ( 1 . 8 c m  x 8 2 c m )  u s i n g  

lOmM a m m o n i u m  a c e t a t e  b u f f e r ,  pH 7 . 4 .  E l u a t e s  o f  3ral  w e r e  

c o l l e c t e d  w i t h  a  f l o w - r a t e  o f  3 0 m l / h .  ( • )  P r o t e i n  ( 2 8 0 n m ) ,

( o )  p r o t e i n  ( L o w r y  e t  a l  . , 1 9 5 1 ' ,  (A)  h e x o s e  s u g a r s .
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F i g u r e  4 . 5 . 1  I s o e l e c t r i c  f o c u s i n g  g e l  o f  AChR f o l l o w i n g  

i n c u b a t i o n  w i t h  t a $ I - c ( BGT.
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F i g u r e  4 . 5 . 2  I s o e l e c t r i c  f o c u s i n g  g e l  o f  AChR f o l l o w i n g  

i n c u b a t i o n  w i t h  , a s I-o(BGT i n  t h e  p r e s e n c e  o f  25mM 

b e n z o q u i n o n i u m  c h l o r i d e .
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Untreated AChR l a b e l l e d  with i o d i n a t e d  aBGT gave an 

i s o e l e c t r i c  po in t  of  5 . 3  (S.E.M = + 0 . 1 2 ,  n = 4 ) .

Treated AChR gave the v a l ue s  shown in Table 4 . 5 . 1 .

There i s  no s i g n i f i c a n t  d i f f e r e n c e  ( t  t e s t )  between 

the  va lue s  of  the u n t re a t ed  and t r e a t e d  AChR.

However,  t h e s e  r e s u l t s  should be t r e a t e d  with caut ion  as 

the  ex treme ly  e l e c t r o p o s i t i v e  nature  of  the 125I-aBGT may 

mask any apparent  change in the va l u e .

4 . 5 . 2  P r o t e in  S t a i n i n g  o f  SDS Po lyacry lamide  Gels:  

Comparison o f  Methods

Two methods of  s t a i n i n g  g e l s  for  pro te in  were 

i n v e s t i g a t e d .  Standard p r o t e i n s  were run on a gradien t  

(5 -  14% w/v)  acry lamide  g e l .  A f t er  e l e c t r o p h o r e s i s  the  

' g e l  was cut  in h a l f  and each h a l f  s t a i n e d  with e i t h e r  

2.5mg/ml Coomassie b r i l l i a n t  b lue  R 250 in 45% 

methanol/10% a c e t i c  ac id  or in 0.04% (w/v)  Coomassie 

b r i l l i a n t  b lue  R 250 in 12.5% (w/v)  TCA (both l e f t

o v e r n i g h t ) .  D e s t a i n i n g  was c a r r i e d  out in 30% 

methanol/10% a c e t i c  ac id  and 12.5% TCA r e s p e c t i v e l y .

The methods of  s t a i n i n g  seemed to  be equa l ly  

s e n s i t i v e .  However, when the g e l  i s  s t a i n e d  in TCA, the  

bands were v i s i b l e  b e f or e  d e s t a i n i n g  commences.  The bands 

a l s o  appeared s t r o n g e r .  The TCA method was r o u t i n e ly  

used for  s t a i n i n g  g e l s .
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T a b l e  4 . 5 . 1  E f f e c t  o f  E n z y m e  T r e a t m e n t  o n  t h e  

I s o e l e c t r i c  F o c u s s i n g  P o i n t  o f  T o r p e d o  A c e t y l c h o l i n e

R e c e p t o r  - OtBGT C o m p l e x

ENZYME LENGTH OF I SOEL ECTR I C
TREATMENT TREATMENT P O I N T

( m i n )

M i x e d
E n d o g l y c o s i d a s e  D 6 0 5 . 0

9 0 4 . 7

1 2 0 5 . 4

2 4 0 5 . 1

N e u r a m i  n i d a s e 1 2 0 5 . 4
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4 . 5 . 3  Carbohydrate S t a i n i n g  o f  Gel s

SDS po lyacry lamide  s l a b  g e l s  (Laemmli ,  1970) were 

s t a i n e d  with PAS s t a i n  to  d e t e c t  g l y c o p r o t e i n s .  A l l  four  

subun i t s  (from p r o t e i n  s t a i n i n g )  were shown to  be 

g l y c o s y l a t e d  (F igure  4 . 5 . 3 ) .  Molecu lar  weight s  of  the  

subun i t s  of  the PAS s t a i n e d  g e l s  were w i th in  the range  

determined below.

4 . 5 . 4  Gel E l e c t r o p h o r e s i s ;  P u r i t y  Check and Molecular  

Weight Determinat ion  o f  AChR Subu n i t s

Denatured AChR t y p i c a l l y  showed a g e l  pa t t ern  

( F igure  4 . 5 . 4 )  o f  4 s u b u n i t s .  High molecular  weight  

bands ( g r e a t e r  than 6 5 , 0 0 0 )  were not  d e t e c t e d .  Bands 

with molecular  we ight s  lower than 40 ,000  were 

o c c a s i o n a l l y  d e t e c t e d  and may be due to  p r o t e o l y t i c  

a c t i v i t y .  The molecular  we ig h t s  o f  the  subun i t s  of  

Torpedo AChR were determined from g e l  e l e c t r o p h o r e s i s  on 

7.5% acrylamide  g e l s  (Laemmli ,  1970 ) .  The subuni t  

molecular  we ight s  obtained  ( from 5 g e l s )  by t h i s  method 

were as f o l l o w s :

a = 42 ,30 0  + 800

3 = 48 ,9 00  + 200

6 = 57 ,300  + 500

y = 61 ,8 00  + 500



F I G U R E  4 . 5 . 3  C a r b o h y d r a t e  s t a i n i n g  o f  t h e  s u b u n i t s  

o f  T o r p e d o  A C h R .  T h e  r e c e p t o r  w a s  r u n  o n  SD S  p o l y 

a c r y l a m i d e  s l a b  g e l s  a n d  s u b s e q u e n t l y  s t a i n e d  w i t h  

PA S  t o  d e t e c t  g l y c o p r o t e i n s .



7 4 . 0 0 0
6 3 . 0 0 0
5 0 . 0 0 0
2 5 . 0 0 0 V'

a b c d e f  g h

/

F I GU R E  4 . 5 . 4  SDS 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  

o f  T o r p e d o  A C h R .  T h e  r e c e p t o r  ( l a n e s  g  & h )  w a s  run on 

7 . 5 %  a c r y l a m i d e  t o g e t h e r  w i t h  s t a n d a r d  p r o t e i n s ;  I g G  

( l a n e s  a  & b ) , IgM ( l a n e s  c & d ) / BSA ( l a n e s  e & f ) .

\
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4 . 5 . 5  Determinat ion of  Subunit  D i s t r i b u t i o n  of  Torpedo 

AChR Carbohydrate Residues  in Polyacry lamide  Gels  us ing  

FITC -  Lab e l l ed  Lec t i ns

In order to l o c a t e  s p e c i f i c  monosaccharide r e s i d u e s  

w i t h i n  su bu n i t s  of  Torpedo AChR the r ec ep tor  was run on 

SDS g e l s  (Laemmli,  1970) and then incubated  wi th FITC 

l a b e l l e d  l e c t i n s .

A c e t y l c h o l i n e  recep tor  (p l us  a s tandard mixture  of  

p r o t e i n s  used for  the de terminat ion  of  subuni t  molecular  

w e i g h t s )  were run on 7.5% po lyacry lamide  g e l s .  The g e l s  

were s t a i n e d  with e i t h e r  FITC- l abe l l ed  Arachis  hypogeae  

l e c t i n  or FITC- labe l l ed  s u c c i n y l a t e d  Tr i t i cum v u l g a r i s  

l e c t i n .

When the g e l  s t a i n e d  for  g a l a c t o s e  ( Arachis  l e c t i n )  

was viewed under long -  range u l t r a v i o l e t  l i g h t  2 bands

o f  t he  AChR (approx M.W 50 ,000  and 40 ,0 00 )  were v i s i b l e .

Two bands of  the AChR (approx 65 ,000  and 6 0 ,0 0 0 )  were 

j u s t  v i s i b l e  on the g e l  s t a i n e d  for

N - a c e t y l - D - g l u c o s a m i n e . A l l  the bands were very f a i n t  

and very d i f f i c u l t  t o  photograph s u c c e s s f u l l y .

This method of  examining the d i s t r i b u t i o n  of

c arb ohy dr a te s  in the subun i t s  of  the a c e t y l c h o l i n e

r e c e p t o r  proved to  be very u n s a t i s f a c t o r y  and the method 

was not  pursued any f u r t h e r .  Therefore  an a l t e r n a t i v e  

approach was sought  ( s e e  f o l l o w in g  s e c t i o n ) .
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4 . 6  DETECTION OF THE CARBOHYDRATE M O E I T I E S  OF 

ACETYLCHOLINE RECEPTOR FROM LECTI N BINDING S T U D I ES  USING 

THE ELECTROBLOT TECHNIQUE

4 . 6 . 1  P r e p a r a t i o n  o f  H o r s e r a d i s h  P e r o x i d a s e  /  

G l y c o p r o t e i n  C o n j u g a t e  U s e d  f o r  t h e  D e t e c t i o n  o f  L e c t i n  

B i n d i n g  t o  G l y c o p r o t e i n s  I m m o b i l i s e d  o n  N i t r o c e l l u l o s e  

P a p e  r

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

r e s i d u e s  i n  g l y c o p r o t e i n s  i m m o b i l i s e d  o n  n i t r o c e l l u l o s e  

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

e n z y m e /  h o r s e r a d i s h  p e r o x i d a s e .  T h r e e  s e p a r a t e

g l y c o p r o t e i n s  ( F c / /  o v a m u c o i d ,  t h y r o g l o b u l i n )  w e r e  

c o n j u g a t e d  t o  h o r s e r a d i s h  p e r o x i d a s e  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 9 . 3 .  T h e  a p p r o x i m a t e  c o n c e n t r a t i o n s  o f  t h e s e  

p r o t e i n s  ( u n f r a c t i o n a t e d )  a r e  s h o w n  i n  T a b l e  4 . 6 . 1 .

HPO- Fc) (  w a s  f r a c t i o n a t e d  o n  S e p h a d e x  G 7 5 .  

V i r t u a l l y  a l l  t h e  F c  a p p e a r e d  t o  b e  c o n j u g a t e d  t o  t h e  

HPO a s  s h o w n  b y  t h e  e l u t i o n  p r o f i l e  ( F i g u r e  4 . 6 . 1 ) .  

H P O - t h y r o g l o b u l i n  f r a c t i o n a t e d  o n  ACA 3 4  a l s o  s h o w e d  v e r y  

l i t t l e  f r e e  HPO.

4 . 6 . 2  S p o t  T e s t  f o r  T e s t i n g  t h e  A b i l i t y  o f  H o r s e r a d i s h  

P e r o x i d a s e  L a b e l l e d  G l y c o p r o t e i n  C o n j u g a t e s  t o  B i n d  t o  

V a r i o u s  L e c t i n s

T h e  H P O - c o n j u g a t e s  w e r e  t e s t e d  f o r  t h e i r  a b i l i t y  t o
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T a b l e  4 . 6 . 1  C o n c e n t r a t i o n s  o f  G l y c o p r o t e i n - H P O  

C o n j u g a  t e s

GLYCOPROTEIN F c #  OVAMUCOID THYROGLOBULIN

W e i g h t  o f  HPO
C o n j u g a t e d  ( mg)  8 5 5

W e i g h t  o f  
G l y c o p r o t e i n
c o n j u g a t e d  ( mg )  1 0  3 4 0

C o n c e n t r a t i o n  
o f  c o n j u g a t e d
HPO ( m g / m l )  1 . 4 1  1 . 4 0  1 . 0 0

C o n c e n t r a t i o n  
o f  c o n j u g a t e d  
g l y c o p r o t e i n
( m g / m l )  1 . 5 0  0 . 8 0  1 5 . 0 0

M o l a r  r a t i o  
(HPO /

g l y c o p r o t e i n )  0 . 9 4  1 . 7 5 0 . 0 7
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Figure 4.6.1 Elution profile of conjugated Fc/-HP0 on 

Sephadex G75 (1.5cm x 100cm). The column was eluted 

with PBS and fractions of 2.5ml collected.
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b i n d  l e c t i n s .  V a r i o u s  l e c t i n s  ( 2 j * g )  w e r e  s p o t t e d  o n t o  

n i t r o c e l l u l o s e  a n d  a l l o w e d  t o  d r y  p r i o r  t o  i n c u b a t i o n  

w i t h  t h e  c o n j u g a t e s  ( s e e  s e c t i o n  3 . 9 . 4 ,  i ) .  T h e

c o n j u g a t e s  w e r e  d i l u t e d  1 : 2 0 0  a n d  1 : 4 0 0  i n  P B S .  

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

a n d  w i t h  t h e  s u b s t r a t e  ( 3 - a m i n o - 9 - e t h y l  c a r b a z o l e )  o n l y  

w e r e  u s e d  a s  c o n t r o l s .  L e c t i n s  t e s t e d  a r e  s h o w n  i n  T a b l e  

4 . 6 . 2 .

O n l y  C o n  A a n d  P e a  l e c t i n s  s h o u l d  b i n d  t o  HPO 

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

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

O n l y  t h e  t h y r o g l o b u l i n - H P O  a n d  F c ^ - H P O  c o n j u g a t e s  b o u n d  

t o  t h e  U l e x  l e c t i n .  T h e  b i n d i n g  o f  t h e  O v a m u c o i d - H P O  

c o n j u g a t e  w a s  g e n e r a l l y  r a t h e r  p o o r .  T h e  g r e a t e s t  

b i n d i n g  w a s  o b t a i n e d  b y  u s i n g  t h e  Fc X- HP O c o n j u g a t e .  T h e  

' F c / - H P O  c o n j u g a t e  p r o d u c e d  a  r e a c t i o n  w i t h i n  3 m i n  o f  

i n c u b a t i o n  w i t h  t h e  s u b s t r a t e .  F r a c t i o n a t i o n  o f  FcV- HPO 

m a d e  n o  d i f f e r e n c e  t o  t h e  a c t i v i t y  o f  t h e  c o n j u g a t e .  

D i l u t i o n  o f  t h e  t h y r o g l o b u l i n - H P O  a n d  FcJf -HPO c o n j u g a t e s  

b y  1 : 4 0 0  s t i l l  p r o d u c e d  a  v e r y  s t r o n g  r e a c t i o n  a n d  t h i s  

c o n j u g a t e  d i l u t i o n  w a s  u s e d  i n  f u r t h e r  t e s t s .  F i g u r e

4 . 6 . 2  s h o w s  t h e  r e s u l t s  o f  t h e  s p o t  t e s t .

4 . 6 . 3  L e c t i n  B i n d i n g  S p o t  T e s t  f o r  t h e  D e t e c t i o n  o f  

C a r b o h y d r a t e s  i n  T o r p e d o  AChR

To c o n f i r m  t h e  a b i l i t y  o f  t h e  H P O - t h y r o g l o b u l i n  t o  

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

a m o u n t s  o f  T o r p e d o  r e c e p t o r  w e r e  s p o t t e d  o n t o



T a b l e  4 . 6 . 2  L e c t i n s  t e s t e d  f o r  t h e i r  A b i l i t y  t o  R e a c t  

w i t h  H P O - P r o t e i n  C o n j u g a t e s

LE C T I N SUGAR S P E C I F I C I T Y

U l e x  e u r o p e u s

L o t u s  t e t r a g o n o l o b u s  
T r i t i c u m  v u l g a r i s

S u c c i n y l a t e d  
T .  v u l g a r i s

L i m u l u s  p o l y p h e m u s  

A r a c h i s  h y p o g a e a  

G l y c i n e  max

L e n s  c u l i n a r i s

P i s u m  s a t i v u m

C a n a v a l i a  e n s i f o r m i s  

P h a s e o l u s  v u l g a r i s

R i c i n u s  c o m m u n i s

( X - L - f  u c o s e  

( X - L - f  u c o s e
N - A c e t y l - D - g l u c o s a m i n e ,  
S i a l i c  a c i d

N - A c e t y l - D - g l u c o s a m i n e

D - G l u c u r o n i c  a c i d  

D - G a l a c t o s e

N - A c e t y l - g a l a c t o s a m i n e ,  
l a c t o s e

S u c r o s e ,  O f - D - G l u c o s e , 
N - A c e t y l - D - g l u c o s a m i  n e

D - M a n n o s e ,  D - G l u c o s e ,  
N - A c e t y l - D - g l u c o s a m i  n e

D - M a n n o s e ,  D - G l u c o s e

^ - D - G a l a c t o s e ,
N - A c e t y l - D - g l u c o s a m i  n e

D - G a l a c t o s e



FIGURE 4 . 6 . 2  S p o t  t e s t  f o r  t e s t i n g  t h e  a b i l i t y  o f  

H P O - l a b e l l e d  g l y c o p r o t e i n  c o n j u g a t e s  t o  b i n d  t o  v a r i o u s  

l e c t i n s .  V a r i o u s  l e c t i n s  ( 2 j *g)  w e r e  s p o t t e d  o n t o  

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

i n c u b a t i o n  w i t h  t h e  c o n j u g a t e s  ( s e e  s e c t i o n  3 . 9 . 4 ,  i ) .  

T h e  c o n j u g a t e s  a n d  t h e  l e c t i n s  t e s t e d  a r e  l i s t e d  b e l o w .  

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

1 . H P O - O v a m u c o i d  1 : 2 0 0 a . U.  e u r o p e u s

2 . H P O - O v a m u c o i d  1 : 4 0 0 b . L .  t e t r a g o n o l o b u s

3 . H P O - T h y r o g l o b u l i n  1 : 2 0 0 c . T .  v u l g a r i s  (WGA)

4 . H P O - T h y r o g l o b u l i n  1 : 4 0 0 d . S u c c i n y l a t e d  WGA

5 . H P O - F c Y 1 : 2 0 0 ' |
> u n f r a c t i o n a t e d

e . L .  p o l y p h e m u s

6 . H P O - F c y  1 : 4 0 0 j f . A.  h y p o g e a e

7 . HPO- FcV 1 : 2 0 0 " )
> f r a c t i o n a t e d  

H P O - F c y  1 : 4 0 0 j

g- G. max

8 . h . L .  c u l i n a r i s

9 . S u b s t r a t e  o n l y i .

j -

P .  s a t i v u m  

C o n  A

k .

1 .

P .  v u l g a r i s  

R .  c o m m u n i s
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n i t r o c e l l u l o s e  a n d  d r i e d .  T h e  n i t r o c e l l u l o s e  s h e e t s  w e r e  

i n c u b a t e d  w i t h  v a r i o u s  l e c t i n s  ( s h o w n  b e l o w )  a n d  t h e n  

w i t h  t h e  H P O - t h y r o g l o b u l i n  c o n j u g a t e  ( 1 : 4 0 0 ) .  BSA w a s  

u s e d  a s  a  n e g a t i v e  c o n t r o l .

a )  A r a c h i s  h y p o g a e a

b )  L o t u s  t e t r a g o n o l o b u s

c )  L i m u l u s  p o l y p h e m u s

d )  C o n c a n a v a l i n  A ( C o n  A)

e )  P i s u m  s a t i v u m  ( p e a )

f )  L e n s  c u l i n a r i s

g )  G l y c i n e  max

h)  T r i t i c u m  v u l g a r i s

i )  S u c c i n y l a t e d  T . v u g a r i s

A l l  t h e  l e c t i n s  w e r e  f o u n d  t o  b i n d  t o  T o r p e d o  AChR.

Con  A b o u n d  w i t h  e q u a l  s t r e n g t h  t o  a l l  s p o t s  ( l ^*g /

0 . 5 ^ * g ,  0 . 2 5 ^ * g  a n d  0 . 0 5 y i A g ) .  A l l  t h e  o t h e r  l e c t i n s  b o u n d  

w i t h  e q u a l  s t r e n g t h  t o  t h e  1 a n d  0 . 5 j * g  s p o t s  a n d  w i t h

d e c r e a s i n g  s t r e n g t h  t o  t h e  l a s t  2 s p o t s .  F i g u r e  4 . 6 . 3

s h o w s  t h e  r e s u l t s  o f  t h e  s p o t  t e s t .

T h e s e  r e s u l t s  c o n f i r m  t h o s e  p r o d u c e d  f r o m  GLC,  i e  

t h a t  T o r p e d o  AChR c o n t a i n s  f u c o s e ,  m a n n o s e  ( g l u c o s e ) /  

g a l a c t o s e /  N - a c e t y l g l u c o s a m i n e /  s i a l i c  a c i d  a n d  l a c t o s e .

4 . 6 . 4  D e t e c t i o n  o f  t h e  S u b u n i t  D i s t r i b u t i o n  o f  

C a r b o h y d r a t e s  i n  T o r p e d o  AChR u s i n g  L e c t i n  B i n d i n g

To  l o c a t e  s u g a r  r e s i d u e s  i n  t h e  s u b u n i t s /  T o r p e d o



FI GURE 4 . 6 . 3  S p o t  t e s t  f o r  t h e  d e t e c t i o n  o f  l e c t i n  

b i n d i n g  t o  T o r p e d o  AChR.  AChR ( 0 . 0 5 j * g  -  l . O ^ i g )  w a s  

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

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

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

t h e  H P O - t h y r o g l o b u l i n  c o n j u g a t e  ( s e e  s e c t i o n  3 . 9 . 4  i i ) .

A) A.  h y p o g e a e

B) L .  t e t r a g o n o l o b u s

C) L .  p o l y p h e m u s

D) C o n  A

E)  P .  s a t i v u m

F)  L .  c u l i n a r i s

G) G.  max

H) T .  v u l g a r i s

I )  S u c c i n y l a t e d  T .  v u l g a r i s
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AChR w a s  t r a n s f e r e d  f r o m  g r a d i e n t  g e l s  ( 5  -  14% SDS 

p o l y a c r y l a m i d e ,  m e t h o d s  3 . 9 . 1 ) .  T h e  s h e e t s  o f

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

s t a i n e d  w i t h  a m i d o  b l a c k  t o  l o c a t e  p r o t e i n s .  T h e  a b i l i t y  

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

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

e i t h e r  n e u r a m i n i d a s e  o r  g a l a c t o s i d a s e  ( t h e  e n z y m e s  w e r e  

r e m o v e d  b y  g e l  f i l t r a t i o n  a s  i n  s e c t i o n  3 . 7 . 2 ) .

T h e  r e s u l t s  a r e  s h o w n  i n  F i g u r e  4 . 6 . 4 .  S t a n d a r d  

p r o t e i n s  ( BS A ,  o v a l b u m i n ,  c h y m o t r y p s i n o g e n  a ,  

r i b o n u c l e a s e ) w e r e  u s e d  a s  m o l e c u l a r  w e i g h t  m a r k e r s  a n d

w e r e  t r e a t e d  a s  a b o v e .  I n  o n e  i n s t a n c e ,  c a s e i n  w a s  u s e d

a s  a  n e g a t i v e  c o n t r o l .  I g G  a n d  IgM w e r e  u s e d  a s  p o s i t i v e

c o n t r o l s .

, 4 . 6 . 4 . 1  S u b u n i t  D i s t r i b u t i o n  o f  M a n n o s e / G l u c o s e  

( R e a c t i o n  w i t h  C o n  A a n d  P i s u m  s a t i v u m  ( P e a ) )

A l l  f o u r  s u b u n i t s  o f  T o r p e d o  AChR a p p e a r  t o  c o n t a i n

m a n n o s e  ( g l u c o s e )  a s  s h o w n  b y  t h e  b i n d i n g  t o  Con A.

H o w e v e r ,  o n l y  t h e  T -  a n d  ^ - s u b u n i t s  r e a c t e d  w i t h  t h e  P e a  

l e c t i n .

B o t h  Tf a n d  yu c h a i n s  o f  I gG a n d  IgM s h o w e d  p o s i t i v e  

r e a c t i o n s  w i t h  b o t h  Co n  A a n d  P i  sum s a t i v u m . C a e s i n  w a s  

u s e d  a s  a  n e g a t i v e  c o n t r o l  f o r  P . s a t i v u m .



F I G U R E  4 . 6 . 4  S u b u n i t  d i s t r i b u t i o n  o f  c a r b o h y d r a t e  

r e s i d u e s  i n  T o r p e d o  A C h R .  F o l l o w i n g  S D S - P A G E  o f  u n 

t r e a t e d  ( l a n e s  1 /  3 /  5 /  6 ,  8 ,  9 )  a n d  n e u r a m i n i d a s e  

t r e a t e d  ( l a n e s  2 ,  4 ,  7 )  A C h R , t h e  g e l s  w e r e  b l o t t e d  

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

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

v a r i o u s  l e c t i n s  ( s e e  s e c t i o n  3 . 9 . 5 ) .  L e c t i n s  u s e d  a r e :

A .  T . v u l g a r i s  ( N - a c e t y l g l u c o s a m i n e /  s i a l i c  a c i d ) /

B .  S u c c i n y l a t e d  T . v u l g a r i s  ( N - a c e t y l g l u c o s a m i n e ) /

C .  L . t e t r a g o n o l o b u s  ( f u c o s e ) , D .  A . h y p o g e a e  ( g a l a c t o s e ) /  

E .  P . s a t i v u m  ( m a n n o s e /  g l u c o s e ) /  F .  C o n  A ( m a n n o s e /  

g l u c o s e ) .
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4 . 6 . 4 . 2  S u b u n i t  P i s t r i b u t i o n  o f  G a l a c t o s e  ( R e a c t i o n  w i t h  

A r a c h i s  h y p o g e a e  l e c t i n )

O n l y  t h e  i  -  a n d  6 - s u b u n i t s  o f  t h e  AChR a p p e a r e d  t o  

c o n t a i n  g a l a c t o s e  a s  s h o w n  b y  t h e  r e a c t i o n  w i t h  A r a c h i s  

l e c t i n .  A l t h o u g h  i t  m i g h t  h a v e  b e e n  e x p e c t e d ,  t h e r e  w a s  

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

w a s  i n c u b a t e d  w i t h  t h i s  l e c t i n .  N e u r a m i n i d a s e  t r e a t m e n t  

o f  AChR d i d  n o t  r e s u l t  i n  a n y  d i f f e r e n c e  i n  t h e  i n t e n s i t y  

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

B o t h  t h e  i  -  a n d  / ^ - c h a i n s  o f  I g G  a n d  IgM r e a c t e d  

p o s i t i v e l y  w i t h  t h i s  l e c t i n .

4 . 6 . 4 . 3  S u b u n i t  D i s t r i b u t i o n  o f  F u c o s e  ( R e a c t i o n  w i t h  

L o t u s  t e t r a g o n o l o b u s )

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

r e c e p t o r  s u b u n i t s  ( t h e  i  — a n d  6 - c h a i n s )  a s  s h o w n  b y  t h e  

r e a c t i o n  w i t h  L o t u s  t e t r a g o n o l o b u s

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

b o t h  t h e  t f - c h a i n  a n d  f * - c h a i n  o f  I gG a n d  I g M .

4 . 6 . 4 . 4  S u b u n i t  D i s t r i b u t i o n  o f  N - A c e t v l g l u c o s a m i n e  a n d  

S i a l i c  A c i d  ( R e a c t i o n  w i t h  T r i t i c u m  v u l g a r i s  a n d  

S u c c i n y l a t e d  T . v u l g a r i s

O n l y  t h e  1  -  a n d  6 - s u b u n i t s  h a v e  N - a c e t y l g l u c o s a m i n e  

a n d  s i a l i c  a c i d  r e s i d u e s  a s  s h o w n  b y  b i n d i n g  T . v u l g a r i s  

a n d  i t s  s u c c i n y l a t e d  d e r i v a t i v e .  A l t h o u g h  n o t  o b v i o u s
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t h e  p h o t o g r a p h ,  t h e  n e u r a m i n i d a s e  t r e a t e d  AChR g a v e  a 

l e s s  s t r o n g  r e a c t i o n  t h a n  t h e  u n t r e a t e d  AChR w h e n  

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

i n  t h e  i n t e n s i t y  o f  b i n d i n g  o f  t h e  t r e a t e d  a n d  u n t r e a t e d  

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

P o s i t i v e  r e a c t i o n s  t o  T r i t i c u m  l e c t i n  a n d  t h e  

s u c c i n y l a t e d  d e r i v a t i v e  w e r e  p r o d u c e d  b y  b o t h  t h e  )(- a n d  

S - c h a i n s  o f  I g G  a n d  I g M .

4 . 7  DETECTION OF ACETYLCHOLINE RECEPTOR CARBOHYDRATE 

MOIETY USING AN ENZYME-LINKED LECTI N BINDING ASSAY (ELBA)

4 . 7 . 1  D e t e c t i o n  o f  M a n n o s e  ( G l u c o s e )  i n  IgM u s i n g  t h e  

ELM

An a s s a y  w a s  d e v e l o p e d  ( b a s e d  o n  t h e  e n z y m e - l i n k e d  

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

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

c u v e t t e s .  C u v e t t e s  w e r e  c o a t e d  w i t h  I g G  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 1 0  a n d  t h e n  i n c u b a t e d  w i t h  C o n  A ( s p e c i f i c  f o r  

m a n n o s e / g l u c o s e ) ( 0  -  1 4 ^ g / m l ) .  H o r s e r a d i s h  p e r o x i d a s e  

w a s  u s e d  t o  d e t e c t  l e c t i n  b i n d i n g .  G e l a t i n ,  u s e d  a s  a  

n e g a t i v e  c o n t r o l ,  w a s  t r e a t e d  a s  f o r  C o n  A.  T h e  p r e s e n c e  

o f  m a n n o s e  ( g l u c o s e )  i n  IgM w a s  c o n f i r m e d  b y  i t s  b i n d i n g  

t o  Co n  A.  F i g u r e  4 . 7 . 1 a  s h o w s  t h e  r e s u l t s  o f  t h e s e  

i n v e s t i g a t i o n s .

B i n d i n g  o f  a  f i x e d  a m o u n t  o f  Con  A ( l ^ A g / m l )  t o  IgM 

w a s  i n h i b i t e d  b y  c o i n c u b a t i o n  w i t h  i n c r e a s i n g  a m o u n t s  o f



Figures 4.7.1

a )  C o n  A b i n d i n g  t o  g l y c o p r o t e i n  c o a t e d  p l a s t i c  

c u v e t t e s .  T h e  c u v e t t e s  w e r e  i n c u b a t e d  w i t h  i n c r e a s i n g  

a m o u n t s  o f  C o n  A f o r  2h  a t  3 7 ° C  o r  o v e r n i g h t  a t  2 0 ° C .  

T h e  c u v e t t e s  w e r e  r e p e a t e d l y  w a s h e d  w i t h  P B S - T w e e n  a n d  

i n c u b a t e d  a s  f o r  C o n  A w i t h  a  s o l u t i o n  o f  h o r s e r a d i s h  

p e r o x i d a s e  ( lyuug/ml )  i n  PBS a n d  t h e n  w a s h e d  a s  b e f o r e .  

C o l o u r  w a s  d e v e l o p e d  b y  a d d i n g  0 . 0 4 %  ( w / v )

o - p h e n y l e n e d i a m i n e  i n  p h o s p h a t e - c i t r a t e  b u f f e r #  pH 5 . 0 ,  

c o n t a i n i n g  0 . 0 1 2 %  ( v / v )  h y d r o g e n  p e r o x i d e .  T h e

r e a c t i o n  w a s  s t o p p e d  b y  t h e  a d d i t i o n  o f  60% H2 SO^ 

( 5 0 p . l )  a n d  t h e  c o l o u r  r e a d  a t  4 9 0 n m .  ( •  ) U n t r e a t e d

AChR,  ( A  ) n e u r a m i n a d a s e  t r e a t e d  AChR,  ( O)  I g M ,  ( A)  

g e l a t i n .

b )  I n h i b i t i o n  o f  Co n  A b i n d i n g  t o  g l y c o p r o t e i n  c o a t e d  

c u v e t t e s .  T h e  a s s a y  w a s  c a r r i e d  o u t  a s  a b o v e  b u t  u s i n g  

a  f i x e d  a m o u n t  o f  Co n  A { l j x g / m l )  a n d  i n  t h e  p r e s e n c e  o f  

i n c r e a s i n g  c o n c e n t r a t i o n s  o f  m a n n o s e / g l u c o s e  ( 0 - 2 0 0 m M  

i n  t h e  f i n a l  s o l u t i o n ) .  ( # )  U n t r e a t e d  AChR,  ( O)  I g M .
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m a n n o s e / g l u c o s e  ( 0  -  200mM i n  t h e  f i n a l  s o l u t i o n )  a n d  w a s  

s h o w n  t o  e x h i b i t  100% i n h i b i t i o n  a t  a p p r o x i m a t e l y  160mM 

m a n n o s e .  S e e  F i g u r e  4 . 7 . 1 b .

4 . 7 . 2  D e t e c t i o n  o f  M a n n o s e  ( G l u c o s e )  i n  T o r p e d o  AChR 

u s i n g  t h e  ELBA

T h e  p r e s e n c e  o f  m a n n o s e  ( g l u c o s e )  i n  t h e  

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

e n z y m e - l i n k e d  l e c t i n  b i n d i n g  a s s a y .  T h e  r e c e p t o r  w a s  

c o a t e d  o n t o  c u v e t t e s  a n d  t h e  a s s a y  c a r r i e d  o u t  a s
t

d e s c r i b e d  a b o v e .  N e u r a m i n i d a s e  t r e a t e d  r e c e p t o r  w a s  a l s o  

i n c l u d e d  i n  t h e  a s s a y .  S e e  F i g u r e  4 . 7 . 1 a .

B i n d i n g  o f  b o t h  t r e a t e d  a n d  u n t r e a t e d  AChR t o  a  

f i x e d  a m o u n t  ( l ^ g / m l )  o f  Con A c o u l d  b e  i n h i b i t e d  b y  

c o i n c u b a t i o n  w i t h  i n c r e a s i n g  a m o u n t s  o f  m a n n o s e / g l u c o s e  

( 0  -  200mM i n  t h e  f i n a l  s o l u t i o n ) .  T o t a l  i n h i b i t i o n  o f  

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

145mM a n d  140mM m a n n o s e / g l u c o s e  ( f o r  t h e  u n t r e a t e d  a n d  

t r e a t e d  AChR r e s p e c t i v e l y ) .  S e e  F i g u r e s  4 . 7 . 1 b .

4 . 7 . 3  D e t e c t i o n  o f  F u c o s e  i n  IgM u s i n g  t h e  

ELBA

T h e  p r e s e n c e  o f  f u c o s e  i n  IgM w a s  d e t e c t e d  b y  t h e  

ELBA.  IgM w a s  c o a t e d  o n t o  c u v e t t e s /  i n c u b a t e d  w i t h  

i n c r e a s i n g  a m o u n t s  o f  L o t u s  t e t r a g o n o l o b u s  l e c t i n  

( 0  -  1 4 ^ g / m l )  a n d  t h e  a s s a y  c a r r i e d  o u t  a s  d e s c r i b e d  

p r e v i o u s l y .  As h o r s e r a d i s h  p e r o x i d a s e  d o e s  n o t  b i n d  w i t h
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t h e  L o t u s  l e c t i n  u s e d  f o r  t h e  d e t e c t i o n  o f  f u c o s e  

r e s i d u e s ^  L o t u s  l e c t i n  c o m m e r c i a l l y  c o u p l e d  t o  HPO w a s  

u s e d .  As w i t h  Con  A/ g e l a t i n  w a s  u s e d  a s  a  n e g a t i v e  

c o n t r o l .  F i g u r e  4 . 7 . 2 a  s h o w s  t h a t  t h e  a s s a y  c a n  b e  

s u c c e s s f u l l y  u s e d  f o r  t h e  d e t e c t i o n  o f  f u c o s e  r e s i d u e s  i n  

i m m o b i l i s e d  I g M .

B i n d i n g  o f  IgM t o  a  f i x e d  a m o u n t  o f  L o t u s  l e c t i n  

( l y u g / m l )  c o u l d  b e  i n h i b i t e d  b y  c o i n c u b a t i o n  w i t h  f u c o s e  

( 0  -  200mM i n  t h e  f i n a l  s o l u t i o n ) .  T o t a l  i n h i b i t i o n  w a s  

a c h i e v e d  a t  a  f u c o s e  c o n c e n t r a t i o n  o f  115mM ( F i g u r e  

4 . 7 . 2 b ) .

4 . 7 . 4  D e t e c t i o n  o f  F u c o s e  i n  T o r p e d o  AChR 

u s i n g  t h e  ELBA

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

d e s c r i b e d  p r e v i o u s l y  a n d  i n c u b a t e d  w i t h  H P O - L o t u s  l e c t i n .

T h e  AChR p r o d u c e d  a  p o s i t i v e  r e a c t i o n  w h e n  i n c u b a t e d  

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

( F i g u r e  4 . 7 . 2 a ) .

B i n d i n g  o f  t h e  AChR t o  a  f i x e d  a m o u n t  o f  H P O - L o t u s  

l e c t i n  (lywg/ml) c o u l d  b e  i n h i b i t e d  b y  c o i n c u b a t i o n  w i t h  

f u c o s e  ( 0  - 200mM i n  t h e  f i n a l  s o l u t i o n ) .  C o m p l e t e  

i n h i b i t i o n  o f  b i n d i n g  w a s  a c h i e v e d  a t  a  c o n c e n t r a t i o n  o f  

125mM f u c o s e  ( s e e  F i g u r e  4 . 7 . 2 b ) .



Figures 4.7.2

a )  L . t e t r a g o n o l o b u s  l e c t i n  b i n d i n g  t o  g l y c o p r o t e i n  

c o a t e d  p l a s t i c  c u v e t t e s .  T h e  c u v e t t e s  w e r e  i n c u b a t e d  

w i t h  i n c r e a s i n g  a m o u n t s  o f  HP O- L o t u s  l e c t i n  f o r  2 h  a t  

3 7 ° C  o r  o v e r n i g h t  a t  2 0 ° C .  T h e  c u v e t t e s  w e r e  

r e p e a t e d l y  w a s h e d  w i t h  P B S - T w e e n  a n d  t h e  c o l o u r  

d e v e l o p e d  b y  a d d i n g  0 . 0 4 %  ( w / v )  o - p h e n y l e n e d i a m i n e  i n  

p h o s p h a t e - c i t r a t e  b u f f e r ,  pH 5 . 0 ,  c o n t a i n i n g  0 . 0 1 2 %  

( v / v )  h y d r o g e n  p e r o x i d e .  T h e  r e a c t i o n  w a s  s t o p p e d  b y  

t h e  a d d i t i o n  o f  60% H2 S 0 ^ ( 5 0 / a 1 )  a n d  t h e  c o l o u r  r e a d  a t  

4 9 0 n m .  ( A)  U n t r e a t e d  AChR,  (A)  n e u r a m i n a d a s e  t r e a t e d  

AChR,  ( o )  I g M ,  ( • )  g e l a t i n .

b )  I n h i b i t i o n  o f  l e c t i n  b i n d i n g  t o  g l y c o p r o t e i n  c o a t e d  

c u v e t t e s .  T h e  a s s a y  w a s  c a r r i e d  o u t  a s  a b o v e  b u t  u s i n g  

a  f i x e d  a m o u n t  o f  l e c t i n  ( l ^ i g / m l )  a n d  i n  t h e  p r e s e n c e  

o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  f u c o s e  ( 0 - 2 0 0 m M  i n  t h e  

f i n a l  s o l u t i o n ) ,  ( o ) U n t r e a t e d  AChR,  ( # )  I g M .
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4 . 7 . 5  I n h i b i t i o n  o f  H P O - L o t u s  L e c t i n  B i n d i n g  t o  

A c e t y l c h o l i n e  R e c e p t o r  w i t h  G l y c o p r o t e i n s

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

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

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

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

d e m o n s t r a t e d  b y  i n h i b i t i n g  l e c t i n  b i n d i n g  t o  AChR b y  

u s i n g  AChR o r  I g M .  F e t u i n  w a s  u s e d  a s  a  n e g a t i v e

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

F i g u r e  4 . 7 . 3 a  a n d  b .  No i n h i b i t i o n  o f  l e c t i n  b i n d i n g  t o  

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

f e t u i n .  I n h i b i t i o n  o f  b i n d i n g  b y  AChR w a s  d e m o n s t r a t e d .

H o w e v e r ,  o n l y  65% o f  t h e  t o t a l  b i n d i n g  c o u l d  b e

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

l e c t i n  b i n d i n g  t o  AChR w a s  a l s o  e v i d e n t  b y  u s i n g  IgM a n d  

a s  e x p e c t e d  t h e  i n h i b i t i o n  w a s  l e s s  t h a n  t h a t  a c h i e v e d  

w i t h  a c e t y l c h o l i n e  r e c e p t o r .

4 . 8  DETECTION OF CARBOHYDRATE R E SI DUES I N TORPEDO 

ACETLYCHOLINE RECEPTOR BY I N H I B I T I O N  OF L E C T I N INDUCED 

HAEMAGGLUTINAT ION

T h e  p r e s e n c e  o f  v a r i o u s  s u g a r  r e s i d u e s  i n  T o r p e d o  

AChR c o u l d  e a s i l y  b e  d e t e c t e d  b y  t h e  a b i l i t y  o f  t h e  

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

W i t h  t h e  e x c e p t i o n  o f  t h e  U . e u r o p e u s  l e c t i n ,  a l l  

l e c t i n - i n d u c e d  a g g l u t i n a t i o n  w a s  i n h i b i t e d  t o  s o m e  d e g r e e  

b y  t h e  T o r p e d o  r e c e p t o r  ( T a b l e  4 . 8 . 1 ) .



F i g u r e s  4 . 7 . 3 a /  b .  I n h i b i t i o n  o f  L . t e t r a g o n o l o b u s  

l e c t i n  b i n d i n g  t o  AChR c o a t e d  p l a s t i c  c u v e t t e s .  T h e  

c u v e t t e s  w e r e  i n c u b a t e d  w i t h  a  f i x e d  a m o u n t  ( l j u g / m l )  o f  

H P O - L o t u s  l e c t i n  f o r  2 h  a t  3 7 ° C  o r  o v e r n i g h t  a t  2 0 ° C  i n  

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

AChR o r  I g M .  T h e  c u v e t t e s  w e r e  r e p e a t e d l y  w a s h e d  w i t h  

P B S - T w e e n  a n d  t h e  c o l o u r  d e v e l o p e d  b y  a d d i n g  0 . 0 4 %  

( w / v )  o - p h e n y l e n e d i a m i n e  i n  p h o s p h a t e - c i t r a t e  b u f f e r /  

pH 5 . 0 /  c o n t a i n i n g  0 . 0 1 2 %  ( v / v )  h y d r o g e n  p e r o x i d e .  T h e  

r e a c t i o n  w a s  s t o p p e d  b y  t h e  a d d i t i o n  o f  60% H2 S 0 ^

(50^*1)  a n d  t h e  c o l o u r  r e a d  a t  4 9 0 n m .  ( • )  AChR/  (o.)

I g M .
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Table 4.8.1 Inhibition of Lectin Haemaqqlutination by Torpedo AChR

p m o l  AChR/WELL
LECTI N ______________________________________________________________________________________

1 3 5  6 7  3 3  1 6  8 4 2 1 0 . 5  0 . 2 5  C o n t r o l

L . c u l i n a r i s  - - -  + + + + + + + -

T . v u l g a r i s  - - -  + + + + + + + -

P . s a t i v u m  - - -  + + + + + + + -

G . m a x  — — — — — + + + + —

L . t e t r a g o n o l o b u s  - - -  + + + + + + • +  -

U . e u r o p e u s  + + + + + + + + + + -

C . e n s i f o r m i s  -  - -  - -  + + + + + -

+ -  A g g l u t i n a t i o n  
-  -  No a g g l u t i n a t i o n  
+ -  E n d  p o i n t
C o n t r o l  -  R e d  b l o o d  c e l l s  o n l y
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4 . 9  P A S S I VE  HAEMAGGLUTINAT ION TEST

4 . 9 . 1  E f f e c t  o f  T r i t o n  X - 1 0 0  o n  S h e e p  Re d  B l o o d  C e l l s

As AChR i s  s o l u b i l i s e d  b y  T r i t o n  X - 1 0 0  e x t r a c t i o n /  

t h e  e f f e c t  o f  t h i s  n o n - i o n i c  d e t e r g e n t  o n  SRBC w a s  

i n i t i a l l y  i n v e s t i g a t e d .  S e r i a l  d i l u t i o n s  o f  1% ( v / v )  

T r i t o n  X - 1 0 0  w e r e  c a r r i e d  o u t  i n  0 . 0 5 m l  v o l u m e s  o f  s a l i n e  

i n  m i c r o t i t r e  p l a t e s .  0 . 0 5 m l  o f  a  1% ( v / v )  SRBC

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

l y s i s  o b s e r v e d  a f t e r  2 h  i n c u b a t i o n  a t  2 0 ° C  a n d  3 7 ° C .  T h e  

d e t e r g e n t  c a u s e d  l y s i s  a t  c o n c e n t r a t i o n s  0 . 1 %  ( v / v ) .

T h e  p u r i f i e d  r e c e p ’t o r  p r e p a r a t i o n s  w h i c h  c o n t a i n e d  0 . 1 %  

( v / v )  T r i t o n  X - 1 0 0  w e r e  d i a l y s e d  f o r  2 4 h  a g a i n s t  s a l i n e  

t o  r e m o v e  p h o s p h a t e  i o n s  w h i c h  i n h i b i t  C r C l ^  c o u p l i n g  

( G o d i n g /  1 9 7 6 )  a n d  a l s o  t o  r e m o v e  e x c e s s  d e t e r g e n t  

m o n o m e r s .  D i a l y s i s  d o e s  n o t  r e m o v e  p r o t e i n - b o u n d  a n d  

p r o t e i n - f r e e  d e t e r g e n t  m i c e l l e s  ( F u r t h /  1 9 8 0 )  a n d /  

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

a g g r e g a t i o n  o f  t h e  p r o t e i n  i s  o b s e r v e d .  E a r l y  a t t e m p t s  

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

B i o b e a d s /  Sm2 ( H o l l o w a y /  1 9 7 3 )  r e s u l t e d  i n  t h e  

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

&Cb g t  b i n d i n g  a c t i v i t y .

4 . 9 . 2  o ^ - B u n g a r o t o x i n - b i n d i n g  t o  A C h R - c o a t e d  SRBC

AChR u s u a l l y q u a n t i t a t e d  a n d  c h a r a c t e r i s e d  i n
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t e r m s  o f  c(BGT b i n d i n g  a n d /  t h e r e f o r e #  t h e  a b i l i t y  o f  

c o a t e d  c e l l s  t o  b i n d  t h i s  n e u r o t o x i n  w a s  d e t e r m i n e d  ( s e e  

s e c t i o n  3 . 1 2 . 3 ) .  F i g u r e  4 . 9 . 1 a  s h o w s  t h a t  t h e  b o u n d  

r e c e p t o r  s t i l l  r e t a i n e d  t o x i n  b i n d i n g  a c t i v i t y .  T h i s  w a s  

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

b e n z o q u i n o n i u m  c h l o r i d e ) .  H a e m o g l o b i n - c o a t e d  RBC s h o w e d  

n e g l i g i b l e  b i n d i n g  w h i c h  w a s  n o t  d i s p l a c e a b l e  b y  

b e n z o q u i n o n i u m  c h l o r i d e .  T h e  S c a t c h a r d  p l o t  ( F i g u r e  

4 . 9 . 1 b )  g a v e  a n  a p p a r e n t  Kd v a l u e  o f  55nM a n d  a  Braax o f  

0 . 6 9  m o l e s .

4 . 9 . 3  E f f e c t  o f  t h e  A m o u n t  o f  C h r o m i c  C h l o r i d e  U s e d
•------------------------------------ #.----------  ■ ■■ ' ' '  . .I —

T h e  a m o u n t  o f  C r C l ^  u s e d  i n f l u e n c e s  b o t h  t h e  u p t a k e

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

1 2 5c e l l s .  AChR u p t a k e  w a s  m e a s u r e d  i n  t e r m s  o f  I-oCBGT 

b i n d i n g #  a n d  c e l l  a g g l u t i n a t i o n  w a s  e x a m i n e d  u s i n g  r a b b i t  

a n t i - A C h R  a n t i s e r u m .  T a b l e  4 . 9 . 1  s h o w s  t h a t  t h e  u p t a k e  

o f  AChR i n c r e a s e d  w i t h  i n c r e a s i n g  a m o u n t s  o f  C r C l ^  

s o l u t i o n  u s e d .  H o w e v e r #  t h e  s t r o n g e s t  a g g l u t i n a t i o n  w a s  

o b t a i n e d  w i t h  c e l l s  c o a t e d  u s i n g  0 . 3 5 m l  o f  C r C l ^  

s o l u t i o n .  L a r g e r  v o l u m e s  o f  C r C l ^  s o l u t i o n  y i e l d e d  c e l l s  

w h i c h  a g g l u t i n a t e d  s p o n t a n e o u s l y .  T h e r e f o r e #  a l l  

s u b s e q u e n t  c o a t i n g  w a s  c a r r i e d  o u t  w i t h  0 . 3 5 m l  o f  C r C l ^  

s o l u t i o n .



125FIGURE 4.9.1. I-cVBGT binding to AChR-coated red

c e l I s .

1 2 5( a )  I n c r e a s i n g  c o n c e n t r a t i o n s  o f  I -o(BGT w e r e  i n c u b a t e d

w i t h  20^*1 o f  c o a t e d  c e l l  s u s p e n s i o n  a s  d e s c r i b e d  i n  t h e

m e t h o d s  s e c t i o n .  N o n - s p e c i f i c  b i n d i n g  ( ■ )  w a s  o b t a i n e d

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

S p e c i f i c  b i n d i n g  ( • )  w a s  o b t a i n e d  a f t e r  s u b t r a c t i o n  o f

n o n - s p e c i f i c  f r o m  t o t a l  b i n d i n g .  S p e c i f i c  b i n d i n g  o f  

1 2 5 I-OCBGT t o  h a e m a g l o b i n - c o a t e d  c e l l s  w a s  n e g l i g i b l e  ( n o t  

s h o w n ) .

( b )  S c a t c h a r d  p l o t  o f  t h e  d a t a  r e p r e s e n t e d  i n  ( a ) .
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T a b l e  4 . 9 . 1 E f  f e e t o f  V o l u m e  o f  C r C l ^  S o l u t i o n  U s e d

F o r  C o u p l i n g AChR To SRBC

VOL OF C r C l -  
SOLUTION USED 

( m l )

STRENGTH OF TEST3 
AGGLUTINATION

C0NT0Lb 1 2 5 i - c*b g t c
BINDING 

p m o l e s / 2 0 / ^ 1  
o f  1% SRBC

0 — n e g N. D

0 . 1 - = 0 . 0 3 5

0 . 2 + = 0 . 0 6 6

0 . 2 5 + = 0 . 1 1 2

0 . 3 0 ++ = 0 . 1 9 7

0 . 3 5 + + + = 0 . 5 3 0

0 . 4 0 ++ + 0 . 7 2 2

a )  H a e m a g g l u t i n a t i o n  p e r f o r m e d  w i t h  r a b b i t  a n t i - T o r p e d o  

AChR a n t i s e r u m .

b )  H a e m a g g l u t i n a t i o n  p e r f o r m e d  w i t h  n o r m a l  r a b b i t  s e r u m .

1 2 5c )  T o x i n  b i n d i n g  w a s  c a r r i e d  o u t  u s i n g  e x c e s s  I -otBGT 

( 4 . 5  p m o l e )

N. D = n o t  d e t e c t e d .
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4.9.4 Haemagglutination of AChR-coated red cells

S e v e r a l  p o l y c l o n a l  a n d  m o n o c l o n a l  a n t i s e r a  t o  AChR 

w e r e  t i t r a t e d  a g a i n s t  A C h R - c o a t e d  r e d  c e l l s .  T h e  r e s u l t s  

a r e  s u m m a r i s e d  i n  T a b l e  4 . 9 . 2  a n d  a n  e x a m p l e  o f  t h e  

a g g l u t i n a t i o n  p a t t e r n  o b t a i n e d  i s  s h o w n  i n  F i g u r e  4 . 9 . 2 .  

W i t h  p o l y c l o n a l  a n t i s e r a  t h e  a g g l u t i n a t i o n  t i t r e s  

c o r r e l a t e d  w e l l  w i t h  t i t r e s  m e a s u r e d  b y  r a d i o i m m u n o a s s a y .

I m m u n o l o g i c a l  c r o s s - r e a c t i v i t y  b e t w e e n  T o r p e d o  AChR a n d  

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

a g g l u t i n a t i o n  t e s t .  C o m p l e m e n t - m e d i a t e d  l y t i c  a c t i v i t y  

w a s  s h o w n  b y  t w o  a n t i s e r a  o n l y .

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

m o n o c l o n a l  a n t i b o d i e s  (mAb)  w a s  d i f f e r e n t .  F i r s t /  

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

o f  a n t i b o d i e s .  S e c o n d /  t h e r e  w a s  n o  c o r r e l a t i o n  b e t w e e n  

t h e  a g g l u t i n a t i o n  a n d  r a d i o i m m u n o a s s a y  t i t r e s .



Table 4.9.2 Titration of Anti-AChR Antisera

a h t i s e r u m ANTI-TORPEDO AChRa  
ANTIBODY T I T R E  

(RADIOIMMUNOASSAY) 
(nM)

N o r m a l  r a b b i t  
s e r u m N.D

R a b b i t  a n t i  
T o r p e d o  AChR 1 4 / 5 0 0

N o r m a l  s h e e p  
s e r u m N.D

S h e e p  a n t i  
T o r p e d o  AChR 6 4 0 0

R a b b i t  a n t i -  
r e t  AChR 1 5 1 7  ( 4 2 / 0 0 0 )

R a b b i t  a n t i -  
f o e t a l  c a l f  
AChR ( 1 )  

( 2 )
1 7 . 5  ( 3 2 0 )
5 . 5  ( 7 0 0 )

N o n - i m m u n e  m o u s e  
a s c i t i c  f l u i d N.D

M o u s e  m o n o c l o n a l  
a n t i - T o r p e d o  AChR

A3 2 3 5 0

B l l 1 7 0

C2 1 0 3

C7 1 4 3

a)) V a l u e s  i n  b r a c k e t s  a r e  a n t i b o d y  t i t r e s  
i . e . /  r a t  AChR a n d  f o e t a l  c a l f  AChR.

b)) T i t r a t i o n  o f  a n t i - T o r p e d o  AChR a n t i s e r a  
a g g l u t i n a t i o n  i n  t h e  f i r s t  w e l l  o n l y .

N „ d = n o t  d e t e c t e d .
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with AChR-Coated Red Cells

HAEMAGGLUTINATION
T I T R E

COMPLEMENT- 
MEDIATED LYSI S  

T I T R E

1 : 2

1 : 6 5 5 , 3 6 0 1 : 1 2 8

1 : 1 6 3 , 8 4 0

1 : 4 0 , 9 6 0

1 : 2 5 6
1 : 8

1 : 3 2

1 : 2

1 : 1 0 2 4

1 : 1 6

1 : 1 6

1 : 1 2 8 0

m e a s u r e d  u s i n g  t h e p r i m a r y  a n t i g e n

a g a i n s t  h a e m o g l o b i n c o a t e d  SRBC s h o w e d
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FIGURE 4 . 9 . 2  H a e m a g g l u t i n a t i o n  p a t t e r n s  o f  A C h R - c o a t e d  

R B C .

S e r i a l  d i l u t i o n s  o f  a n t i s e r a  w e r e  ma de  i n  t w o  r o w s  a n d  

a g g l u t i n a t i o n  p e r f o r m e d  w i t h  AChR-SRBC.

Rows  A a n d  B/ r a b b i t  a n t i - T o r p e d o  AChR a n t i s e r u m  ( w e l l  1 

d i l u t i o n  1 : 2 0 ) .  E n d - p o i n t  = 1 : 6 5 5 / 3 6 0  d i l u t i o n .

Rows  C a n d  D, r a b b i t  a n t i - r a t  AChR a n t i s e r u m  ( w e l l  1 

d i l u t i o n  1 : 2 0 ) .  E n d - p o i n t  = 1 : 4 0 / 9 6 0  d i l u t i o n .

Row E a n d  F ,  s h e e p  a n t i - T o r p e d o  ( w e l l  1 d i l u t i o n  1 : 2 0 ) .  

E n d - p o i n t  = 1 : 6 3 / 8 4 0  d i l u t i o n .

Rows  G a n d  H/ m o n o c l o n a l  a n t i b o d y  ( A3)  ( w e l l  1 d i l u t i o n
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D I S C U S S I O N

5 . 1  T h e ______P r e p a r a t i o n  a n d  C h a r a c t e r i s a t i o n  o f

R a d i o l a b e l l e d  o f - B u n g a r o t o x i n

F o r  c e r t a i n  p a r t s  o f  t h e  w o r k  c o v e r e d  b y  t h i s  

r e s e a r c h  p r o j e c t  i t  w a s  e s s e n t i a l  t o  o b t a i n  a n  a c c u r a t e  

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

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

a s s e s s m e n t  i s ,  i n  p a r t /  d e p e n d e n t  o n  t h e  m e t h o d  o f  

d e t e r m i n a t i o n  e m p l o y e d /  i e /  t h e  t o x i n  b i n d i n g  a s s a y .  T h e  

a s s a y  i n v o l v e s  t h e  i n c u b a t i o n  o f  a c e t y l c h o l i n e  r e c e p t o r s  

w i t h  r a d i o l a b e l l e d  c ( - b u n g a r o t o x i n  a n d  s u b s e q u e n t  s e p a r 

a t i o n  o f  t h e  r e c e p t o r - t o x i n  c o m p l e x  f r o m  f r e e  l a b e l l e d  

t o x i n .  C a l c u l a t i o n  o f  t h e  a m o u n t  o f  r e c e p t o r  b o u n d  t o  

t o x i n  i s ,  t h e r e f o r e /  d e p e n d e n t  o n  h a v i n g  a n  a c c u r a t e  

k n o w l e d g e  o f  t h e  c o n c e n t r a t i o n  o f  l a b e l l e d  t o x i n  a d d e d  t o  

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

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

P u r i f i c a t i o n  o f  cCBGT f r o m  v e n o m  a n d  r e p u r i f i c a t i o n  

o f  c o m m e r c i a l l y  p u r i f i e d  6CBGT w a s  c a r r i e d  o u t  i n  o r d e r  t o  

e n s u r e  t h e  p u r i t y  o f  c o m m e r c i a l l y  a v a i l a b l e  o(BGT.  

R e p u r i f i c a t i o n  o f  BGT r e v e a l e d  a s m a l l  p e a k  c o n s i s t i n g  

o f  a p p r o x i m a t e l y  5% o f  t h e  t o t a l  p r o t e i n .  T h i s  c o u l d  

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

^(BGT p r e s e n t  i n  t h e  b i n d i n g  a s s a y .  H e n c e /  t h e r e  may  h a v e  

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

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

o f  p r o t e i n s  a n d  i t  h a s  b e e n  r e p o r t e d  ( P o t t e r ,  1 9 7 4 )  t h a t  

r a d i o l a b e l l i n g  may  m o d i f y  t h e  b i n d i n g  o f  t h e  i o d i n a t e d  

t o x i n  t o w a r d s  t h e  a c e t y l c h o l i n e  r e c e p t o r .  T h u s  a  b r i e f  

e x a m i n a t i o n  o f  t h e  m e t h o d  o f  i o d i n a t i n g  ctfBGT w a s  c a r r i e d  

o u t .  T h r e e  m e t h o d s  w e r e  i n v e s t i g a t e d :  t h e s e  u s e d

C h l o r a m i n e  T ( H u n t e r ,  1 9 7 8 )  i o d i n e  m o n o c h l o r i d e  ( V o g e l  _e t  

a l . ,  1 9 7 2 )  a n d  i o d i n e  m o n o c h l o r i d e  b y  a  m o d i f i e d

p r o c e d u r e  ( D o r a n  a n d  S p a r ,  1 9 8 0 ) .  T h e  b i o l o g i c a l  

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

w h e n  t h e  c h l o r a m i n e  T a n d  i o d i n e  m o n o c h l o r i d e  ( V o g e l  e t  

a l . ,  1 9 7 2 )  m e t h o d s  w e r e  f o u n d  t o  p r o d u c e  c o m p a r a b l e

r e s u l t s ,  w h e r e a s  y i e l d s  f r o m  t h e  m o d i f i e d  i o d i n e  

m o n o c h l o r i d e  m e t h o d  w e r e  c o n s i s t e n t l y  v e r y  l o w .  T h i s  

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

t h e  C h l o r a m i n e  T m e t h o d  o f  i o d i n a t i o n  c a u s e d  n o  m o r e  

r a d i o l o g i c a l  d a m a g e  t o  t h e  t o x i n  t h a n  d i d  t h e  o t h e r  

me t h o d s .

J a m e s  je_t a l .  ( 1 9 8 0 )  r e c o m m e n d e d  t h a t  t h e  p r o d u c t s

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

1 2 5  . .r e m o v e  ^ - ( t f B G T ,  a s  t h i s  d e r i v a t i v e  h a s  a  m o d i f i e d

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

p r e s e n t  s t u d y ,  h o w e v e r ,  ( T a b l e  4 . 1 . 3 )  s h o w  t h a t  a l t h o u g h

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

m o n o - i o d i n a t e d  <?(BGT c o m p a r e d  w i t h  t h a t  o f  u n f r a c t i o n a t e d  

1 2 5 I-0G3GT ( a v e r a g e  1 0 % ) ,  t h i s  i n c r e a s e  d i d  n o t  j u s t i f y  

f r a c t i o n a t i o n  o f  r a d i o l a b e l l e d  o t - t o x i n  d e r i v a t i v e s  o n  a  

r e g u l a r  b a s i s  f o r  a c c u r a t e  q u a n t i t a t i o n  o f  T o r p e d o  AChR 

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

i m m u n o l o g i c a l  a c t i v i t i e s  o f  c o m m e r c i a l  t o x i n  a n d  t o x i n  

w h i c h  h a d  b e e n  p u r i f i e d  f r o m  v e n o m .

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

f o r  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  i o d i n a t e d  o£BGT 

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

w e r e  f o u n d  t o  a g r e e  w i t h  r e s u l t s  f r o m  g e l  f i l t r a t i o n .

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

o f  q u a n t i t a t i n g  T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r  b i n d i n g  

s i t e s ,  i o d i n a t i o n  o f  c o m m e r c i a l l y  a v a i l a b l e

c C - b u n g a r o t o x i n  b y  t h e  C h l o r a m i n e  T m e t h o d  a n d  e s t i m a t i o n  

o f  t h e  t o x i n  c o n c e n t r a t i o n  b y  t h e  g e l  f i l t r a t i o n  m e t h o d  

w a s  a d e q u a t e .  I t  w a s  a l s o  c o n s i d e r e d  u n n e c c e s s a r y  t o  

f r a c t i o n a t e  t h e  i o d i n a t e d  d e r i v a t i v e s .
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5.2 Purification of AChR

5 . 2 . 1  M o d i f i c a t i o n s  o f  t h e  M e t h o d  o f  P u r i f i c a t i o n  o f  

T o r p e d o  A c e t y l c h o l i n e  R e c e p t o r

M o d i f i c a t i o n s  t o  t h e  i n i t i a l l y  u s e d  m e t h o d  o f  

p u r i f i c a t i o n  ( L i n d s t r o m /  1 9 7 6 )  o f  t h e  AChR f r o m  t h e  

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

r e a s o n s .  T h e s e  w e r e :  f i r s t l y /  t o  i m p r o v e  o v e r a l l  y i e l d s  

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

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

F o u r  m o d i f i c a t i o n s  ( d e s c r i b e d  i n  M e t h o d s  3 . 3 . 2 )  t o  

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

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

, i n  t h e  t o t a l  a m o u n t  o f  p r o t e i n  a n d  t o x i n  b i n d i n g  s i t e s  

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

i s a t i o n  o f  t h e  f r o z e n  t i s s u e  i n  s a l t  s o l u t i o n /  r a t h e r  

t h a n  p h o s p h a t e  b u f f e r .  T h e  s a l t  ma y  h a v e  i m p r o v e d  y i e l d s  

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

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

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

m e m b r a n e  f r a g m e n t s /  a n d  h e n c e  AChR/  b e i n g  p e l l e t e d .  

T h i r d l y /  t h e  s u b s e q u e n t  r e s u s p e n s i o n  o f  t h e s e  m e m b r a n e  

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

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

s o l u b i l i s a t i o n .  F i n a l l y /  a l t h o u g h  t h e  m o d i f i c a t i o n s  

d e s c r i b e d  a b o v e  u n d o u b t a b l y  c o n t r i b u t e d  t o  t h e  y i e l d /  a n d  

p o s s i b l y  p u r i t y /  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r /  t h e  m a j o r
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c o n t r i b u t i n g  f a c t o r  t o  t h e  i m p r o v e d  y i e l d  ( T a b l e  4 . 3 . 1 )  

o f  t h e  AChR i s  p r o b a b l y  t h e  u s e  o f  2% T r i t o n  X 1 0 0  f o r  

s o l u b i l i s a t i o n .  B e n z o q u i n o n i u m  c h l o r i d e  w a s  u s e d /  i n  

s e v e r a l  i n s t a n c e s /  t o  e l u t e  t h e  a c e t y l c h o l i n e  r e c e p t o r  

f r o m  t h e  t ^ - N a j a  a f f i n i t y  c o l u m n .  T h e  o v e r a l l  y i e l d  o f  

AChR f o l l o w i n g  d e s o r p t i o n  b y  b e n z o q u i n o n i u m  w a s  

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

d e s o r p t i o n .  A s i m i l a r  r e s u l t  h a s  b e e n  s h o w n  b y  E l d e f r a w i  

a n d  E l d e f r a w i  ( 1 9 7 3 )  wh o  f o u n d  t h a t

b e n z o q u i n o n i u m - d e s o r b e d  r e c e p t o r  c o n t a i n e d  o n l y  80% o f

t h e  c a r b a m y l c h o l i n e - d e s o r b e d  r e c e p t o r .  F u r t h e r m o r e /  

a f t e r  d e s o r p t i o n  b y  b e n z o q u i n o n i u m / t r e a t m e n t  o f  t h e

a f f i n i t y  c o l u m n  w i t h  1M c a r b a m y l c h o l i n e  r e s u l t e d  i n  t h e  

r e c o v e r y  o f  a n  a d d i t i o n a l  15% o f  t h e  p r o t e i n .

T h e  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  n i c o t i n i c  

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

b e  i n  t h e  r a n g e  o f  1 . 7  -  9 . 0  n m o l / m g  p r o t e i n  ( s e e  T a b l e  

5 . 1 ) .  I n  t h i s  s t u d y /  s p e c i f i c  a c t i v i t i e s  o f  AChR 

p u r i f i e d  b y  t h e  m e t h o d  o f  L i n d s t r o m  ( 1 9 7 6 )  w e r e  i n  t h e

r a n g e  o f  0 . 6  -  6 . 1  n m o l / m g  ( m e a n  3 . 0  n m o l / m g )  w h i c h

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

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

s p e c i f i c  a c t i v i t i e s  q u o t e d  b y  v a r i o u s  w o r k e r s  i s  c a u s e d  

b y  t h e  u s e  o f  d i f f e r e n t  a s s a y  m e t h o d s .  M e h r a b a n  ,gj: j j l

( 1 9 8 2 ) /  u s e d  a  s i m i l a r  p u r i f i c a t i o n  p r o c e d u r e  t o  t h a t  

d e s c r i b e d  h e r e  b u t  w i t h  t h e  s u b s t i t u t i o n  o f  t h e  DEAE 

c o l u m n  w i t h  a  l e c t i n  ( L e n s  c u l i  n a r i  s )  c o l u m n .  T h e y  

r e p o r t e d  v a l u e s  o f  4  -  6 n m o l  t o x i n  b o u n d / m g  _ p r o t e i n /  

w h i c h  v a l u e s  a r e  c o m p a r a b l e  t o  t h o s e  r e p o r t e d  i n  t h i s
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T a b l e  5 . 1  S p e c i f i c  A c t i v i t i e s o f  AChR f r o m  F i s h

E l e c t r i c  O r g a n s

SOURCE S P E C I F I C  ACTI VI TY REFERENCES
( n m o l n e u r o t o x i n /

mg p r o t e i n )

E l e c t r o p h o r u s 4 . 5 B i s e c k e r  ( 1 9 7 3 )
e l e c t r i c u s 5 . 4 H u c h o  & C h a n g e u x  ( 1 9 7 3 )

8 K a r l i n  & C o w b u r n  ( 1 9 7 3 )
K a r l i n  e t  a l  ( 1 9 7 6 )

1 1 K l e t t  e t  j Q  ( 1 9 7 3 )
5 - 6 . 5 C h a n g  T l 9 7 4 )

P e n n  e t  a l  ( 1 9 7 6 )
6 . 7 M e u n i e r  e t  a l  ( 1 9 7 4 )

S o b e l  e t  a l “T l 9 7 7 )
7 . 5 L i n d s t r o m  & P a t r i c k

( 1 9 7 4 )
3 . 6 P a t r i c k  e t  a l  ( 1 9 7 5 )
6 . 3 S c h m i d t  & R a f t e r y  ( 1 9 7 3 )

T . c a l i  f o r n i c a 8 W e i l l  e_t al_ ( 1 9 7 4 )
1 0 E l d e f r a w i  e t  a l  ( 1 9 7 5 b )
1 2 C h a n g  & B r o c k - T l 9 7 7 )

8 F r o e h n e r  ej t  a l  ( 1 9 7 7 a )
F r o e h n e r  & R a f t o  ( 1 9 7 9 )

1 0 . 6 B a r f e l d  & F u c h s  ( 1 9 7 9 )
8 - 9 V a n O l e n  e t  a l  ( 1 9 7 9 )
9 R u c h e l  e t  a l  ( 1 9 8 1 )

T . m a r m o r a t a 9 P o t t e r  ( 1 9 7 3 )
1 . 7 H e i l b r o n n  & M a t t s s o n

( 1 9 7 4 )
5 G o r d o n  e t  a l  ( 1 9 7 4 )
8 E l d e f r a w i  e t  a l  ( 1 9 7 5 a )
7 - 9 S o b e l  e t  a l  ( 1 9 7 7 ,  1 9 7 8 )
9 . 6 V a n d l e n  e t  a l  ( 1 9 7 9 )
9 R u c h e l  e t  a l  ( 1 9 8 1 )
4 - 6 M e h r a b a n  e t  a l  ( 1 9 8 2 )

T . o c e l l a t a 1 0 - 1 2 R u b a s m e n  e t  a l  ( 1 9 7 8 )

T . n o b l i  a n a 1 2 . 5 Ong  & B r a d y  ( 1 9 7 4 )

N a r c i n e  e n t e m e d o r 2 . 7 S c h m i d t  & R a f t e r y  ( 1 9 7 2 )

N . b r a s i l i  e n i s 9 C h a n g  e t  a l  ( 1 9 7 7 )

N a r k e  j a p o n i c a 2 . 2 I s h i k a w a  ( 1 9 8 0 )
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t h e s i s .  M o d i f i c a t i o n s  t o  t h e  p u r i f i c a t i o n  p r o c e d u r e  h a d  

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

T h e  r e l a t i v e l y  l o w  s p e c i f i c  a c t i v i t y  o f  r e c e p t o r  

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

o t h e r  w o r k e r s  may b e  a s  a  r e s u l t  o f  t h e  i o d i n a t e d  t o x i n  

p r e p a r a t i o n s  u s e d  t o  a s s a y  t h e  AChR.  I n  a  n u m b e r  o f  

r e p o r t s  ( R u c h e l  e t  a l . / 1 9 8 1 /  M e h r a b a n  e_t ^al^. / 1 9 8 0 /

S o b e l  ^ ^ t  j Q . /  1 9 7 7 /  M a t t s s o n  a n d  H e i l b r o n n /  1 9 7 4 ) /

t r i t i a t e d  cCBGT h a s  b e e n  u s e d  t o  a s s a y  t o x i n  b i n d i n g  s i t e s  

a n d  t h i s  r a d i o l a b e l l e d  a n t a g o n i s t  h a s  b e e n  s h o w n  t o  h a v e  

a  b i o l o g i c a l  a c t i v i t y  i n  t h e  r e g i o n  o f  100% ( L o  ,e_t a l . ,

1 9 8 1 ) .

My s p e c i f i c  a c t i v i t i e s  ( 0 . 6  -  1 0 . 7  n m o l / m g )  i n

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

t h i s  l a b o r a t o r y  ( 3 . 5  -  4 . 4  n m o l / m g ) .

5 . 2 . 2  P u r i f i c a t i o n  o f  T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r  o n  

a n  A n t i - ( T o r p e d o  AChR)  M o n o c l o n a l  A n t i b o d y - A f f i n i t y

C o l u m n

R e c o v e r i e s  ( 7 . 0  + 1 . 0  m g / K g  o r g a n )  o f  T o r p e d o

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

b y  a f f i n i t y  c h r o m a t o g r a p h y  o n  a n t i - ( T o r p e d o  AChR)

m o n o c l o n a l  a n t i b o d i e s  w e r e  c o n s i d e r a b l e  l o w e r  t h a n  t h o s e  

r e p o r t e d  b y  L e n n o n  e j t  a l . / ^ 1 9 8 o )  ( 6 2  -  9 5  m g / K g  o f  o r g a n ) .

L e n n o n  e t  a l . /  ( 1 9 8 0 )  a l s o  r e p o r t e d  s p e c i f i c  a c t i v i t i e s  

o f  4 . 9  + 0 . 3 5  pmol/yu>g w h i c h  a r e  a p p r o x i m a t e l y  2 . 5  t i m e s  

h i g h e r  t h a n  t h o s e  f o u n d  h e r e  ( 1 . 9  + 0 . 3  p m o l / / * g ) .  T h e  

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



-197-

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

s o l u t i o n  e l u t e d  f r o m  t h e  a f f i n i t y  c o l u m n .  I t  h a s  b e e n  

s h o w n  t h a t  e x p o s u r e  o f  AChR t o  pH v a l u e s  g r e a t e r  t h a n  1 0  

r e s u l t s  i n  a  l a r g e  r e d u c t i o n  i n  o ^ - b u n g a r o t o x i n  b i n d i n g  

s i t e s  ( L e n n o n  e_t a_l .  / 1 9 8 0 )  a n d  w h i l e  t h e  pH o f  t h e

e l u t i o n  b u f f e r /  i n  t h i s  c a s e ,  w a s  o n l y  1 0 /  s o m e  l o s s  o f  

b i n d i n g  s i t e s  ma y  h a v e  o c c u r e d .

D i f f e r e n c e s  b e t w e e n  y i e l d s  a n d  s p e c i f i c  a c t i v i t i e s  

o f  t h e  r e c e p t o r  p r e p a r e d  h e r e  a n d  t h a t  o f  L e n n o n  e_t a l .  , 

( 1 9 8 0 )  may  a l s o  b e  a  f u n c t i o n  o f  t h e  a n t i b o d y  p o p u l a t i o n .

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

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

o t h e r  w o r k e r s  o r  t h e y  m a y  b i n d  s o  t i g h t l y  t h a t  

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

e x t r e m e  c o n d i t i o n s .

A m o r e  e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  m o n o c l o n a l  

a n t i b o d y  p o p u l a t i o n  w o u l d  n e e d  t o  b e  c a r r i e d  o u t  b e f o r e  

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

o f  t h e  r e c e p t o r  b y  t h i s  m e t h o d .
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5.3 Chemical Analysis of AChR Carbohydrate Moiety

5 . 3 . 1  S i a l i c  A c i d  C o n t e n t  o f  T o r p e d o  A c e t y l c h o l i n e  

R e c e p t o r

T h e  p r e s e n c e  o f  s i a l i c  a c i d  i n  t h e  c a r b o h y d r a t e  

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

r e p o r t e d  ( V a n d l e n  £ t  a l^ .  / 1 9 7 9 /  L i n d s t r o m  e^t a l^ .  / 1 9 7 9 /

B e r s i n g e r  e t  a l . / 1 9 8 2 ) .  S i a l i c  a c i d  i s  a  c ommon

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

m u c i n s /  i m m u n o g l o b u l i n s /  f e t u i n /  r i b o n u c l e a s e  b /  

t h y r o g l o b u l i n )  a n d  o f  m e m b r a n e  g l y c o p r o t e i n s  ( e . g .  B a n d  3 

g l y c o p r o t e i n  o f  e r y t h r o c y t e  m e m b r a n e s ) . A l s o /

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

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

c u l a t i o n  ( A s h w e l l  a n d  M o r e l l /  1 9 7 4 ) /  t h u s  i m p l i c a t i n g  t h e  

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

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

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

c o n s t i t u e n t  o f  t h e  s a c c h a r i d e  s t r u c t u r e  o f  t h e  AChR.

T h e  a m o u n t  a n d  s u b u n i t  d i s t r i b u t i o n  o f  s i a l i c  a c i d  

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

V a n d l e n  et^ a l . / ( 1 9 7 9 )  r e p o r t e d  t r a c e  a m o u n t s  o f  s i a l i c

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

e t  a l . /  ( 1 9 7 9 )  f o u n d  s u b s t a n t i a l  a m o u n t s  o n  o n l y  t h e  / -

a n d  < f - s u b u n i t s  ( 9 . 6 n m o l / m g  a n d  l O n m o l / m g  f o r  t h e  / -  a n d  

5 - s u b u n i t s  r e s p e c t i v e l y ) .  W h i l e / ,  a t  t h i s  p o i n t /  n o  

s u b u n i t  d i s t r i b u t i o n  o f  s i a l i c  a c i d  c a n  b e  a s c e r t a i n e d  a
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figure of 8 + 0.16 nmol sialic acid per mg protein is

i d e n t i c a l  t o  t h a t  d e t e r m i n e d  b y  B e r s i n g e r  e_t a^ l .  / ( 1 9 8 2 ) .

T h e  s l i g h t  v a r i a b l i t y  o f  t h e  s i a l i c  a c i d  c o n t e n t  o f  

t h e  a c e t y l c h o l i n e  r e c e p t o r  may  b e  d u e  t o  p e r i p h e r a l  

h e t e r o g e n e i t y  ( M a r s h a l l  a n d  N e u b e r g e r /  1 9 7 0 ) .

S i a l i c  a c i d  w a s  s u c c e s s f u l l y  c l e a v e d  o f f  t h e  

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

( 5 0  -  100% b y  w e i g h t  o f  t o t a l  s i a l i c  a c i d  p r e s e n t ) .  T h e  

n e u r a m i n i d a s e  f r o m  C l o s t r i d i u m  p e r f r i n q e n s  e x h i b i t s  

m a x i m a l  a c t i v i t y  t o w a r d s  t h e  <£- ( 2- *3)  l i n k a g e  a n d  

a p p r o x i m a t e l y  50% o f  t h i s  a c t i v i t y  t o w a r d s  t h e  c C- (2 - *6)  

a n d  eC- (  2*^8) g l y c o s i d i c  l i n k a g e s  ( f o r  r e v i e w  s e e  S c h a u e r ,

1 9 8 2 ) .  T h e  f a i l u r e  o f  t h e  n e u r a m i n i d a s e  ( i n  s o m e  

i n s t a n c e s )  t o  r e m o v e  100% o f  t h e  s i a l i c  a c i d  may  b e  a s  a  

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

b o n d s  a r e  c £ - ( 2 - * 3 ) .  A l s o /  n e u r a m i n i d a s e  f r o m  C . 

p e r f r i n g e n s  h a s  1 / 5  t h e  a c t i v i t y  t o w a r d s  N - g l y c o l y l -  

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

n e u r a m i n i c  a c i d .

5 . 3 . 2  Q u a n  t  i  t a t  i v e _____A n a l y  s i  s _____ u s i n g ______ G a s - 1  i q u i d

C h r o m o t o g r a p h y  o f  t h e  M o n o s a c c h a r i d e  R e s i d u e s  o f  I n t a c t  

T o r p e d o  A c e t y l c h o l i n e  R e c e p t o r

T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r  h a s  b e e n  r e p o r t e d  t o  

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

a n d  N - a c e t y l g l u c o s a m i n e  ( V a n d l e n  £ t  a l . , 1 9 7 9 /  L i n d s t r o m  

e t  a l . , 1 9 7 9 ) .

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

t h e s e  i n c l u d e  t h e  A n t h r o n e  m e t h o d  ( C o l o w i c k  a n d  K a p l a n /  

1 9 5 7 ) /  t h e  p h e n o l - s u l p h u r i c  a c i d  m e t h o d  ( D u b o i s  et_ a l . , 

1 9 5 6 )  a s  u s e d  b y  V a n d l e n  ej t  a l^ .  / ( 1 9 7 9 )  a n d  t h e

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

( 1 9 6 7 ) .  A l l  t h r e e  m e t h o d s  h a v e  t h e  d i s a d v a n t a g e  t h a t  

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

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

a n d  s o  w e r e  r e j e c t e d .

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

g a s - l i q u i d  c h r o m a t o g r a p h y  h a v e  p r o d u c e d  v a l u e s  f o r  t h e  

t o t a l  s u g a r  c o n t e n t  o f  t h e  r e c e p t o r  o f  38  + 12j j i g /mg 

( M a t t s s o n  a n d  H e i l b r o n n /  1 9 7 5 )  a n d  4 0  -  7 0 j * g / m g  p r o t e i n

( L i n d s t r o m  e t  a l ^ .  / 1 9 7 9 ) /  w h i l e  t h a t  r e p o r t e d  h e r e  w a s

a r o u n d  7 0 ^ g / m g .  T h e  l o w e r  v a l u e s  r e p o r t e d  b y  o t h e r  

■ i n v e s t i g a t o r s  p r o b a b l y  a r i s e  f r o m  t h e  d i f f e r e n t

d e r i v a t i s a t i o n  m e t h o d s  e m p l o y e d  f o r  p r e p a r i n g  s a m p l e s .  

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

g l u c o s e /  g a l a c t o s e /  N - a c e t y l - g l u c o s a m i n e  ( 4 7 /  1 2 3 /  4 0 /  21  

a n d  4 2  n m o l / m g  r e s p e c t i v e l y )  w h i c h  c o m p a r e  e x t r e m e l y  w e l l  

w i t h  v a l u e s  r e p o r t e d  b y  L i n d s t r o m  e^t al^.  , ( 1 9 7 9 ) /  w h o /

f r o m  a  s i n g l e  s e t  o f  GLC a n a l y s e s /  d e t e r m i n e d  t h e  s u g a r s  

p r e s e n t  t o  b e  m a n n o s e /  g l u c o s e /  g a l a c t o s e  a n d  N - a c e t y l -  

g l u c o s a m i n e  ( 1 1 5 /  5 3 /  2 2  a n d  5 4  n m o l / m g  r e s p e c t i v e l y ) /

t h e  p r e s e n c e  o f  f u c o s e  w a s  n o t  r e p o r t e d .

V a n d l e n  et^ a l _. / ( 1 9 7 9 )  a s s a y e d  t h e  s u g a r  c o n t e n t  o f  

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

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

1 9 4  n m o l  o f  c a r b o h y d r a t e  p e r  mg p r o t e i n .  W h i l e  t h i s
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f i g u r e  i s  l o w  c o m p a r e d  t o  t h a t  d e t e r m i n e d  h e r e  f r o m  GLC 

a n a l y s i s  ( 2 9 0  hh 2 5  n m o l / m g ) ,  i f  a l l o w a n c e s  a r e  m a d e  f o r  

a m i n o  s u g a r s  ( w h i c h  w o u l d  n o t  h a v e  b e e n  d e t e c t e d  b y  t h e  

c o l o r i m e t r i c  m e t h o d )  a  v a l u e  o f  2 7 8  n m o l / m g  ( 8 4  n m o l  f r o m  

N - a c e t y l g l u c o s a m i n e )  i s  o b t a i n e d .  T h e  v a l u e  t h u s  

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

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

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

i n v e s t i g a t o r s /  h o w e v e r #  i t  h a s  p r e v i o u s l y  b e e n  d e t e c t e d  

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

s t u d i e s  ( s e e  s e c t i o n s  4 . 6 #  4 . 7  a n d  4 . 8 ) .

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

r e c e p t o r  w a s  d e b a t a b l e  a s  i t  w a s  n o t  d e t e c t e d  i n  40% o f  

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

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

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

p o s s i b l e  t o  c o n f i r m  i t s  p r e s e n c e  b y  l e c t i n - b i n d i n g  

s t u d i e s .  G l u c o s e  may  b e  p r e s e n t  a s  a  c o n t a m i n a n t  f r o m  

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

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

( B r i l e y  a n d  C h a n g e u x #  1 9 7 7 ) .  H o w e v e r #  e x t e n s i v e  d i a l y s i s  

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

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

w o u l d  h a v e  b e e n  r e m o v e d .  A l s o #  n o  t r a c e  o f  a n y  s u g a r  w a s  

d e t e c t e d  i n  s a m p l e s  o f  b u f f e r  e l u t e d  f r o m  S e p h a d e x #  

S e p h a c r y l  o r  U l r a g e l  ACA c o l u m n s .  I t  i s #  m o r e o v e r #  

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

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

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

h e t e r o g e n e i t y .  D i f f e r e n c e s  i n  t h e  s t r u c t u r e s  o f

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

w a y s .  T h e s e  i n c l u d e  h e t e r o g e n e i t y  o f  n o n r e d u c i n g /

t e r m i n a l  s u g a r  r e s i d u e s  ( p e r i p h e r a l  h e t e r o g e n e i t y )  a n d /  

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

c a r b o h y d r a t e  m o i e t i e s  o f  g l y c o p r o t e i n s .  An e x a m p l e  o f  

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

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

2 - 0 - ( ^ - D - g l u c o p y r  a n o s y l - O - ^ - D - g a l a c t o p y r a n o s y l  a n d /  i n  

p a r t /  a s  0 - £ - D - g a l a c t o p y r a n o s y l  g r o u p s /  i e  b o t h  w i t h  a n d  

w i t h o u t  t h e  t e r m i n a l  D - g l u c o p y r a n o s y l  g r o u p s  ( M a r s h a l l  

a n d  N e u b e r g e r /  1 9 7 0 ) .  M o r e  c o m p l e x  s t r u c t u r a l  

h e t e r o g e n e i t y  h a s  b e e n  s h o w n  i n  t h e  g l y c o p r o t e i n

o v a l b u m i n  f r o m  e g g  w h i t e  ( H u a n g  ej t  a l . / 1 9 7 0 ) .  T h e

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

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

v a r i a b l e s  a s  g e n e t i c  v a r i a n t s /  a g e s  o f  e g g  a n d  p o s s i b l e  

p r e s e n c e  o f  g l y c o s i d a s e  a c t i v i t y .
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5 . 3 . 3  E f f e c t  o f  E n z y m e  T r e a t m e n t  o n  t h e  S u g a r  C o n t e n t  

o f  T o r p e d o  AChR

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

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

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

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

c o n t a i n  f u c o s i d a s e /  m a n n o s i d a s e ,  g a l a c t o s i d a s e  a n d  

h e x o s a m i n i d a s e  a c t i v i t y  ( W e s t w o o d  £ t  a l ^  , 1 9 7 6 /  W a t k i n s ,  

1 9 6 6 ) .  T r e a t m e n t  w i t h  t h e s e  e n z y m e s  p r o d u c e d  a  r e d u c t i o n  

o f  t h e  t o t a l  a m o u n t  o f  s u g a r s  o f  u p  t o  6 0%.  F r o m  a

s i n g l e  i n c u b a t i o n  o f  t h e  e n z y m e s  w i t h  a c e t y l c h o l i n e  

r e c e p t o r  i t  w o u l d  n o t  b e  e x p e c t e d  t h a t  100% o f  t h e  s u g a r s  

w o u l d  b e  r e m o v e d  a s  i t  i s  c o m m o n  f o r  a n  e n z y m e  t o  b e

i n h i b i t e d  b y  t h e  e n d  p r o d u c t  o f  t h e  r e a c t i o n  ( e g

« ( - i n a n n o s i d a s e ) .  F a i l u r e  o f  t h e  e n z y m e s  t o  c o m p l e t e l y  

r e m o v e  a l l  t h e  m o n o s a c c h a r i d e  r e s i d u e s  may  a l s o  b e  d u e  t o  

t h e  i n a b i l i t y  o f  t h e  e n z y m e  t o  h y d r o l y s e  t h e  r e m a i n i n g  

g l y c o s i d i c  b o n d s ,  e g  d C - L - f u c o s i d a s e  f r o m  T .  f o e t u s  w i l l  

o n l y  c l e a v e  qC - L - f  u c - (  l -*3 o r  4 ) - G l c N A c ,  a n d  t h u s  f u c o s e  

l i n k e d  l -*6 w o u l d  b e  u n a f f e c t e d  b y  t h i s  e n z y m e .

T h e  e x p l a n a t i o n s  g i v e n  f o r  t h e  i n a b i l i t y  o f  t h e  

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

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

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

t r e a t m e n t .  T h i s  e n z y m e  t r e a t m e n t  p r o d u c e d  o n l y  a  40% 

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

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

i d a s e  a n d  e n d o g l y c o s i d a s e  D.  

b e e n  u s e d  b y  M u r a m a t s u  ejt  

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

n e u t r a l  s u g a r s  w e r e  r e m o v e d  

^ - g l o b u l i n  r e s p e c t i v e l y ) ,  

a s e  D ( f r o m  D . p n e u m o n i a e ) 

o l i g o s a c c h a r i d e s  o f  t h e  c o m p l  

i n  I g G ,  t r a n s f e r r i n  a n d  f e t u i  

s u g a r s  h a v e  b e e n  r e m o v e d  b y  

a s e s .  T h e  g e n e r a l  s t r u c t u r e  

s h o w n  b e l o w .

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

T h i s  m i x t u r e  o f  e n z y m e s  h a s  

a l  ( 1 9 7 8 )  t o  r e l e a s e  n e u t r a l  

6 9%,  68% a n d  83% o f  t h e

f r o m  t r a n s f e r r i n ,  f e t u i n  a n d  

E n d o - £ - N - a c e t y l g l u c o s a m i n i d -  

i s  a n  e n z y m e  w h i c h  c l e a v e s  

e x  t y p e ,  s u c h  a s  t h o s e  f o u n d  

n ,  p r o v i d e d  t h a t  p e r i p h e r a l  

t r e a t m e n t  w i t h  e x o g l y c o s i d -  

o f  s u s c e p t i b l e  s u b s t r a t e s  i s

R ^ - M a n  jL (FucofjL)

6 6
I i

M a n - t f - (  l - » 3 ) - M a n - £ - (  l -»4)  - G l c N A c - p - (  l - . *  4 )  - G 1  cNAc ( R-  )

1 = H,  m o n o s a c c h a r i d e s  o r  o l i g o s a c c h a r i d e s .

R2 = p e p t i d e s  o r  p r o t e i n s .

* i n d i c a t e s  t h e  p o i n t  o f  c l e a v a g e .

( f r o m  M u r a m a t u s u  e t  a l . ,  1 9 7 8 )

T h e  f a c t  t h a t  e n d o g l y c o s i d e s  D t r e a t m e n t  o f  AChR 

r e l e a s e s  m a n n o s e  s u g g e s t s  t h a t  a t  l e a s t  p a r t  o f  t h e  

o l i g o s a c c h a r i d e  ( f r o m  o n e  o r  m o r e  o f  t h e  s u b u n i t s )  o f  

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

a b o v e  w h i c h  i s  e x p o s e d  b y  t h e  a c t i o n  o f  g a l a c t o s i d a s e , 

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

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

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

b e t w e e n  t h e  s u b u n i t s .  T h e r e  m a y /  i n  f a c t  b e  a  c o m b i n 

a t i o n  o f  t h e  t w o  t y p e s  o f  h e t e r o g e n e i t y .

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

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

m o u s e  m u s c l e  c e l l  l i n e  BC3H- 1  i n  t e r m s  o f  t h e i r  

s e n s i t i v i t y  t o  e n d o - p - N - a c e t y l g l u c o s a m i n i d a s e  H a n d  b y  

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

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

c e l l s  h a s  b e e n  c a r r i e d  o u t  ( M e r l i e  j e t  a_l .  / 1 9 8 1 ) .  T h e s e  

s t u d i e s  i n d i c a t e d  t h a t  t h e  n a t i v e  c t - s u b u n i t  h a s  a  s i n g l e  

N - a s p a r a g i n e - l i n k e d  o l i g a s a c c h a r i d e  c h a i n  o f  t h e  h i g h -  

m a n n o s e  t y p e .  T h i s  e v i d e n c e  p o i n t s  t o  t h e  s e c o n d  

s u g g e s t i o n  ( h e t e r o g e n e i t y  b e t w e e n  s u b u n i t s )  b e i n g  

c o r r e c t .

5 . 3 . 4  E f f e c t  o f  A l k a l i n e  B o r o h y d r i d e  T r e a t m e n t  o n  t h e  

S u g a r  C o n t e n t  o f  T o r p e d o  AChR

P r o l o n g e d  a l k a l i n e  b o r o h y d r i d e  t r e a t m e n t  p r o d u c e d  

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

r e c e p t o r .  As  o l i g o s a c c h a r i d e s  O - g l y c o s i d i c a l l y  l i n k e d  t o  

s e r i n e  o r  t h r e o n i n e  a r e  a l k a l i  l a b i l e  i t  m u s t  b e  a s s u m e d  

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

u n d e r  a l k a l i n e  c o n d i t i o n s  i s  d u e  t o  t h e i r  b e i n g  l i n k e d  

N - g l y c o s i d i c a l l y . P o s s i b l e  s i t e s  f o r  N - g l y c o s i d i c  

l i n k a g e  h a v e  b e e n  p r o p o s e d  ( N o d a  e t  a l . /  1 9 8 2 /  1 9 8 3 a / b )
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( s e e  I n t r o d u c t i o n ) .

5.4 Development of a Lectin-Binding Assay for

G l y c o p r o t e i n s  I m m o b i l i s e d  o n  N i t r o c e l l u l o s e  P a p e r

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

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

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

h a r i d e  s t r u c t u r e s .  S o me  l e c t i n  b i n d i n g  s t u d i e s  h a v e  

p r e v i o u s l y  b e e n  c a r r i e d  o u t  o n  t h e  a c e t y l c h o l i n e  

r e c e p t o r .  T h e s e  s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e  AChR 

i n t e r a c t s  w i t h  l e c t i n s  f r o m  C a n a v a l i  a  e n s  i  f o r m i  s  ( C o n  A) 

( m a n n o s e ) ^  T .  v u l g a r i  s  ( N - a c e t y l - D - g l u c o s a m i n e )  , L e n s  

c u l i n a r i s  ( m a n n o s e )  ( M e u n i e r  et^ a l^ .  / 1 9 7 4 ) ,  R . c o m m u n i s

( g a l a c t o s e )  ( M i c h a e l s o n  e t  a J . , 1 9 7 4 )  a n d  H e l i x  p o m a t i a  

( N - a c e t y l g a l a c t o s a m i n e )  ( B e r s i n g e r  et^ a l^ .  , 1 9 8 3 a ) .  mAChR 

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

T . v u l g a r i S / R . c o m m u n i s / C o n  A a n d  G . m a x  ( N - a c e t y l g l u c o s -  

a m i n e ,  H e r r o n  a n d  S c h i m e r l i k ,  1 9 8 3 ) .  T h e s e  i n v e s t i g 

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

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

i m m o b i l i s e d  o n  c o l u m n s ,  r a d i o l a b e l l e d  l e c t i n s  o r  h a v e  

r e l i e d  o n  t h e  a b i l i t y  o f  C o n  A t o  b i n d  m a n n o s e  p r e s e n t  i n  

h o r s e r a d i s h  p e r o x i d a s e .

B e c a u s e  o f  t h e  n e e d  t o  e x a m i n e  t h e  s u b u n i t  

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

AChR g l y c o p r o t e i n , a  l e c t i n - b i n d i n g  a s s a y  w a s  d e v e l o p e d  t o  

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

A p r e v i o u s l y  u s e d  m e t h o d  o f  e x a m i n i n g  t h e  s u b u n i t
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s u g a r  d i s t r i b u t i o n  o f  t h e  AChR h a s  i n v o l v e d  SDS PAGE a n d  

s u b s e q u e n t  s t a i n i n g  o f  t h e  g e l  b y  u s i n g  r a d i o l a b e l l e d  

l e c t i n s  ( W e n n o g l e  a n d  C h a n g e u x ,  1 9 8 0 ) .  E x a m i n a t i o n  o f  

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

b e e n  a c h i e v e d  b y  s t a i n i n g  g e l s  w i t h  F I T C - l a b e l l e d  l e c t i n s  

( F u r l a n  et^ al_ .  , 1 9 7 9 ) .  B o t h  t h e s e  t e c h n i q u e s  d e p e n d  o n

t h e  l e c t i n s '  d i f f u s i n g  t h r o u g h  t h e  g e l  a n d  t h e i r  e v e n t u a l  

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

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

e x a m p l e ,  d i f f u s i o n  o f  t h e  l e c t i n  i f  p o s s i b l e ,  t a k e s  a  

l o n g  t i m e ,  a s  d o e s  r e m o v a l ,  b y  w a s h i n g ,  o f  u n b o u n d  

l e c t i n .  T h e r e  a r e  m o r e o v e r ,  p r o b l e m s  e n c o u n t e r e d  i n  

v i s u a l i s i n g  t h e  b o u n d  l e c t i n .  F I T C - l a b e l l e d  g e l s  d e p e n d  

u p o n  v i s u a l i s a t i o n  b y  u s i n g  a  U . V .  s o u r c e  a n d  a r e  

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

m u s t  b e  e i t h e r  s l i c e d  a n d  t h e  r a d i o a c t i v i t y  c o u n t e d  o r  

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

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

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

r e m o v e d  m o r e  e a s i l y  a n d  t h e r e  i s  i m m e d i a t e  v i s u a l i s a t i o n  

o f  p o s i t i v e  r e a c t i o n s .

T h e  m e t h o d  d e v e l o p e d  i n v o l v e s  b l o t t i n g  t h e  p r o t e i n s  

o r  g l y c o p r o t e i n s  o n t o  n i t r o c e l l u l o s e  s h e e t s  b y  u s i n g  t h e  

m o d i f i e d  m e t h o d  o f  B i t t n e r  e_t a l  ( 1 9 8 0 ) .  V i s u a l i s a t i o n  

o f  t h e  b o u n d  l e c t i n  i s  a c h i e v e d  b y  i n c u b a t i o n  w i t h  a  

g l y c o p r o t e i n  c o n j u g a t e d  t o  h o r s e r a d i s h  p e r o x i d a s e .  As 

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

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

e n z y m e - l a b e l l e d  g l y c o p r o t e i n  o n  t h e  o t h e r .  T h e  a d v a n t a g e
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i n  l a b e l l i n g  a  g l y c o p r o t e i n  a n d  n o t  t h e  l e c t i n  d i r e c t l y  

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

d e t e c t i o n  o f  a  n u m b e r  o f  l e c t i n s .

F o l l o w i n g  c o n j u g a t i o n  o f  h o r s e r a d i s h  p e r o x i d a s e  t o  

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

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

s h o w e d  t h e  b i n d i n g  o f  l e c t i n s  t o  t h e  c o n j u g a t e s  t o  b e  

s p e  c i  f i c .

T h e  F c V- HP O  c o n j u g a t e  r e a c t e d  w i t h  a l l  t h e  l e c t i n s  

t e s t e d .  T h e  n e x t  b e s t  c o n j u g a t e  w a s  t h e  t h y r o g l o b u l i n  

l e c t i n  w h i c h  f a i l e d  t o  s h o w  a  r e a c t i o n  w i t h  U l e x  a n d  

P h a s e o l u s  l e c t i n .  T h e r e  a r e  t w o  p o s s i b l e  r e a s o n s  f o r  t h e  

a d v a n t a g e s  o f  t h e  FcV c o n j u g a t e .  T h e  f i r s t  i s  t h a t  F c ^  

h a s  a  h i g h e r  p e r c e n t a g e  o f  s u g a r  ( 1 8 %)  t h a n  t h y r o g l o b u l i n  

( 9 % ) /  a n d  t h e  s e c o n d  i s  t h a t  F c /  h a s  2 c a r b o h y d r a t e  s i d e  

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

s i n g l e  t e r m i n a l  c h a i n .

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

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

t h e  s u b s t r a t e  o n l y  a n d #  i n c u b a t i o n  w i t h  h o r s e r a d i s h  

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

C o n  A a n d #  t o  a  l e s s e r  e x t e n t #  w i t h  P i  sum l e c t i n  ( a l s o  

s p e c i f i c  f o r  m a n n o s e ) .

A s i m i l a r  t e c h n i q u e  h a s  b e e n  d e v e l o p e d  b y  K i e d a

a l  ( 1 9 7 7 ) .  I n  t h i s  m e t h o d  g l y c o p e p t i d e s  f r o m

t h y r o g l o b u l i n  w e r e  l a b e l l e d  w i t h  HPO a n d  f e r r i t i n .  T h e

p o r c i n e  t h y r o g l o b u l i n - H P O  m a r k e r  w a s  f o u n d  t o  p r e c i p i t a t e

( i n  a  d o u b l e - d i f f u s i o n  a s s a y )  C o n  A# P h a s e o l u s # G . m a x # 
★ *

A r a c h  i s  a n d  R i c  i n u s  ( *  f o l l o w i n g  d e s i a l a t i o n  o f  t h e
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t h y r o g l o b u l i n  g l y c o p e p t i d e ) .  T h e y  r e p o r t e d  n o  p r e c i p i t 

a t i o n  o f  e i t h e r  T . v u l q a r i s  o r  L i m u l u s  l e c t i n  w i t h  t h e  

c o n j u g a t e .  T h e  a b i l i t y  o f  t h e  c o n j u g a t e  t o  p r e c i p i t a t e  

f u c o s e - b i n d i n g  l e c t i n s  w a s  n o t  t e s t e d .  K i e d a  e_t ^ 1  

( 1 9 7 7 )  s t a t e d  t h a t  t h e  t h y r o g l o b u l i n  g l y c o p e p t i d e  

r e q u i r e s  d e s i a l a t i o n  f o r  i t  t o  r e a c t  w i t h  R i c i n u s  a n d  

A r a c h i s  a s  t h e s e  l e c t i n s  o n l y  r e a c t  w i t h  u n s u b s t i t u t e d  

g a l a c t o s e  r e s i d u e s .  Due  t o  t h e  p r e s e n c e  o f  N - a c e t y l -  

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

s u p r i s i n g  t h a t  K i e d a  £t^  a_l ( 1 9 7 7 )  f a i l e d  t o  d e t e c t  a n y  

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

L e c t i n  b i n d i n g  t o  s a c c h a r i d e  s t r u c t u r e s  i s ,  i n  m a n y  

i n s t a n c e s ,  v e r y  c o m p l e x  a n d  d i f f i c u l t  t o  i n t e r p r e t .  

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

m o n o s a c c h a r i d e s  t h e i r  s p e c i f i c  t a r g e t s  a r e  o f t e n  d i - ,

’ t r i -  o r  o l i g o s a c c h a r i d e s  a n d  b i n d i n g  ma y  r e q u i r e  t h e  

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

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

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

t o  b e  t r e a t e d  v e r y  c a r e f u l l y .  I n  s o m e  i n s t a n c e s ,  t h e  f a c t  

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

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

n o t  c o n t a i n  a  p a r t i c u l a r  s u g a r ,  i t  i s  p o s s i b l e  t h a t  t h e  

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

l e c t i n  b i n d i n g  t o  o c c u r .
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5.4.1 Detection of Lectin Binding to AChR Using

G l y c o p r o t e i n - H P O  C o n j u g a t e s  ( S p o t  T e s t )

T h e  s p o t  t e s t  i s  a  s i m p l e  m e t h o d  o f  d e t e c t i n g  

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

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

r e c e p t o r  w a s  s p o t t e d  o n t o  n i t r o c e l l u l o s e  a n d  i n c u b a t e d

w i t h  v a r i o u s  l e c t i n s .  T h e  c o n t r o l  ( BSA)  p r o d u c e d  n o

r e a c t i o n  o n  i n c u b a t i o n  w i t h  l e c t i n s  d e m o n s t r a t i n g  t h a t  

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

b i n d i n g  w a s  i d e n t i f i e d  b y  i n c u b a t i o n  w i t h  t h e  

t h y r o g l o b u l i n - H P O  c o n j u g a t e .  R e s u l t s  o f  t h i s  t e s t

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

a n a l y s i s  a n d  s i a l i c  a c i d  a s s a y s  r e g a r d i n g  t h e  

c a r b o h y d r a t e  n a t u r e  o f  t h e  r e c e p t o r .  B i n d i n g  o f  L o t u s / 

C o n  A/ ( P i  s u m , L e n s ) ,  A r a c h  i s / T r i t i c u m  a n d  L i m u l u s  

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

N - a c e t y l g l u c o s a m i n e  a n d  s i a l i c  a c i d .  A l s o /  s p e c i f i c  

b i n d i n g  o f  L e n s  a n d  P i  sum l e c t i n s  r e q u i r e s  t h e  p r e s e n c e  

o f  f u c o s e  i n  t h e  s a c c h a r i d e  s t r u c t u r e  ( K o r n f e l d  e_t a l . , 

1 9 8 1 ) .

T h e  r e c e p t o r  w a s  a l s o  f o u n d  t o  b i n d  t o  G l y c i n e  m a x / 

r e p u t e d l y  s p e c i f i c  f o r  N - a c e t y l g a l a c t o s a m i n e /  h o w e v e r /  

t h i s  m o n o s a c c h a r i d e  w a s  n o t  d e m o n s t r a t e d  b y  GLC a n a l y s i s .  

T h e  l e c t i n  f r o m  G l y c i n e  max i s  u n i q u e  a m o n g  t h e  l e c t i n s  

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

b y  t h i s  l e c t i n  i s  t h e  m o n o s a c c h a r i d e  N - a c e t y l 

g a l a c t o s a m i n e  ( G a l N A c ) .  O t h e r  s a c c h a r i d e  s t r u c t u r e s  

w h i c h  h a v e  b e e n  s h o w n  t o  i n h i b i t  b i n d i n g  o f  t h i s  l e c t i n
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i n c l u d e  l a c t o s e  a n d  g a l a c t o s e  ( t h o u g h  w i t h  r e d u c e d  e f f e c t  

c o m p a r e d  w i t h  G a l N A c ) .  A t  t h i s  s t a g e  i t  i s  d i f f i c u l t  t o  

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

s a c c h a r i d e  s t r u c t u r e s  t h a t  may  b e  p r e s e n t  i n  t h e  

r e c e p t o r .
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5 . 5  S u b u n i t  D i s t r i b u t i o n  o f  AChR L e c t i n  B i n d i n g  

C o m p o n e n t s

P e r i o d s t e - S c h i f f  s t a i n i n g  o f  t h e  s u b u n i t s  o f  t h e  

a c e t y l c h o l i n e  r e c e p t o r  f o l l o w i n g  SDS g e l  e l e c t r o p h o r e s i s  

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

r e s u l t s  o f  o t h e r s  ( R a f t e r y  £t^ a l . / 1 9 7 3 ,  K a r l i n  ej t  a l . , 

1 9 7 5 ,  V a n d l e n  e_t a l . , 1 9 7 9 ) .  W h i l e  t h i s  s t a i n i n g

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

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

p r e s e n t  i n  e a c h  c h a i n .  By m e a n s  o f  t h e  g l y c o p r o t e i n - H P O  

c o n j u g a t e  t e s t  t h e  s u b u n i t  d i s t r i b u t i o n  o f  s u g a r  r e s i d u e s  

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

V a r i o u s  p r o t e i n s  w e r e  r u n  o n  g r a d i e n t  p o l y 

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

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

t r a n s f e r e d  e q u a l l y  w e l l ) .  N i t r o c e l l u l o s e  s h e e t s  f r o m  

t h e s e  g e l s  w e r e  t r e a t e d  a s  w i t h  t h e  s p o t  t e s t .  O f  t h e  

s t a n d a r d  p r o t e i n s  r u n  o n  t h e  g e l s  a l l  w e r e  v i s i b l e  w h e n

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

s u b u n i t s  o f  t h e  AChR s h o w i n g  t h a t  t h e  p r o t e i n s  w e r e

t r a n s f e r e d  e f f i c i e c t l y .

1 )  M a n n o s e / G l u c o s e  s u b u n i t  d i s t r i b u t i o n

T h r o u g h  t h e  b i n d i n g  o f  Con  A ^ m a n n o s e  w a s  s h o w n  t o  

b e  p r e s e n t  i n  a l l  f o u r  s u b u n i t s ,  a  r e s u l t  w h i c h  h a s  b e e n  

p r e v i o u s l y  r e p o r t e d  ( C r i a d o  a n d  B a r r a n t e s ,  1 9 8 2 ) .  U n l i k e  

C o n  A,  t h e  P i  sum s a t i v u m  l e c t i n  ( P e a )  b o u n d  t o  o n l y  t h e
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/ -  a n d  6  - c h a i n s .  A t  f i r s t  s i g h t  t h i s  i s  s o m e w h a t  

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

d  - m a n n o s y l - b i n d i n g  s p e c i f i c i t y  ( V a n  Wauwe et_ a l_.  , 1 9 7 5 ,

A l l e n  e t  a l .  , 1 9 7 6 ) .  H o w e v e r ,  i t  h a s  b e e n  s h o w n  t h a t  t h e  

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

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

l e c t i n  ( K o r n f e l d  £_t a l^ .  , 1 9 8 1 )  a n d  i t s  f a i l u r e  t o  b i n d

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

m a n n o s e  a s  t h e  a b s e n c e  o f  f u c o s e  f r o m  t h e  cL~ a n d  j 3 - c h a i n s  

( s e e  b e l o w ) .

2 )  S u b u n i t  d i s t r i b u t i o n  o f  g a l a c t o s e

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

g a l a c t o s e  w a s  d e t e c t e d  i n  t h e  t -  a n d  d - c h a i n s  o n l y .

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

o n c e  b e f o r e  ( L i n d s t r o m  et^ a l . , 1 9 7 9 )  w h e n  i t  w a s  s h o w n

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

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

a l  ( 1 9 7 9 )  d i d  s h o w  t h a t  t h e  i -  a n d  6 - s u b u n i t s  c o n t a i n e d

4 x  a n d  2x  t h e  g a l a c t o s e  c o n t e n t  o f  t h e  c l -  a n d  p - s u b u n i t s .
»

L i n d s t r o m  s  o b s e r v a t i o n s  w e r e  o b t a i n e d  f r o m  a  s i n g l e  s e t  

o f  g a s - l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s .

3 )  S u b u n i t  d i s t r i b u t i o n  o f  F u c o s e

As w i t h  g a l a c t o s e ,  f u c o s e  w a s  d e t e c t e d  i n  o n l y  t h e  

i -  a n d  6 - s u b u n i t s  ( t h r o u g h  b i n d i n g  w i t h  t h e  L o t u s

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

t h e  AChR h a s  n o t  b e e n  p u b l i s h e d ,  i t s  p r e s e n c e  h a s  b e e n  

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

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

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

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

( s e e  e a r l i e r  s e c t i o n ) .

4 )  S u b u n i t  d i s t r i b u t i o n  o f  N - a c e t y l g l u c o s a m i n e  a n d  

s i a l i c  a c i d

W h i l e  P h a s e o l u s  v u l g a r i s  l e c t i n  b i n d i n g  t o  AChR 

s u g g e s t s  t h a t  o n l y  t h e  H-  a n d  6 - s u b u n i t s  c o n t a i n  

N - a c e t y l g l u c o s a m i n e  ( W e n n o g l e  a n d  C h a n g e u x /  1 9 8 0 ) ,  

L i n d s t r o m  et :  a_l ( 1 9 7 9 )  h a v e  d e m o n s t r a t e d  b y  GLC a n a l y s i s  

t h a t  a l l  f o u r  s u b u n i t s  c o n t a i n  t h i s  s u g a r .  I n c u b a t i o n  o f  

AChR b l o t s  w i t h  T r i t i c u m  l e c t i n  s u g g e s t e d  t h e  p r e s e n c e  o f  

G l c N A c  i n  t h e  t -  a n d  t f - s u b u n i t s  o n l y .

T r i t i c u m  l e c t i n  h a s  b e e n  s h o w n  n o t  t o  b i n d  t o  

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

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

i n h i b i t o r  o f  l e c t i n  i n d u c e d  h a e m a g g l u t i n a t i o n  ( D e b r a y  ejt  

a l . , 1 9 8 1 ) .  T h u s ,  t h e  f a i l u r e  o f  t h i s  l e c t i n  t o  b i n d  t o

t h e  d -  a n d  ^ - s u b u n i t s  may  n o t  n e c e s s a r i l y  r e f l e c t  t h e  

a b s e n c e  o f  G l c N A c .

T r i t i c u m  h a s  b e e n  s h o w n  t o  b i n d  t o  t e r m i n a l  

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

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

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

n o t  b i n d  s i a l i c  a c i d  ( M o n s i g n y  <et j Q .  , 1 9 7 9 )  i t s  b i n d i n g  

t o  G l c NA c  a n d  G l c N A c - £ - (  l - * 4 ) - G l c N A c  i s  v e r y  s i m i l a r  t o  

t h a t  o f  t h e  n a t i v e  l e c t i n .  I n c u b a t i o n  o f  t h e
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s u c c i n y l a t e d  l e c t i n  w i t h  AChR s h o w e d  b i n d i n g  t o  o n l y  t h e  

-  a n d  d ' - c h a i n s ,  c o n f i r m i n g  t h a t  a t  l e a s t  s o m e  o f  t h e  

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

w a s  v i a  G l c N A c  r e s i d u e s .

S i m i l a r  r e s u l t s  h a v e  b e e n  o b t a i n e d  f o r  t h e  s u b u n i t  

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

o n l y  t h e  If-  a n d  t f - c h a i n s  t o  h a v e  s i a l i c  a c i d  ( L i n d s t r o m  

e t  a l . , 1 9 7 9 )  w h i l e  a n o t h e r  h a s  s h o w n  i t s  p r e s e n c e  i n  a l l  

s u b u n i t s  ( V a n d l e n  et^ a d .  , 1 9 7 9 ) .  As  s t a t e d  p r e v i o u s l y

t h e  T r i t i c u m  l e c t i n  d o e s  s h o w  s o m e  b i n d i n g  t o  s i a l i c  a c i d  

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

b i n d i n g  t o  t h e  2T- a n d  S -  c h a i n s  o n l y .  N e u r a m i n i d a s e  

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

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

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

w a s  t h r o u g h  s i a l i c  a c i d  r e s i d u e s .  F u r t h e r  e v i d e n c e  t o  

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

s u b u n i t s  h a s  c o m e  f r o m  C r i a d o  a n d  B a r r a n t e s  ( 1 9 8 2 )  who  

s h o w e d  t h a t  n e u r a m i n i d a s e  t r e a t m e n t  o f  T o r p e d o  AChR 

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

6 - c h a i n s  o n l y .

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  a c e t y l c h o l i n e  

r e c e p t o r  f r o m  T o r p e d o  e x h i b i t s  h e t e r o g e n e i t y  o f  i t s  

c a r b o h y d r a t e  c o n t e n t  a n d  t h a t  t h e  d  -  a n d  ^ - s u b u n i t s  

c o n t a i n  m a n n o s e  ( a n d  p o s s i b l y  N - a c e t y l g l u c o s a m i n e )  o n l y  

a n d  t h e  V- a n d  ^ - c h a i n s  c o n t a i n  t h e s e  m o n o s a c c h a r i d e  

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

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

5.6 Enzyme-Linked Lectin Binding Assay (ELBA)

T h i s  t y p e  o f  l e c t i n  b i n d i n g  a s s a y  h a s  n o t  b e e n  

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

h a v e  s h o w n  t h a t  a  k n o w n  l e c t i n  r e c e p t o r  ( e g  o v a l b u m i n )  

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

l e c t i n  b i n d i n g  p r o p e r t i e s  ( v a n  d e r  S c h a a l  ej :  aJL. / 1 9 8 4 ) .

F r o m  t h e s e  r e s u l t s  i t  w a s  c o n c l u d e d  t h a t  b o t h  s m a l l  m o n o -  

o r  d i s a c c h a r i d e s  a n d  l a r g e r  p o l y s a c c h a r i d e s  o r  

g l y c o p r o t e i n s ,  w i t h  o n e  o r  m o r e  l e c t i n  b i n d i n g  s i t e ,  

c o u l d  b e  t e s t e d .  A l s o ,  t h e  s e n s t i t i v i t y  o f  t h e  ELBA w a s  

e q u a l  t o  o r  h i g h e r  t h a n  o t h e r  a s s a y s  p r e v i o u s l y  

i n v e s t i g a t e d .  T h i s  a s s a y  w a s  a d a p t e d  t o  e x a m i n e  t h e  

a b i l i t y  o f  t h e  AChR t o  b i n d  l e c t i n s ,  t h e  t e s t  s u b s t a n c e  

(AChR o r  a n o t h e r  g l y c o p r o t e i n )  b e i n g  a d s o r b e d  o n t o  

c u v e t t e s  f o l l o w e d  b y  i n c u b a t i o n  w i t h  a  l e c t i n  s o l u t i o n .

1 )  D e t e c t i o n  o f  m a n n o s e / g l u c o s e  r e s i d u e s  u s i n g  t h e  ELBA

As a  c o n t r o l ,  Co n  A w a s  t e s t e d  f o r  i t s  a b i l i t y  t o  

i n t e r a c t  wi  t h  t h e  t e s t  s u b s t a n c e s  ( I g M , g e l a t i n  a n d  

n a t i v e  a n d  n e u r a m i n a d a s e  t r e a t e d  AChR) a s  i t  w i l l  a l s o  

b i n d  h o r s e r a d i s h  p e r o x i d a s e  ( t h e  e n z y m e  m a r k e r  u s e d  f o r  

v i s u a l i s a t i o n  of,  l e c t i n  b i n d i n g ) .  T h e  f a i l u r e  o f  C o n  A 

t o  b i n d  g e l a t i n  g i v e s  a n  i n d i c a t i o n  o f  t h e  s p e c i f i c i t y  o f  

t h e  a s s a y .  A l t h o u g h  IgM h a s  a  l o w  p e r c e n t a g e  o f  s u g a r s  

( a p p r o x i m a t e l y  10%)  i t  w a s  f o u n d  t o  b i n d  i n c r e a s i n g
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a m o u n t s  o f  C o n  A a n d  t o  s a t u r a t e  a r o u n d  12^<g / ml  l e c t i n .

C o n  A a l s o  b o u n d  T o r p e d o  AChR w i t h  e q u a l  a f f i n i t y .

N e u r a m i n i d a s e  t r e a t m e n t  o f  AChR h a d  n o  e f f e c t  o n  i t s  

l e c t i n  b i n d i n g  c a p a b i l i t y .  T h e  b i n d i n g  o f  Con  A t o  IgM 

a n d  AChR s h o w s  t h e  p r e s e n c e  o f  m a n n o s e .  B i n d i n g  o f  Con  A 

t o  g l y c o p r o t e i n s  c o u l d  b e  s p e c i f i c a l l y  i n h i b i t e d  ( 1 0 0 % )  

b y  c o i n c u b a t i o n  w i t h  m a n n o s e / g l u c o s e .

2 )  D e t e c t i o n  o f  f u c o s e  r e s i d u e s  u s i n g  t h e  ELBA

L o t u s  t e t r a g o n o l o b u s  l e c t i n  ( s p e c i f i c  f o r  s o m e  

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

( HP O) ,  t h e r e f o r e ,  c o m m e r c i a l l y  a v a i l a b l e  L o t u s  l e c t i n  

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

g l y c o p r o t e i n s .  A s s a y s  p e r f o r m e d ,  a s  f o r  Con  A b i n d i n g ,  

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

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

a s s a y .  L e c t i n  b i n d i n g  t o  IgM w a s  s a t u r a b l e  a r o u n d  

1 4^Mg/ml.

T h e  b i n d i n g  o f  T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r  t o  

t h e  L o t u s  l e c t i n  c o n f i r m e d  t h e  r e s u l t s  o f  g a s - l i q u i d  

c h r o m a t o g r a p h y  a n d  p r e v i o u s  l e c t i n  b i n d i n g  s t u d i e s .  T h e  

b i n d i n g  w a s  s a t u r a b l e  a t  a r o u n d  1 0  ^Mg/ ml ,  p r e d i c t a b l y  

l o w e r  t h a n  t h a t  o f  IgM w h i c h  h a s  a  h i g h e r  p e r c e n t a g e  o f  

s u g a r  t h a n  t h e  r e c e p t o r .

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

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

a c i d .

L o t u s - H P O  l e c t i n  b i n d i n g  t o  a c e t y l c h o l i n e  r e c e p t o r
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c o a t  e d  c u v e t t e s  c o u l d  b e  i n h i b i t e d  b y  i n c r e a s i n g  a m o u n t s  

o f  L - f u c o s e  b u t  n o t  D - g l u c o s e .  T h i s  b i n d i n g  c o u l d  a l s o  

b e  i n h i b i t e d  b y  f r e e  r e c e p t o r  a n d  I g M.  F e t u i n  p r o d u c e d  

n o  i n h i b i t i o n  o f  t h e  b i n d i n g .  F r e e  a c e t y l c h o l i n e  

r e c e p t o r  f a i l e d  t o  p r o d u c e  100% i n h i b i t i o n  o f  b i n d i n g ,  

t h e  i n h i b i t i o n  a p p e a r e d  t o  p l a t e a u  a t  a r o u n d  65  -  70%,  

t h i s  may  b e  d u e  t o  s t e r i c  h i n d r a n c e  a s  t h e  AChR i s  a  v e r y  

l a r g e  m o l e c u l e  ( M. W.  2 5 0 , 0 0 0 ) .

5 .  7 I n h i b i t i o n  o f  l e c t i n - i n d u c e d  h a e m a g g l u t i n a t i o n  w i t h  

T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r

D e b r a y  el t  a_l ( 1 9 8 1 )  d e m o n s t r a t e d  i n h i b i t i o n  o f  

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

s a c c h a r i d e  s t r u c t u r e s  ( i n c l u d i n g  m o n o - ,  d i - ,  t r i -  a n d  

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

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

a g g l u t  i n a t i o n  w h e n  p r e s e n t  i n  mM c o n c e n t r a t i o n s  w h e r e a s  

m a n y  o l i g o s a c c h a r i d e s  a n d  g l u c o p e p t i d e s  r e q u i r e d  o n l y  ^A.M 

a m o u n t s .

T h e  l e c t i n s  u s e d  i n  t h i s  p a r t i c u l a r  i n h i b i t i o n  

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

0  r e d  b l o o d  c e l l s .  I n h i b i t i o n  o f  e r y t h r o c y t e  

a g g l u t i n a t i o n  h a s  p r o v e d  t o  b e  a  s i m p l e  a n d  r a p i d  m e a n s  

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

g l y c o p r o t e i n  e s p e c i a l l y  w h e n  t h e  g l y c o p r o t e i n  i n  q u e s t i o n  

i s  a v a i l a b l e  i n  v e r y  s m a l l  a m o u n t s .  T h e  a s s a y  h a s  p r o v e d  

t o  b e  m u c h  m o r e  s e n s i t i v e  t h a n  t h e  e n z y m e - l i n k e d  l e c t i n  

b i n d i n g  a s s a y  (ELBA)  d i s c u s s e d  e a r l i e r ,  r e q u i r i n g  o n l y
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p M o l a r  a m o u n t s  o f  r e c e p t o r .  I n  c o m p a r i s o n  w i t h  t h e  

r e s u l t s  o f  D e b r a y  e^t al^ ( 1 9 8 1 ) /  t h e  r e s u l t s  p r e s e n t e d  

h e r e  a p p e a r  t o  b e  i n  t h e  c o r r e c t  o r d e r  o f  m a g n i t u d e  f o r  a  

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

W i t h  t h e  e x c e p t i o n  o f  t h a t  c a u s e d  b y  U l e x  l e c t i n .  

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

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

a m o u n t s .  T h e  f a i l u r e  o f  U l e x - i n d u c e d  h a e m a g g l u t i n a t i o n  

t o  b e  i n h i b i t e d  b y  t h e  AChR may b e  a  r e f l e c t i o n  o f  t h e  

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

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

o f  a  s e c o n d  L - f u c o s e  o£.-( 3 )  - l i n k e d  t o  a n  N - a c e t y l g l u c o s -  

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

a n  o l i g o s a c c h a r i d e  ( D e b r a y  e_t a _ l . , 1 9 8 1 ) .  C o n  A - i n d u c e d  

h a e m a g g l u t i n a t i o n  c o u l d  b e  i n h i b i t e d  w i t h  a s  l i t t l e  a s  

l^aM AChR.  T h e  a c e t y l c h o l i n e  r e c e p t o r  a l s o  i n h i b i t e d  

G . m a x - i n d u c e d  h a e m a g g l u t i n a t i o n .  T h i s  i n t e r a c t i o n  o f  t h e  

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

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

a s  w e l l  a s  N - a c e t y l g l u c o s a m i n e .

5 . 8  I s o e l e c t r i c  F o c u s s i n g  o f  AChR a n d  E f f e c t  o f  E n z y m e  

T r e a t m e n t

I s o e l e c t r i c  f o c u s s i n g  o f  t h e  AChR i n  n e u t r a l  

d e t e r g e n t  g i v e s  a  b r o a d  p e a k  c e n t e r e d  a r o u n d  pH 5 . 2  

( o ^ - t o x i n  c o m p l e x ,  B i e s e c k e r ,  1 9 7 3 ,  R a f t e r y  et^ a j ^ .  , 1 9 7 1 )

o r  4 . 8  ( f r e e  r e c e p t o r ,  B i e s e c k e r ,  1 9 7 2 ,  H e i l b r o n n  e_t a l . , 

1 9 7 4 ) .  D e t e r m i n a t i o n  o f  t h e  p i  v a l u e  o f  t h e
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r e c e p t o r - ^ - t o x i n  c o m p l e x  g a v e  a v a l u e  o f  5 . 2 2  + 0 . 1 0 /  

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

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

v a l u e  o f  5 . 4 /  t h i s  w a s  a  n o t a b l e  i n c r e a s e  o v e r  t h a t  o f  

t h e  u n t r e a t e d  r e c e p t o r .  As s i a l i c  a c i d  i s  v e r y  e l e c t r o 

n e g a t i v e  i t s  r e m o v a l  w o u l d  b e  e x p e c t e d  t o  a l t e r  t h e  P i  

v a l u e  o f  t h e  AChR.  To my k n o w l e d g e /  t h e r e  h a s  b e e n  n o  

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

i s o e l e c t r i c  f o c u s s i n g  p o i n t  o f  t h e  r e c e p t o r /  a l t h o u g h  

n e u r a m i n i d a s e  t r e a t m e n t  h a s  b e e n  s h o w n  t o  a l t e r  t h e  

e l e c t r o p h o r e t i c  m o b i l i t y  o f  t w o  o f  t h e  s u b u n i t s  o n  

p o l y a c r y l a m i d e  g e l s  ( C r i a d o  a n d  B a r r a n t e s /  1 9 8 2 ) .

5 . 9  D e t e r m i n a t i o n  o f  t h e  M o l e c u l a r  W e i g h t  o f  T o r p e d o  

AChR

D e t e r m i n a t i o n  o f  t h e  m o l e c u l a r  w e i g h t  o f  t h e  

s u b u n i t s  o f  T o r p e d o  a c e t y l c h o l i n e  r e c e p t o r  ( SDS 

p o l y a c r y l a m i d e  g e l s /  7 . 5 %  ( w / v ) ) p r o d u c e d  v a l u e s  o f  4 2 K /  

4 9 K /  57K a n d  6 2 K ( f o r  t h e  di - 1  f t - 1  X -  a n d  S - s u b u n i t s  

r e s p e c t i v e l y ) .  T h e  v a l u e s  a r e  i n  g o o d  a g r e e m e n t  w i t h  

t h o s e  o f  R a f t e r y  et^ a_l .  , 1 9 8 0  ( 4 0 K /  5 0 K /  60K a n d  65K f o r  

t h e  ^ - /  p - /  t -  a n d  S - s u b u n i t s  r e s p e c t i v e l y ) .



-221-

5.10 Passive Haemagglutination Test

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

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

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

h a e m o l y s i s .  P r i o r  f i x a t i o n  o f  t h e  c e l l s  may  o v e r c o m e

d e t e r g e n t - i n d u c e d  h a e m o l y s i s ,  a n d  r e c e n t l y ,  S t e i n i t z  a n d

T a m i r  ( 1 9 8 5 )  c o a t e d  g l u t a r a l d e h y d e - f i x e d  r e d  c e l l s  w i t h

p r o t e i n s  i n  t h e  p r e s e n c e  o f  t h e  i o n i c  d e t e r g e n t

d e o x y c h o l a t e .  H o w e v e r ,  o t h e r  w o r k e r s  f o u n d  t h a t  f i x e d

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

( L i n g  e_t a d . . /  1 9 7 9 ) .  T h e  r e s u l t s  p r e s e n t e d  h e r e  s h o w

t h a t ,  a t  l e a s t  i n  t h e  c a s e  o f  n o n - i o n i c

d e t e r g e n t - s o l u b i l i s e d  m e m b r a n e  p r o t e i n s ,  d i a l y s i s  w a s

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

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

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

t h e  p r o t e i n - b o u n d  d e t e r g e n t  a n d  t h e r e f o r e  t h e  p r o t e i n

i n t e g r i t y  i s  p r e s e r v e d .

T h e  c h r o m i c  c h l o r i d e  p r o c e d u r e  w a s  s u c c e s s f u l l y

u s e d  t o  c o u p l e  s o l u b i l i s e d  T o r p e d o  AChR t o  r e d  b l o o d

c e l l s .  T h e  b i n d i n g  o f  AChR t o  t h e  r e d  b l o o d  c e l l s  w a s

125c o n f i r m e d  b y  t h e  b i n d i n g  o f  Io(BGT. B i n d i n g  o f  p(BGT t o

t h e  b o u n d  AChR g a v e  a n  a p p a r e n t  Kd o f  6 . 2 n M  a n d  a  B o f^ ^  max

0 . 8 p m o l e s  w h i c h  a r e  c o m p a r a b l e  t o  v a l u e s  g i v e n  f o r  t h e  

r e c e p t o r  i n  e l e c t o p l a x  m e m b r a n e s  ( 9 . 0  + 2 . 2 n M

( L u k a s i e w i c z  e t  a l . , 1 9 7 8 ) .  T h e  s i m i l a r i t y  i n  v a l u e s  f o r
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Kd o b t a i n e d  f o r  t h e  b o u n d  a n d  f r e e  r e c e p t o r  i n d i c a t e  

t h a t  a t  l e a s t  t h e  t o x i n  b i n d i n g  s i t e  h a d  n o t  b e e n  

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

d a m a g e  t o  t h e  t o x i n - b i n d i n g  s i t e ,  f o l l o w i n g  c o u p l i n g  o f  

s o l u b i l i s e d  AChR/  m e a n s  t h a t  t h i s  t e s t  c o u l d  o f f e r  a  

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

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

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

u s i n g  a n i o n - e x c h a n g e  DE52 c e l l u l o s e  f i l t e r s ,  a m m o n i u m  

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

R a f t e r y ,  1 9 7 3 ) .

T h e  c o a t e d  c e l l s  b e h a v e d  w e l l  i n  t h e  a g g l u t i n a t i o n

t e s t  a n d  w e r e  u s e d  t o  d e t e c t  a n t i - A C h R  a n t i b o d i e s  w i t h  a

h i g h  l e v e l  o f  s e n s i t i v i t y .  C o r r e l a t i o n  b e t w e e n  t h e

a g g l u t i n a t i o n  t e s t  a n d  r a d i o i m m u n o a s s a y  w a s  q u i t e  g o o d  i n  

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

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

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

a n t i b o d y - a n t i g e n  b i n d i n g  i s  g r e a t l y  d e p e n d e n t  o n  t h e  t y p e  

o f  a s s a y  u s e d .  T h e  g e n e r a l l y  l o w  a g g l u t i n a t i o n  t i t r e  

o b t a i n e d  i s  m o s t  l i k e l y  d u e  t o  t h e  f a c t  t h a t  t h e  

m o n o c l o n a l  a n t i b o d i e s  a r e  d i r e c t e d  t o  s i n g l e  a n t i g e n i c  

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

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

T h e  r e l a t i v e l y  h i g h  a g g l u t i n a t i o n  t i t r e  o b t a i n e d  w i t h  

mAb - C7  w h e n  c o m p a r e d  w i t h  mAb-A3 ( s e e  T a b l e  4 . 9 . 2 )  i s  a  

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

f a c t o r  i n  m o n o c l o n a l  a n t i b o d y - a n t i g e n  r e a c t i o n ) .  K i n e t i c
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s t u d i e s  ( n o t  p r e s e n t e d  h e r e )  h a v e  s h o w n  t h a t  C7 h a d  a 

h i g h e r  b i n d i n g  a f f i n i t y  t o  T o r p e d o  AChR t h a n  A 3 .
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SUGGESTIONS FOR FURTHER WORK

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

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

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

AChR.  H o w e v e r /  t o  c o n f i r m  t h e  r e s u l t s  o f  l e c t i n  b i n d i n g  

s t u d i e s  o n  t h e  s u b u n i t  d i s t r i b u t i o n  o f  s u g a r  r e s i d u e s  

GLC/  a n a l y s i s  o f  t h e  c h a i n s  s h o u l d  b e  c a r r i e d  o u t .  

S e p a r a t i o n  o f  t h e  s u b u n i t s  b y  SDS-PAGE a n d  t h e i r

s u b s e q u e n t  r e m o v a l  f r o m  t h e  g e l  f o l l o w e d  b y  GLC w o u l d

p r o v i d e  q u a n t i t a t i v e  d a t a  o n  t h e  m o n o s a c c h a r i d e  c o n t e n t  

o f  e a c h  c h a i n .

W i t h  l a r g e  q u a n t i t i e s  o f  i n t a c t  AChR o r  i n d i v i d u a l  

s u b u n i t s  ( > 1 0 m g ) /  s e q u e n t i a l  i n c u b a t i o n  w i t h  a  n u m b e r  o f  

g l y c o s i d a s e s  c o u p l e d  w i t h  GLC a n a l y s i s  w o u l d  p r o v i d e

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

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

f r e e  h y d r o x y l  g r o u p s /  f o l l o w e d  b y  a c i d  h y d r o l y s i s  a n d  

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

m e t h y l a t e d  m o n o s a c c h a r i d e s .

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

l e c t i n  b i n d i n g  c o m p o n e n t s  i n  p r o t e i n  b l o t s  u s i n g  

H P O - g l y c o p r o t e i n  c o n j u g a t e s  e n a b l e d  t h e  s u b u n i t

d i s t r i b u t i o n  o f  s u g a r  r e s i d u e s  i n  t h e  AChR t o  b e  

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

e s t a b l i s h i n g  w h e t h e r  o r  n o t  s o m e  s u g a r  r e s i d u e s  a r e  

a n t i g e n i c  b y  l o o k i n g  f o r  i n h i b i t i o n  o f  l e c t i n  b i n d i n g  b y
i

a n t i b o d i e s  t o  AChR.
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T h e  e n z y m e - l i n k e d  l e c t i n  b i n d i n g  a s s a y  ( ELBA)  h a s  

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

i n  t h e  T o r p e d o  AChR.  T h i s  a s s a y  s h o u l d /  h o w e v e r /  b e  

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

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

T h e  p a s s i v e  h a e m a g g l u t i n a t i o n  t e s t  h a s  p r o v e d  a  

v e r y  r a p i d  m e t h o d  f o r  t h e  d e t e c t i o n  o f  a n t i - ( n A C h R )  

a n t i b o d i e s .  T h i s  t e c h n i q u e  c a n  b e  u s e f u l  i n  t h e  

i s o l a t i o n  o f  s p e c i f i c  B - l y m p h o c y t e s / i n  l i g a n d  

i n t e r a c t i o n s  w i t h  AChR a n d  i n  t h e  c h a r a c t e r i s a t i o n  o f

m o n o c l o n a l  a n t i b o d i e s  t o  AChR i n  a d d i t i o n  t o  RI A  a n d

E L I S A .  T h i s  a s s a y  a l s o  h a s  a  p o t e n t i a l  f o r  t h e

i n v e s t i g a t i o n  o f  l e c t i n  b i n d i n g  t o  AChR.  T h e  u s e  o f  

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

c e l l s  w i t h  p e r i o d a t e  ( B l u m e n f e l d  ej t  a l .  / 1 9 7 2 )  p r i o r  t o  

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

b i n d i n g .  As w i t h  t h e  a n a l y t i c a l  t e c h n i q u e s  m e n t i o n e d  

a b o v e /  t h i s  a s s a y  c o u l d  a l s o  b e  u s e  f o r  t h e  d e t e c t i o n  o f  

p o s s i b l e  a n t i - ( A C h R  c a r b o h y d r a t e )  a n t i b o d i e s  i n  

p o l y c l o n a l  s e r a  f r o m  v a r i o u s  s o u r c e s .
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6 . ADDENDUM TO INTRODUCTION -  R e c e n t  i n f o r m a t i o n  o n  t h e  

s t r u c t u r e /  f u n c t i o n  a n d  s u b u n i t s  o f  t h e  a c e t y l c h o l i n e  

r e c e p t o r

6 . 1  S u b u n i t  S t r u c t u r e  a n d  F u n c t i o n

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

s e q u e n c e s  o f  f o u r  s e p a r a t e  cDNAs h a s  c o n f i r m e d  t h e  

e x i s t e n c e  o f  f o u r  d i s t i n c t  b u t  h i g h l y  h o m o l o g o u s  s u b u n i t s  

( ^ / 2f ( £ ) /  S) c o n t a i n i n g  a p p r o x i m a t e l y  5 0 0  a m i n o  a c i d s

e a c h  (Numa et^ a l^ .  / 1 9 8 3 ) .  T h e  c o n s i d e r a b l e  h o m o l o g y

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

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

g e n e .

W h i l s t  i t  h a s  b e e n  c o n f i r m e d  t h a t  a c e t y l c h o l i n e  

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

"’s i t e  h a s  b e e n  d i f f i c u l t  t o  d e t e r m i n e .  N o d a  €5t  a l  ( 1 9 8 2 )  

i n i t i a l l y  p r o p o s e d  t h a t  c y s t e i n e s  oLl2Q  a n d  o( 142  w e r e  

l i n k e d  b y  a  d i s u l p h i d e  b o n d  a n d  t h a t  t h e  r e s u l t i n g  l o o p  

f o r m e d  t h e  a c e t y l c h o l i n e  b i n d i n g  s i t e .  W o r k  b y  O b l a s  £ t  

a l  ( 1 9 8 6 )  a p p e a r s  t o  c o n f i r m  t h i s .  H o w e v e r /  u s i n g  

m o n o c l o n a l  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  s e q u e n c e  f ( l 2 7 - 1 4 3  

o f  t h e  o ( - s u b u n i t s  C r i a d o  £lb al^ ( 1 9 8 6 )  h a v e  s h o w n  t h a t  

t h i s  i s  n o t  t h e  c a s e .  C r i a d o ' s  g r o u p  w e r e  u n a b l e  t o  

i n h i b i t  t h e  b i n d i n g  o f  a n t i - s y n t h e t i c  p e p t i d e  0 ( 1 2 7 - 1 4 3  

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

c h o l i n e r g i c  l i g a n d s .  I n  a d d i t i o n  t h e s e  m o n o c l o n a l  

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

I n v e s t i g a t i o n  o f  t h e  o ( . - s u b u n i t s  f o l l o w i n g  V8 

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

t h e i r  d e g r e e  o f  g l y c o s y l a t i o n  a n d  i n  t h e i r  a b i l i t y  t o  

b i n d  c h o l i n e r g i c  l i g a n d s  ( L i n d s t r o m  e^t a l y  1 9 8 3 ,  

C o n t i - T r o n c o n i  et^ a l ,  1 9 8 4 ,  P e d e r s e n  ej t  a l ,  1 9 8 6 ,  R a t n a m  

e t  a l , 1 9 8 6 a ,  O b l a s  et^ a l ,  1 9 8 6 ) .

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

i n  k n o w l e d g e  c o n c e r n i n g  t h e  a c e t y l c h o l i n e  r e c e p t o r  h a s  

b e e n  t h e  d i s c o v e r y  o f  a n o t h e r  s u b u n i t .  A f i f t h  s u b u n i t  

cDNA ( £ )  h a s  b e e n  d i s c o v e r e d  i n  c a l f  m u s c l e  ( T a k a i  e_t a l , 

1 9 8 5 ) .  T h e  £ - s u b u n i t  s h a r e s  s t r u c t u r a l  f e a t u r e s  c ommon  

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

t r a n s m e m b r a n e  o r i e n t a t i o n  a n d  p o s s i b l e  g l y c o s y l a t i o n  

s i t e s .  I n  a d d i t i o n  t o  p o s i t i o n  1 4 1  ( c o m m o n  t o  a l l  

s u b u n i t s )  t h e  c a l f  £ - s u b u n i t  c o n t a i n s  t w o  a d d i t i o n a l  

p o t e n t i a l  N - g l y c o s y l a t i o n  s i t e s  ( a l i g n e d  a t  p o s i t i o n s  6 6  

a n d  3 0 7 )  o n e  o f  w h i c h  ( p o s i t i o n  6 6 ) i s  a s s i g n e d  t o  t h e  

e x t r a c e l l u l a r  s i d e  o f  t h e  m e m b r a n e .  T h e  £ - s u b u n i t  w i l l  

s u b s t i t u t e  f o r  T o r p e d o  )[- s u b u n i t  i n  t h e  o o c y t e  e x p r e s s i o n  

s y s t e m .  N . B .  A l l  f o u r  AChR s u b u n i t s  m u s t  b e  p r e s e n t  f o r  

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

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

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

a d u l t  t y p e  A C h R s .  E a r l y  b i o c h e m i c a l  s t u d i e s  s u g g e s t e d  

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

s t r u c t u r e ,  a n d  i n d e e d  c e r t a i n  a n t i b o d i e s  c a n  d i s t i n g u i s h  

b e t w e e n  t w o  t y p e s  o f  c h a n n e l s  ( S c h u e t z e  e t  a l , 1 9 8 5 ) .
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D i f f e r e n c e s  w e r e  t h o u g h t  t o  b e  d u e  t o  e i t h e r  d i f f e r e n t  

g e n e  p r o d u c t s  o r  d u e  t o  t h e  e m b r y o n i c - t y p e  AChR b e i n g  

c o n v e r t e d  i n t o  a d u l t - t y p e  o n e s  v i a  a  p o s t - t r a n s l a t i o n a l  

m o d i f i c a t i o n .  F r o m  t h e  o o c y t e  e x p r e s s i o n  s y s t e m  M i s h i n a  

e t  a l  ( 1 9 8 6 )  h a v e  s h o w n  t h a t  h i g h  l e v e l s  o f  ^ - s u b u n i t  

mRNA a r e  f o u n d  o n l y  p r e n a t a l l y  a n d  c o n v e r s e l y ,  h i g h  

l e v e l s  o f  £ - s u b u n i t  m e s s a g e  a r e  f o u n d  o n l y  p o s t n a t a l l y .  

L a t e  i n  g e s t a t i o n ,  m u s c l e s  e x p r e s s  s i g n i f i c a n t  l e v e l s  o f  

b o t h  m e s s a g e s .  T h i s  s u g g e s t s  t h a t  t h e  e m b r y o n i c  AChR h a s  

a n  o^fSVS s u b u n i t  c o m p o s i t i o n ,  w h e r e a s  t h e  a d u l t  AChR h a s  

a n  s u b u n i t  s t r u c t u r e .

T h e  s u b s t i t u t i o n  o f  t h e  ) ( - s u b u n i t  f o r  t h e  £ - s u b u n i t  

a p p e a r s  t o  e x p l a i n  d i f f e r e n c e s  i n  t h e  o p e r a t i o n a l  

c h a r a c t e r i s t i c s  o f  e m b r y o n i c  a n d  a d u l t  AChR.  When 

o o c y t e s  w e r e  i n j e c t e d  w i t h  a  m i x t u r e  o f  oL, , X , a n d  

S - s u b u n i t  mRNAs,  t h e y  e x p r e s s e d  c h a n n e l s  t h a t  h a d  t h e  

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

c h a r a c t e r i s t i c s  o f  AChRs  ' i n  e m b r y o n i c  b o v i n e  m u s c l e  

( M i s h i n a  et^ a l y  1 9 8 6 ) .  C o n v e r s e l y ,  o o c y t e s  i n j e c t e d  w i t h  

o(, £ ,  £ ,  a n d  S - s u b u n i t  mRNAs e x p r e s s e d  AChRs  w i t h  t h e  

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

i n  a d u l t  e n d  p l a t e s .

D e v e l o p m e n t a l  c h a n g e  i n  g e n e  e x p r e s s i o n  d i r e c t l y  

e f f e c t s  c h a n g e s  i n  AChR c h a n n e l  p r o p e r t i e s  i n  b o v i n e  

m u s c l e .  T h i s  i s  m o s t  l i k e l y  a s  a  c o n s e q u e n c e  o f  

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

i n h i b i t s  t h e  a p p e a r a n c e  o f  a d u l t  t y p e  c h a n n e l s  ( S c h u e t z e  

a n d  V i c i n i ,  1 9 8 4 ) .
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R e c e n t  work by Sakmann et^ al  ̂ ( 1 9 8 5 )  s u g g e s t s  t -h a t  

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

o p e r a t i o n  o f  t h e  AChR. They found  t h a t  s u b s t i t u t i o n  o f  

any o f  t h e  s u b u n i t s  o f  T orp ed o  AChR w i t h  t h e  

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

membranes c o u l d  b e  a c h i e v e d  t o  form f u n c t i o n a l  c h a n n e l s .  

In c o n t r a s t /  h o w e v e r ,  t h e  g a t i n g  b e h a v i o u r  d i f f e r e d  

w i d e l y  i n  c a l f  and h y b r i d  AChR c h a n n e l s .  The amount o f  

b o v i n e  S - s u b u n i t  mRNA h a s  ( l i k e  t h e  S - s u b u n i t )  b e e n  shown  

t o  f a l l  t o  a low  b u t  d e t e c t a b l e  l e v e l  a t  p o s t n a t a l  s t a g e s  

i n  d e v e l o p m e n t .  T here  i s  a p o s s i b i l i t y  t h a t  t h i s  

s u b u n i t ,  l i k e  t h e  S - s u b u n i t ,  i s  a l s o  r e p l a c e d .

6 . 2  F u n c t i o n  o f  P h o s p h o r y l a t i o n  o f  t h e  AChR 

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

T . c a l i f o r n i c a  a p p e a r s  t o  i n c r e a s e  t h e  r a t e  ( b y  m a n y  f o l d )  

o f  o n e  p h a s e  o f  d e s e n s i t i s a t i o n  ( S t e i n b a c k  a n d  Z e m p e l ,  

1 9 8 7 ) .  D e s e n s i t i a t i o n  o f  t h e  AChR i s  a  p h e n o m e n o n  i n  

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

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

r e l a t i v e l y  l o n g  p e r i o d  o f  t i m e .  D e s e n s i t i s a t i o n  r e s u l t s  

i n  AChR w h o s e  c h a n n e l s  r e m a i n  c l o s e d  e v e n  w h e n  

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

6 . 3  S t r u c t u r e  o f  t h e  AChR w i t h i n  t h e  m e m b r a n e

As a l r e a d y  s t a t e d  i n  t h e  i n t r o d u c t i o n ,  a 

t h e o r e t i c a l  m odel  o f  t h e  transm em brane  o r i e n t a t i o n  o f  t h e
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p o l y p e p t i d e  c h a i n s  o f  t h e  r e c e p t o r  i n d i c a t e s  t h a t  t h e r e  

a r e  f o u r  h y d r o p h o b i c  d o m a i n s  (Ml  -  M4) a n d  o n e

a m p h i p a t h i c  (MA) t r a n s m e m b r a n e  d o m a i n .  T h e  MA d o m a i n  w a s  

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

o n e  s i d e  a n d  h y d r o p h o b i c  r e s i d u e s  o n  t h e  o t h e r #  s o  t h a t  

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

t o g e t h e r  l i k e  b a r r e l  s t a v e s  a n d  f o r m  a  c h a n n e l  w i t h  a  

h y d r o p h i l i c  l i n i n g  ( Gu y #  1 9 8 3 ;  F i n e r - M o o r e  a n d  S t r o u d #  

1 9 8 4 ) .  H o w e v e r #  w o r k  b y  H u c h o  ej t  al^ ( 1 9 8 6 )  s u g g e s t s  t h a t  

t h e  i o n  c h a n n e l  o f  t h e  AChR i s  l i n e d  b y  h e l i x  I I  ( M 2 ) .  

C o m p a r i n g  t h e  k n o w n  s e q u e n c e s  o f  AChR s u b u n i t s  f r o m  a  

v a r i e t y  o f  o r g a n i s m s #  h e l i x  I I  a p p e a r s  t o  b e  b e t t e r  

c o n s e r v e d  t h a n  MA. H u c h o  e t  al_ ( 1 9 8 6 )  p o i n t  o u t  t h a t #  

a l t h o u g h  t h e  M2 d o m a i n  may  a t  f i r s t  s i t e  a p p e a r  t o o  

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

S t e v e n s #  1 9 8 3 )  t h i s  i s  o n l y  i n  t h e  u p p e r  p a r t .

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

a m p h i p a t h i c  t r a n s m e m b r a n e  d o m a i n s  (M6 a n d  M7) b e t w e e n  t h e  

N - t e r m i n u s  a n d  Ml ( C r i a d o  e_t a^L# 1 9 8 5 ) .  F u r t h e r

i n f o r m a t i o n  c a n  b e  o b t a i n e d  f r o m  r e v i e w s  b y  R a t n a m  al^ 

( 1 9 8 6 )  a n d  M e r l i e  a n d  S m i t h  ( 1 9 8 6 ) .

6 . 4  C a r b o h y d r a t e  C o n t e n t  o f  t h e  AChR

R e c e n t  i n v e s t i g a t i o n s  ( N o m o t o  e_t a l #  1 9 8 6 )  h a v e  

r e v e a l e d  c o n s i d e r a b l e  i n f o r m a t i o n  o n  t h e  c a r b o h y d r a t e  

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

T r e a t m e n t  o f  t h e  r e c e p t o r  w i t h  N - o l i g o s a c c h a r i d e
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g l y c o p e p t i d a s e  s h o w e d  t h e  s u g a r s  t o  b e  N - l i n k e d  t o  t h e  

p r o t e i n .  N o m o t o ' s  g r o u p  s h o w e d  t h a t  70% o f  t h e  t o t a l  

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

w i t h  t h e  s t r u c t u r e  ( M a n ) g ( G l c N A c ) ^ • N - A c e t y l -  

g a l a c t o s a m i n e  w a s  n o t  d e t e c t e d  t h e r e b y  s u g g e s t i n g  t h a t  n o  

s u g a r  r e s i d u e s  w e r e  l i n k e d  t o  t h e  p r o t e i n

O - g l y c o s i d i c a l l y . T h e  c a r b o h y d r a t e  c o m p o s i t i o n  i n  o n e  

m o l e c u l e  o f  T o r p e d o  AChR w a s  f o u n d  t o  b e  2 8 /  5 3 /  2 . 0 /  11

a n d  4 . 9  r e s i d u e s  f o r  G l c N A c /  Man/  F u c /  G a l  a n d  Ne uAc  

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

o l i g o s a c c h a r i d e s  w a s  g r e a t e s t  i n  t h e  o t -  a n d  ^ - s u b u n i t s .  

I t  w a s  f o u n d  t h a t /  i n  t h e  a n d  S - s u b u n i t s  l e s s  t h a n

h a l f  o f  t h e  t o t a l  o l i g o s a c c h a r i d e s  w e r e  o f  t h e  

h i g h - m a n n o s e - t y p e /  t h e  r e s t  b e i n g  a  v a r i e t y  o f  t h e  

c o m p l e x - t y p e .  N o m o t o  e t  al^ e s t i m a t e  n u m b e r s  o f

o l i g o s a c c h a r i d e  u n i t s  i n  e a c h  s u b u n i t  a s  o n e /  o n e /  t w o  

a n d  t h r e e  f o r  ck, f t ,  X a n d  S s u b u n i t s  r e s p e c t i v e l y .
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7 .  ADDENDUM TO DI SCUSS I ON

C o n c l u s i o n s  d r a w n  b y  t h e  w o r k  p r e s e n t e d  h e r e  a r e

t h a t  t h e  c a r b o h y d r a t e  s t r u c t u r e  o f  t h e  T o r p e d o  AChR 

c o n s i s t s  o f  b o t h  h i g h - m a n n o s e - t y p e  a n d  c o m p l e x - t y p e  

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

c o n c l u s i v e l y  d e t e r m i n e  t h e i r  s u b u n i t  d i s t r i b u t i o n /  

e x p e r i m e n t s  r e p o r t e d  h e r e  a n d  b y  N o m o t o  a_l ( 1 9 8 6 )  

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

s u b u n i t s  w h e r e a s  c o m p l e x - t y p e  c h a i n s  a r e  p r e s e n t  o n  t h e  

X- a n d  & - s u b u n i t s  o n l y .  T h e  s u g g e s t e d  s u b u n i t  

d i s t r i b u t i o n  o f  c a r b o h y d r a t e s  i n  t h e  AChR i s  i l l u s t r a t e d  

i n  F i g u r e  7 . 1 .  W h i l e  o n e  o f  t h e  o ( . - - s ubun i  t s  h a s  b e e n

o m i t t e d  f r o m  t h e  d i a g r a m  i t  i s  l i k e l y  t h a t  i t  i s  

g l y c o s y l a t e d  i n  a  s i m i l a r  m a n n e r .  H o w e v e r /  v a r i o u s  

i n v e s t i g a t o r s  ( C o n t i - T r o n c o n i  e t  a l . / 1 9 8 4 ;  L i n d s t r o m  et^ 

a l . / 1 9 8 3 ;  O b l a s  et^ a l^ .  / 1 9 8 6 )  h a v e  i n d i c a t e d  t h a t  t h e

t w o  ^ - s u b u n i t s  ma y  d i f f e r  i n  t h e i r  d e g r e e  o f  

g l y c o s y l a t i o n .

G l u c o s e  r e s i d u e s  w e r e  o c c a s i o n a l l y  f o u n d  i n  AChR

p r e p a r e d  f o r  t h i s  w o r k  a n d  b y  o t h e r  w o r k e r s  ( N o m o t o  et :

a l . / 1 9 8 6 ) .  T h e  p r e s e n c e  o f  g l u c o s e  d u e  t o  c o n t a m i n a t i o n  

h a s  b e e n  r u l e d  o u t  ( s e e  p a g e  2 0 1 ) .  D u r i n g  g l y c o s y l a t i o n  

o f  N - l i n k e d  g l y c o p r o t e i n s /  a n  o l i g o s a c c h a r i d e  s t r u c t u r e  

c o n s i s t i n g  o f  ( G l c N A c ) 2 ~ ( M a n ) g - ( G l c ) ^ i s  t r a n s f e r e d  t o  

t h e  p r o t e i n  b a c k b o n e  ( H u b b a r d  a n d  I v a t t /  1 9 8 1 ) .  T h i s  

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



F i g u r e  7 . 1  D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  s u b u n i t  

d i s t r i b u t i o n  o f  o l i g o s a c c h a r i d e s  i n  t h e  T o r p e d o  AChR

O n e  o f  t h e  o ^ - s u b u n i t s  h a s  b e e n  r e m o v e d  f o r  c l a r i t y  

b u t  m a y b e  e s s e n t i a l l y  g l y c o y s l a t e d  i n  t h e  s a m e  m a n n e r  a s  

t h e  06- s u b u n i t  s h o w n .  A l l  s u g a r  r e s i d u e s  a p p e a r  t o  b e  

p r e s e n t  o n  t h e  e x t r a c e l l u l a r  s u r f a c e  o f  t h e  m e m b r a n e  a n d  

a r e  a t t a c h e d  t o  a n  a s p a r a g i n e  r e s i d u e .

a  -  T h i s  o l i g o s a c c h a r i d e  may  b e  o f  a  h i g h - m a n n o s e  o r  

c o m p l e x - t y p e  s t r u c t u r e .

ACh -  A c e t y l c h o l i n e - b i n d i n g  s i t e .
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o n e  s t e p  o f  w h i c h  i n v o l v e s  t h e  r e m o v a l  o f  t h e  g l u c o s e  

r e s i d u e s .  T h e  g l u c o s e  i n  r e c e p t o r  p r e p a r a t i o n s  may

t h e r e f o r e  b e  p r e s e n t  f o l l o w i n g  t h e  p u r i f i c a t i o n  o f

f u n c t i o n a l l y  m a t u r e  AChR w h i c h  h a d  n o t  u n d e r g o n e  c o m p l e t e  

m o d i f i c a t i o n  o f  i t s  c a r b o h y d r a t e  c o m p o n e n t .
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A detergent-solubilised membrane protein (the nicotinic acetylcholine receptor) was coupled to red 
blood cells by the chromic chloride method. The bound receptor retained both antigenic activity and the 
ability to bind alpha neurotoxins. Coated cells were successfully used in a haemagglutination test to 
determine antibody titre and cross-reactivity of polyclonal and monoclonal anti-acetylcholine receptor 
antisera.

Key words: acetylcholine receptor -  antibodies -  passive hemagglutination

Introduction

Red blood cells coated with antigens or antibodies by the chromic chloride 
method (Goding, 1976) have proved to be of great value in agglutination, comple
ment-mediated lysis, and rosette assays (reviewed by Coombs, 1981). Antibody- 
coated erythrocytes have been used for the detection of surface immunoglobulins 
(Dhaliwal et al., 1978), major histocompatibility antigens (Binns et al., 1983) and 
monoclonal antibodies to cell surface antigens (Clark et al., 1984). Antigen-coated 
red cells have been used in haemagglutination tests to determine specific antibody 
titres and have a sensitivity comparable to that of radioimmunoassay (Coombs, 
1981). They have also been used in the rosette reaction to isolate specific antibody- 
secreting lymphocytes (Steinitz and Tamir, 1980).

Coating of red cells with cell surface proteins has not been reported (to our 
knowledge) since ionic and non-ionic detergents which are normally used in the 
extraction of membrane proteins would be expected to lyse red cells. However, we 
have observed that sheep and ox red blood cells were not lysed by the widely used 
non-ionic detergent Triton X-100 at concentrations below 0.1% (v/v). We report 
here the coupling of a membrane protein, the nicotinic acetylcholine receptor 
(AChR) from Torpedo marmorata, to sheep red blood cells. The bound receptor 
retained both antigenic activity and the ability to bind the nicotinic antagonist 
a-bungarotoxin (aBGT). The coated cells were successfully used to determine the 
antibody titre, cross-reactivity and complement-mediated lytic activity of polyclonal
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and monoclonal anti-AChR antisera with sensitivity comparable to that of the 
routinely used double antibody radioimmunoassay (Lindstrom, 1977).

Antibodies to the nicotinic AChR have been demonstrated in the autoimmune 
disorder myasthenia gravis (MG) where they are present in 80-90% of the patients 
(Lindstrom et al., 1976). These autoantibodies are usually measured by a radioim
munoassay which depends upon the precipitation of 125I-aBGT-labelled AChR-anti- 
body complexes either with a second antibody (Lindstrom, 1977) or by Staphylococ
cus aureus cells (Tindall et al., 1981). An enzyme-immunoassay may also be used 
with horse-radish peroxidase-labelled aBGT (Furukawa et al., 1984). Alternative 
enzyme-linked immunosorbent assays (ELISA) have recently been developed 
(Norcross et al., 1980; Dwyer et al., 1983; Hinman et al., 1983; Kawanami et al., 
1984). The procedure described here may offer a further alternative for assaying 
anti-AChR antibodies. The method is rapid, very reproducible and does not require 
any special equipment (gamma counter, ELISA readers, etc). AChR-coated red cells 
may also be useful in the isolation of receptor specific B-lymphocytes by the rosette 
reaction.

Materials and Methods

Purification of acetylcholine receptor (AChR)
AChR was purified from the electric organs of Torpedo marmorata by detergent 

extraction and affinity chromatography as described by Lindstrom et al. (1981). 
Briefly, electric organ tissue was homogenised in 10 mM potassium phosphate 
buffer, pH 7.4, containing 5 mM EDTA and 20 mM sodium azide (homogenisation 
buffer), using a Sorvall Omnimix homogeniser. The homogenate was centrifuged at 
20,000 X g for 1 h at 4°C. The pellet was extracted in the homogenisation buffer 
containing 1% (v/v) Triton X-100 for 4 h at 4°C. The supernatant, containing the 
solubilised AChR, was collected after centrifugation at 100,000 X g  for 1 h at 4°C 
and applied to a column of Naja naja siamensis a-toxin (Miami Serpentarium, 
Florida) bound to Sepharose 4B. The bound receptor was eluted from the column 
with the homogenisation buffer containing 0.1% Triton X-100 and 10 mM benzo- 
quinonium chloride (Stirling Winthrop, NY), and directly loaded onto a DEAE-cel- 
lulose column (DE-52 Whatman Biochemicals, Maidstone, Kent) equilibrated in the 
homogenisation buffer containing 0.1% Triton X-100. The receptor was eluted from 
the ion-exchange column using homogenisation buffer containing 0.1% Triton X-100 
and 0.5 M NaCl and dialysed at 4°C against several changes of the same buffer 
without NaCl. The receptor solution was then concentrated using a Minicon 
concentrator (Amicon, Denver, CO) to give a protein concentration of 0.5 mg/ml as 
determined by a modified Lowry assay (Markwell et al., 1978) and sterilised by 
passage through a 0.22 ju,m Milipore filter. Aliquots were stored at 4°C or frozen at 
— 20°C without loss of activity for at least 3 months. Purified AChR was obtained 
in mg quantities with 6-8 nmol of a-bungarotoxin (aBGT) binding sites/mg of 
protein as shown using the procedure of Schmidt and Raftery (1973). SDS-PAGE of 
the receptor revealed the presence of only the characteristic subunits with molecular 
weights of 40,000, 50,000, 60,000 and 65,000 (Raftery et al., 1980).
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Attachment of acetylcholine receptor to sheep red blood cells (SRBC)
Fresh sheep red blood cells (SRBC, Tissue Culture Services, Slough, Berks) were 

coated with AChR by the chromic chloride procedure of Ling et al. (1977). The 
receptor was dialysed against saline (0.14 M NaCl) for 24 h before coating. 0.5 ml of 
a 10% (v/v) suspension of red cells was washed 5 times in saline by centrifugation 
(400 X g, 5 min) and the supernatant discarded after the final wash. To the cell pellet 
was added 0.30 ml of AChR solution (0.15 mg) and, with vortex mixing, the required 
amount of 0.1 mg/ml aged chromic chloride (CrCl3 • 6H20 , BDH Chemicals, Poole, 
Dorset) in saline solution (0.10-0.40 ml) was added. Vortexing was continued for a 
further 10 s, then saline (2 ml) was layered over the cells and the preparation left at 
4°C overnight. The cells were then washed 3 times with Hepes-buffered Eagle’s 
medium (containing 100 jug/ml streptomycin and 100 U /m l penicillin, H-Eagle, 
Flow laboratories, Irvine, Scotland) and finally suspended at 1% (v/v) in H-Eagle 
containing, 5% (v/v) heat-inactivated foetal calf serum (Flow Lab., H-Eagle-FCS), 
and stored at 4°C. Red cells coated with bovine haemoglobin (Hb, Sigma Chemical 
Co., Kingston-upon-Thames, Surrey) by the above procedure were used as controls.

Passive haemagglutination and complement-mediated lysis assays
Serial dilutions of antiserum were prepared in 0.05-ml volumes of H-Eagles-FCS 

in microtitre trays (Nunc, Gibco, Uxbridge, U.K.) 0.025 ml of 1% coated cells was 
added and the end-point read by the settled pattern technique after 2-4 h incuba
tion at 20°C.

Complement-mediated lysis was set up as for the agglutination test with the 
following modifications: phosphate-buffered saline, pH 7.3, containing 1% bovine 
serum albumin (BSA/PBS) was used as the diluent and, before the addition of 
coated red cells, 0.025 ml of guinea pig complement (Miles, Slough, Berks, diluted 
1:4 in BSA/PBS) was added. The microti tre plates were incubated in a humid 
chamber for 2 h at 37°C and the end-point (last well showing lysis) was recorded.

aBGT binding to AChR-coated red cells
a-Bungarotoxin (aBGT, Boehringer-Mannheim Corp., Lewes, Sussex) was radio

labelled with 125I (Na125I, specific activity 15 mCi/jag iodine, Radiochemical Centre, 
Amersham, Bucks.), by the chloramine T method of Hunter (1978) to a specific 
activity of 70 Ci/mmol.

Increasing amounts of 125I-aBGT (0.034-4.77 pmol) were added to 0.020 ml 
aliquots of a 1% (v/v) suspension of coated red cells. The volume was made up to 
0.2 ml with H-Eagle-FCS and the mixture incubated for 90 min at room temperature, 
with occasional mixing. The cells were then washed 3 times (400 X g, 10 min) with 
H-Eagle-FCS medium (0.5 ml) and bound radioactivity was counted in an LKB 
1280 Ultragamma Counter. Specific binding (70-80% of total) was defined as 
binding of 125I-aBGT that is displaceable by 63 mM benzoquinonium chloride.

Anti sera
Polyclonal antisera were raised in rabbits and sheep by intramuscular injections 

of purified receptor (10-50 ju.g) in complete Freund’s adjuvant followed by a similar
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injection after 4 weeks. Blood was collected 5 days after the booster injection. Mouse 
monoclonal antibodies (mAb) to Torpedo AChR were prepared as described by 
Kearney et al. (1981). The monoclonal antibodies B ll, C2 and C7 were used as 
culture supernatants. A3 was purified from ascitic fluid by affinity chromatography 
on a column of protein A bound to Sepharose CL4B (Pharmacia, Uppsala, Sweden). 
All antisera were heat-inactivated (30 min, 56°C) before use.

The titre of the anti-AChR antibodies was measured by the immunoprecipitation 
assay (Lindstrom, 1977), whereby the receptor is labelled with 125I-aBGT then 
incubated with the antiserum and finally the toxin-receptor-antibody complex is 
precipitated with the appropriate second antibody. The titre is expressed in terms of 
receptor bound 125I-aBGT precipitated per litre of antiserum.

Results

Effect of Triton X-100 on sheep red blood cells
Since AChR is solubilised by Triton X-100 extraction, the effect of this non-ionic 

detergent on SRBC was investigated. Serial dilutions of 1% (v/v) Triton X-100 were 
carried out in 0.05 ml volumes of saline in microtitre plates. 0.05 ml of a 1% (v/v) 
SRBC suspension in saline was added to each well and cell lysis observed after 2 h 
incubation at 20°C and 37°C. The detergent caused lysis at concentrations > 0.1% 
(w/v). The purified receptor preparations which contained 0.1% (v/v) Triton X-100 
were dialysed for 24 h against saline to remove phosphate ions which inhibit CrCl3 
coupling (Goding, 1976) and also to remove excess detergent monomers. Dialysis 
does not remove protein-bound and protein-free detergent micelles (Furth, 1980) 
and, therefore, the receptor remains soluble and no aggregation of the protein is 
observed. Early attempts at removing the detergent by hydrophobic adsorption with 
Biobeads, Sm2 (Bio-Rad Labs., Richmond, CA) (Holloway, 1973) resulted in the 
aggregation and precipitation of the receptor and loss of aBGT binding activity. 
AChR dialysed against saline could be stored at — 70°C without loss of activity for 
at least 3 months.

a-Bungarotoxin binding to AChR-coated SRBC
AChR is usually quantitated and characterised in terms of aBGT binding and, 

therefore, the ability of coated cells to bind this neurotoxin was determined. Fig. la  
shows that the bound receptor still retained toxin-binding activity. This was specific 
(displaceable by the cholinergic ligand benzoquinonium chloride). Haemoglobin- 
coated RBC showed negligible binding which was not displaceable by benzo
quinonium chloride. The Scatchard plot (Fig. lb) gave an apparent K d value of 6.2 
nM and a Bmax of 0.8 pmol which are comparable to values given for the receptor in 
free solution (Lukasiewicz et al., 1978).

Effect of the amount of chromic chloride used
The amount of CrCl3 used influences both the uptake of protein and the 

agglutinability of the coated red cells. AChR uptake was measured in terms of



159

(a)

0.6  - t

_  0.5-

S  0.4-

0.3-

0 .2 -

0 . 1-

1.0 2.0 4.03.0

125I-«BGT added  (pmoles)

14-i
(b)

1 2 -

1 0 -

I
?  8 -
8
A

O  6 -  ffl

4-

2 -

0.2 0.30.1 0.4 0.7 0.80.5 0.6

12SI-°BGT bound (pmoles)

Fig. 1. 125I-aBGT binding to AChR-coated red cells, a: increasing concentrations of 125I-aBGT were 
incubated with 20 jal of coated cell suspension as described in the methods section. Non-specific binding 
(■) was obtained from binding in the presence of benzoquinonium chloride. Specific binding ( • )  was 
obtained after subtraction of non-specific from total binding. Specific binding of 125I-aBGT to 
haemoglobin-coated cells was negligible (not shown), b: Scatchard plot of the data represented in a.

125I-aBGT binding, and cell agglutination was examined using rabbit anti-AChR 
antiserum. Table I shows that the uptake of AChR increased with increasing 
amounts of CrCl3 solution used. However, the strongest agglutination was obtained 
with cells coated using 0.35 ml of CrCl3 solution. Larger volumes of CrCl3 solution 
yielded cells which agglutinated spontaneously. Therefore, all subsequent coating 
was carried out with 0.35 ml of CrCl3 solution.
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TABLE I

EFFECT OF VOLUME OF CrCl3 SOLUTION USED FOR COUPLING AChR TO SRBC

Vol. of CrCl3 
solution used 
(ml)

Strength of test 
agglutination a

Control b 125I-aBGT binding c 
pm ol/20 jul of 1% SRBC

0 - neg N D  d
0.1 = 0.035
0.2 • = 0.066
0.25 + = 0.112
0.30 +  + = 0.197
0.35 + +  + = 0.530
0.40 +  + + 0.722

a Haemagglutination performed with rabbit anti-Torpedo AChR antiserum. 
b Haemagglutination performed with normal rabbit serum. 
c Toxin binding was carried out using excess 125I-aBGT (4.5 pmol). 
d N D  = not detected.

Haemagglutination of AChR-coated red cells
Several polyclonal and monoclonal antisera to AChR were titrated against 

AChR-coated red cells. The results are summarised in Table II. With polyclonal 
antisera the agglutination titres correlated well with titres measured by radioim
munoassay. Immunological cross-reactivity between Torpedo AChR and receptor 
from other species was also demonstrable by the agglutination test. Complement- 
mediated lytic activity was shown by 2 antisera only.

The agglutination characteristics of receptor coated red cells with monoclonal 
antibodies (mAb) differed from the results obtained with polyclonal antibodies. For 
example, end-points were achieved with relatively higher amounts of antibodies and 
there was no correlation between the agglutination and radioimmunoassay titres.

Discussion

The main problem encountered when solubilised membrane proteins are coupled 
to erythrocytes is the presence of residual detergent which could potentially cause 
haemolysis. Prior fixation of the cells may overcome this, and recently, Steinitz and 
Tamir (1985) coated glutaraldehyde-fixed red cells with proteins in the presence of 
the ionic detergent deoxycholate. However, other workers found that fixed cells 
could not be coated by the chromic chloride method (Ling et al., 1979). Our results 
show that, at least in the case of non-ionic detergent-solubilised membrane proteins, 
dialysis was sufficient to reduce the level of detergent to below that causing cell lysis. 
Dialysis was preferred to other methods of detergent removal because it does not 
effect the protein-bound detergent and therefore the protein integrity is preserved. 
The chromic chloride procedure was successfully used to couple solubilised Torpedo 
AChR to red blood cells. The coated cells behaved well in the agglutination test and
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TABLE II

TITRATION OF ANTI-AChR ANTISERA WITH AChR-COATED RED CELLS

Anti seruma Anti-Torpedo AChR b 
antibody titre 
(radioimmunoassay) 
(nM)

Haemaggl u tinati on 
titre c

Complement- 
mediated lysis 
titre

Normal rabbit 
serum N D  d 1:2

Rabbit anti- 
Torpedo AChR 14500 1:655 360 1:128

Normal sheep 
serum N D

Sheep anti- 
Torpedo AChR 6400 1:163840

Rabbit anti
rat AChR 1517 (42000) 1:40960

Rabbit anti- 
foetal calf 
AChR (1) 17.5 (320) 1:256 1:32

(2) 5.5 (700) 1:8
Non-immune mouse 

ascitic fluid N D 1:2
Mouse monoclonal 

axiii-Torpedo AChR 
A3 2350 1:1024
B ll 170 1:16
C2 103 1:16
C l 143 1:1280

a Rabbit anti-rat AChR and foetal calf AChR antisera were raised by immunising animals with receptor 
purified using the same procedure as for Torpedo AChR (methods section).
b Values in brackets are antibody titres measured using the primary antigen, i.e., rat AChR and foetal calf 
AChR.
c Titration of anti -Torpedo AChR antisera against haemoglobin-coated SRBC showed agglutination in the 
first well only. 
d N D  =  not detected.

were used to detect anti-AChR antibodies with a high level of sensitivity. Correlation 
between the agglutination test and radioimmunoassay was acceptable in the case of 
polyclonal antisera. The anomalous results obtained with monoclonal antibodies are 
not unexpected. In contrast to polyclonal antisera, monoclonal antibody-antigen 
binding is greatly dependent on the type of assay used. The generally low agglutina
tion titre obtained is most likely due to the fact that the monoclonal antibodies are 
directed to single antigenic determinants and therefore their cross-linking capability 
is very much less than that of the polyclonal reagent. The relatively high agglutina
tion titre obtained with mAb-C7 compared with mAb-A3 (see Table II) is a 
reflection of difference in affinity (another important factor in monoclonal anti
body-antigen reactions). Kinetic studies (not presented here) have shown that C7 
had a higher binding affinity to Torpedo AChR than A3. In general, the agglutina
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tion test offers another method for characterising monoclonal antibodies to AChR in 
addition to RIA and ELISA.

Red blood cells coated with antigens are useful in the isolation of reactive 
B-lymphocytes. In preliminary experiments, AChR-coated ox red cells were used in 
a rosette test to isolate specific B-lymphocytes from (leukophoresed) samples ob
tained from myasthenic patients whose serum showed relatively high cross-reactivity 
with Torpedo AChR. This selection is important for human monoclonal antibody 
production by Epstein-Barr virus transformation (Steinitz and Tamir, 1980).

Another practical use of AChR-coated red cells is in the area of ligand-receptor 
interaction. Ligand interaction with solubilised AChR is usually studied using 
anion-exchange DE52 cellulose filters, ammonium sulphate precipitation or gel 
filtration (Schmidt and Raftery, 1973). AChR-SRBC would offer a very convenient 
and simple procedure for separating bound and free cholinergic ligands.

The main disadvantage with using red cells is their short shelf-life. By handling 
the cells under aseptic conditions, we have managed to use the cells for up to 4 
weeks. Mild glutaraldehyde-fixation of coated cells (Cranage et al., 1983) may 
permit preservation of the coated cells and increase their shelf-life.
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