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A b s t r a c t

HETEROGENEITY OF THE NICOTINIC ACETYLCHOLINE RECEPTOR 

EXTRACTED FROM DENERVATED RAT HINDLIMB MUSCLE

by

Tobias  Massa 

Advisor:  P r o f e s s o r  T.W. Mit t ag

The i n t e r a c t i o n s  o f  the  e x t r a j u n c t i o n a l  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 ,  e x t r a c t e d  from de nerva ted  r a t  hind l imb musc le ,  with a -  

bungaro tox in  (a-BuTx),  Concanaval in-A (Con-A) and immunoglobul ins 

i s o l a t e d  from the  s e r a  o f  p a t i e n t s  wi th  myas thenia  g r a v i s  have been 

s t u d i e d .  I n v e s t i g a t i o n  o f  the  r e c e p t o r - t o x i n  i n t e r a c t i o n  us ing 

k i n e t i c  methods showed two d i s t i n c t  t ox in  b id n in g  s i t e s .  The 

a s s o c i a t i o n  o f  t o x in  t o  hydroxyl  a p a t i t e  p repared  AChR did no t  fo l low  

simple se cond -o rde r  k i n e t i c s  bu t  was b e s t  d e s c r ib e d  in terms o f  

two c l a s s e s  o f  t o x in  bind ing  s i t e s  with r a t e  c o n s t a n t s  of  

8 .23  x 104 M~^s"^ and 0.35 x 104 M'^s”^. D i s s o c i a t i o n  o f  t o x i n -  

r e c e p t o r  complexes occurred  in  a b i p h a s i c  manner wi th  a r a p i d l y
_5 _1

d i s s o c i a t i n g  component (k_^ = 2.49 x 10 s ) and a s lowly  d i s s o c i a t ­

ing component (k _2 = 2.43 x 10"®s"^) .  Furthermore ,  computer  a n a l y s i s  

o f  the  k i n e t i c s  d a ta  showed th e s e  two k i n e t i c a l l y  d i s t i n c t  t o x i n -  

b in d in g  s i t e s  t o  be p r e s e n t  in  equal  amounts.

Incuba t io n  o f  t h e s e  r e c e p t o r s  with s o lu b l e  Con-A p r i o r  to  

l a b e l l i n g  wi th  a-BuTx de c re a s es  t h e  t o t a l  b ind ing  c a p a c i t y  by approx-
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im a te ly  50%. K in e t i c  s t u d i e s  i n d i c a t e  t h a t  the  Con-A induced 

i n h i b i t i o n  o f  t ox in  b ind ing  appears  r e s t r i c t e d  to  those  r e c e p to r s  

with f a s t  r a t e s  o f  a s s o c i a t i o n  with a-BuTx.

K in e t i c  a n a l y s i s  o f  the  t o x i n - r e c e p t o r  i n t e r a c t i o n  us ing r e ­

c e p to r s  f u r t h e r  p u r i f i e d  using Lens c u l i n a r i s - A g a r o s e  (LCA) a f f i n i t y  

chromatography i n d i c a t e d  t h a t  t h e  two k i n e t i c a l l y  d i s t i n c t  t ox in  

b ind ing  s i t e s  were s e p a r a b l e  and p r e s e n t  in  equal  amounts. The 

r e c e p t o r s  r e a d i l y  e l u t e d  from the  LCA column e x h i b i t e d  f a s t  r a t e s  o f  

a s s o c i a t i o n  and d i s s o c i a t i o n  with a-BuTx and r e p r e s e n t e d  50% of  the  

t o t a l  r e c e p t o r  p o p u la t io n .  Those r e c e p t o r s  which remained t i g h t l y  

bound to  the  LCA column were assumed t o  e x h i b i t  slow r a t e s  o f  a s s o ­

c i a t i o n  and d i s s o c i a t i o n  wi th  a-BuTx. Incuba t ion  o f  LCA-purif ied 

AChR wi th  s o lu b l e  Con-A r e s u l t e d  in 100% i n h i b i t i o n  o f  t o x in  b ind ing .

The two c l a s s e s  o f  t o x in  b ind ing  s i t e s  were f u r t h e r  subd iv ided  

based on i n t e r a c t i o n s  o f  r e c e p t o r  with immunoglobulin G f r a c t i o n s  

from s e r a  o f  p a t i e n t s  wi th  myas thenia  g r a v i s .  Three d i s t i n c t  a n t i ­

body types  were found in t h e s e  s e r a .  The f i r s t  caused a 50% maximum 

i n h i b i t i o n  o f  h y d r o x y l a p a t i t e  and LCA prepared  r e c e p t o r  b inding  to  

Con-A-Sepharose a f f i n i t y  columns when th e  r e c e p t o r s  were t r e a t e d  

with myasthnic  IgG p r i o r  to  l a b e l l i n g  with a-BuTx. This  i n d i c a t e s  

t h a t  both types  o f  tox in  b in d in g  s i t e s  ( f a s t  and slow) a re  f u r t h e r  

d iv ided  i n t o  two s e p a r a b le  s u b c l a s s e s .  A second a n t ib o d y ,  found 

in only a small number o f  m yas the n ic s ,  caused a 30% maximum i n h i b i ­

t i o n  o f  t o x in  b ind ing  t o  h y d r o x y la p a t i t e  r e c e p t o r s ,  but  had no e f f e c t  

on tox in  b in d in g  t o  LCA p u r i f i e d  r e c e p t o r s ,  i n d i c a t i n g  t h a t  t h i s  

an t ibody  i n h i b i t e d  t o x in  b ind ing  t o  a s u bc la s s  o f  t h o se  r e c e p to r s  

with slow k i n e t i c s  o f  t ox in  b in d in g .  Furthermore ,  the  i n h i b i t i o n  of



ct-BuTx b in d in g  to  r e c e p t o r s  p r e - t r e a t e d  with t h i s  an t ibody  i s  a d d i ­

t i v e  with t h e  Con-A induced i n h i b i t i o n  o f  t o x in  b in d in g ,  i n d i c a t i n g  

t h a t  the  t o x in - b lo c k i n g  an t ibody  a f f e c t s  a subpopu la t io n  o f  r e c e p to r s  

d i f f e r e n t  from th o se  a f f e c t e d  by Con-A. A t h i r d  an t ibody  bound to  

a l l  s u b c la s s e s  o f  r e c e p to r s  wi thou t  a l t e r i n g  th e  k i n e t i c s  o f  t ox in  

b in d in g  to  the  r e c e p to r  nor  t h e  i n t e r a c t i o n  o f  t h e  r e c e p t o r  with 

so lu b l e  o r  Sepharose bound Con-A. I t s  s o l e  e f f e c t  was t o  immunopre- 

c i p i t a t e  AChR when th e  ant ibody-AChR-toxin complex was exposed to  

ant i -human IgG.

In summary, the  p r e s e n t  s tudy  shows t h a t  the  s o l u b i l i z e d  e x t r a -  

j u n c t i o n a l  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  e x t r a c t e d  from denerva ted  

r a t  hindl imb muscle c o n s i s t s  o f  fou r  s u b c l a s s e s  o f  t ox in  b ind ing  s i t e s ,  

which a ppear  to  be s e a p a r a t e  m olecu la r  e n t i t i e s ,  based on t h e i r  

i n t e r a c t i o n  wi th  a-BuTx, Con-A and myasthenic  a n t i - r e c e p t o r  a n t i b o d i e s .  

The b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  f i n d i n g  remains to  be e l u c i d a t e d .
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I .  INTRODUCTION

A. HISTORICAL BACKGROUND

A la r g e  p o r t i o n  o f  p r e s e n t  day b a s i c  pharmacological  r e sea rch  

i s  devoted to  the  s tudy  o f  t h e  molecu la r  mechanisms o f  drug a c t i o n .  

Whatever the  u l t i m a t e  e f f e c t  a drug produces in a b i o lo g i c a l  system, 

i t s  i n i t i a t o r  i s  a physicochemical  i n t e r a c t i o n  between t h a t  drug and 

some f u n c t i o n a l l y  impor tan t  m o lecu le ( s )  in the  organism which has 

been termed a r e c e p t o r . Much o f  the  e v o lu t io n  o f  the  concept  o f  r e ­

c e p to r s  and r e c e p t o r  theo ry  p a r a l l e l s  r e s e a rc h  concerning  the  hypo th ­

e s i s  o f  chemical t r a n s m is s io n  a t  synapses  and a c e t y l c h o l i n e  r e c e p ­

t o r s .  This  a s s o c i a t i o n  has been m ain ta ined  to  t h e  p r e s e n t  day when 

r e c e p t o r s  a re  being p u r i f i e d  and i n t e n s i v e l y  s t u d i e d .

Although i t  was not  Claude Bernard who o r i g i n a t e d  the  idea  o f  

r e c e p t o r s ,  i t  was h i s  c l a s s i c a l  expe riment s  with c u ra re  t h a t  c r e a t e d  

the b a s i s  f o r  t h i s  concep t .  Bernard showed t h a t  i n j e c t i o n  o f  c u ra r e  

produced p a r a l y s i s  in  f ro g  leg  muscle and t h a t  a c u ra r e -p o i s o n e d  leg 

could no t  be s t i m u la t e d  e l e c t r i c a l l y  v ia  i t s  ne rve ,  but  was s e n s i ­

t i v e  to  d i r e c t  e l e c t r i c a l  s t i m u l a t i o n .  The s i t e  o f  a c t i o n  o f  c u r a r e ,  

t h e r e f o r e ,  was somewhere in  t h e  a rea  o f  c o n t a c t  between nerve and 

muscle (Bernard,  1857).

Langley (1905, 1906 and 1907) provided  evidence  f o r  both the  

chemical hypo thes i s  o f  neuromuscular  t r a n s m is s io n  and the  e x i s t e n c e  

o f  r e c e p t o r s .  By applying n i c o t i n e  t o  f rog  s a r t o r i o u s  muscle ,  he 

d i scove red  t h a t  c o n t r a c t i o n  occured on ly  when n i c o t i n e  was ap p l i e d  

where the  nerve e n t e r e d  t h e  muscle f i b e r s .  A pp l i ca t io n  to  o t h e r  r e ­

gions o f  the  muscle had no e f f e c t .  When c u ra re  was a p p l i e d  to  the  

neura l  r eg ion o f  the  muscle i t  b locked the  responses  t o  nerve  s t im u-
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l a t i o n  and to  n i c o t i n e ,  but  d id  no t  i n h i b i t  c o n t r a c t i o n  o f  the  muscle 

to  d i r e c t  s t i m u l a t i o n .  A pp l i ca t ion  o f  n i c o t i n e  and c u ra re  to  the 

nerve had no e f f e c t  on c o n t r a c t i o n  and fu r therm ore  the  e f f e c t s  o f  

c u ra r e  and n i c o t i n e  were seen even a f t e r  d e n e r v a t i o n ,  implying t h a t  

t h e i r  s i t e  o f  a c t i o n  was the  muscle .  Langley proposed t h a t  in each 

c e l l  (muscle ,  g land ,  o r  nerve)  two s ubs tances  must be d i s t i n g u i s h e d .  

One, the  c h i e f  sub s ta n c e ,  performs t h e  main f u n c t i o n  o f  the c e l l  

( c o n t r a c t i o n ,  s e c r e t i o n  o r  g e n e ra t i o n  o f  e l e c t r i c a l  im p u lse s ) ,  wh ile  

t h e  o t h e r  a c ce s so ry  subs ta nc e  has the  t a s k  o f  r e c e iv i n g  the  a c t i o n  o f  

the  nerve and t r a n s m i t t i n g  i t  t o  the  c h i e f  subs ta nc e .  Langley c a l l e d  

t h i s  a c ce s s o ry  subs tance  the  " r e c e p t i v e  subs ta nc e " .

Independent  o f  the  development o f  t h e  concept  of  chemical  t r a n s ­

m is s ion ,  Paul E r l i c h ' s  s t u d i e s  on the  s p e c i f i c i t y  o f  t h e  a n t i g e n -  

a n t i  body r e a c t i o n  and chemotherapy (1913) a l s o  c o n t r i b u t e d  to  the 

concep t  o f  r e c e p t o r s .  E r l i c h  env is ioned  r e c e p to r s  as " s id e  cha ins"  

which were p r e s e n t  on a l l  c e l l s  and e s s e n t i a l  f o r  t h e i r  l i f e  p r o c e s ­

s e s .  An t ibod ie s  and drugs combine s p e c i f i c a l l y  with the  " s id e  c ha in s"  

( e . g . ,  su l f h y d r y l  o r  amino groups)  o f  invading organisms but  no t  

t h o se  o f  t h e  h o s t .  Only drugs o r  a n t i b o d ie s  o f  the  c o r r e c t  shape 

and chemical composi t ion could e f f e c t i v e l y  combine with a p a r a s i t e ' s  

r e c e p t o r s  and any s l i g h t  m o d i f i c a t i o n  o f  the  drug o r  an t ibody  a f f e c t ­

ed t h e i r  potency by a l t e r i n g  t h e i r  a b i l i t y  to  combine wi th  the  r e ­

c e p to r .

In 1921, Loewi demons tra ted  t h a t  a chemical subs tance  could be 

r e l e a s e d  from a nerve upon s t i m u l a t i o n .  He found t h a t  s t i m u l a t i o n  o f  

t h e  vagus ne rve  i n n e r v a t i n g  frog  h e a r t  muscle r e l e a s e d  a chemical 

( " V a g u s s t o f f " ) , l a t e r  shown t o  be a c e t y l c h o l i n e  (Loewi and N a v r a t i l ,
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1926) ,  which i n h i b i t e d  a n o th e r  i s o l a t e d  frog  h e a r t  when added to  the  

p e r f u s a t e .  This  confirmed the  e a r l i e r  c l a s s i c a l  experiments  o f  S i r  

Henry Dale (.1914), which showed t h a t  a c e t y l c h o l i n e  could a f f e c t  

h e a r t  r a t e  even a f t e r  den e rv a t io n  by s e c t i o n i n g  both vagus ne rves .  

Furthermore ,  Dale e s t a b l i s h e d  t h a t  a given t r a n s m i t t e r  could have 

more than  one s p e c i f i c  r e c e p t o r  s i t e  with which i t  i n t e r a c t s .  He 

observed a "muscarinic"  a c t i o n  o f  s e ve ra l  c h o l in e  d e r i v a t i v e s  which 

mimicked the  e f f e c t s  o f  p a ra sym pathe t i c  s t i m u l a t i o n  and th e  a l k a l o i d  

muscar ine  in i s o l a t e d  h e a r t  p r e p a r a t i o n s  and a " n i c o t i n i c "  a c t i o n  o f  

n i c o t i n e  and q u a te r n a r y  ammonium ions e x e r t e d  a t  s k e l e t a l  muscles  and 

autonomic g a n g l i a .  Dale (1914) demons t ra ted  t h a t  t h i s  s e r i e s  o f  

c h o l in e  e s t e r s  e x h i b i t e d  a spectrum o f  t h e s e  two a c t i o n s ,  ranging 

from pure ly  m usc a r in ic  t o  pu re ly  n i c o t i n i c .  The m usca r in ic  a c t i o n s  

were a b o l i she d  by a t r o p i n e  w i thou t  a f f e c t i n g  the n i c o t i n i c  e f f e c t s  o f  

a p a r t i c u l a r  compound. A c e ty lc h o l in e  was found to  posses s  both n i c o ­

t i n i c  and m usca r in ic  a c t i o n s  which were i n h i b i t e d  by c u r a r e  and a t r o ­

p i n e ,  r e s p e c t i v e l y  (Da le ,  1914) .

Dale and h i s  a s s o c i a t e s  expanded t h e i r  s t u d i e s  o f  chemical 

t r a n s m is s io n  a t  the  neuromuscular  j u n c t i o n  and deve loped th e  c r i t e r i a  

t h a t  a r e  s t i l l  used t o  e s t a b l i s h  whether  a subs ta nce  i s  a t r a n s m i t ­

t e r  ( see  Pa ton ,  1958) . Fe ldberg (1943) deomonst rated the  presence  

and s y n t h e s i s  o f  a c e t y l c h o l i n e  a t  the  neuromuscular  j u n c t i o n  as  wel l 

as i t s  r e l e a s e  from th e  nerve t e rm ina l  upon s t i m u l a t i o n  o f  the  

nerve (Dale ,  Fe ldberg and Vogt, 1936).  F i n a l l y ,  i t  was demonstra ted 

t h a t  the  muscle showed th e  same response  t o  a c e t y l c h o l i n e  r e g a r d l e s s  

o f  whe ther  d i r e c t  ne rve  s t i m u l a t i o n  or  a r t i f i c i a l  a p p l i c a t i o n  was 

used (Brown, Dale and Fe ldberg ,  1936; Bacq and Brown, 1937; Brown,
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1937).  In the  1950's  i t  was e s t a b l i s h e d  t h a t  a c e t y l c h o l i n e  i n i t i a t e d  

muscle  a c t i o n  p o t e n t i a l s  and c o n t r a c t i o n  by causing  in c r e a s e d  perm­

e a b i l i t y  to  Na+ and K+ in t h e  e n d p la t e  r eg ion  o f  t h e  p o s t s y n a p t i c  

membrane ( F a t t  and Katz ,  1952; Del C a s t i l l o  and Katz,  1956; Takeuchi 

and Takeuchi ,  1960) . Nachmanshon (1955) proposed t h a t  the  a c e t y l ­

c h o l i n e  r e c e p t o r  a t  the  e n d p la t e  o f  t h e  neuromuscula r  j u n c t io n  was 

a p r o t e i n  and' t h a t  the  b ind ing  o f  a c e t y l c h o l i n e  t o  t h i s  p r o t e i n  i n ­

i t i a t e d  a conformat iona l  change a t  t h e  e n d p la t e  which subsequen t ly  

opens ion channel s  r e s u l t i n g  in t h e  in c r e a s e d  Na+ and K+ pe rm eab i l ­

i t y .

Q u a n t i f i c a t i o n  o f  the  d r u g - r e c e p t o r  i n t e r a c t i o n  has a l s o  been 

o f  g r e a t  i n t e r e s t  t o  p h a rm a co log i s t s .  A .J .  Clark (1933) provided 

t h e  f i r s t  mathematical  model f o r  the  i n t e r a c t i o n  o f  a drug with i t s  

r e c e p t o r .  Clark found t h a t  on ly  a very small f r a c t i o n  o f  the  t o t a l  

a v a i l a b l e  c e l l  s u r f a c e  a re a  was a c t u a l l y  occupied by a drug in p ro­

duc ing  i t s  e f f e c t ,  and sugges ted  t h a t  t h e  a re a  occupied by the  drug 

might  correspond  t o  t h e  " r e c e p to r s "  d e s c r ib ed  by Langley and E r l i c h .  

Clark assumed t h a t  t h e  i n t e r a c t i o n  o f  a drug with a r e c e p t o r  was 

analogous t o  the  a d s o rp t io n  o f  molecules  on the  s u r f a c e  o f  a c a t a l y s t  

as d e s c r ib e d  by Langmuir (1916,  1918) . He f u r t h e r  suggested  t h a t  

drug a c t i v i t y  ( i . e . ,  t h e  response  o f  a system t o  t h e  drug)  was a 

fu n c t io n  o f  i t s  a f f i n i t y  c o n s t a n t  o r  i t s  a b i l i t y  t o  adsorb t o  the  

r e c e p t o r s .  This  proposal  l ed  t o  t h e  "occupat ion"  t h e o r y  o f  d rug-  

r e c e p t o r  i n t e r a c t i o n  which was l a t e r  modi f ied by Ariens (1954) and 

Stephenson (1956) .  Paton (1961) proposed t h a t  the  r a t e  o f  combination 

o f  t h e  drug wi th  i t s  r e c e p t o r  was t h e  impor tan t  parameter  of  drug-  

r e c e p t o r  i n t e r a c t i o n  ( " r a t e "  t h e o r y ) .  There has been much deba te
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r ega rd ing  the  mathematical  models o f  d r u g - r e c e p t o r  i n t e r a c t i o n  and 

as y e t  no one model appears  s u f f i c i e n t  to  adequa te ly  d e s c r i b e  the  

even ts  o f  1i g a n d - r e c e p to r  r e c o g n i t i o n  a n d /o r  subsequent  response .

Thus,  d e s p i t e  t h e  weal th  o f  p h y s io lo g ica l  and pharmacological  

r e s e a rc h  on neuromuscular  t r a n s m i s s i o n ,  a l l  t h a t  was known about  the 

a c e t y l c h o l i n e  r e c e p t o r  u n t i l  t h e  mid-1960’s was t h a t  i t  should e x i s t  

on t h e  e n d p la t e  r eg ion  o f  t h e  p o s t j u n c t i o n a l  membrane and was some­

how invo lved  in t h e  membrane changes r e s p o n s i b l e  f o r  d e p o l a r i z a t i o n .  

L i t t l e  was known r eg a rd in g  th e  a c tua l  b ind ing  o f  a c e t y l c h o l i n e  t o  i t s  

" r e c e p to r "  and how t h i s  i n t e r a c t i o n  r e s u l t e d  in d e p o l a r i z a t i o n  of  the  

e n d p l a t e .  The d i sc ove ry  o f  a -b u n g a r o to x i n ,  a h igh ly  s p e c i f i c  l igand  

f o r  the  a c e t y l c h o l i n e  r e c e p to r  (AChR) (Chang, 1960; Chang and Lee, 

1963) ,  and t h e  i s o l a t i o n  o f  h i g h ly  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  

(Changeux e t  a l . ,  1970) have led  to  a g r e a t  a c c e l e r a t i o n  in r e c e p to r  

r e s e a rc h  ( see  reviews by K a r l i n ,  1974, 1977; Cohen and Changeux,

1975; Rang, 1975; Eldefrawi  and E ld e f r aw i ,  1977) concern ing  the  

m o lecu la r  s t r u c t u r e  o f  t h e  r e c e p t o r ,  i t s  o r g a n i z a t i o n  in  the  p o s t -  

s y n a p t i c  membrane and the  e ven ts  fo l lowing  r e c o g n i t i o n  o f  a c e t y l ­

c h o l in e  which e v e n t u a l l y  r e s u l t  in membrane d e p o l a r i z a t i o n .

Two more r e c e n t  developments have a l s o  been u t i l i z e d  t o  s tudy 

the  m o le c u la r  b io lo g 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 .  The 

f i r s t  i s  t h e  d i sc o v e r y  t h a t  the  r e c e p t o r  i s  a g l y c o p r o t e in  capable  

o f  b in d in g  Concanavalin-A (Brockes and H a l l ,  1975a; Mattson and Hei1 - 

bronn ,  1975; Almon and Appel , 1976a) ,  a l e c t i n  which b inds  s p e c i f ­

i c a l l y  t o  a-D-mannose and a -D-glucose  and t h e i r  g ly c o s id e s  ( rev iew­

ed by Sharon and L i s ,  1972) .  The o t h e r  i s  t h e  f in d in g  t h a t  a n t i b o d ie s  

r a i s e d  t o  a c e t y l c h o l i n e  r e c e p t o r s  i n t e r f e r e  with neuromuscular  t r a n s -
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miss ion  and produce symptoms in animals  t h a t  c l o s e l y  resemble the  

neuromuscular  d i s o r d e r  myasthenia  g r a v i s  ( P a t r i c k  and Lindstrom,

1973) . S i m i l a r  a n t i b o d ie s  have subsequen t ly  been found in the s e r a  

o f  p a t i e n t s  with mysthenia  g r a v i s .  This f in d in g  has 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  unde rs t and ing  o f  t h e  pa thogenes i s  o f  the  ap­

p a r e n t l y  autoimnune d i s o r d e r  as wel l as  t h e  s tudy  o f  the  a c e t y l c h o l i n e  

re c e p to r . .
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B. USE OF A a-BUNGAROTOXIN AS A LIGAND FOR THE NICOTINIC ACETYL­

CHOLINE RECEPTOR

The venoms o f  snakes belong ing t o  the Elap idae f am i ly  (cobras  

and k r a i t s )  a re  extemely t o x i c  and produce f l a c c i d  p a r a l y s i s  and 

r e s p i r a t o r y  f a i l u r e  in an im als .  These e f f e c t s  a re  a t t r i b u t e d  to  the 

neu ro tox ins  con ta ined  in t h e s e  venoms (Meldrum, 1965; J im e n e z -P a r r a s ,  

1968; Lee, 1970, 1971; Simpson, 1974; Tu, 1977). Venom o f  the  banded 

k r a i t ,  Bungarus m u l t i c i n c t u s , c o n ta in s  f o u r  neu ro tox in s  capab le  of  

b lock ing  neuromuscular  t r a n s m is s io n  (Chang and Lee, 1963) . a-Bungaro-  

t o x in  produces a v i r t u a l l y  i r r e v e r s i b l e ,  n o n - d e p o l a r i z in g ,  c u r a r e ­

l i k e  block o f  the  neuromuscular  j u n c t io n  by b in d in g  to  the  p o s t j u n c ­

t i o n a l  membrane, y -  and e -bungaro to x in  block t r a n s m is s io n  by i n h i b ­

i t i n g  the  r e l e a s e  o f  a c e t y l c h o l i n e  from the  motor nerve t e r m in a l s  

(Chang and Lee, 1963) . Another venom component has a c e t y l c h o l i n e s t e r ­

ase a c t i v i t y .  The b i o l o g i c a l  a c t i v i t y  o f  a a -bunga ro tox in  (a-BuTx) 

makes i t  an ex tr emely  u se fu l  too l  in the  s tudy  o f  the  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 to r .

a-Bungaro tox in i s  a b a s i c  p r o t e i n  o f  8000 d a l t o n s ,  c o n s i s t i n g  

o f  a s i n g l e  pep t ide  wi th  74 amino a c id s  c r o s s - l i n k e d  by 5 d i s u l f i d e  

b r idges  (.Mebs e t  aT . ,  1971; Ch ichepor t iche  e t  a l . ,  1975).  The 

amino a c id  sequence and pr imary s t r u c t u r e  of  a-BuTx i s  very s i m i l a r  

t o  t h a t  o f  t h e  cobra a -n e u ro to x in s  (Ch ichepor t i che  e t  a l . ,  1975;

Tu, 1977). The i n t e g r i t y  o f  the  d i s u l f i d e  bonds in the a -n e u r o to x in s  

i s  e s s e n t i a l ,  as t h e i r  r ed u c t io n  r e s u l t s  in complete l o s s  o f  t o x i c i t y  

(Lee e t  a l . ,  1960; Yang, 1967) . The neuromuscular  b lock ing  a c t i o n  

of  t h e  cobra a -n e u ro to x in s  i s  s lowly  r e v e r s i b l e  (Su e t  a l . ,  1967; Tu, 

1977).  In c o n t r a s t  t o  cobra a - n e u r o t o x i n ,  the  block produced by
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a-BuTx i s  much l e s s  r e v e r s i b l e  (Chang and Lee,  1963; Lee 

and Chang, 1966; Changeux e t  a l . ,  1970; Miledi  e t  a l . ,  1971; Tu,

1977).  This  i s  thought  to  be due to  t h e  g r e a t e r  c o n te n t  o f  hydro-  

phobic amino ac id  r e s i d u e s ,  such as v a l i n e ,  a l a n i n e  and phe n y la l a ­

n in e ,  in a-BuTx than in  o t h e r  a - n e u r o to x i n s .

a -B ungaro tox in ,  as wel l  as cobra a - n e u r o t o x i n s ,  blocks neuro ­

muscula r  t r a n s m is s io n  in  a n o n - d e p o l a r i z in g  manner very s i m i l a r  t o  

t h a t  produced by c u r a r e  (Chang and Lee, 1963; Lee and Chang, 1966; 

Changeux e t  a l . ,  1970; Miledi  e t  a l . ,  1971) .  These t o x i n s ,  as well  

as c u r a r e ,  a c t  a t  s p e c i f i c  s i t e s  on th e  p o s t j u n c t i o n a l  membrane o f  

the  neuromuscular  j u n c t i o n  t o  block s y n a p t i c  t r a n s m i s s io n  (Meldrum, 

1965; Lee,  1970, 1971) . Like c u r a r e ,  a-BuTx i n h i b i t s  t h e  response  o f  

a c e t y l c h o l i n e  in  f rog  r e c t u s  abdominis p r e p a r a t i o n s  (Tamiya and 

A r a i ,  1966; Chang and Lee,  1963; Su e t  a l . ,  1967) .  The response  to  

m ic r o io n t o p h o re s i s  o f  a c e t y l c h o l i n e  or  o t h e r  c h o l i n e r g i c  a g o n i s t s  in 

i s o l a t e d  frog  s a r t o r i u s  muscle p r e p a r a t i o n s  i s  a l s o  blocked by a-BuTx 

as well  as c u ra re  (Miledi  e t  a l . ,  1971; L e s t e r ,  1970) .  a-Bungaro-  

t o x in  dep resses  e n d p la t e  and m in ia tu r e  e n d p la t e  p o t e n t i a l s  wi thou t  

a f f e c t i n g  impulse conduc t ion  in t h e  ne rve  endings o r  the  pas s ive  

e l e c t r i c a l  p r o p e r t i e s  o f  t h e  muscle membrane (Chang and Lee, 1966; 

L e s t e r ,  1970) . All o f  t h e s e  f i n d i n g s  i n d i c a t e  t h a t  the  neuromuscu­

l a r  block produced by a-BuTx i s  ve ry  s i m i l a r  t o  t h a t  o f  c u r a r e .

They d i f f e r ,  however, in  t h a t  the  a-BuTx block  i s  no t  a bo l i she d  by 

a n t i - c h o l i n e s t e r a s e  agen ts  o r  prolonged  washout  pe r iods  o f  the 

blocked  t i s s u e s .

Auto rad iograph ic  s t u d i e s  have demons t ra ted  t h a t  a-BuTx, as wel l 

as cobra a - n e u r o t o x i n s ,  l a b e l l e d  wi th  125I accumulates  a lmost  e x c lu ­
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s i v e l y  a t  the  e n d p la t e s  of  mouse and r a t  diaphragm muscle (Lee and 

Ts ing ,  1966; Lee e t  a l . ,  1967; Fambrough e t  a l . ,  1972) in the  same 

manner as c u r a r e  (Waser and L u t h i , 1957) .  a-BuTx bind ing  to  the 

e n d p la t e s  o f  human muscles has been demons tra ted  us ing h o r se r a d i s h  

perox idase-bound  a-BuTx (Bender e t  a l . ,  1976a, 1976b; Engel e t  a l . ,

1977) .  Denervated r a t  hemidiaphragms bind a-BuTx over  the  e n t i r e  

muscle s u r f a c e ,  wh ile  b ind ing  i s  r e s t r i c t e d  t o  t h e  e n d p la t e  region

in the  i n n e r v a te d  con t ro l  s i d e  (Lee e t  a l . ,  1967) .  This i s  c o n s i s t e n t  

with t h e  p h y s io l o g i c  spread  o f  s e n s i t i v i t y  t o  a c e t y l c h o l i n e  fo l l o w ­

ing d e n e rv a t io n  (M i l ed i ,  1960) .

The e l e c t r i c  organs o f  f i s h  such as E lec t rophorous  e l e c t r i c u s  

and Torpedo marmorata a re  composed o f  c e l l s  ( e l e c t r o p l a q u e s )  which 

a re  d e r iv e d  e m bryo log ic a l ly  from s k e l e t a l  muscle (Keyes and M ar t in s -  

F e r r e i r a ,  1953) and a re  r i c h l y  i n n e r v a te d  s o l e l y  by c h o l i n e r g i c  

nerves  on t h e  v e n t r a l  face  (Fe ldberg  and F e s s a r d ,  1942) . E l e c t r o -  

p h y s io l o g i c  and pharmacologic  s t u d i e s  show th e s e  c e l l s  to  possess  

a c e t y l c h o l i n e  r e c e p to r s  ve ry  s i m i l a r  to  those  found in  s k e l e t a l  mus­

c l e  ( S c h o n f f e n i e l s  and Nachmansohn, 1957; Benne t t ,  1970) .  The 

a c e t y l c h o l i n e  r e c e p t o r  e x t r a c t e d  from the  e l e c t r i c  organ o f  E l e c t r o ­

phorous e l e c t r i c u s  and Torpedo marmorata binds l a b e l l e d  a-BuTx.

Binding i s  i n h i b i t e d  by c u r a r e ,  a c e t y l c h o l i n e  and carbachol  (Su e t  

a l . ,  1967; Changeux e t  a l . ,  1970; L e s t e r ,  1970, 1971; Miledi  e t  a l . ,

1971) .  S i m i l a r  f in d in g s  have been r e p o r t e d  f o r  s o l u b l i z e d  AChR ex­

t r a c t e d  from s t r i a t e d  muscle (Miledi  and P o t t e r ,  1971; Berg e t  a l . ,

1972) and b r a i n  (Bosman, 1972; McQuarrie e t  a l . ,  1978; T inda l l  e t  a l . ,

1978) .

Simultaneous a u to rad iog raphy  f o r  AChR with 3H-ct-BuTx and a c e t y l -
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c h o l i n e s t e r a s e  with 3H-DFP ( d i i s o p r o p y l f l u o r p h o s p h a t e )  i n d i c a t e  t h a t  

a-BuTx does not  bind to  a c e t y l c h o l i n e s t e r a s e  (Barnard e t  a l . ,  1971).  

Fur thermore,  l a b e l l i n g  o f  a-BuTx with 131I ,  125I o r  3H does not  ap­

pear  to  a l t e r  i t s  t o x i c i t y  o r  b in d in g  to  AChR e x t r a c t e d  from e l e c t r i c  

organ o r  s k e l e t a l  muscle (Miledi  e t  a l . ,  1971; Berg e t  a l . ,  1972; 

Eldefrawi and Fe r tuck ,  1972; Vogel e t  a l . ,  1972; Clark e t  a l . ,  1972) ,  

a l though t h e r e  i s  some que s t io n  r eg a rd in g  the  s p e c i f i c i t y  o f  b ind ing  

o f  r a d i o - l a b e l l e d  a-BuTx to  AChR e x t r a c t s  o f  b r a in  and sympathe t i c  

g a n g l i a  (E n te rov ic  e t  a l . ,  1975; Lukasiewicz e t  a l . ,  1978).
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C. USE OF CONCANAVALIN-A AS A PROBE FOR THE NICOTINIC ACETYLCHOLINE 

RECEPTOR

Concanaval in-A (Con-A) i s  a non-ca rbohydra te  c o n ta i n in g  p r o t e i n  

e x t r a c t e d  from the  j a c k  bean, Canaval ia  e n s i f o rm i s  (Sumner, 1919).

Con-A i s  capab le  of  a g g l u t i n a t i n g  e r y t h r o c y t e s  (Sumner and Howell,  

1936a) ,  and hence i s  c l a s s i f i e d  as a l e c t i n .  In a d d i t i o n  to  agg lu ­

t i n a t i n g  red blood c e l l s ,  Con-A p o sses se s  many o t h e r  b i o l o g i c a l  p ro ­

p e r t i e s ,  a l l  o f  which r e s u l t  from th e  b in d in g  o f  Con-A to  a s p e c i f i c  

ca rbohyd ra te  moiety on t h e  membrane o f  t h e  c e l l ( s )  with which i t  i n t e r ­

a c t s  (Sharon and L i s ,  1972) .  Con-A has been found to  s t i m u l a t e  

c e r t a i n  membrane-bound enzymes ( T r a f i c a n t e  e t  a l . ,  1978; Riordan 

e t  a l . ,  1977; Caraway e t  a l . ,  1975) ,  as  wel l as s t i m u l a t e  the  t r a n s ­

formation  o f  mouse lymphocytes from small " r e s t i n g "  c e l l s  i n t o  l a r g e  

b l a s t - l i k e  c e l l s  which u l t i m a t e l y  undergo m i t o t i c  d i v i s i o n ,  i . e . ,

Con-A i s  m i togen ic  (Schech te r  e t  a l . ,  1976; P ru jansky  e t  a l . ,  1978).

In a d d i t i o n ,  Con-A binds to  v a r i a n t  o r  t rans fo rm ed  c e l l  l i n e s  in a 

manner d i f f e r e n t  from i t s  bind ing t o  the  p a re n t  c e l l  l i n e s  (Imbar  

and Sachs ,  1969a, 1969b; Ceri and Wright ,  1971) . These s t u d i e s  

i l l u s t r a t e  the  use o f  Con-A to  i n v e s t i g a t e  the  r e l a t i o n s h i p  o f  mem­

brane-bound p r o t e i n s  wi th  c e l l u l a r  f u n c t i o n ,  as well  as  morphological  

d i f f e r e n c e s  between the  membranes o f  n a t i v e  and t rans fo rm ed  c e l l s .

The requi rem ents  f o r  the  i n t e r a c t i o n  o f  Con-A wi th  p o ly sa c c h a r ­

ides  and g l y c o p r o t e i n s  have been e x t e n s i v e l y  s tu d i e d  by G o lds te in  and 

h i s  a s s o c i a t e s  (G o lds te in  e t  a l . ,  1965a, 1965b; G o lds te in  and So,

1965; So and G o ld s te in ,  1968; Smith and G o l d s t e i n ,  1967; Pore tz  and 

G o l d s t e i n ,  1970) . Con-A binds  very t i g h t l y  t o  a-D-mannopyranose and 

a -D -g lucopyranose ,  t h e i r  g ly c o s id e s  and g ly c o p r o t e i n s  c o n ta i n in g
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t h e s e  s a c c h a r id e s  (P o re tz  and G o ld s te in ,  1970) . The ca rbohydra te  

combining s i t e  o f  Con-A appears  d i r e c t e d  p r i m a r i l y  toward the  hy­

droxyl  groups a t  t h e  C-3, C-4 and C-6 p o s i t i o n s .  A d d i t i o n a l l y ,  a -  

1 inked sugars  appear  to  bind more s t r o n g l y  than t h e  correspond in g  3 

forms.

Con-A, as well  as most l e c t i n s ,  c o n ta i n s  Mn2+ and Ca2+ which 

a re  n e c es s a ry  f o r  ca rbohydra te  b ind ing  (Sumner and Howell ,  1936b; 

Yariv e t  a l . ,  1968) .  Removal o f  t h e s e  metal ions by exposure t o  

a c id  pH, which does no t  d ena tu re  Con-A, a b o l i s h e s  ca rbohydra te  b in d ­

ing a c t i v i t y  (Agrawal and G o ld s te in ,  1968) . Equ i l ib r ium  sed im enta ­

t i o n  (Kalb and L u s t ig ,  1968) and e q u i l i b r i u m  d i a l y s i s  s t u d i e s  (Yariv 

e t  a l . ,  1968; Kalb and L e v i t s k i ,  1968) i n d i c a t e  t h a t  the  Con-A 

molecule  c o n s i s t s  of  su b u n i t s  (pro tomers )  of  approx im ate ly  30,000 

d a l t o n s .  Each sub u n i t  c o n ta in s  one ca rbohyd ra te  b in d in g  s i t e  and i s  

composed o f  238 amino a c id s  (Edelman e t  a l . ,  1972). The s t a t e  o f  ag­

g r e g a t io n  o f  t h e  Con-A complex i s  pH dependent .  Con-A e x i s t s  as a 

t e t r a m e r  a t  pH va lues  g r e a t e r  than 7,  bu t  as a dimer a t  pH va lues  

below 6 (Yariv  e t  a l . ,  1968; Kalb and L e v i t s k i ,  1968) .  These f i n d ­

ings  have been v e r i f i e d  by x - r a y  c r y s t a l ! o g r a p h i c  s t u d i e s  (Edelman e t  

a l . ,  1972; Greer  e t  a l . ,  1970; Hardman e t  a l . ,  1971, 1972; Quiocho 

e t  a l . ,  1971; Reeke e t  a l . ,  1972; Becker e t  a l . ,  1971) . At pH 6 . 8 , 

fou r  i d e n t i c a l  s u b u n i t s  i n t e r a c t  t o  form a p se u d o te t r a h e d ra l  complex. 

One s a c c h a r id e  i s  bound t o  each s u b u n i t ,  so t h a t  f o u r  suga r  molecules  

occupy sym m etr ica l ly  e q u i v a l e n t  p o s i t i o n s  on the  Con-A t e t r a m e r  

(Edelman e t  a l . ,  1972; Becker  e t  a l . ,  1971).  Edelman e t  a l . (1972) 

m ain ta in  t h a t  the  d i s t a n c e s  between the  s a cc h a r id e  bind ing  s i t e s  on 

th e  t e t r a m e r  a re  c o n s i s t e n t  with p o s s ib l e  d i s t a n c e s  o f  c l o s e s t  ap-



13

proach o f  c e l l s  in t h e  a g g l u t i n a t i o n  r e a c t i o n  and fo rmation  o f  p r e ­

c i p i t a t e s  with p o ly sa c c h a r id es  and g ly c o p r o t e in s  by c r o s s - l i n k i n g  o f  

th es e  compounds by Con-A.

Lens c u l i n a r i s  i s  a l e c t i n  i s o l a t e d  from l e n t i l  s e eds .  Al­

though not  as e x t e n s i v e l y  s tu d i e d  as Con-A, Lens c u l i n a r i s  has been 

found t o  be m i togen ic  (Toyoshima e t  a l . ,  1970; Young e t  a l . ,  1971) ,  

has a subuni t '  composi t ion (Ticha e t  a l . ,  1970; Howard e t  a l . ,  1971) 

and c o n ta in s  Mn2+ and Ca2+ (Paulova e t  a l . ,  1971; Tichy e t  a l . ,

1971) . Con-A and Lens c u l i n a r i s  a l s o  sha re  the  same ca rbohydra te  

s p e c i f i c i t y  (Howard and Sage,  1969) ,  however the  a f f i n i t y  o f  Lens 

c u l i n a r i s  f o r  a-D-mannose and a -D-glucose  i s  l e s s  than t h a t  o f  Con-A 

( S te in  e t  a l . ,  1971) ,  which o f f e r s  advantages in i s o l a t i o n  of  g lyco ­

p r o t e i n s  us ing  l e c t i n  a f f i n i t y  chromatography (Hayman and Crumpton, 

1972; Hayman e t  a l . ,  1973; Kinzel e t  a l . ,  1976).

L e c t i n s ,  in  p a r t i c u l a r  Con-A, have been used to  s tudy  t h e  g l y ­

c o p ro t e in  n a tu r e  o f  a c e t y l c h o l i n e  r e c e p to r  e x t r a c t e d  from E l e c t r o -  

phorous e l e c t r i c u s  (Meunier e t  a l . ,  1974) ,  Torpedo c a l i f o r n i c a  

(Mattson and Hei lb ronn ,  1975; Vandlen e t  a l . ,  1976; Ra f te ry  e t  a l . ,  

1976) ,  r a t  b r a i n  ( S a l v a t e r r a  e t  a l . ,  1977) ,  and mammalian s k e l e t a l  

muscle (Brockes and H a l l ,  1975b; Almon and Appel,  1976) .  The ca rbo­

h yd ra te  composi t ion 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 x t r a c t e d  from the  

e l e c t r i c  organ o f  Torpedo c a l i f o r n i c a  was de termined by gas chroma­

tog raphy ,  which a l s o  al lowed q u a n t i t a t i o n  o f  the v a r io u s  sa cc h a r id e s  

p r e s e n t .  Carbohydrates  were found to  c o n t r i b u t e  3 .8  ± 1.8% of  the  

weight  o f  t h e  r e c e p t o r  (Hei lbronn and Mattson,  1974; Mattson and 

Hei lb ronn ,  1975).  Mannose, g a l a c t o s e ,  g lucose  and N - a c e t y l - g l u c o s ­

amine c o n t r i b u t e d  80%, 18%, 2% and 0 . 01%, r e s p e c t i v e l y ,  o f  the
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ca rbohyd ra te  p r e s e n t .  R a f te ry  e t  a l . (1976) and Vandlen e t  a l . (1976) 

confirmed the  presence  o f  t h e s e  s a c c h a r id e s  us ing  c a rbohydra te  

s p e c i f i c  l e c t i n  b ind ing  to  AChR a l s o  e x t r a c t e d  from Torpedo c a l i f o r n ­

i c a . Receptor  b inding to  the  l e c t i n s  Con-A, Lens c u l i n a r i s  and 

Ricinus communis was used by Meunier e t  a l . (1974) t o  demonst rate  the  

presence  o f  mannose, glucose  and N-ace ty l -g lucosam ine  in a h igh ly  

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  e x t r a c t e d  from t h e  e l e c t r i c  organ o f  

E lec t rophorous  e l e c t r i c u s .

Con-A has been used to  demons tra te  the  g l y c o p r o t e in  n a tu r e  of  

t h e  AChR e x t r a c t e d  from mammalian s k e l e t a l  muscle (Brockes and H a l l ,  

1975b; Almon and Appel,  1976) . Assay procedures  u s ing  the  bind ing  

o f  the  r e c e p t o r  to  Con-A have a l s o  been developed (Mi t tag e t  a l . ,

1976; Hall  and Re iness ,  1975) which a re  comparable t o  and much 

more conven ien t  than th e  s t a n d a r d  AChR a ssay  procedures  (Mi t tag e t  

a l . ,  1976).

L e c t in  a f f i n i t y  chromatography us ing  Con-A, as well  as  Lens 

c u l i n a r i s ,  immobil ized on Sepharose g e l s  has been used to  p u r i f y  

AChR e x t r a c t e d  from mammalian s k e l e t a l  muscle (Almon and Appel , 1976; 

Froehner  e t  a l . ,  1977a; Shor r  e t  a l . ,  1978) and the  e l e c t r i c  organ o f  

Torpedo c a l i f o r n i c a  (Mattson and He i lb ronn ,  1975). E lu t ion  o f  40% 

to  60% o f  the  r e c e p to r s  a p p l i e d  t o  t h e s e  l e c t i n  a f f i n i t y  columns 

wi th  a-methyl-D-mannoside (Almon and Appel,  1976; Froehner  e t  a l . ,  

1977a; Mattson and He i lb ronn ,  1975) s t r o n g l y  s ugge s t s  h e t e r o g e n e i ty  

o f  the  r e c e p t o r  popu la t ion  based on d i f f e r e n c e s  in t h e  ca rbohydra te  

c o n te n t  and o r i e n t a t i o n  in  t h e  r e c e p t o r .  This  p o i n t  i s  a l s o  demon­

s t r a t e d  by t h e  a b i l i t y  o f  s o lu b l e  Con-A t o  i n h i b i t  60% o f  t h e  b in d ­

ing o f  a cobra a - n e u r o to x in  t o  AChR e x t r a c t e d  from th e  e l e c t r i c
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organ o f  E lec t rophorous  e l e c t r i c u s  (Meunier e t  a l . ,  1974). These 

s t u d i e s  sugges t  t h a t  Con-A i s  a u se fu l  too l  which can be used to  

s tudy  the  m olecu la r  b io lo g y  o f  t h e  AChR.
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D. NICOTINIC ACETYLCHOLINE RECEPTOR

In the  f l u i d  mosaic model o f  membranes, advanced by S inger  

( S in g e r ,  1971, 1974; S inge r  and N ico lson ,  1972) ,  t h e  f l u i d  phospho­

l i p i d  i s  rega rded as a m a t r ix  i n t o  which i s  i n c o r p o r a t e d  the  p r o t e i n s  

which make up th e  major  c o n s t i t u e n t s  o f  f u n c t i o n a l  membrane ( G u i d o t t i ,

1972) .  The membrane p r o t e i n s  ( i n c l u d i n g  t h e i r  ca rbohyd ra te  compon­

e n t s )  a re  c a t e g o r i z e d  as i n t e g r a l  o r  p e r i p h e ra l  and a re  d i s t i n g u i s h e d  

by se v e r a l  c r i t e r i a  ( S in g e r ,  1974) .  P e r ip h e ra l  p r o t e i n s  can be d i s ­

s o c i a t e d  from the  membrane with mild t r e a tm e n t  ( e . g .  high i o n i c  

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

and a r e  s o lu b l e  in  aqueous media.  I n t e g r a l  p r o t e i n s  r e q u i r e  v igorous  

t r e a tm e n t  f o r  d i s s o c i a t i o n  from membranes ( e . g .  d e t e r g e n t s ) ,  a re  

u s u a l l y  a s s o c i a t e d  wi th  l i p i d  when i s o l a t e d  and a r e  u s u a l l y  i n ­

s o l u b l e  o r  a gg re ga te  in aqueous media.  Using th e s e  c r i t e r i a ,  the 

a c e t y l c h o l i n e  r e c e p t o r ,  as wel l as most n e u r o t r a n s m i t t e r  and hormone 

r e c e p t o r s  s tu d i e d  t o  d a t e ,  would be c l a s s i f i e d  as i n t e g r a l  p r o t e i n s  

( S in g e r ,  1974).

The S inge r -Nico lson  model o f  t h e  f l u i d  membrane a l lows  f o r  the 

m o b i l i t y  o f  membrane c o n s t i t u e n t s  both in t h e  p lane  o f  the  membrane 

( l a t e r a l  d i f f u s i o n )  and p e r p e n d i c u l a r  t o  the  p lane  o f  the  membrane, 

( S in g e r ,  1974) . This  concep t  o f  membrane f l u i d i t y  i s  h e a v i l y  s u p p o r t ­

ed by s t u d i e s  measuring l a t e r a l  d i f f u s i o n  r a t e s  o f  s u r f a c e  an t igen  

r e c e p t o r s  (Frye and Ed id in ,  1970; Nicolson e t  a l . ,  1971; Edidin and 

Fambrough, 1973) and l e c t i n  r e c e p t o r s  in lymphocytes (Edelman e t  a l . ,  

1973; N ico lson ,  1973; Rosenb l i th  e t  a l . ,  1973) .  L a te r a l  movement o f  

a c e t y l c h o l i n e  r e c e p t o r s  has r e c e n t l y  been demons tra ted in s i n g l e  

embryonic f ro g  muscle c e l l s  (Orida and Poo, 1978) .
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The m o b i l i t y  o f  AChR in deve loping  muscle c e l l  membranes i s  

thought  to  p lay  an im por ta n t  r o l e  in sy n a p to g e n e s i s .  During muscle 

c e l l  development ,  mononucleate myoblasts  d i f f e r e n t i a t e  and fuse  to 

form m u l t i n u c l e a t e  myotubes.  The myoblasts  a re  not  s e n s i t i v e  to  

a c e t y l c h o l i n e  nor  do they bind a -bunga ro tox in  (Kano e t  a l . ,  1971;

Kano and Shimada, 1972) . Once they  d i f f e r e n t i a t e  i n t o  myotubes 

however,  c h e m o s e n s i t i v i t y  t o  a c e t y l c h o l i n e  and a -b unga ro tox in  b inding  

appear  and a re  un ifo rmly  d i s t r i b u t e d  along the  e n t i r e  membrane 

(Diamond and M i led i ,  1962; Fishbach and Cohen, 1973a; H a r t z e l l  and 

Fambrough, 1972; Vogel e t  a l . ,  1972; Ste inbach  e t  a l . ,  1973).

Receptor  c l u s t e r i n g  on the  deve lop ing  muscle membrane i s  though t  to  

i n i t i a t e  synapse fo rm a t ion .  Mapping o f  AChR dur ing  development  o f  

c u l t u r e d  ch ick  muscle c e l l s  in  absence o f  neurons shows c l u s t e r i n g  of  

r e c e p to r s  with a very high d e n s i t y  (approx im a te ly  9000 a-BuTx s i t e s /  

ym2 } compared to  background o f  approx im ate ly  200 s i t e s / y m 2 (Vogel e t  

a l . ,  1972; Sytkowski e t  a l . ,  1973) .  Receptor  l o c a l i z a t i o n  us ing  

e l e c t r o p h y s i o l o g i c a l  t echn iques  r e v e a l s  s i m i l a r  f i n d i n g s  (Fishbach 

and Cohen, 1973a, 1973b; Fishbach e t  a l . ,  1974a,  1974b).  When ch ick  

muscle c e l l s  a r e  c u l t u r e d  in t h e  presence  o f  s p ina l  cord c e l l s ,  they  

form f u n c t i o n a l  c h o l i n e r g i c  synapses  in the  a r e a s  o f  high r e c e p t o r  

l o c a l i z a t i o n  (F ishbach ,  1972; Fishbach and Cohen, 1973a, 1973b; F i sh ­

bach e t  a l . ,  1974a, 1974b) . Once th e  synapse i s  formed, t h e  a rea  o f  

a c e t y l c h o l i n e  s e n s i t i v i t y  and a -b unga ro tox in  b ind ing  t o  r e c e p t o r s  i s  

r e s t r i c t e d  almost  e x c l u s i v e l y  t o  the  neuromuscular  j u n c t i o n .

In normal muscle ,  the  nerve  e x e r t s  some i n f l u e n c e  to  p reven t  

the  appearance  o f  e x t r a j u n c t i o n a l  r e c e p t o r  (Guth,  1968; H a r r i s ,  1974; 

Mathers and T h e s l e f f ,  1978).  Within severa l  days a f t e r  den e rv a t in g  a
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muscle ,  e x t r a j u n c t i o n a l  AChR appear  (Axelsson and T h e s l e f f ,  1959;

Miledi  and P o t t e r ,  1971; Barnard e t  a l . ,  1971; Berg e t  a l . ,  1972; 

Fambrough and H a r t z e l l ,  1972) .  This  g r e a t  i n c r e a s e  in d e n s i t y  and 

d i s t r i b u t i o n  of  e x t r a j u n c t i o n a l  AChR i s  t h e  b a s i s  o f  the  c l a s s i c a l  

phenomenon o f  dene rva t ion  s u p e r s e n s i t i v i t y  (Cannon and Rosenb lueth ,  

1949).  I f  r e i n n e r v a t i o n  o f  t h e  muscle o c c u r s ,  a r e d u c t io n  in the  

number o f  e x t r a j u n c t i o n a l  r e c e p t o r s  and a re a  o f  a c e t y l c h o l i n e  s e n s i t i v ­

i t y  occurs  u n t i l  t he  muscle r e t u r n s  t o  i t s  normal i n n e r v a te d  s t a t e  

(M i l ed i ,  1960b; McArdle and Albuqurque, 1973) . The appearance o f  

denerva ted  e x t r a j u n c t i o n a l  r e c e p t o r s  does not  r e p r e s e n t  a s imple 

l a t e r a l  r e d i s t r i b u t i o n  o f  j u n c t i o n a l  r e c e p t o r s .  There i s  no de­

c re a s e  in e n d p la t e  s e n s i t i v i t y  t o  a c e t y l c h o l i n e  during  the  deve lo p ­

ment o f  s u p e r s e n s i t i v i t y  ( M i l e d i ,  1960a; H a r tz e l l  and Fambrough,

1972; Dryer and Peper ,  1974).  The a c tua l  d e te rm in a t io n  o f  t h e  num­

ber  o f  r e c e p to r s  in the  i n n e r v a te d  and denerva ted  s t a t e s  shows a 20 

t o  30 f o ld  ne t  i n c r e a s e  in t h e  number o f  r e c e p to r s  in de nerva ted  

muscle (Miledi and P o t t e r ,  1971; H a r t z e l l  and Fambrough, 1972; Berg 

e t  a l . ,  1972) . Fur thermore,  i t  has been demons tra ted  by Devrotes  

and Fambrough (1976) ,  and Brockes and H a l l ,  (1975c) ,  us ing in c o r p o r ­

a t i o n  of  l a b e l l e d  amino a c i d s ,  t h a t  the  appearance o f  e x t r a j u n c t i o n a l  

r e c e p to r s  in c u l t u r e d  dene rva ted  r a t  diaphragm r e s u l t s  from a de 

novo s y n th e s i s  o f  r e c e p t o r s .  No in c o r p o r a t io n  o f  l a b e l l e d  amino 

ac id s  was d e t e c t a b l e  in i n n e r v a te d  diaphragms.  This  i s  c o n s i s t e n t  

with e a r l i e r  work which showed t h a t  i n h i b i t i o n  o f  p r o t e i n  and RNA 

s y n t h e s i s  p reven ts  t h e  appearance  o f  e x t r a j u n c t i o n a l  AChR fo l lowing  

de ne rva t ion  (Fambrough, 1970; Grampp e t  a l . ,  1972).

The s i m i l a r i t i e s  between the  even ts  o f  synap togenes i s  o f  c u l -
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t u r e d  embyronic muscle and r e i n n e r v a t i o n  o f  denerva ted  muscle have 

s t i m u la t e d  much i n t e r e s t  in t h e  process  o f  synapse fo rmation  and the  

n a t u r e  of  de nerva ted  j u n c t i o n a l  and e x t r a j u n c t i o n a l  AChR and t h e i r  

r e l a t i o n s h i p  t o  neona ta l  r e c e p to r s  (see  review by Brockes e t  a l . ,

1976) .

Comparison o f  t h e  p h y s io lo g ic a l  and pharmacological  p r o p e r t i e s  o f  

AChR's found in i n n e r v a t e d  and denerva ted  muscle reveal  t h a t  j u n c t i o n a l  

and e x t r a j u n c t i o n a l  r e c e p to r s  a re  very s i m i l a r .  Whole muscle  s tu d i e s  

show t h a t  both mediate  i n c r e a s e s  in K+ and Na+ p e r m e a b i l i t i e s  and 

e x h i b i t  pharmacologica l  p r o p e r t i e s  o f  c l a s s i c a l  n i c o t i n i c  r e c e p to r s  

(Axelsson and T h e s l e f f ,  1959; Jenkinson and N i c h o l l s ,  1961; Beraneck 

and Vyskosc i l ,  1967) .  However, t h e r e  a re  s i g n i f i c a n t  d i f f e r e n c e s  

between the  two. A number o f  workers have r e p o r t e d  t h a t  e x t r a ­

j u n c t i o n a l  r e c e p to r s  a r e  l e s s  s e n s i t i v e  to  c u ra re  than j u n c t i o n a l  

r e c e p t o r s  (Beranek and V yskosc i l ,  1967; Chiu e t  a l . ,  1974; Lapa e t  

a l . ,  1974) . Katz and Miledi  (1972) ,  and Peper  and Dreyer (1976) 

have used AChR no i se  a n a l y s i s  t o  demons t ra te  d i f f e r e n c e s  between 

j u n c t i o n a l  and e x t r a j u n c t i o n a l  r e c e p t o r  in t h e  l e ng th  o f  t ime ion 

channel s  remain open during  th e  e lem enta ry  conductance change.  In 

a d d i t i o n ,  Berg and Hall (1974, 1975) have shown t h a t  e x t r a j u n c t i o n a l  

r e c e p to r s  have a much f a s t e r  t u rn o v e r  r a t e  than j u n c t i o n a l  r e c e p t o r s .

Brockes and Hall (1975a,  1975b) have compared s o lu b l i z e d  AChR 

e x t r a c t e d  from in n e r v a te d  and dene rva ted  r a t  diaphragm muscle . No 

d i f f e r e n c e s  in the  s i z e  or  shape of  the  r e c e p t o r s  could be found 

u s ing  zonal c e n t r i f u g a t i o n  on suc rose  d e n s i t y  g r a d i e n t s  o r  agarose  

gel f i l t r a t i o n .  Both j u n c t i o n a l  and e x t r a j u n c t i o n a l  r e c e p t o r s  i n t e r ­

a c t  e x t e n s i v e l y  with Concanaval in-A,  i n d i c a t i n g  t h a t  both a r e  g lyco-
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p r o t e i n s  c o n ta in in g  a-D-mannoside a n d /o r  a -D -g lucos ide  r e s i d u e s .

When r a b b i t  serum r a i s e d  a g a i n s t  p u r i f i e d  r e c e p t o r  from Elec t rophorous  

e l e c t r i c u s  was incubated with each of  t h e  two p r e p a r a t i o n s  o f  t o x i n -  

l a b e l l e d  r e c e p t o r s ,  the  p r e c i p i t a t i o n  curves  ob ta in e d  were i d e n t i c a l ,  

i n d i c a t i n g  t h a t  t h e  a n t i g e n i c  d e te rm inan ts  t h a t  r e a c t  with t h i s  serum 

a re  common to  both j u n c t io n a l  and e x t r a j u n c t i o n a l  r e c e p t o r s .  How­

e v e r ,  in cu b a t io n  o f  r e c e p to r s  e x t r a c t e d  from r a t  s k e l e t a l  muscle 

with s e r a  from p a t i e n t s  wi th  myas thenia  g r a v i s  (Almon and Appel ,

1975; T.W. Mit tag and J .  Tabachnick ,  unpubl ished)  c l e a r l y  d i s t i n g u i s h ­

es  j u n c t i o n a l  from e x t r a j u n c t i o n a l  r e c e p t o r s .  Myasthenic  s e r a  have 

a much h i g h e r  t i t e r  a g a i n s t  e x t r a j u n c t i o n a l  r e c e p t o r  as compared to  

j u n c i t o n a l  r e c e p t o r .

Although 90% i n h i b i t i o n  o f  a-BuTx b inding  to  both j u n c t i o n a l  

and e x t r a j u n c t i o n a l  r e c e p to r s  could be achieved by c u r a r e ,  the  ap­

pa re n t  K ^ s  were found to  be d i f f e r e n t  (5 .5  x 10~7 M f o r  e x t r a j u n c ­

t i o n a l  r e c e p t o r  and 4 .5  x 10"8 M f o r  j u n c t i o n a l  r e c e p t o r ) .  This 

confirmed t h e  phy s ic o lo g ic a l  experiments  ment ioned e a r l i e r  c i t i n g  a 

de c re a s e  in c u ra r e  s e n s i t i v i t y  o f  denerva ted  musc les .

F i n a l l y ,  i s o e l e c t r i c  focus ing  on polyacry lamide  g e l s  r e v e a l s  

t h a t  t h e  j u n c t i o n a l  r e c e p t o r  has an i s o e l e c t r i c  p o in t  about  0 .15  pH 

u n i t  lower than  t h e  e x t r a j u n c t i o n a l  r e c e p to r  (5 .27  vs 5 .1 2 ) .  Based 

on t h e i r  f i n d i n g s ,  Brockes and Hal l concluded t h a t  a l though  j u n c t i o n ­

al and e x t r a j u n c t i o n a l  r e c e p to r s  a re  very s i m i l a r ,  they  a re  s t r u c ­

t u r a l l y  d i s t i n c t  molecules .

A comparison o f  r e c e p t o r s  e x t r a c t e d  from th e  diaphragms o f  

a d u l t  and neona ta l  r a t s  i n d i c a t e s  t h a t  r e c e p t o r s  p r e s e n t  in neonata l  

muscle a re  i d e n t i c a l  with th o se  found in  dene rva ted  a d u l t  muscle
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(Brockes and H a l l ,  1975b). These i n v e s t i g a t o r s  found t h a t  neonatal  

e x t r a j u n c t i o n a l  r e c e p to r  e x h i b i t e d  t h e  same s e n s i t i v i t y  t o  c u ra re  as 

a d u l t  e x t r a j u n c t i o n a l  r e c e p t o r  ( K ^ p p  f o r  neonata l  AChR = 4.1 x 10"7 M 

vs 5 .5  x 10“ 7 M f o r  a d u l t  e x t r a j u n c t i o n a l  r e c e p t o r ) .  I s o e l e c t r i c  

focus ing  o f  neonata l  j u n c t i o n a l  and e x t r a j u n c t i o n a l  r e c e p t o r  g ives  

a bimodal d i s t r i b u t i o n  very s i m i l a r  t o  t h a t  o f  a d u l t  de nerva ted  mus­

c le  co r responding  to  j u n c t i o n a l  and e x t r a j u n c t i o n a l  r e c e p t o r s .

Brockes and Hall sugges t  t h a t  t h e  two forms o f  r e c e p t o r  ( j u n c ­

t i o n a l  vs e x t r a j u n c t i o n a l )  a r e  the  p roduc t  o f  d i f f e r e n t  genes,  o r  

a l t e r n a t i v e l y ,  t h a t  e x t r a j u n c t i o n a l  r e c e p t o r s  may be p r e c u r s o r s  o f  

j u n c t i o n a l  r e c e p t o r s  in  deve loping  muscle  f i b e r s  and in  a d u l t  de­

ne rva ted  f i b e r s .  They note  t h a t  Langley (1905) in h i s  o r i g i n a l  

paper  on " r e c e p t i v e  subs ta nce"  c o n s id e red  th e  p o s s i b i l i t y  t h a t  e x t r a ­

j u n c t i o n a l  r e c e p t o r s  were n e c e s s a ry  f o r  synapse fo rmation and were 

chemica l ly  modif ied  by neuronal  i n f l u e n c e  in to  the  j u n c t i o n a l  form o f  

the  r e c e p t o r .  The r o l e  o f  neuronal  i n t e r a c t i o n  and e x t r a j u n c t i o n a l  

a c e t y l c h o l i n e  r e c e p to r s  in  s yna p toge ne s i s  awai ts  f u r t h e r  c l a r i f i c a ­

t i o n .

An i n t e r e s t i n g  a s p e c t  o f  the  work o f  Brockes and Hall (1975a) 

was t h a t  the  k i n e t i c s  o f  b in d in g  o f  a-BuTx to  the  r e c e p t o r  and d i s ­

s o c i a t i o n  o f  t o x i n - r e c e p t o r  complexes could not  be ex p la in ed  by 

assuming a homogeneous popu la t io n  o f  r e c e p to r s  when examining 

e x t r a j u n c t i o n a l  o r  j u n c t i o n a l  r e c e p t o r s .  In each c a s e ,  i t  

appeared t h a t  two k i n e t i c a l l y  d i s t i n c t  p o p u la t io n s  o f  t o x in  b in d in g  

s i t e s  were p r e s e n t  d e s p i t e  t h e  f a c t  t h a t  du r ing  i s o e l e c t r i c  focus ing  

both mig ra ted  as  s i n g l e  bands.  Brockes and Hall suggested  t h a t  such 

f in d in g s  could  r e s u l t  from a) two po p u la t io n s  o f  r e c e p to r s  d i s t i n -
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g u i sha b le  by k i n e t i c s  o f  t o x in  b inding  o r  b) a homogeneous popula­

t i o n  o f  r e c e p t o r s ,  each c o n ta i n in g  two d i f f e r e n t  t ox in  b inding  s i t e s .  

This  second p o s s i b i l i t y  i s  q u i t e  f e a s i b l e  in  t h e  l i g h t  o f  work done 

with AChR e x t r a c t e d  from e l e c t r i c  f i s h  sugge s t ing  two toxin'  binding 

s i t e s  pe r  AChR molecule  ( see  reviews by K a r l i n ,  1974,  1977; Rang 

1975; Cohen and Changeux, 1975; Eldefrawi and E le d e f ra w i ,  1977) .

Although t h e r e  a re  many s t u d i e s  on the  d e t a i l e d  sub u n i t  s t r u c ­

t u r e  o f  n i c o t i n i c  AChR e x t r a c t e d  from Elec t ropho rous  and Torpedo 

(see  reviews by K a r l i n ,  1975, 1977; Cohen and Changeux, 1975; Rang, 

1975; Eldefrawi and E ld e f r aw i ,  1977) ,  such work on mammalian r e c e p ­

t o r s  has been hampered by the  low y i e l d  o f  r e c e p t o r  in p r e p a r a t i o n s  

e x t r a c t e d  from in n e rv a te d  and denerva ted  muscle  r e l a t i v e  to those  

o b ta ined  us ing  e l e c t r i c  organ .  In mammals, e x t r a j u n c t i o n a l  r e c e p ­

t o r s ,  because o f  t h e i r  g r e a t e r  numbers in dene rva ted  muscle ,  are  

e a s i e r  t o  e x t r a c t  and p u r i f y  than  j u n c t i o n a l  mammalian muscle  r e c e p ­

t o r s .  I s o l a t i o n  tec hn iques  u t i l i z i n g  l e c t i n  a f f i n i t y  chromatography 

may o f f e r  a s o l u t i o n  t o  t h i s  problem (Shorr  e t  a l . ,  1978; Froehner  e t  

a l . ,  1977a).

A number o f  i n v e s t i g a t o r s  have de termined t h a t  the  r e c e p t o r  

found in  E lec t rophorous  e l e c t r i c u s  and Torpedo manorata i s  a m u l t i ­

s u b u n i t  complex c o n s i s t i n g  o f  a t  l e a s t  4 d i f f e r e n t  p e p t ide s  of  40,000 

to  110,000 d a l t o n s  (rev iew by K a r l i n ,  1977) .  Only the  40,000 d a l to n  

sub u n i t  has a known f u n c t i o n ,  t h a t  o f  b ind ing  ct-BuTx and presumably, 

t h i s  sub u n i t  cor responds  t o  the  a c e t y l c h o l i n e  b in d in g  s i t e  ( K a r l i n ,

1977) . Witzemann and R af te ry  (1978) have demons tra ted confo rm at ion­

al changes in the  h ig h e r  m olecu la r  weight  s u b u n i t s  when a-BuTx o r  a 

c h o l i n e r g i c  l iga nd  binds  t o  t h e  40,000 d a l t o n  s u b u n i t  o f  AChR e x t r a c t ­
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ed from Torpedo inamorata. The im p l i c a t i o n  of  t h e s e  conformationa l  

changes in the  h ig h e r  m olecu la r  weight  s u b un i t s  and t h e i r  f u nc t ion  

remains u n c l e a r  a t  p r e s e n t ,  bu t  i t  does i n d i c a t e  t h a t  t h e s e  h igher  

m o lecu la r  we ight  s u b u n i t s  belong t o  a supramolecu la r  complex o f  i n t e r ­

a c t i n g  po ly p ep t id e s  a s s o c i a t e d  wi th  the  p o s t s y n a p t i c  membrane and a re  

not  a r t i f a c t s  due t o  incomple te  p r o t e o l y s i s  o f  the  40,000 d a l t o n  sub­

u n i t .

S tud ie s  o f  the  s u b u n i t  s t r u c t u r e  o f  AChR e x t r a c t e d  from d e n e r ­

va ted r a t  hindlimb muscle us ing  SDS-polyacrylamide gel e l e c t r o p h o r ­

e s i s  revea l  two major  components o f  45,000 and 51,000 d a l t o n s ,  both of  

which bind a-BuTx (Froehner  e t  a l . ,  1977b) , a long with minor  compo­

nen ts  of  49 ,000 ,  56 ,0 00 ,  62,000 and 110,000 (Froehner  e t  a l . ,  1977a).  

These f i n d i n g s  i n d i c a t e  t h a t  mammalian n i c o t i n i c  r e c e p t o r  may be 

more complex than AChR e x t r a c t e d  from Torpedo o r  E le c t ropho rous .  

However, s i m i l a r  s t u d i e s  o f  AChR e x t r a c t e d  from dene rva ted  r a t  h ind ­

limb muscle (Shor r  e t  a l . ,  1978) and embryonic c a l f  s k e l e t a l  muscle 

d i f f e r e n t i a t e d  in t i s s u e  c u l t u r e  (Mer l ie  e t  a l . ,  1978) ,  show on ly  one 

s u b u n i t  o f  41,000 d a l t o n s .  Merl ie  e t  a l . (1978) c la im  t h a t  t h e r e  a re  

3 i s o e l e c t r i c  forms o f  t h i s  s u b u n i t  a l though  the  n a t u r e  o f  t h i s  

h e t e r o g e n i e t y  i s  unknown a t  p r e s e n t .  Shorr  e t  a l . (1978) a l s o  found 

on ly  the  40,000 d a l t o n  sub u n i t  in t h e i r  a n a l y s i s  o f  Torpedo r e c e p t o r ,  

in di sagreement  wi th  many o t h e r  workers  ( see  K a r l i n ,  1977) .  Whether 

t h e s e  d i s c r e p a n c i e s  r e s u l t  from s p e c i e s  d i f f e r e n c e s ,  d i f f e r e n c e s  in 

a n a l y t i c a l  t e c h n i q u e s ,  o r  p r o t e o l y t i c  problems du r ing  p u r i f i c a t i o n  

remains t o  be de te rmined.
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E. MYASTHENIA GRAVIS

Myasthenia Gravis (MG) i s  a neuromuscular  d i s o r d e r  c h a r a c t e r ­

ized by e x c es s iv e  weakness and f a t i g a b i l i t y  o f  s k e l e t a l  muscles 

which i s  t e m p o r a r i l y  r e l i e v e d  by r e s t  and a n t i c h o l i n e s t e r a s e  a g e n t s .  

This l a t t e r  f in d in g  and th e  s i m i l a r i t i e s  between MG and c u ra r e  po ison­

ing suggested  t h a t  t h e  s i t e  o f  the  d i s o r d e r  was t h e  neuromuscular  

j u n c t i o n  (Walker , 1934) .  This idea was l a t e r  suppor ted  by the  

e l e c t r o p h y s i o l o g i c a l  s t u d i e s  o f  Elmqvist  e t  a l .  (1964) ,  who showed 

t h a t  the  m in i a tu r e  e n d p la t e  p o t e n t i a l s  (mepps) a t  t h e  neuromuscular  

j u n c t i o n s  o f  p a t i e n t s  wi th  MG were o f  s m a l l e r  ampl i tude  than those  o f  

normal p a t i e n t s .  However, the  response  o f  t h e s e  muscles  to  ba th ap­

p l i e d  ca rbamlycho l ine  was normal . This  suggested t h a t  the  number o f  

a c e t y l c h o l i n e  (ACh) molecules  in each v e s s i c l e  was d e c re a sed ,  and t h a t  

t h e  s i t e  o f  the  d i s o r d e r  was p r e s y n a p t i c .  However, as reviewed by 

severa l  au tho r s  (Grob, 1976; E l i a s  and Appel,  1976; Drachman, 1978; 

Drachman e t  a l . ,  1977) ,  no o t h e r  d i r e c t  ev idence e x i s t s  f o r  a p r e ­

s y n a p t i c  d e f e c t ,  as ACh s y n t h e s i s ,  packaging and r e l e a s e  a l l  appear  

normal in  myas thenic  p a t i e n t s .  Fur thermore,  as noted  by Drachman 

e t  a l .  ( 1976) ,  reduced mepp ampli tude can be caused by a d e c rease  in 

t he  c o n c e n t r a t i o n  o f  f u n c t i o n a l  AChR, r e s u l t i n g  from e i t h e r  a dec rease  

in a v a i l a b l e  ACh or  AChR o r  both.

The hypothes i s  s u g g e s t ing  a p r e s y n a p t i c  d e f e c t  was made l e s s  

t e n i b l e  by experiment s  which provided d i r e c t  measurement o f  t h e  num­

ber  o f  AChR on muscle  e n d p la t e s  in normal and myas thenic  muscle .

Such work was made p o s s ib l e  by the use o f  r a d i o l a b e l l e d  a -n e u r o to x in s .  

Using 125I-a-BuTx,  Fambrough e t  a l . (1973) demons t ra ted  a s i g n i f i c a n t  

r e d u c t io n  in t h e  number o f  AChR per  neuromuscular  j u n c t io n  in the
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muscles o f  m yas then ic s .  Morphological s t u d i e s  a l s o  i n d i c a t e  a p o s t -  

sy n a p t i c  d e f e c t  in t h e  pa thophys io logy  o f  MG. U l t r a s t r u c t u r a l  exami­

n a t ion  shows a decreased  e n d p la t e  s u r f a c e  a re a  and a l o s s  o f  p o s t ­

j u n c t i o n a l  fo ld s  in the  muscles b io p s i e d  from p a t i e n t s  with MG (Wolf, 

1966; Engel and S an ta ,  1971; Engel e t  a l . ,  1977) .  Bender e t  a l .  

(1976a,  1976b) and Engel e t  a l .  (1977) have demonst rated  dec reased  or  

absence o f  h o r se r a d i s h  pe roxidase-bound a-BuTx t o  muscles  b iops ied  

from myasthenic  p a t i e n t s ,  i n d i c a t i n g  a block  o f ,  or  dec rease  in ,  

t h e  number o f  r e c e p to r s  a t  t h e  neuromuscular  j u n c t i o n .

F u r th e r  ev idence  f o r  a p o s t j u n c t i o n a l  d e f e c t  i s  provided  in an 

animal model of  MG produced by i n j e c t i n g  r a t s  wi th  a -c ob ra  t o x in .  

These animals  a l l  showed the  c h a r a c t e r i s t i c  s igns  and symptoms of  

MG (Sa tyamurt i  e t  a l . ,  1975) .  Since i t  i s  known t h a t  a - c o b ra  t ox in  

binds t o  AChR and causes  a d e c re a s e  in the number of  f u n c t io n a l  r e ­

c e p t o r s ,  t h i s  model s t r o n g l y  sugges t s  t h a t  the  c h a r a c t e r i s t i c  s igns  

of  human MG can be caused by a p o s t s y n a p t i c  d e f e c t  a f f e c t i n g  the num­

be r  of  f u n c t i o n a l  r e c e p t o r s .

The animal model d i scovered  by P a t r i c k  and Lindstrom (1973) no t  

only s t r e n g th e n e d  the  p o s t s y n a p t i c  h y p o t h e s i s ,  bu t  a l s o  shed l i g h t  

on the  p o s s ib l e  cause  o f  the  d e f e c t .  They showed t h a t  r a b b i t s  i n ­

j e c t e d  with h ig h ly  p u r i f i e d  AChR from Elec t rophorous  e l e c t r i c u s  de -  

veloped c h a r a c t e r i s t i c s  s i m i l a r  t o  human MG, and produced a n t i b o d ie s  

to  t h e  p u r i f i e d  eel  AChR. These a n t i b o d ie s  were found to  c r o s s - r e a c t  

with r a b b i t  r e c e p t o r s .  The same r e s u l t  has been produced in g o a t s ,  

monkeys, r a t s  and mice (Lennon, 1976). These r e s u l t s  i n d i c a t e  t h a t  

MG can r e s u l t  from a p o s t s y n a p t i c  d e f e c t ,  and t h a t  i t  may be an a u t o ­

immune d i s e a s e ,  as sugges ted  by Simpson (1960) . He proposed an a u to -
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immune b a s i s  f o r  MG based on the  high inc idence  o f  thymic h y p e r p l a s i a  

and thymoma in m yas then ic s ,  as well as t h e  improvement seen in MG 

p a t i e n t s  undergoing thymectomies a n d /o r  immunosupressive t he rapy .

The autoimmune b a s i s  f o r  MG has gained  much suppo r t  in the  

p a s t  few yea rs  due to  the  d i sc o v e ry  o f  a n t i - r e c e p t o r  a n t i b o d ie s  in 

the  serum o f  the  m a j o r i t y  o f  p a t i e n t s  wi th  MG (Almon e t  a l . ,  1974a; 

Appel e t  a l . ,  1975; Bender e t  a l . ,  1975; Lindstrom e t  a l . ,  1976a; 

Mit tag  e t  a l . ,  1976). The o r i g i n  o f  t h e s e  a n t i - r e c e p t o r  a n t i b o d ie s  

and the  n a tu r e  o f  t h e i r  i n t e r a c t i o n  with r e c e p to r s  in the  pa thogen­

e s i s  o f  MG remains u n c l e a r .  This  i s  due in p a r t  to the  d i f f e r e n t  

sou rces  o f  AChR and a n t i - r e c e p t o r  an t ibody  used by va r io u s  i n v e s t i ­

g a to r s  (Lennon, 1976) . As demonst rated  by Lindstrom and h i s  c o l ­

leagues  (L inds trom, 1976; Lennon e t  a l . ,  1975, 1976; Lindstrom e t  a l . ,  

1976b, 1978),  a l though  the  a n t i b o d i e s  t o  AChR show p a r t i a l  s p e c i e s  

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

r e a c t i v i t y  between r e c e p to r s  o f  d i f f e r e n t  s p e c i e s  appears  t o  be 

sm a l l .  For example,  Brockes and Hall (1975b) ,  as mentioned e a r l i e r ,  

r e p o r t e d  t h a t  r a b b i t  a n t i s e rum  to  eel  r e c e p t o r  formed immune complexes 

with j u n c t i o n a l  and e x t r a j u n c t i o n a l  r a t  muscle AChR e q u a l l y  w e l l .

This im p l ie s  t h a t  j u n c t i o n a l  and e x t r a j u n c t i o n a l  r e c e p to r s  a re  

a n t i g e n i c a l l y  s i m i l a r .  However, human myas thenic  a n t i - r e c e p t o r  a n t i ­

bodies  a r e  ab le  t o  d i s t i n g u i s h  between j u n c t i o n a l  and e x t r a j u n c t i o n a l  

r e c e p t o r s  (Almon and Appel,  1975, 1976b; Mit tag and Tabachnick ,  un­

p u b l i s h e d ) .  Human myas thenic  a n t i b o d i e s  have been shown t o  c r o s s -  

r e a c t  f a i r l y  wel l with AChR e x t r a c t e d  from monkey and f e t a l  c a l f  

muscle (Lindstrom e t  a l . ,  1978) ,  as wel l as denerva ted  r a t  muscle 

(Almon and Appel,  1975, 1976b; Mit t ag and Tabachnick ,  u n p u b l i she d ) .
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However, very l i t t l e  c r o s s - r e a c t i v i t y  with e e l ,  Torpedo o r  i n n e r ­

va ted r a t  muscle r e c e p t o r s  i s  observed .  T h e r e f o r e ,  when using 

human myasthenic  s e r a  as a sou rce  o f  a n t i - r e c e p t o r  a n t i b o d i e s ,  one 

should use AChR from a s p e c i e s  o f  animal t h a t  w i l l  c r o s s - r e a c t  well 

with human s e r a  i f  human muscle i s  not  a v a i l a b l e .  Such c o n s i d e r a ­

t i o n s  a re  im por ta n t  in t r y i n g  to  dete rmine th e  n a tu r e  o f  the  a n t i -  

b o d y - re c e p to r  i n t e r a c t i o n  in the  pa th ogenes is  o f  MG.

Several  types o f  i n t e r a c t i o n  o f  human myasthenic  a n t i - r e c e p t o r  

an t ibody  with AChR d e r iv e d  from se v e ra l  sources  have been d e s c r ib e d .  

Almon e t  a l . (1974) found t h a t  the  s e ra  o f  5 o f  15 myas thenics  i n ­

h i b i t e d  a-BuTx b ind ing  t o  s o l u b i l i z e d  r e c e p to r  e x t r a c t e d  from dene r ­

va ted r a t  muscle  by up t o  50% (Almon and Appel , 1975).  Mit tag e t  a l .  

(1976) found t o x in  b in d in g  i n h i b i t o r y  a c t i v i t y  in only 2 o f  28 

p a t i e n t s ,  us ing  th e  same r e c e p to r  sou rce .  No i n h i b i t i o n  o f  t ox in  

b ind ing  was observed f o r  r e c e p to r s  e x t r a c t e d  from normal human 

( L i n d s t r o n r e t i a l . ,  1976d) ,  o r  i n n e rv a te d  r a t  muscle (Almon and Appel , 

1975, 1976b),  o r  Torpedo e l e c t r i c  organ (A ar l i  e t  a l . ,  1976).

Bender e t  a l .  (1975, 1976a) demons tra ted  a t o x in  b lock ing  f a c t o r  in 

75% o f  myasthenic  s e r a  us ing whole normal human and denerva ted  r a t  

muscles incuba ted  with myas thenic  s e r a  o r  IgG. Lennon (1976) has 

sugges ted  t h a t  human o r  r a t  e x t r a j u n c t i o n a l  AChR ( p r e f e r r a b l y  in 

t h e i r  membrane environment)  appear  t o  be the  r e q u i r e d  a n t igen  f o r  

demons t ra t ing  the t o x in  blocking f a c t o r  in myasthenic s e r a .  F u r t h e r ­

more,  demons tra t ion o f  t h i s  f a c t o r  using s o l u b i l i z e d  r e c e p t o r  may 

depend on th e  conformation  assumed by th e  r e c e p t o r  in s o l u t i o n  and 

would t h e r e f o r e  be dependent  on what type and c o n c e n t r a t i o n  o f  de­

t e r g e n t  i s  used to  s o l u b i l i z e  the  r e c e p t o r .  These d i f f e r e n c e s  in
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r e c e p t o r  p r e p a r a t i o n  and animal sou rce  may e x p la in  why b lock ing  f a c ­

t o r  i s  observed  by some workers  bu t  no t  o t h e r s .

Immunoprec ip i t a t ion o f  s o l u b i l i z e d  AChR l a b e l l e d  wi th  125I - a -  

BuTx i s  a n o th e r  p r o p e r ty  a s c r i b e d  to  myas thenic  s e r a .  A n t i - r e c e p t o r  

a n t i b o d ie s  have been d e t e c t e d  in over  85% o f  p a t i e n t s  wi th  MG using 

t h i s  method (L indstrom e t  a l . ,  1976a; Almon and Appel,  1976b; Mit t ag 

e t  a l . ,  1976) .  Since t h e  r e c e p to r s  a re  l a b e l l e d  with t o x in  p r i o r  to  

exposure t o  myasthenic  s e r a ,  t h e s e  a n t i b o d i e s  a re  d i r e c t e d  to  a n t i ­

genic  de te rm inan ts  o t h e r  than th e  t ox in  bind ing  s i t e  and may r e p r e ­

s e n t  a c l a s s  o f  an t ibody  d i f f e r e n t  than  t h a t  which i n h i b i t s  t h e  

bind ing  of  t o x in  t o  AChR. In a l l  t h r e e  s t u d i e s  ment ioned,  100% o f  

t h e  r e c e p to r s  can be immunoprec ip i t a ted  by t h i s  form o f  myas thenic  

an t ib o d y ,  i n d i c a t i n g  t h a t  t h e  an t ibody  r ecogn izes  an a n t i g e n  common 

to  a l l  AChR.

Mit tag  e t  a l .  (1976) have r e p o r t e d  t h a t  65% o f  t h e  myas thenic  

s e r a  sc reened  in t h e i r  s tudy  i n h i b i t e d  t h e  b ind ing  o f  s o l u b i l i z e d  

r a t  e x t r a j u n c t i o n a l  r e c e p to r s  to  Con-A-Sepharose a f f i n i t y  columns,  

i n d i c a t i n g  t h a t  a c l a s s  o f  myas thenic  a n t ib o d y ( s )  i n t e r a c t s  with 

ca rbohyd ra te  m o ie t i e s  (a-D-mannoside o r  a -D -g luc os ide )  o f  the  r ec e p ­

t o r .  A 50% maximal i n h i b i t i o n  o f  Con-A-Sepharose b in d in g  was 

observed .  Fur thermore ,  when t e s t e d  in p a r a l l e l  with t h e  immunopre­

c i p i t a t i o n  method o f  d e t e c t i n g  a n t i - r e c e p t o r  a n t i b o d i e s ,  t h e r e  was a 

s i g n i f i c a n t  l ac k  o f  concordance between th e  two methods in c e r t a i n  

p a t i e n t s ,  s u g g e s t in g  t h a t  more than one an t ibody  type  i n t e r a c t s  with 

t h e  r e c e p to r .

F i n a l l y ,  myas thenic  a n t i b o d ie s  ( s e r a  o r  IgG) have been found to  

s i g n i f i c a n t l y  i n c r e a s e  the  r a t e  o f  r e c e p t o r  d e g ra d a t io n  both in v i t r o
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(Appel e t  a l . ,  1977; Heinemann e t  a l . ,  1977; Kao and Drachman, 1977a) 

and in  vivo ( S ta n l e y  and Drachman, 1978) .  This p rope r ty  has been 

a t t r i b u t e d  to  the  a b i l i t y  o f  t h e  a n t i b o d i e s  t o  c r o s s - l i n k  a c e t y l c h o ­

l i n e  r e c e p to r s  and somehow s p e c i a l l y  s e l e c t  t hese  r e c e p to r s  f o r  

deg rada t ion  (Drachman e t  a l . ,  1978a).

The animal models o f  myas thenia  g r a v i s  (Lindstrom e t  a l . ,  1976; 

Seybold e t  a l . ,  1976; Lennon e t  a l . ,  1976) suggest  t h a t  the  a n t i b o d ie s  

t r i g g e r  a complement mediated  autoimmune a t t a c k  of  t h e  r e c e p t o r ,  

(Lennon e t  a l . ,  1978) r e s u l t i n g  in t h e  a l t e r e d  morphology d e s c r ib ed  

p r e v i o u s ly .  However, the  e x a c t  r o l e  o f  t h e  a n t i b o d ie s  in the  pa th o ­

genes i s  o f  human MG remains t o  be a s c e r t a i n e d .  A more i n t r i g u i n g  

ques t ion  concerns t h e  o r i g i n  of  t h e  autoimmune response .  The most 

popu lar  hypo thes i s  p o i n t s  t o  t h e  involvement  o f  the thymus, however 

i t s  e x a c t  r o l e  i s  no t  unde rs tood .  The p a th o lo g ic  changes found in 

the  thymuses o f  myasthenic  p a t i e n t s  (Cast l eman,  1966) as well as the  

b e n e f i c i a l  e f f e c t s  o f  thymectomy ( P a p a t e s t a s  e t  a l . ,  1971) f i r s t  

suggested  thymic involvement  in the  pa thogenes i s  o f  MG. Approximately 

75% o f  a l l  myas thenics  e x h i b i t  some type o f  thymic pa tho logy .  85% of  

t h es e  p a t i e n t s  show h y p e r p l a s t i c  changes in t h e  form of  thymic germ­

ina l  c e n t e r s ,  wh ile  t h e  remain ing 15% have o v e r t  thymomas (Cast leman,  

1966; P a p a s t e s t a s  e t  a l . ,  1971; Namba e t  a l . ,  1976) . Thymus glands 

from r a t s  have been found t o  c o n ta in  myoid c e l l s  which develop  i n to  

t y p i c a l  muscle  c e l l s  when c u l t u r e d  (Van de Velde and Freidman, 1970; 

Werkerle e t  a l . ,  1975).. These c e l l s  e x h i b i t  a-BuTx binding and a re  

s e n s i t i v e  to  a c e t y l c h o l i n e  i n d i c a t i n g  th e  presence o f  AChR (Kao and 

Drachman, 1977b). Aharonov e t  a l .  (1975)  and Lindstrom e t  a l .  (1976d) 

have found AChR in thymic e x t r a c t s .  I t  has been sugges ted  t h a t  a
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break in t o l e r a n c e  might r e s u l t  from a l t e r a t i o n  o f  e i t h e r  thymic 

lymphocytes a nd /o r  thymic myoid c e l l s ,  making the  AChR a n t i g e n i c  

and i n i t i a t i n g  an autoimmune a t t a c k  on the  AChR a t  the  neuromuscular  

j u n c t i o n  (Simpson, 1960, 1978; Aharonov e t  a l . ,  1975; Kao and Drach­

man, 1977b). Presumably thymectomy somehow i n t e r f e r e s  with t h i s  

process  and thus r e s u l t s  in an improvement in the c o n d i t io n  and 

prognos is  o f  many myasthenics  ( P a p e t e s t a s  e t  a l . ,  1971). However, 

Namba e t  a l .  (1978) have r e p o r t e d  33 cases  o f  MG deve lop ing  two 

weeks t o  s i x  y e a r s  (mean o f  1 .5  y e a r s )  a f t e r  removal o f  thymoma and 

a d j a c e n t  thymus. These au tho rs  a l s o  note  t h a t  the  l i f e  span o f  

thymic lymphocytes i s  probably s e ve ra l  y e a r s  and the  p e r ip h e ra l  

pool o f  these  lymphocytes may be the  l i n k  in an i n d i r e c t  causal  r e ­

l a t i o n s h i p  between the  thymus and development  o f  MG. The e v e n t  t h a t  

i n i t i a t e s  the  a c t i v a t i o n  o f  t h i s  p e r i p h e ra l  pool o f  lymphocytes and 

the  subsequen t  autoimmune response  i s  unknown.
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I I .  SPECIFIC AIMS

There a re  s evera l  s u g g e s t io n s  in the  l i t e r a t u r e  reviewed to  

s uppo r t  the  concep t  o f  r e c e p t o r  h e t e r o g e n e i t y  in s o l u b i l i z e d  r e c e p ­

t o r  p r e p a r a t i o n s  e x t r a c t e d  from denerva ted  r a t  muscle .

a) Brockes and Hall (1975a) have demonst rated  the  e x i s t e n c e  

o f  two popu la t ions  o f  k i n e t i c a l l y  d i s t i n g u i s h a b l e  t o x in  bind ing  

s i t e s  in denerva ted  r a t  diaphragm. Each popu la t ion  i s  p r e s e n t  in 

roughly  equal  amounts.

b) Almon and Appel (1976) and Froehner  e t  a l . (1977) r e p o r t ­

ed p a r t i a l  e l u t i o n  of  AChR from l e c t i n  a f f i n i t y  columns,  whi le  

Mit tag e t  a l . (1976) demons tra ted  a 50% maximal i n h i b i t i o n  of  r e c e p ­

t o r  b inding to  Con-A-Sepharose fo l lowing  exposure to  myasthenic  s e r a .  

These s t u d i e s  sugges t  two po p u la t io n s  o f  r e c e p t o r ,  p r e s e n t  in equal  

amounts and d i s t i n g u i s h e d  by d i f f e r e n c e s  in  t h e i r  ca rbohydra te  

m o ie t i e s .

c) Almon e t  a l . (1974a,  1975) r e p o r t e d  a 50% maximal i n h i ­

b i t i o n  o f  tox in  b ind ing  t o  r e c e p t o r s  exposed t o  myas thenic  s e ra  

p r i o r  to  t ox in  l a b e l l i n g .  This  a l s o  s ugge s t s  two popu la t ions  o f  

equal  s i z e  d i f f e r i n g  in  s u s c e p t i b i l i t y  to  t o x in  block by myasthenic  

a n t i b o d i e s .

In a d d i t i o n ,  h e t e r o g e n e i t y  o f  the  a n t i - r e c e p t o r  a n t i b o d ie s  

found in myasthenic  s e r a  has been observed .  Mit t ag e t  a l . (1976) 

demons tra ted  the  p resence  o f  t h r e e  types o f  a n t i - r e c e p t o r  a n t i b o d ie s  

in myasthenic  s e r a  which 1) i n h i b i t  a-BuTx b in d in g  to  r e c e p t o r s ,

2) i n h i b i t  the  bind ing o f  l a b e l l e d  r e c e p to r s  t o  Con-A-Sepharose,  and

3) form complexes with l a b e l l e d  r e c e p t o r s  which a re  p r e c i p i t a t e d  

with ant i-human IgG. ( In  t h i s  s tu d y ,  t h e s e  a n t i b o d ie s  w i l l  be r e f e r -
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red to  as f a c to r - B  (MG-B), f a c t o r - S  (MG-S), and f a c t o r - I  (MG-I),  r e ­

s p e c t i v e l y .  )

The o b j e c t i v e  o f  t h i s  s tudy  i s  t o  conf irm and exp lo re  the  n a tu re  

o f  t h i s  sugges ted  r e c e p t o r  and an t ibody  h e t e r o g e n e i ty  by examining 

t h e  i n t e r a c t i o n s  o f  s o lu b l e  and immobilized l e c t i n s ,  and myasthenic  

a n t i b o d ie s  with AChR e x t r a c t e d  from denerva ted  r a t  hindl imb muscle.  

Using l e c t i n  a f f i n i t y  chromatography,  phys ica l  s e p a r a t i o n  o f  two 

forms o f  t o x in  bind ing s i t e s ,  d i f f e r i n g  in k i n e t i c s  o f  t ox in  b inding 

and a f f i n i t y  t o  immobil ized l e c t i n s ,  w i l l  be shown. Immunological 

t ec hn iques  w i l l  be u t i l i z e d  to  demons tra te  a) the  e x i s t e n c e  o f  a t  

l e a s t  t h r e e  types  o f  a n t i - r e c e p t o r  an t ibody  in t h e  s e r a  of  myasthen­

i c  p a t i e n t s  and b) t h e  e x i s t e n c e  o f  s u b c la s s e s  o f  AChR in t h e  r e c e p ­

t o r  p o p u la t ions  d i s t i n g u i s h e d  by l e c t i n ,  an t ibody  and tox in  binding 

t e c h n iq u e s .  A model o f  t h e  r e c e p t o r  based on th e s e  d i f f e r e n c e s  w i l l  

be proposed.



33

I I I .  METHODS

A. PREPARATIONS

1. A c e ty lc ho l ine  r e c e p t o r  p r e p a r a t i o n  us ing hydroxyl apa­

t i t e  chromatography

Six female Sprague Dawley r a t s  (225-249 gms) were s a c r i f i c e d  10 

to  14 days fo l lowing  b i l a t e r a l  s e c t i o n i n g  and removal o f  a one c e n t i ­

meter  segment o f  t h e  s c i a t i c  ne rve .  The de nerva ted  hindl imb muscles

were removed immediately and minced in a s o lu t i o n  c o n ta i n in g  10 v o l ­

umes 1 M KBr and 1 mM methane su l fony l  f l u o r i d e  (MSF) per  gram wet 

w e igh t ,  homogenized with a Brinkman Po ly t ron  homogenizer ( s e t t i n g  

2 f o r  1 m in u te ) ,  passed through a 1 mm nylon n e t  and c e n t r i f u g e d  a t  

5000 xg f o r  10 minutes .  The p e l l e t  was resuspended in  a s o l u t i o n  

c o n ta in in g  5 volumes 1 M KBr and 1 mM MSF pe r  gram wet w e igh t ,  and 

c e n t r i f u g e d  a t  5000 xg f o r  10 minu tes .  The f i n a l  p e l l e t  was e x t r a c t ­

ed o v e rn ig h t  a t  4°C wi th  2 volumes 2% (wt /v )  T r i t o n  X-100 and 1 mM 

MSF. Following c e n t r i f u g a t i o n  a t  39,000 xg f o r  30 m inu tes ,  the  s upe r -

na te  was f i l t e r e d  through a Whatman GF/B g l a s s - f i b e r  f i l t e r  and ap­

p l i e d  t o  a 50 ml sphe ro ida l  hyd ro x y la p a p i t e  chromatography column 

which had been e q u i l i b r a t e d  with Buf fe r  A (100 mM NaCl, 10 mM T r i s -  

HC1 (pH = 7 . 4 ) ,  1 mM EDTA, 1% (wt/v )  T r i t o n ,  0.02% (wt /v)  NaN3).

The column was tho rough ly  washed wi th  B u f fe r  A and the  r e c e p t o r s  were 

e l u t e d  wi th  B u f f e r  B (150 mM Na/POi* b u f f e r  (pH = 7 . 4 ) ,  1% T r i ton  

X-100, 1 mM EDTA, 0.02% NaN3) .  The 2 f r a c t i o n s  (15 to  18 m l / f r a c t i o n )  

c o n ta in in g  most o f  t h e  r e c e p to r s  (as  dete rmined  by assay)  were con­

c e n t r a t e d  using an Amicon U l t r a f i l t r a t i o n  Concen t ra t ion  Cell  with 

an XM-100 A f i l t e r  (MW c u t o f f  = 100,000)  under  25 t o  50 psi  n i t r o g e n  

to  a f i n a l  volume o f  0 .5  ml per  gram o r i g i n a l  wet weight  o f  t h e
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de ne rva te d  musc les .

2. P u r i f i c a t i o n  o f  AChR us ing Lens c u l i n a r i s - A q r o s e  a f ­

f i n i t y  chromatography

Receptors  prepared  us ing  s p he ro ida l  hydroxyl  a p a t i t e  chromato­

graphy were f u r t h e r  p u r i f i e d  by a f f i n i t y  chromatography on Agrose-  

bound Lens c u l i n a r i s  (P-L B iochemica ls ) .  Approximately 14 picomoles 

o f  AChR were r e c i r c u l a t e d  10 t im es  th rough a 1 ml column o f  Lens 

c u l i n a r i s - A g r o s e  (LCA), which p r e v i o u s ly  had been e q u i l i b r a t e d  with 

150 mM Na/POi* b u f f e r  (pH = 7 . 4 ) ,  1% T r i to n  X-100, 1 mM EDTA, 0.02% 

NaN3. The column was washed wi th  2 ml o f  a s o l u t i o n  c o n ta in in g  50 mM 

mannose. Two ml o f  50 mM NaCl, 1% T r i t o n  X-100, 500 mM mannose were 

r e c i r c u l a t e d  through the  column system f o r  12 hours a t  4°C us ing a 

p e r i s t a l i c  pump and t h e  columns were then s e p a r a t e d .  The hydroxy l - 

a p a t i t e  column was washed wi th  2 ml f r a c t i o n s  o f  100 mM NaCl, 10 mM 

Tris-HCl (pH = 7 . 4 ) ,  1% T r i t o n  X-100 1 mM EDTA, 0.02% NaN3 u n t i l  t h e  

p r o t e i n  c o n te n t  o f  the f r a c t i o n s  (dete rmined s p e c t r o p h o t o m e t r i c a l l y ,

X = 280) was n e g l i g i b l e .  The r e c e p t o r s  were e l u t e d  with 150 mM Na/

P0* b u f f e r  (pH = 7 . 4 ) ,  1% T r i t o n  X-100, 1 mM EDTA, 0.02% NaN3 in f r a c ­

t i o n s  o f  2 ml u n t i l  t h e  p r o t e i n  co n te n t  o f  the  f r a c t i o n s  was n e g l i g ­

i b l e .

All f r a c t i o n s  and washes were assayed f o r  AChR c o n t e n t  using 

th e  HTP column method, which w i l l  be d e s c r ib e d  l a t e r  in  t h i s  s e c t i o n .  

In a d d i t i o n ,  the  Lens c u l i n a r i s  column was l a b e l l e d  wi th  125I-a-BuTx 

f o r  24 hours a t  4°C t o  de te rmine  how much r e c e p t o r  remained bound to  

t h e  column. The amount o f  t o x in  used was f o u r  t imes t h e  t o t a l  

amount o f  AChR a p p l i e d  t o  t h e  Lens column, o r  80 p icomole s ,  and was 

in  a volume o f  300 pi (one void volume o f  the  column). A f t e r  l a b e l -
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l i n g ,  the  column was washed with 20 ml 5 mM Na/PO^ b u f f e r  (pH =

7 . 4 ) ,  150 mM NaCl, 1% T r i to n  X-100 to  removed f r e e  t ox in  and co u n t ­

ed in the  Beckman Biogamma c oun te r .

3. P u r i f i c a t i o n  of  a-Bungaro toxin

a-Bungarotoxin (a-BuTx) was ob ta ined  from Miami Serpentar ium.

A l iq u o ts  o f  t h e  f r e e z e  d r i e d  tox in  (2 t o  3 mg) were suspended in 

1.5 ml d i s t i l l e d  w a te r  and a p p l i e d  to  a 6 ml SP-C25 Sephadex column 

f o r  f i n a l  p u r i f i c a t i o n ,  as d e s c r ib ed  by Mit t ag  e t  a l .  (1975) .  The 

column was washed with 25 mM Na/POi* b u f f e r  (pH = 7 .4 )  and the  t o x in  

was e l u t e d  wi th  150 mM NaCl. The c o n c e n t r a t i o n  o f  the  r e s u l t i n g  

BuTx s o l u t i o n  was de termined s p e c t r o p h o t o m e t r i c a l l y  (x = 273 nm, e = 

8300) .  The p u r i f i e d  t ox in  was s t o r e d  a t  -20°C.

4. I o d in a t io n  o f  a-Bungaro toxin

a-Bungaro toxin  was i o d in a t e d  us ing  the  method o f  David (1972) .  

F i f t y  ul o f  a 50% suspens ion  o f  Sepharose bound l a c t o p e r o x i d a s e  

(Worthington Biochemical s)  were tho rough ly  washed wi th  200 mM Na/

POit b u f f e r  (pH = 6 .5 )  in 150 mM NaCl. The suspens ion  was added to  

5 mCi c a r r i e r - f r e e  Na 125I (New England N uc le a r ) .  Fol lowing the  ad­

d i t i o n  o f  12 nmoles a-BuTx, 12 nmoles H202 were added to  the  r e a c t i o n  

g r a d u a l l y  over  a 90 minute  p e r i o d ,  during  which, the  r e a c t i o n  v i a l  

was g e n t l y  a g i t a t e d .  The c o n te n t s  o f  t h e  r e a c t i o n  v i a l  were q u a n t i ­

t a t i v e l y  t r a n s f e r r e d  with a t o t a l  o f  2 ml d i s t i l l e d  w a te r  to  a c a s ­

cade system c o n s i s t i n g  o f  a 1 ml QAE-A25 Sephadex column over  a 6 ml 

SP-C25 Sephadex column. QAE-A25 ( c h l o r i d e  form) i s  a s t r o n g l y  b a s i c  

anion exchanger ,  was used t o  remove un reac ted  125l _ from the  r e a c t i o n  

m ix tu re .  Since a-BuTx i s  a' p o s i t i v e l y  charged b a s i c  p r o t e i n ,  i t  

passes  through the  QAE-A25 column and binds  t o  the  SP-C25 (sodium
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non-a-BuTx c o n s t i t u e n t s  o f  t h e  r e a c t i o n  mixture  were removed by wash­

ing the  SP-C25 column with 25 mM Na/POy b u f f e r  (pH = 7 . 2 ) .  I od ina ted  

a-BuTx was e l u t e d  with 150 mM NaCl. The 2 or  3 f r a c t i o n s  ( 0 .8  ml/ 

f r a c t i o n )  c o n ta i n in g  the  h i g h e s t  amount of  l a b e l l e d  tox in  (dete rmined 

by c oun t ing  a 5 yl sample from each f r a c t i o n )  were pooled and s to r e d  

a t  4°C. S p e c i f i c  a c t i v i t y  (de te rm ined by i so to p e  d i l u t i o n )  was 100 

to  250 cpm/fmole a-BuTx.

5. Serum p r e p a r a t i o n

Fresh ly  drawn blood specimens from type  I and type  II  myas thenic  

p a t i e n t s  were al lowed to  c l o t  a t  room tem pera tu re  and c e n t r i f u g e d .  

Serum was removed u s ing  a P a s t e u r  p i p e t t e ,  was f i l t e r e d  through a 

M i l l i p o r e  0.45  y c e l l u l o s e  a c e t a t e  f i l t e r ,  and s t o r e d  a t  4°C in 0.02% 

NaN3.

Normal serum was p repa red  in a s i m i l a r  manner.

6. P u r i f i c a t i o n  o f  inmunoglobul in-G us ing  DEAE-Sephadex 

chromatography

Immunoglobulin G (IgG) from normal and myas thenic  serum was 

p u r i f i e d  us ing  the  method o f  Capra e t  a l . (1973) .  Serum ( u s u a l l y  2 

ml) was d i l u t e d  with an equal volume o f  50 mM Na/POy b u f f e r  (pH =

7.85)  and a p p l i e d  t o  a 12 ml DEAE-A25 Sephadex chromatography column. 

The IgG f r a c t i o n  was e l u t e d  wi th  12 ml 50 mM Na/POi* b u f f e r  (pH =

7.85)  and c o n c e n t r a t e d  in  an Amicon B15 Macrosolute  C on c e n t ra to r  (MW 

c u t o f f  = 15,000)  t o  2 m l , f i l t e r e d  th rough a 0 .45 y M i l l i p o r e  c e l ­

l u l o s e  a c e t a t e  f i l t e r  and s t o r e d  a t  4°C in 0.02% NaN3 . The concen­

t r a t i o n  o f  t h e  r e s u l t i n g  IgG s o l u t i o n  was determined  sp e c t r o p h o to -
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m e t r i c a l l y  (x = 280 nm, e = 13.8 f o r  a 1% IgG s o l u t i o n ) .

7. P u r i f i c a t i o n  o f  Immunoglobulin-G us ing  P ro te in -A -

Sepharose a f f i n i t y  chromatography

Immunoglobulin-G from serum and DEAE p u r i f i e d  IgG f r a c t i o n s  

was p u r i f i e d  us ing  P ro te in -A -Sepharose  (Pharmacia)  a f f i n i t y  chroma­

tography in a ba tch p rocedure .  Two ml o f  serum o r  DEAE prepared  IgG 

were recyc led  th rough  0 .5  ml columns o f  P ro te in -A -S epharose  which 

had p r e v i o u s ly  been e q u i l i b r a t e d  wi th  50 mM Na/POi* b u f f e r  (pH =

7 .8 5 ) .  The columns were washed wi th  1.2 ml f r a c t i o n s  o f  t h i s  b u f f e r  

u n t i l  t he  p r o t e i n  c o n te n t  o f  the  f r a c t i o n s  (dete rmined s p e c t r o p h o to -  

m e t r i c a l l y )  was n e g l i g i b l e .  The IgG adsorbed to  t h e  P ro te in -A  c o l ­

umn was desorbed with 1.2 ml f r a c t i o n s  o f  100 mM a c e t a t e  b u f f e r  (pH

= 3 . 0 ) .  Ace ta te  f r a c t i o n s  were c o l l e c t e d  u n t i l  t h e  p r o t e i n  c o n te n t  

o f  the  f r a c t i o n s  was n e g l i g i b l e  and a d ju s t e d  t o  pH = 7.0  with 1 M 

sod iu m -b ica rbona te  and d i a ly z ed  f o r  24 hours  a g a i n s t  50 mM Na/POi* 

b u f f e r  (pH = 7 . 5 ) .  As a c o n t r o l ,  a s o l u t i o n  o f  a c e t a t e  b u f f e r e d  

to  pH = 7.0  wi th  b i c a r b o n a t e  was a l s o  d i a l y z e d .  All f r a c t i o n s ,  as 

wel l as the  f i l t r a t e  r ecyc led  th rough the  P ro te in -A  columns and the  

n a t i v e  serum o r  IgG f r a c t i o n s  were assayed us ing  th e  Con-A/HTP 

cascade .
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B. ASSAY PROCEDURES

T r i t o n - s o l u b i l i z e d  t o x i n - r e c e p t o r  complexes have been shown to 

form s o lu b le  complexes with Con-A (Meunier e t  a l . ,  1974; Brockes and 

H a l l ,  1975b).  Mit tag e t  a l . (1976) found t h a t  t o x i n - r e c e p t o r  com­

plexes  from denerva ted  r a t  muscle a r e  s t r o n g l y  adsorbed to  g e l s  of  

immobilized Con-A on Sepharose ,  whereas f r e e  125I-a-BuTx does no t  

adsorb t o  Con-A-Sepharose.  Free a-BuTx can be s e p a r a t e d  from t o x i n -  

r e c e p t o r  complexes by washing the  gel with 150 mM NaCl and 1% T r i to n  

X-100. The r a d i o a c t i v i t y  remaining on the  gel a f t e r  washing with 

NaCl i n d i c a t e s  how much t o x i n - r e c e p t o r  complex i s  p r e s e n t  in a 

p a r t i c u l a r  sample.

K l e t t  e t  a l . (1973) developed a r e c e p t o r  p u r i f i c a t i o n  method 

c o n s i s t i n g  o f  a -c ob ra  t o x in  a f f i n i t y  chromatography fo l lowed by 

chromatography on hydroxyl  a p a t i t e .  As p r e v i o u s ly  no ted ,  t h e  hydroxy l - 

a p a t i t e  p o r t i o n  o f  t h i s  method has been used in  t h i s  s tudy  t o  p repare  

AChR. However, as mentioned in t h e  fo l lowing  Resu l ts  and Discuss ion 

s e c t i o n s ,  t o x i n - l a b e l l e d  r e c e p to r s  cannot  be e l u t e d  from hydroxy l - 

a p a t i t e  columns. Free 125I-a-BuTx does no t  bind t o  hydroxyl a p a t i t e  

and can be s e p a r a t e d  from t o x i n - r e c e p t o r  complexes by washing th e  

column with 200 mM Tris-HCl (pH = 6 .0 )  and 1% T r i t o n  X-100 followed 

by 150 mM NaCl, 5 mM Na/POi* b u f f e r  (pH = 7 .4 )  and 1% T r i t o n  X-100. 

T h e re fo re ,  as was t h e  case  with the  Con-A-Sepharose a s s a y ,  the  r a d i o ­

a c t i v i t y  remaining on the  hydroxyl  a p a t i t e  column i n d i c a t e s  how much 

t o x i n - r e c e p t o r  complex i s  p r e s e n t  in a given sample.

The fo l lowing  assay  methods based on the  procedures  d e sc r ibed  

above have been used in t h i s  s tudy .

1. Concanaval in-A-Sepharose a f f i n i t y  column method
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Approximately 50 yl from th e  va r ious  r e a c t i o n  m ix tu re s  ( t o  be 

d e s c r ib ed )  was app l i ed  t o  a 1 ml Concanavai in-A-Sepharose (Con-A) 

column. The column was washed with 10 ml 150 mM NaCl, 5 mM POy (pH 

= 7 . 4 ) ,  1% T r i t o n  X-100 (PBS/1%). The r a d i o a c t i v i t y  remaining on 

the  column was counted in  a Beckman Biogamma Counter .

2. Hydroxyl a p a t i t e  a d s o rp t io n  column method 

Approximately 50 yl from th e  va r ious  r e a c t i o n  mix tures  was ap­

p l i e d  t o  a 1 ml column o f  hydroxyl a p a t i t e  (HTP). The column was 

washed with 5 ml PBS/1% and 5 ml Tris /1% (200 mM Tris-HCl (pH = 6 . 0 ) ,  

1% T r i t o n  X-100).

3. Concanavai in-A/H.ydrox.ylapat ite cascade 

Approximately 50 yl from the  va r ious  r e a c t i o n  m ix ture s  was ap­

p l i e d  t o  a 1 ml column o f  Concanavai in-A-Sepharose over  a 1 ml hy­

droxyl  a p a t i t e  column (Con-A/HTP c a sc a de ) .  The column cascade was 

washed with 5 ml PBS/1% and th e  columns were s e p a r a t e d .  The Con-A 

column was washed aga in  with 5 ml PBS/1 % and the  HTP column was 

washed wi th  5 ml Tr is /1%. The r a d i o a c t i v i t y  remaining on the  columns 

was counted in  a Beckman Biogamma Counter.

The fo l lowing  immunological t echn iques  were used to  dete rmine 

the  amounts o f  Con-A-receptor  complex and human Ig G -recep to r  complex 

formed in s e ve ra l  experiments .

4. I n m u nopre c ip i t a t ion  f o r  Concanavai in-A

Samples from the  va r io u s  r e a c t i o n  mix tures  were incuba ted  24 

hours  a t  4°C with a volume o f  goa t  an t i -Con-A a n t i  serum (Miles  Labs) 

c o n t a i n i n g  a t  l e a s t  a 10 f o l d  molar  excess  o f  an t ibody  r e l a t i v e  to  

Con-A. Rabbi t  a n t i - g o a t  IgG (Miles  Labs) ,  c o n ta in in g  a t  l e a s t  a 2 .5  

f o l d  molar  excess  o f  an t ibody  r e l a t i v e  t o  goa t  a n t i  serum, was added
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to  e f f e c t  i n m u n o p r e c i p i t a t i o n .  Fol lowing a no the r  24 hours a t  4°C, 

t h e  p r e c i p i t a t e  was washed 4 t imes with PBS/1 % and counted in  the  

Beckman Biogamma Counter .

5.  Immunoprec ip i t a t ion f o r  human IgG 

Samples from th e  va r ious  r e a c t i o n  m ix ture s  were incuba ted  f o r  

24 hours a t  4°C with a volume o f  goa t  anti -human gamma cha in  IgG 

(Cappel Labs) c o n ta i n in g  a t  l e a s t  a 3 f o ld  mola r  excess  o f  ant i-human 

IgG r e l a t i v e  t o  human IgG. The p r e c i p i t a t e s  were washed with 4 ml 

PBS/1% and counted in  t h e  Beckman Biogamma Counter .



41

C. EXPERIMENTAL

1. The b ind ing  o f  t o x i n - l a b e l l e d  r e c e p t o r s  to  Con-A, HTP 

and Con-A/HTP cascade columns: e f f e c t s  o f  i ncuba t ion  wi th  Con-A

Dup l ica te  samples o f  AChR ( f i n a l  c o n c e n t r a t i o n  3.1 nM) were 

l a b e l l e d  with 12SI-ct-BuTx ( f i n a l  c o n c e n t r a t i o n  20 nM) f o r  24 hours 

a t  4°C. Varying amounts o f  Con-A ( f i n a l  c o n c e n t r a t i o n  60 nM to  40 

yM) o r  normal s a l i n e  were then  added and the  e n t i r e  r e a c t i o n  was 

in cuba ted  f o r  an a d d i t i o n a l  24 hours a t  4°C. (Unless  s p e c i f i e d  r e ­

c e p t o r  o r  AChR r e f e r s  t o  hydroxyl a p a t i t e  p u r i f i e d  r e c e p t o r s . )  Sam­

p l e s  from each r e a c t i o n  tube  were assayed on Con-A or  HTP columns, 

o r  the  Con-A/HTP cascade .  N onspec if ic  b ind ing  was de termined by 

adding u n l a b e l l e d  t o x in  ( f i n a l  c o n c e n t r a t i o n s  1 yM) t o  d u p l i c a t e  

samples 2 hours p r i o r  t o  the  a d d i t i o n  o f  l a b e l l e d  t o x in .

2. Binding o f  l a b e l l e d  and u n l a b e l l e d  AChR t o  Concanavai in -  

A-Sepharose and Lens c u l i n a r i s - A g a r o s e  a f f i n i t y  columns

D up l ica te  samples o f  AChR ( f i n a l  c o n c e n t r a t i o n  2 nM) were l a b e l ­

l ed  wi th  125I-a-BuTx ( f i n a l  c o n c e n t r a t i o n  20 nM) f o r  24 hours a t  

4°C. A l iquo ts  from each sample were assayed on 0 .2  ml columns o f  

Concanavai in -A-Sepharose o f  Lens c u l i n a r i s - A g a r o s e .  N on- spec i f ic  

b ind ing  was dete rmined  as p r e v i o u s ly  d e s c r ib e d .

An amount o f  u n l a b e l l e d  AChR e q u i v a l e n t  to  the  amount o f  l a b e l ­

l ed  r e c e p t o r  a c t u a l l y  a p p l i e d  t o  t h e  above d e s c r i b e d  Con-A o r  LCA 

columns was a p p l i e d  t o  0 .2  ml columns o f  Con-A o r  LCA in a volume o f  

65 yl (one void volume o f  t h e  columns) .  The r e c e p t o r s  were allowed 

to  e q u i l i b r a t e  wi th  t h e  column f o r  2 hours  and were l a b e l l e d  with a 

fou r  f o l d  excess  o f  12SI-a-BuTx in 65 yl of  B u f fe r  B. Fol lowing 24 

hours a t  4°C, the  columns were washed wi th  4 ml o f  5 mM POiJ (pH = 7 . 4 ) ,
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150 mM NaCl, 1% T r i t o n  X-100 t o  remove unbound to x in .  Nonspec if ic  

bind ing  was dete rmined  by app ly ing  a 200 f o l d  excess  o f  u n l a b e l l e d  

t o x in  t o  ano the r  p a i r  o f  s i m i l a r l y  t r e a t e d  Con-A o r  Lens columns in 

a volume of  65 pi 2 hours p r i o r  t o  the  a d d i t i o n  of  l a b e l l e d  t o x in .

A tox in  blank  was run in p a r a l l e l  wi th  t h e  above a s sa y s .  65 yl 

o f  B u f fe r  B was a p p l i e d  t o  a Con-A or  LCA Column and 125I-a-BuTx was 

a p p l i e d  as d e s c r i b e d  above. Fol lowing 24 hours  a t  4°C, t h e  columns 

were washed wi th  4 ml PBS/1 % and counted.

3. The bind ing  o f  125I-ct-BuTx to  AChR: e f f e c t s  o f  incuba­

t i o n  with Con-A

D upl ica te  samples c o n ta in in g  va ry ing  c o n c e n t r a t i o n s  o f  Con-A 

( f i n a l  c o n c e n t r a t i o n  50 nM to  25 yM) were p r e inc uba te d  with AChR 

( f i n a l  c o n c e n t r a t i o n  3 nM) f o r  24 hours a t  4°C. Labe l led a-BuTx was 

added ( f i n a l  c o n c e n t r a t i o n  20 nM) and the  e n t i r e  r e a c t i o n  was incu ­

ba ted  f o r  an a d d i t i o n a l  24 hours  a t  4°C. N onspec i f i c  b ind ing  was 

dete rmined by adding u n l a b e l l e d  a-BuTx ( f i n a l  c o n c e n t r a t i o n  6 yM) to  

d u p l i c a t e  samples a t  each Con-A c o n c e n t r a t i o n  2 hours p r i o r  to  the  

a d d i t i o n  of  l a b e l l e d  t o x i n .  D up l i ca te  25 yl samples from each tube  

were assayed u s ing  the  HTP method. D up l i ca te  15 yl samples  from each 

tube  were immunoprec ip i t a ted wi th  goa t  ant i -Con-A and r a b b i t  a n t i ­

goa t  an t i se rum  as p r e v io u s ly  d e s c r i b e d .  The e n t i r e  p rocess  was r e ­

pea ted r e v e r s i n g  th e  o r d e r  of  t h e  a d d i t i o n  o f  Con-A and 12SI-a-BuTx.

4. K ine t i c s  o f  125I-a-BuTx b inding  t o  AChR: e f f e c t s  o f

p r e in c u b a t io n  o f  AChR wi th  Con-A

The bind ing r e a c t i o n  m ix ture  con ta ined  in a volume o f  2.25 ml:

3 .3  nM AChR, U  T r i t o n  X-100, 50 mM P0^ b u f f e r  (pH = 7 . 4 ) ,  0 .3  mM 

EDTA, and 0.01% NaN3. The Con-A t r e a t e d  r e c e p t o r s  c on ta ined  19.5 yM
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Con-A while  the  c o n t ro l  r e c e p to r s  con ta ined  normal s a l i n e .  The r e -  

c e p o t r s  were p re incuba ted  in t h e  above media f o r  24 hours  a t  4°C 

p r i o r  to  t h e  a d d i t i o n  of  125I-ct-BuTx ( f i n a l  c o n c e n t r a t i o n  10.95 nM). 

N onspec if ic  bind ing  o f  l a b e l l e d  t o x in  was dete rmined  by adding u n l a ­

b e l l e d  t o x in  t o  a s i m i l a r  r e a c t i o n  mixture  2 hours p r i o r  t o  the  ad­

d i t i o n  o f  the  l a b e l l e d  t o x in .

The bind ing r e a c t i o n  was s topped a t  va r ious  t imes a f t e r  the  

a d d i t i o n  o f  the  l a b e l l e d  t o x in  by t r a n s f e r r a l  o f  a 60 yl sample t o  a 

p l a s t i c  s to ppered  tube  c o n ta in in g  a 200 f o ld  excess  o f  u n l a b e l l e d  

t o x i n .  T r i p l i c a t e  samples o f  20 yl from each tube  were assayed im­

m ed ia te ly  on 1 ml HTP columns. All i n c u b a t i o n s ,  bind ing r e a c t i o n s  

and assays  were performed a t  4°C.

The i n i t i a l  c o n c e n t r a t i o n s  o f  l a b e l l e d  ct-BuTx (Bo) were d e t e r ­

mined by coun t ing  t r i p l i c a t e  20 yl samples taken  from t h e  r e a c t i o n  

m ix tu re s  a t  15 and 300 minutes  a f t e r  t h e  a d d i t i o n  o f  the  l a b e l l e d

t o x i n .  The i n i t i a l  c o n c e n t r a t i o n  o f  AChR (A ) was de termined inde-0

penden t ly  u s ing  a s a t u r a t i n g  c o n c e n t r a t i o n  o f  125I-a-BuTx (35 nM) 

and a s sa y in g  the  r e a c t i o n  fo l low ing  24 hours  i ncuba t ion  with e i t h e r  

Con-A o r  s a l i n e  fol lowed by 24 hours  i n cuba t ion  with l a b e l l e d  t o x in .

5. Apparent  e q u i l i b r i u m  binding  o f  I25 I-ct-BuTx t o  AChR: 

e f f e c t s  o f  p r e in c u b a t io n  o f  AChR with Con-A

Q uadrup l i ca te  samples c o n ta in in g  AChR ( f i n a l  c o n c e n t r a t i o n  1.1 

nM) and e i t h e r  Con-A ( f i n a l  c o n c e n t r a t i o n  16.6 yM) o r  normal s a l i n e  

were p re in c u b a te d  f o r  24 hours  a t  4°C. Varying amounts o f  125I - a -  

BuTx ( f i n a l  c o n c e n t r a t i o n  0.46  nM t o  50 .4  nM) were added and t h e  r e ­

a c t i o n  was al lowed to  proceed f o r  24 hours  a t  4°C. Nonspec if ic  bind 

ing was de termined by adding u n l a b e l l e d  t o x in  ( f i n a l  c o n c n e t r a t i o n
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2 .4  yM) t o  q u a d r u p l i c a t e  samples 2 hours  p r i o r  to  the  a d d i t i o n  o f  

l a b e l l e d  t o x in .  Samples from each tube were assayed on 1 ml HTP 

columns.

6.  Binding o f  125I-g-BuTx to  Lens c u l i n a r i s  p u r i f i e d  AChR: 

e f f e c t s  o f  incu b a t io n  with Con-A

D upl ica te  samples o f  Lens c u l i n a r i s  p u r i f i e d  AChR ( f i n a l  con­

c e n t r a t i o n  2.1 nM) were p r e inc uba te d  with vary ing c o n c e n t r a t i o n s  o f  

Con-A (0.1 yM t o  .176 mM) f o r  24 hours a t  4°C. 125I-a-BuTx ( f i n a l  

c o n c e n t r a t i o n  20 nM) was added and the  e n t i r e  r e a c t i o n  was incubated 

f o r  an a d d i t i o n a l  24 hours a t  4°C. N onspec if ic  bind ing  was d e t e r ­

mined as p r e v i o u s ly  d e s c r ib e d .  A l iquo ts  from each sample were a s ­

sayed us ing the  HTP column method. The e n t i r e  procedure was r e p e a t ­

ed r e v e r s i n g  th e  o rder  o f  a d d i t i o n  o f  Con-A and 125I-a-BuTx.

7. K in e t i c s  o f  125I-a-BuTx b in d in g  t o  Lens c u l i n a r i s  pur ­

i f i e d  AChR

The k i n e t i c s  o f  125I-a-BuTx b in d in g  t o  Lens c u l i n a r i s  p u r i f i e d  

r e c e p to r s  was de termined as p r e v i o u s ly  d esc r ibed  f o r  s a l i n e  and Con- 

A t r e a t e d  hydroxyl a p a t i t e  p u r i f i e d  AChR. The r e a c t i o n  m ix ture  con­

t a i n e d  2.6 nM AChR, 0 .3  mM EDTA, 0.01% NaN3 , 1% T r i t o n  X-100, 50 mM 

P0y (pH = 7 .4 )  and 9.38  nM 125I-a-BuTx.  The a ssay  system used in 

t h i s  i n s t a n c e  was the  HTP method.

8.  D i s s o c i a t i o n  k i n e t i c s  o f  AChR 125I-ct-BuTx complexes

Dupl ica te  samples o f  hydroxyl  a p a t i t e  o r  Lens c u l i n a r i s - A g r o s e

p u r i f i e d  AChR ( f i n a l  c o n c e n t r a t i o n  2 nM) were l a b e l l e d  f o r  24 hours 

a t  4°C with 125I-a-BuTx ( f i n a l  c o n c e n t r a t i o n  20 nM). A l a r g e  excess  

o f  u n l a b e l l e d  a-BuTx ( f i n a l '  c o n c e n t r a t i o n  6 yM) was added a t  t ime 

z e r o ,  and samples from t h e  r e a c t i o n  mix tu re  were assayed a t  va r ious
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t imes over  a 70 hour  pe r iod  us ing  the  HTP column method. Non­

s p e c i f i c  b inding  was de te rmined as p r e v i o u s ly  d e s c r ib e d .

9. Procedure f o r  de te rmin ing  the  presence  o f  a n t i - r e c e p t o r  

f a c t o r s  in t h e  serum and immunoglobul in-6 f r a c t i o n s  o f  myasthenic  

p a t i e n t s

Serum (50 y l ) o r  IgG f r a c t i o n s  (75 y l )  from normal and myasthen­

i c  p a t i e n t s  were p r e inc uba te d  wi th  AChR ( f i n a l  c o n c e n t r a t i o n  2.75  nM) 

f o r  18 hours  a t  4°C. The r e c e p to r s  were then  l a b e l l e d  wi th  125I - a -  

BuTx ( f i n a l  c o n c e n t r a t i o n  20 nM) f o r  an a d d i t i o n a l  18 hours  a t  4°C. 

Each sample was d iv ide d  f o r  a s say  on a Con-A column and immunopre- 

c i p i t a t i o n  ( IgG ' s on ly)  with g o a t  anti -human IgG or  on the  Con-A/HTP 

cascade .

10. E f f e c t s  o f  myas thenic  IgG c o n ta i n in g  f a c t o r - I  on the 

b ind ing  o f  AChR t o  t h e  Con-A/HTP cascade and HTP columns

IgG f r a c t i o n s  o f  s evera l  myas thenic  p a t i e n t s  were pooled and 

c o n c e n t r a t e d  t o  25% o f  t h e i r  o r i g i n a l  volume with an Ami con B15 

Macrosolute  Concen t ra t ion  Cell  (MW c u t o f f  = 15 ,000) .  The c o n c e n t r a ­

t i o n  o f  the  r e s u l t i n g  IgG s o l u t i o n  was de termined sp e c t r o p h o to -  

m e t r i c a l l y .  AChR ( f i n a l  c o n c e n t r a t i o n  1 .2  nMi was p re incuba ted  

with vary ing  c o n c e n t r a t i o n s  o f  myasthenic  IgG con ta in in g  f a c t o r - I  

(MG-I) ( f i n a l  c o n c e n t r a t i o n  0.1 yM t o  13.2 yM) f o r  24 hours a t  4°C 

and then  l a b e l l e d  wi th  125I-a-BuTx ( f i n a l  c o n c e n t r a t i o n  15 nM) f o r  

24 hours a t  4°C. Nonspec if ic  b ind ing  o f  l a b e l l e d  t o x in  was d e t e r ­

mined as p r e v i o u s ly  d e s c r i b e d .  The samples were d iv ided  f o r  as say  on 

e i t h e r  the  Con-A/HTP cascade  and immunoprec ip i t a t ion  o r  the  HTP 

method and im m unoprec ip i ta t io n .  The e n t i r e  process  was r epe a te d  with
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t h e  o r d e r  o f  a d d i t i o n  o f  the  IgG and l a b e l l e d  tox in  r ev e r s ed .

Cont ro ls  con ta ined  s i m i l a r  c o n c e n t r a t i o n s  o f  normal human IgG.

11. E f f e c t s  o f  myas thenic  IgG c o n ta in in g  f a c t o r - I  on the 

k i n e t i c s  o f  125I-ct-BuTx b inding  t o  AChR

The r e a c t i o n  m ix ture  con ta ined  3 .3  nM AChR, 1% T r i t o n  X-100,

50 mM PO^ (pH = 7 . 4 ) ,  0 .03  mM/EDTA, 0.01% NaN3 and 10 yM normal or  

myas thenic  IgG c o n ta i n in g  f a c t o r - I  in a volume o f  2 .25 ml. The p re ­

i n c u b a t io n ,  b inding r e a c t i o n ,  and d e te r m in a t io n  o f  t h e  i n i t i a l  con­

c e n t r a t i o n s  o f  AChR and 125I-a-BuTx were performed as  p r e v i o u s ly  de ­

s c r i b e d  f o r  t h e  Con-A t r e a t e d  AChR.

12. E f f e c t s  o f  myas thenic  IgG c o n ta i n in g  f a c t o r - S  on the  

binding  o f  AChR to  t h e  Con-A and Con-A/HTP cascade columns

AChR ( f i n a l  c o n c e n t r a t i o n  3 nM) were p re incuba ted  with myas thenic  

IgG c o n ta i n in g  f a c t o r - S  (MG-S) o r  normal IgG ( f i n a l  c o n c e n t r a t i o n  

0 .83  yM to  90 yM) f o r  18 hours  a t  4°C. The samples were assayed by 

e i t h e r  the  Con-A o r  the  Con-A/HTP cascade  column method. Nonspec if ic  

binding  was de te rmined as p r e v i o u s ly  d e s c r i b e d .

13. E f f e c t s  o f  p r e l a b e l l i n g  AChR p r i o r  t o  exposure t o  my­

a s t h e n i c  IgG c o n ta in in g  f a c t o r - S  on b ind ing  o f  AChR t o  Con-A/HTP 

cascade

AChR ( f i n a l  c o n c e n t r a t i o n  2.15  nM) were l a b e l l e d  wi th  125I - a -  

BuTx f o r  18 hours  a t  4°C and then incuba ted  with va rying c o n c e n t r a ­

t i o n s  o f  MG-S o r  normal IgG f o r  18 hours a t  4°c .  The samples were 

assayed  on the  Con-A/HTP cascade .  N onspec i f i c  b ind ing  was d e t e r ­

mined as p r e v i o u s ly  d e s c r i b e d .  Another  s e t  o f  samples was assayed 

in  p a r a l l e l  wi th  t h e  above samples ,  d i f f e r i n g  only in the  o r d e r  o f  

a d d i t i o n  o f  t o x in  and IgG.
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14. E f f e c t s  o f  myasthenic  IgG c o n ta in in g  f a c t o r - S  on the  

k i n e t i c s  o f  125I-g-BuTx b inding  to  AChR

K ine t i c s  o f  125I-a-BuTx b ind ing  t o  AChR was dete rmined as p r e ­

v i o u s l y  d e s c r i b e d  f o r  Con-A t r e a t e d  AChR. The r e a c t i o n  mix tu re  

con ta ined  3 .2  nM AChR, 80 yM normal o r  myasthenic  IgG c o n ta in in g  

f a c t o r - S ,  0 .3  mM EDTA, 0.01% NaN3 , 1% T r i t o n  X-100, 50 mM P0y CpH =

7 . 4 ) ,  and 9 nM 125I-a-BuTx. The a ssay  system in t h i s  i n s t a n c e  was 

th e  Con-A/HTP cascade r a t h e r  than  the  HTP method used in the  k i n e t i c s  

experiments  p r e v io u s ly  d e s c r i b e d .

15. E f f e c t s  o f  P ro te in -A -S epharose  p u r i f i e d  myas thenic  IgG 

c o n ta i n in g  f a c t o r - S  on th e  bind ing  of  AChR to the  Con-A/HTP cascade

IgG f r a c t i o n s  were prepared from t h e  s e r a  o f  2 p a t i e n t s  (M205 

and M218), p r e v i o u s ly  found to  have f a c t o r - S ,  us ing  the  P ro te in -A -  

Sepharose a f f i n i t y  chromatography method d e s c r ib e d  in the  " P repa ra ­

t i o n s "  s e c t i o n  o f  t h e s e  methods. All f r a c t i o n s  e l u t e d  from the  

column were assayed us ing  the  Con-A/HTP cascade .  D up l i ca te  samples 

o f  AChR [ f i n a l  c o n c e n t r a t i o n  2 .5  nM) were p r e inc uba te d  with MG-S 

[ f i n a l  c o n c e n t r a t i o n  50 yM) f o r  24 hours a t  4°C and l a b e l l e d  with 

125I-a-BuTx [ f i n a l  c o n c e n t r a t i o n  20 nM) f o r  18 hours  a t  4°C. Non­

s p e c i f i c  bind ing  was de termined as p r e v i o u s ly  d e s c r i b e d .

16. E f f e c t s  o f  myasthenic  IgG con ta in in g  f a c t o r - S  on the  

binding o f  Lens c u l i n a r i s  p u r i f i e d  AChR t o  the  Con-A/HTP cascade

Lens c u l i n a r i s  p u r i f i e d  AChR [ f i n a l  c o n c e n t r a t i o n  2.1 nM) were 

p re incuba ted  wi th  MG-S or  normal IgG ( f i n a l  c o n c e n t r a t i o n  44 yM) f o r  

18 hours a t  4°C, and l a b e l l e d  with 125I-ct-BuTx ( f i n a l  c o n c e n t r a t i o n  

15 nM) f o r  18 hours a t  4°C. The samples were assayed us ing  t h e  Con- 

A/HTP cascade  method. N onspec if ic  b inding  was de te rmined  as p r e v i o u s ly
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d e s c r ib e d .  The e n t i r e  procedure  was r epe a te d  r e v e r s in g  the  o r d e r  o f  

a d d i t i o n  o f  125I-ct-BuTx and IgG.

17. K ine t i c s  o f  125I-a-BuTx b inding  to  Lens c u l i n a r i s  pur ­

i f i e d  AChR: e f f e c t s  o f  p r e in c u b a t io n  with MG-S

The k i n e t i c s  of  125I-a-BuTx binding  to  Lens c u l i n a r i s  p u r i f i e d  

AChR p r e inc uba te d  wi th  normal IgG or MG-S was dete rmined as p r e v i o u s ­

ly  d e s c r ib e d  f o r  MG-S t r e a t e d  hydroxyl  a p a t i t e  p u r i f i e d  AChR. The 

r e a c t i o n  m ix ture  con ta ined  2 .8  nM AChR, 80 yM normal or  myasthenic  

IgG c o n ta i n in g  f a c t o r - S ,  0 .3  mM EDTA, 0.01% NaN3 , 1% T r i t o n  X-100,

50 mM P0i( (pH = 7 .4 )  and 9 .5  nM 125I-a-BuTx. The a ssay  system used 

was t h e  Con-A/HTP cascade .

18. E f f e c t s  of  myasthenic  IgG c o n ta i n in g  f a c t o r - B  on th e  

bind ing o f  125I-a-BuTx t o  AChR

D up l ica te  samples c o n ta i n in g  AChR ( f i n a l  c o n c e n t r a t i o n  1.3 nM) 

were p re in c u b a te d  with vary ing  c o n c e n t r a t i o n s  o f  myas thenic  IgG 

c o n ta in in g  f a c t o r - B  ( f i n a l  c o n c e n t r a t i o n  1.0  yM to  0.1 mM) f o r  18 

hours a t  4°C. The samples were d iv id e d  f o r  as say us ing  e i t h e r  the  

Con-A/HTP cascade o r  HTP method. N onspec if ic  b ind ing  was de termined 

as p r e v io u s ly  d e s c r i b e d .  The e n t i r e  procedure  was repe a te d  r e v e r s ­

ing the  o r d e r  o f  a d d i t i o n  o f  125I-a-BuTx and IgG-

19. Apparent  e q u i l i b r i u m  bind ing  o f  125I-a-BuTx t o  AChR: 

e f f e c t s  o f  p r e in c u b a t io n  o f  AChR wi th  myasthenic  IgG c o n ta i n in g  f a c ­

to r -B

Q u a d ru p l i c a t e  samples c o n ta i n in g  AChR ( f i n a l  c o n c e n t r a t i o n  1.1 

nM) and e i t h e r  MG-B or  normal IgG ( f i n a l  c o n c e n t r a t i o n  50 yM) were 

p re incuba ted  f o r  24 hours a t  4°C. Varying amounts o f  125I-a-BuTx 

( f i n a l  c o n c e n t r a t i o n  0.06  nM t o  58.7 nM) were added and t h e  r e a c t i o n
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was al lowed t o  proceed f o r  24 hours  a t  4°C. N onspec if ic  bind ing  was 

de te rmined  by adding u n l a b e l l e d  t o x in  ( f i n a l  c o n c e n t r a t i o n  2 .4  yM) 

to  q u a d r u p l i c a t e  samples 2 hours p r i o r  t o  the  a d d i t i o n  o f  l a b e l l e d  

t o x i n .  Samples were assayed us ing  the  HTP column method.

20. E f f e c t s  o f  P ro te in -A -S epharose  p u r i f i e d  myas thenic  IgG 

c o n ta i n in g  f a c to r - B  on th e  b inding  o f  125I-g-BuTx t o  AChR

Pro te in -A -Sepharose  p u r i f i e d  IgG f r a c t i o n s  were prepared from the  

serum o f  t h r e e  p a t i e n t s  p r e v i o u s ly  found to  have MG-B (M108, Ml74 and 

M250), as  well as the  DEAE p u r i f i e d  IgG f r a c t i o n  o f  p a t i e n t  M250.

All f r a c t i o n s  e l u t e d  from th e  a f f i n i t y  column were assayed f o r  i n h i ­

b i t i o n  o f  t o x in  b inding  to  AChR. Dup l i ca te  samples o f  AChR ( f i n a l  

c o n c e n t r a t i o n  1.5 nM) were p re incuba ted  with MG-B ( f i n a l  c o n c e n t r a ­

t i o n  50 yM) f o r  24 hours a t  4°C, and then l a b e l l e d  with 125I-a-BuTx 

( f i n a l  c o n c e n t r a t i o n  20 nM) f o r  18 hours a t  4°C.

A dose - r e sponse  curve  was e s t a b l i s h e d  f o r  t h e  i n h i b i t i o n  o f  

t o x i n  b ind ing  t o  AChR p re incuba ted  with t h e  P ro te in -A  p u r i f i e d  IgG 

f r a c t i o n  o f  Ml74. D up l i ca te  samples o f  AChR ( f i n a l  c o n c e n t r a t i o n  

1.5 nM) were p re in c u b a te d  wi th  P ro te in -A  p u r i f i e d  MG-B or  normal IgG 

( f i n a l  c o n c e n t r a t i o n  1.2 yM to  35 yM) f o r  18 hours a t  4°C. Nonspecif ­

i c  b ind ing  was de te rmined as p r e v i o u s ly  d e s c r i b e d .  The samples were 

d iv id e d  f o r  a s say  by imm unoprec ip i ta t ion  and the HTP column method.

The procedure  was r e p e a te d  r e v e r s in g  th e  o r d e r  o f  a d d i t i o n  o f  tox in  

and IgG.

21. E f f e c t s  o f  myas thenic  IgG c o n ta i n in g  f a c t o r - B  on the 

b ind ing  o f  125I-g-BuTx t o  Lens c u l i n a r i s  p u r i f i e d  AChR

Lens c u l i n a r i s  p u r i f i e d  AChR ( f i n a l  c o n c e n t r a t i o n  1.5 nM) were 

p re in c u b a te d  wi th  MG-B o r  normal IgG ( f i n a l  c o n c e n t r a t i o n  43 .9  yM)
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f o r  18 hours a t  4°C and l a b e l l e d  with 125I-a-BuTx ( f i n a l  c o n c e n t r a ­

t i o n  20.5 nM) f o r  18 hours  a t  4°C. Samples were assayed us ing  the  

HTP column method. Nonspec if ic  b in d in g  was dete rmined as p r e v io u s ly  

d e s c r i b e d .  The e n t i r e  procedure  was repea ted  r e v e r s in g  the  o rd e r  of  

a d d i t i o n  o f  125I-a-BuTx and IgG.

22. I n t e r a c t i o n  o f  Con-A and myas thenic  IgG c o n ta in in g  f a c -  

t o r - I  with l a b e l l e d  AChR

D upl ica te  samples c o n ta in in g  AChR ( f i n a l  c o n c e n t r a t i o n  1.5 nM) 

were l a b e l l e d  wi th  125I-a-BuTx ( f i n a l  c o n c e n t r a t i o n  20 nM) f o r  18

hours  a t  4°C. The l a b e l l e d  r e c e p t o r s  were incuba ted  f o r  18 hours

a t  4°C with e i t h e r  Con-A ( f i n a l  c o n c e n t r a t i o n  15 yM), MG-I ( f i n a l  

c o n c e n t r a t i o n  10 yM), or  normal IgG ( f i n a l  c o n c e n t r a t i o n  10 yM), 

fo l lowed by a n o th e r  18 hour  incu b a t io n  a t  4°C with e i t h e r  MG-I o r  

normal IgG ( f i n a l  c o n c e n t r a t i o n  10 yM) to  the  samples incuba ted  wi th  

Con-A, o r  Con-A ( f i n a l  c o n c e n t r a t i o n  15 yM) to  the  samples c o n t a i n ­

ing MG-I o r  normal IgG. Cont ro ls  con ta ined  one o f  the  fo l lw o ing :  

normal s a l i n e ,  Con-A ( f i n a l  c o n c e n t r a t i o n  15 yM), MG-I o r  normal IgG 

(10 yM). N onspec if ic  b inding  was de termined as p r e v i o u s ly  d e s c r i b e d .  

The samples were d iv ided  f o r  as say by immunoprec ip i ta t ion  f o r  Con-A 

and human IgG, and the  HTP column method. The e n t i r e  process  was r e ­

p e a te d ,  adding 10 mM a-methyl-D-mannoside fo l low ing  l a b e l l i n g  2 

hours  p r i o r  to  t h e  a d d i t i o n  o f  e i t h e r  Con-A o r  IgG.

23. I n t e r a c t i o n  of  Con-A and myas thenic  IgG c o n ta in in g

f a c t o r - B  with AChR: e f f e c t s  on th e  bind ing o f  125I-a-BuTx t o  AChR

T r i p l i c a t e  samples c o n ta in in g  AChR ( f i n a l  c o n c e n t r a t i o n  1.5 nM) 

were incuba ted  f o r  18 hours a t  4°C wi th  Con-A ( f i n a l  c o n c e n t r a t i o n  

15 yM), MG-B ( f i n a l  c o n c e n t r a t i o n  40 yM) o r  normal IgG ( f i n a l  con-



51

c e n t r a t i o n  40 yM). Another 18 hour  incuba t ion  fo l lowed the  a d d i t i o n  

o f  MG-B o r  normal IgG ( f i n a l  c o n c e n t r a t i o n  40 yM) t o  the  samples 

c o n ta in in g  Con-A, o r  Con-A ( f i n a l  c o n c e n t r a t i o n  15 yM) t o  the  samples 

c o n ta i n in g  MG-B or  normal IgG. Control  samples c on ta ined  one o f  the  

fo l low ing :  normal IgG o r  MG-B ( f i n a l  c o n c e n t r a t i o n  40 yM), Con-A

( f i n a l  c o n c e n t r a t i o n  15 yM), or  normal s a l i n e .  All samples were l a ­

b e l l e d  wi th  125I-a-BuTx f o r  18 hours a t  4°C and assayed us ing  the  HTP 

column method. N onspec if ic  b ind ing  was dete rmined as p r e v io u s ly  de ­

s c r i b e d .  The procedure was r e p e a te d  us ing l a b e l l e d  r e c e p t o r s .  All 

samples  c on ta ined  10 mM a-methyl-D-mannos ide,  which was added p r i o r  

t o  Con-A o r  MG-B.
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D. DATA ANALYSIS

1. K ine t i c s  o f  a-BuTx b inding to  AChR 

The r a t e  of  t o x i n - r e c e p t o r  complex fo rmation  was assumed to  

fo l low a second o r d e r  r a t e  p rocess  fo l low ing  the  r e s u l t s  o f  Brockes 

and Hall (1975) .  The d a ta  was ana lyzed  f o r  e i t h e r  one k i n e t i c  

component o r  two independent  k i n e t i c  components p r e s e n t  in equal 

amounts (Brockes and H a l l ,  1975) .  The equa t ion  used in each case 

was the  i n t e g r a t e d  form o f  t h e  second o r d e r  r a t e  equa t ion  as a func ­

t i o n  o f  t ime and the  corresponding  f r e e  125I-a-BuTx c o n c e n t r a t i o n .  

Two component eq u a t io n :

1- k 1T(B0-A0)AChR-BuTx (T,B) = A

One component eq u a t io n :

AChR-BuTx (T,B) = A

1- Be
B,

+ C„ Be-k2T B̂o-Co)
B,

1-
Be-kT<VV

B,

C0 = 

B0 =

B = 

T =

ki  =

k? =

i n i t i a l  c o n c e n t r a t i o n  o f  AChRi ( o r  t o t a l  c o n c e n t r a t i o n  o f  AChR 

in the  one component model)

i n i t i a l  c o n c e n t r a t i o n  o f  AChR2 in  t h e  two component model 

i n i t i a l  c o n c e n t r a t i o n  o f  125I-a-BuTx 

c o n c e n t r a t i o n  o f  a-BuTx a t  t ime T 

time

r a t e  c o n s t a n t  f o r  t h e  fo rm ation  of  AChRi-ct-BuTx complex (o r  AChR- 

a-BuTx complex in t h e  one component model) 

r a t e  c o n s t a n t  f o r  the  formation o f  AChR2-crBuTx
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The a c tua l  computa t ions  were made us ing  the  PROPHET1 computer 

system curve f i t t i n g  and n o n - l i n e a r  r e g r e s s i o n  programs us ing  the  

above e q u a t i o n s .  The c o n c e n t r a t i o n  o f  f r e e  t o x in  a t  any t ime T was 

computed by s u b t r a c t i o n  o f  the  t o t a l  number o f  moles o f  complex 

formed a t  t ime T from i n i t i a l  number o f  moles l a b e l l e d  tox in  a t  

T = 0.

The model which p rovided  t h e  b e t t e r  d e s c r i p t i o n  o f  t h e  d a ta  was 

dete rmined using an F - t e s t  comparing the  r e s i d u a l s  (sum o f  squa res )  

o f  the  b e s t  f i t  l i n e s  to  the  d a t a .  The model with a s i g n i f i c a n t l y  

s m a l l e r  r e s i d u a l  (P < .05)  was c ons ide red  to  prov ide  a b e t t e r  d e s c r i p ­

t i o n  o f  the  d a t a .  Where no s i g n i f i c a n t  d i f f e r e n c e  between the  two 

models o c c u r r e d ,  the  model wi th  t h e  l e a s t  assumpt ions ,  i . e . ,  t h e  one

component model , was c o ns ide red  t o  provide the  b e t t e r  d e s c r i p t i o n .

2. Data a n a l y s i s  dose - re sponse  r e l a t i o n s h i p s  

All dose - re sponse  r e l a t i o n s h i p s  d a ta  was ana lyzed  on the  PRO­

PHET computer  system using the  " L o g i s t i c "  f i t t i n g  p r o c e d u r e .2 This 

program c a r r i e s  ou t  a l e a s t  square s  f i t  o f  the  dose - r e sponse  da ta  

us ing  the  e q u a t io n :

Y _ Ymax x An
An x Kn

where Y = response a t  c o n c e n t r a t i o n  A

K = c o n c e n t r a t i o n  o f  A a t  which Y = h Ymax, i . e . ,  ED50 

A = c o n c e n t r a t i o n  o f  subs tance  A causing  response Y 

n = H i l l  c o e f f i c i e n t

1. The PROPHET System i s  a n a t i o n a l  computer r e sou rc e  sponsored by 
t h e  Nat ional  I n s t i t u t e s  o f  Hea l th  through the  Chem ica l /B io log ica l  In­
fo rmation Handling Program, D iv is ion  o f  Research.
2. "Pub l i c  Procedures :  A Program Exchange f o r  PHOPHET Users" ,  J . J .  
Wood, e d . ,  B o l t ,  Beranek and Newman I n c . ,  1977, pp. 3-19 t o  3-25.
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For t h e  p r e s e n t  s t u d i e s ,  Y i s  t h e  p e rc e n t  of  c o n t ro l  b in d in g ,  Ymax 

i s  the  amount o f  binding  in the  absence o f  e i t h e r  Con-A o r  M.G. IgG 

( taken  as 100%) and A i s  the  c o n c e n t r a t i o n  o f  e i t h e r  Con-A o r  IgG.

3. Apparent  e q u i l i b r i u m  binding  o f  125I-ct-BuTx to  AChR 

E q u i l ib r ium  binding  d a ta  was analyzed us ing  the  "Binding" p ro ­

gram developed by Dr. D. Edwards3 f o r  use wi th  the  PROPHET computer 

system. B a s i c a l l y ,  t h i s  program e v a l u a t e s  t h e  b ind ing  d a t a  us ing  the  

h y p e rb o l i c  bind ing  equ a t io n :

where Y = c o n c e n t r a t i o n  o f  AChR- 125I-a-BuTx complex formed a t  con­

c e n t r a t i o n  A o f  a-BuTx 

KD = appa ren t  d i s s o c i a t i o n  c o n s t a n t  f o r  125I-a-BuTx 

'A = c o n c e n t r a t i o n  o f  125I-a-BuTx

The program de te rmines  the  and t h e  maximum amount o f  t o x i n -  

r e c e p t o r  formed,  and p l o t s  t h e  d a t a  in both h y p e rb o l i c  and double  

r e c i p r o c a l  form.

The e q u i l i b r i u m  binding  d a ta  was a l s o  ana lyzed  by th e  method 

o f  Sca tchard  (1949) .  The r e s u l t s  o f  t h i s  a n a l y s i s  were found to  agree 

e x c e l l e n t l y  wi th  the  computer r e s u l t s  f o r  Ymax and K^.

4. D i s s o c i a t i o n  k i n e t i c s  of  AChR- 125I-ct-BuTx complexes 

The d a ta  f o r  t h e  d i s s o c i a t i o n  o f  125I-a-BuTx- AChR complexes 

were analyzed us ing the  "E x p f i t "  curve f i t t i n g  procedure  o f  t h e  PRO­

PHET computer sys tem11. The E x p f i t  program a l lows  one to  f i t  weighted

3. Department o f  Pharmacology,  Mount Sina i  School o f  Medicine.
4.  " Pub l i c  Procedures :  A Program Exchange f o r  PROPHET Use rs" ,  J . J .
Wood, e d . ,  B o l t ,  Beranek and Newman, I n c . ,  1977, pp. 3-1 to  3-13.
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o r  unweighted d a ta  with a f u nc t ion  o f  t h e  form

Y = AeaX

f o r  up to  fou r  exponen t i a l  terms us ing  an i t e r a t i v e  r e g r e s s i o n  p ro­

c e ss .

The d a ta  f o r  hydroxyl a p a t i t e  p u r i f i e d  AChR were assumed to  f i t  

a model o f  two independent  f i r s t  o rd e r  d i s s o c i a t i o n  p rocesses  (Brockes 

and H a l l ,  1975; R a f te ry  e t  a l . ,  1975) . The equa t ion  used was

Y = Ae"k- lT + Ce“ k“2T

where

Y = c o n c e n t r a t i o n  o f  t o x i n - r e c e p t o r  complex a t  t ime T 

T = t ime (hours )  fo l lowing  a d d i t i o n  of  u n l a b e l l e d  a-BuTx 

A = i n i t i a l  c o n c e n t r a t i o n  of  AChRi-a-BuTx complex 

k_i = d i s s o c i a t i o n  r a t e  c o n s t a n t  co rresponding  to  AChRi-a-BuTx 

comp!exes

C = i n i t i a l  c o n c e n t r a t i o n  o f  AChR2-a-BuTx complex 

k_2 = d i s s o c i a t i o n  r a t e  c o n s t a n t  corresponding  to  AChR2-a-BuTx 

complexes

The program i s  given the  t o t a l  c o n c e n t r a t i o n  o f  complex (Y) a t  t ime 

T and de te rm ines  A, k_l5 C and k_2 as well  as the  c o e f f i c i e n t  o f  non­

l i n e a r  c o r r e l a t i o n  ( r 2 ) between th e  d a ta  p o in t s  and the  f i t t e d  r e ­

g r e s s i o n  l i n e .  The d a ta  was weighted  us ing  th e  i n v e r s e  of  t h e  v a r ­

iance  o f  Y found in t h r e e  exper imen ts .

D i s s o c i a t i o n  o f  LCA p u r i f i e d  r e c e p t o r - t o x i n  complexes was a n a l ­

yzed in a s i m i l a r  manner assuming a homogeneous popu la t ion  o f  r e c e p ­

t o r s .  The equa t ion  used was

Y = Ae"k" lT
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where

Y = c o n c e n t r a t i o n  o f  t o x i n - r e c e p t o r  complex a t  t ime T 

T = time (hours )  fo l lowing  a d d i t i o n  of  u n l a b e l l e d  a-BuTx 

A = i n i t i a l  c o n c e n t r a t i o n  o f  LCA p u r i f i e d  r e c e p t o r - t o x i n  com­

plexes

k_! = d i s s o c i a t i o n  r a t e  c o n s t a n t
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IV. RESULTS

A. RECEPTOR PREPARATIONS AND ASSAYS

1. P u r i f i c a t i o n  o f  T r i t o n  X-100 s o l u b i l i z e d  AChR with 

s phe ro ida l  hydroxyl a p a t i t e  chromatography and Lens c u l i n a r i s - A q a -  

rose  a f f i n i t y  chromatography

P u r i f i c a t i o n  o f  AChR using hydroxyl a p a t i t e  removes 33% to  50% 

o f  the  p r o t e i n  found in t h e  crude  r e c e p to r  p r e p a r a t i o n  (determined 

s p e c t r o p h o t o m e t r i c a l l y  a t  280 nm) with a y i e l d  of  60% to  90%. Frac­

t i o n s  two and t h r e e  e l u t e d  from th e  hydroxyl a p a t i t e  column with Buf­

f e r  B con ta ined  50% to  70% and 10% to  20%, r e s p e c t i v e l y ,  o f  t h e  AChR 

a p p l i e d  t o  the  column. No r e c e p to r s  were found in  the  void volume 

fo l lowing  a p p l i c a t i o n  o f  the  crude AChR t o  the  column, nor  in  any o f  

t he  B uf fe r  A f r a c t i o n s  o r  any o f  t h e  o t h e r  Buf fer  B f r a c t i o n s .  The 

ave rage  c o n c e n t r a t i o n  o f  the  r e s u l t i n g  r e c e p t o r  p r e p a r a t i o n s  was 

16.45 ± 7 .8  nM to x in  b inding s i t e s .

F u r th e r  p u r i f i c a t i o n  o f  AChR e l u t e d  from hydroxyl  a p a t i t e  using 

Lens c u l i n a r i s  Agarose (LCA) a f f i n i t y  chromatography r e s u l t s  in a 

y i e l d  o f  52.0 ± 7.5% whi le  removing 98.9 ± 2% o f  t h e  p r o t e i n  found in 

the  hydroxyl  a p a t i t e  prepared  AChR. Approximately 45% o f  the  AChR 

were e l u t e d  from the  h y d r o x y l a p a t i t e  column o f  the  LCA-hydroxylapa­

t i t e  cascade in t h e  second B u f fe r  B f r a c t i o n .  The remaining r e c e p ­

t o r s  (7%) were e l u t e d  in  the  t h i r d  Buf fer  B f r a c t i o n .  No s i g n i f i c a n t  

amount o f  AChR was found in any o f  the  Buf fer  A o r  o t h e r  B u f fe r  B 

f r a c t i o n s ,  nor  in t h e  mannose f r a c t i o n  r e c i r c u l a t e d  through the  LCA/ 

sphe ro ida l  hydroxyl  a p a t i t e  cascade .  L abe l l ing  the  LCA column with 

125I-ct-BuTx reve a le d  t h a t  the  l e c t i n  column r e t a i n e d  45 .0  ± 7.5% of  

the  r e c e p t o r s .
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The r e c e p to r s  e l u t e d  from the  hydroxyl a p a t i t e  and LCA columns 

a re  c h a r a c t e r i z e d  in terms o f  t h e i r  i n t e r a c t i o n s  with a-BuTx, Con-A 

and myasthenic  IgG in the  fo l low ing  s e c t i o n s .  Unless s p e c i f i c a l l y  

noted " r e c e p to r "  o r  "AChR" r e f e r s  t o  hydroxyl a p a t i t e  p u r i f i e d  r e ­

c e p t o r s .

2. Binding o f  l a b e l l e d  AChR to Con-A, HTP and Con-A/HTP 

cascade  columns: e f f e c t s  o f  incuba t ion  o f  l a b e l l e d  AChR wi th  Con-A

Label l ed  r e c e p to r s  bind to  Con-A Sepharose a f f i n i t y  columns and 

adsorb t o  HTP columns. The Con-A column a s sa y  d a ta  c l o s e l y  p a r a l l e l s  

t h a t  r e p o r t e d  by Mit t ag  e t  a l . (1976) .  However, when HTP a dso rp ­

t i o n  i s  used approx imate ly  15% more l a b e l l e d  AChR a re  p r e s e n t  com­

pared to  the  Con-A a f f i n i t y  column alone (Table  1) .  In the  Con-A/

HTP cascade  method 85% to  95% o f  the  l a b e l l e d  r e c e p t o r s  binds t o  the 

Con-A a f f i n i t y  column and an a d d i t i o n a l  5% to  15% binds  t o  the  HTP 

column. Thus, the  r a t i o  of  Con-A t o  HTP b in d in g  v a r i e s  s l i g h t l y  from 

one r e c e p t o r  p r e p a r a t i o n  t o  a no the r .  The amount o f  l a b e l l e d  r e c e p to r  

t h a t  binds t o  the  HTP column i s  not  s i g n i f i c a n t l y  d i f f e r e n t  from the  

t o t a l  amount o f  r e c e p t o r  found in the  cascade system (Con-A p lus  HTP 

column) .

Binding o f  l a b e l l e d  AChR to  Con-A Sepharose was an tagon ized  in a 

dose dependent  manner by p r e in c u b a t io n  with s o lu b l e  Con-A. The Con-A 

complexed r e c e p t o r s  which were blocked from bind ing  to  the  Con-A column 

were comple te ly  r ecovered  on the  HTP column. Thus, Con-A had no e f ­

f e c t  on the  bind ing o f  p r e l a b e l l e d  r e c e p t o r s  to  HTP columns. The 

maximal i n h i b i t i o n  o f  r e c e p t o r  b inding  the  Con-A columns by s o lu b l e  

Con-A was 93.3 ± 1.13% (ED50 = 0 .53 yM, H i l l  c o e f f i c i e n t  = 2.3  ± 0 .1 )  

( F ig .  1 ) .



59

Table 1

Comparison o f  Concanavaiin-A,  Hydroxyl a p a t i t e  and Concanavai in-A/  

H ydro x y lap a t i t e  Cascade Column Assays

Assay System ct-BuTx-AChR Complex Retained

fmoles ± S.D. (N)

Con-A 179 ± 10.3* (6)

HTP 204 ± 15.3 (6)

Con A/HTP Con-A 176 ± 11.9 (6)

HTP 31 ± 1.9 (6)

207 ± 13.3

* The r e s u l t s  o f  Con-A assays  were found to  be s i g n i f i c a n t l y  d i f f e r e n t  

(P < .01* us ing  t h e  two t a i l e d  S t u d e n t ' s  t - t e s t )  from those  o f  both 

t h e  HTP and Con-A/HTP a s s a y s .  The r e s u l t s  o f  the  HTP assay were found 

not  to  be s i g n i f i c a n t l y  d i f f e r e n t  from those  o f  the  Con-A/HTP c a sc a de ,  

a s say  ( »  .0 5 ) .
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Figure 1 . Data p o i n t s  a re  t h e  average f o r  t h r e e  experiments  

us ing  t h r e e  d i f f e r e n t  r e c e p t o r  p r e p a r a t i o n s .  The ba r  ( I )  

r e p r e s e n t s  t h e  average  s t a n d a r d  d e v ia t i o n  o f  t h e  d a ta  p o i n t s .  

Computer a n a l y s i s  o f  t h e s e  d a t a  showed the  maximum i n h i b i t i o n  

to  be 93 .3  ± 1.13%, (ED5Q = 0 .53  ± 0.01 yM Con-A, H i l l  c o e f ­

f i c i e n t  = 2 .3  ± 0 . 1 ) .
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3. Binding o f  l a b e l l e d  and u n l a b e l l e d  AChR to  Concanaval in -  

A-Sepharose and Lens c u l i n a r i s - A q a r o s e  a f f i n i t y  columns

Labe l l ed  and u n l a b e l l e d  r e c e p to r s  bind to both Con-A Sepharose 

and LCA a f f i n i t y  columns (Table  2 ) .  For both l a b e l l e d  and u n l a b e l l e d  

r e c e p t o r s ,  the  Lens column bound 15% l e s s  AChR than  the  Con-A column. 

Binding o f  f r e e  l a b e l l e d  t o x in  to  both columns was n e g l i g i b l e .
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Table 2

Binding of  Labe l l ed  and Un labe l l ed  AChR to Lens C u l in a r i s -A g ro s e  and 

Concanaval in-A-Sepahrose A f f i n i t y  Columns

Con-A-Sepharose Lens -C u l ina r i s -A grose

f-moles  bound ± S.D. (N) f -moles  bound ± S.D. (N)

Labe l led 106 ± 10 (3) 91 ± 7 (3)

Unlabe l l ed 118 ± 7 (3) 103 ± 8 (3)

The bind ing  o f  l a b e l l e d  o r  u n l a b e l l e d  AChR to  Con-A-Sepharose was found 

not  to  be s i g n i f i c a n t l y  d i f f e r e n t  than t h a t  b in d in g  t o  Lens c u l i n a r i s -  

Agarose (p > . 0 5 ) .
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B. EXPERIMENTAL

1. Binding o f  125I-g-BuTx to  AChR: e f f e c t s  o f  incuba t ion

with Con-A

Concanavalin-A,  when incuba ted  with AChR f o r  24 hours p r i o r  to  

the  a d d i t i o n  o f  125I-a-BuTx, produced a dose dependent  i n h i b i t i o n  o f  

tox in  b inding  to  the  r e c e p t o r s .  Using the  HTP a ssay  sys tem, the  max­

imum i n h i b i t i o n  was 41% ± 1.4% with an ED50 o f  1 .00  ± 0 .08  yM and a 

H i l l  c o e f f i c i e n t  o f  1 .9  ± 0 .3  (F ig .  2 ) .  The remaining r e c e p to r s  

which did l abe l  with t o x in  a l s o  formed complexes with Con-A, as 

shown by immunoprec ip i ta t ion  wi th  ant i -Con-A which was performed in 

p a r a l l e l  with t h e  HTP a s sa y s .  The maximum amount o f  Con-A blocked 

r e c e p to r s  p r e c i p i t a t e d  was 67 .2  + 4.4% (ED50 = 0.85  ± 0.04  yM, Hil l  

c o e f f i c i e n t  = 4 .3  ± 0 . 7 ) .

No i n h i b i t i o n  o f  t o x in  b ind ing  was observed when r e c e p t o r s  were 

l a b e l l e d  p r i o r  t o  t h e  a d d i t i o n  o f  Con-A (F ig .  3 ) .  Immunoprecipi ta­

t i o n  o f  r ec e p to r - tox in -C on-A  complexes wi th  an t i -Con-A an t i se rum  

showed t h a t  the  p r e l a b e l l e d  r e c e p to r s  bind Con-A, as ev idenced by the  

p r e c i p i t a t i o n  o f  93 .8  ± 3.1% o f  t h e  r e c e p t o r s  (ED5o = 0.79 ± 0.05 yM, 

H i l l  c o e f f i c i e n t  = 5.5 ± 0 . 7 ) .  Note t h a t  the  on ly  s i g n i f i c a n t  d i f ­

f e r e n c e  between the  immunoprec ip i ta t ion  curves o f  p r e -  and p o s t - l a b e l ­

led  AChR i s  the  maximum p e rc e n t  o f  the  r e c e p to r s  p r e c i p i t a t e d  (F ig .  2 

and 3 ) .

2.  K ine t i c s  o f  125I-a-BuTx b inding  to  AChR: e f f e c t s  o f  p r e ­

incu b a t io n  o f  AChR wi th  Concanaval in-A

The d a ta  f o r  the  k i n e t i c s  o f  t o x in  b inding  to  AChR p re incuba ted  

in  normal s a l i n e  or  normal IgG was f i t t e d  to  both one and two com­

ponent  systems,  as d e s c r ib ed  in  Methods. The two component system
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Figure 2 . D up l ica te  samples  o f  AChR (3nM) were p re incuba ted  

with vary ing  c o n c e n t r a t i o n s  o f  Con-A f o r  24 hours a t  4°C.

A second 24 hour i n c u b a t io n  followed the a d d i t i o n  o f  125I - a -  

BuTx (20nM). Each sample was assayed using the  HTP column 

method as  well as immunoprec ip i ta t ion  by ant i -Con-A.  Data 

p o in t s  r e p r e s e n t  the  average o f  four  experiments  us ing  four  

d i f f e r e n t  r e c e p t o r  p r e p a r a t i o n s .  The maximum amount o f  AChR- 

Con-A complex immunoprec ip i t a ted ( c lo se d  squa res )  was 67.2 ± 

4.4% (ED50 = 0.85  ± 0 .04  uM, H i l l  c o e f f i c i e n t  = 4 .3  ± 0 .7 ) .  

The p e rc e n t  AChR-toxin complex recovered  fo l lowing  maximal 

Con-A- inh ib i t ion  o f  t o x in  b ind ing  ( c i r c l e s )  was 59 ± 1.4% 

(ED50 = 1.00 ± 0 .08  nM, H i l l  c o e f f i c i e n t  = 1.9  ± 0 . 3 ) .
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Figure 3 . Dup l i ca te  samples o f  AChR (3nM) were l a b e l l e d  f o r  

24 hours a t  4°C wi th  12SI-a-BuTx (20nM). A second 24 hour  i n ­

cuba t ion  fol lowed the  a d d i t i o n  o f  va ry ing  c o n c e n t r a t i o n s  o f  

Con-A. Each sample was assayed us ing  the  HTP column method as 

wel l as immunoprec ip i ta t ion  by an t i -Con-A.  Data p o in t s  r e p r e ­

s e n t  t h e  average o f  fou r  experiments  us ing  f o u r  d i f f e r e n t  r e ­

c e p t o r  p r e p a r a t i o n s .  The maximum amount o f  AChR-Con-A complex 

immunoprec ip i t a ted  ( sq u a re s )  was 93 .8  ± 3.1% (EDsq = 0 .79 ± 

0.05  yM, H i l l  c o e f f i c i e n t  = 5.5  ± 0 . 7 ) .  No d i s s o c i a t i o n  o f  

t o x i n - r e c e p t o r  complex ( c i r c l e s )  was observed as measured by 

th e  HTP a s sa y  method.
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(see  page 52 o f  Methods) ,  provided  a s i g n i f i c a n t l y  b e t t e r  f i t  t o  the  

d a ta  in both cases  than  d id  t h e  one component system (Table  3 ) .  The 

average va lues  f o r  the  two r a t e  c o n s t a n t s  from s ix  experiments  a re  

k1 = 8 .23 ± 0 .8  x 1 O^M” 1 s “ 1 and k2 = 0.35 ± 0 .04  x l O ^ s " 1 (F ig .  4 ) .

Fol lowing p r e t r e a t m e n t  o f  AChR wi th  a dose o f  Con-A producing 

maximal i n h i b i t i o n ,  t ox in  bind ing  was i n h i b i t e d  42% r e l a t i v e  t o  the 

s a l i n e  c o n t r o l s  (F ig .  5) .  The k i n e t i c s  o f  t o x in  bind ing  t o  the  r e ­

maining r e c e p t o r s  (Con-A-recep to r  complexes)  could be e q u a l l y  well 

d e sc r ibed  by e i t h e r  t h e  one component o r  the  two component model.  

T h e r e f o r e ,  the  s i m p l e s t  case  i s  t h a t  t o x in  bind ing t o  the  remaining 

r e c e p to r s  f i t s  t h e  one component model . The r a t e  c o n s t a n t  f o r  the  

bind ing  o f  t o x in  t o  t h e s e  r e c e p t o r s  i s  0 .35 ± 0.02 x 10^M_1s “ 1.

This value corresponds  to  the  slow tox in  b in d in g  component found fo r  

the  s a l i n e  t r e a t e d  r e c e p t o r s .

3.  Apparent  e q u i l i b r i u m  b inding  o f  12SI-g-BuTx t o  AChR: 

e f f e c t s  o f  p r e in c u b a t io n  o f  r e c e p t o r s  wi th  Con-A

The r e s u l t s  o f  e q u i l i b r i u m  b in d in g  of  125I-ct-BuTx t o  AChR p re ­

incuba t ion  in s a l i n e  a re  shown in Fig.  6. Analysis  o f  t h i s  d a ta  

us ing  the  method o f  Sca tchard  (1949) i n d i c a t e s  the  p resence  o f  a 

homogeneous popu la t ion  o f  a-BuTx b ind ing  s i t e s  with an ap p a re n t  d i s ­

s o c i a t i o n  c o n s t a n t ,  o f  0 .72 ± 0 .18  nM ( F i g . 7) .

The ap p a re n t  KQ o f  t h a t  f r a c t i o n  o f  r e c e p to r s  whose tox in  b in d ­

ing c a p a c i t y  i s  u n a f f e c te d  by Con-A ( i . e . ,  Con-A-AChR complexes) was 

1.7 nM (F ig .  6) and t h e  Sca tchard  a n a ly s i s  o f  t h i s  d a ta  again  r e ­

s u l t e d  in a s t r a i g h t  l i n e  (F ig .  7 ) .  The i n c r e a s e  in  i s  s i g n i f ­

i c a n t  (P < 0 . 0 1 ) .  The amount o f  t o x in  b inding  found in  the  Con-A 

t r e a t e d  r e c e p t o r s  was de c reased  by 37% r e l a t i v e  to  the  s a l i n e  c o n t r o l s ,
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Table 3.  *The model p rov id ing  a b e t t e r  d e s c r i p t i o n  o f  t h e  d a ta  was 

de termined us ing  an F - t e s t  comparing th e  r e s i d u a l s  (sum o f  squa res )  o f  

the  b e s t  f i t  l i n e s  to  the  d a t a .  The two component model provided a 

b e t t e r  d e s c r i p t i o n  o f  t h e  d a ta  f o r  HTP prepared  AChR t r e a t e d  wi th  n o r ­

mal s a l i n e ,  c o n t r o l  IgG, MG-S and Mg-I (P < .0 1 ) .  In each c a s e ,  the  

va lues  o f  the  two r a t e  c o n s ta n t s  were s i g n i f i c a n t l y  d i f f e r e n t  (P < .01,  

using a t w o - t a i l e d  S t u d e n t s ' s  t - t e s t ) .  For Con-A t r e a t e d  HTP-AChR and 

LCA p u r i f i e d  AChR t r e a t e d  with normal s a l i n e  o r  c o n t r o l  IgG, no s i g n i f ­

i c a n t  d i f f e r e n c e  between t h e  two models was observed and the  one com­

ponent  model was cons ide red  to  prov ide  the b e t t e r  d e s c r i p t i o n  o f  these  

d a t a .  Models a r e  d e s c r ib e d  in Data Analys is  s e c t i o n  o f  Methods, page 

52.



Table 3

K i n e t i c s  o f  125I-a-BuTx Binding t o  AChR: Comparison o f  One ve rsus  Two Component Models*

Incuba t io n

Medium

Two Component Model
sum o f

k1xlO-1*(M~1s - 1 ) k2XlO"'t (M_1s _1) squa res  x 1020

One Component Model 
sum o f

kxlO~ (M- 1 s _1) squares  x 1020

HTP-AChR:

Normal S a l in e  

o r  Control 

IgG (N=6) 8 .23  ± 0 .7  0.35  ± 0 .04  17.7 2.03  ± 0 .3  337

Con-A (N=3) 0 .56  ± 0.1 0 .15  ± 0 .03  12.4 0 .35  ± 0 .02  14.1

MG-S (N=3) 6 .43  ± 0 .97 0.11 ± 0.01 6.97 1 .34 ± 0 .29  65 .4

MG-I (N=3) 8 .26  ± 0 .9  0 .3  ± 0 .03  20 .0 1.86 ± 0.1 325

LCA AChR:

Normal S a l in e  

o r  Control  

IgG (N=3) 14.1 ± 3.1 8.56  ± 2 .5  8.01

I1' 
00 
00o+1COr—

MG-S (N=3) 7.97 ± 0.41
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Figure 4 . In t h i s  t y p i c a l  experiment  the  two component model 

provided a s i g n i f i c a n t l y  b e t t e r  d e s c r i p t i o n  o f  the  d a t a .  Com­

p u t e r  a n a l y s i s  o f  the  d a ta  showed ki = 8 .2  x 10ltM-1s -1 and 

k2 = 0 .37  x 10ttM"1s - 1 . S i m i l a r  r e s u l t s  were ob ta ined  in f i v e  

o t h e r  experiment s  using t h r e e  d i f f e r e n t  p r e p a r a t i o n s  o f  HTP 

prepared  AChR ( see  Table  3 ) .
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Figure 5. The k i n e t i c s  o f  t o x in  b ind ing  to  AChR p r e t r e a t e d  with 

normal s a l i n e  (open t r i a n g l e s )  and i t s  r e s o lv e d  slow component 

(dashed l i n e ) ,  d e s c r ib ed  in  Fig. 4 ,  a r e  compared to  t h e  k i n e t i c s  

o f  t o x in  b ind ing  to  AChR p r e t r e a t e d  wi th  19.5 yM Con-A f o r  24 

hours a t  4°C. Toxin b in d in g  to  Con-A t r e a t e d  AChR (c lo se d  t r i ­

ang le s )  i s  b e s t  d e s c r ib ed  by a s i n g l e  r a t e  c o n s t a n t ,  which in t h i s  

t y p i c a l  experiment  was 0.37 ± 0.02  x 10lfM"1s~1 . The f i n a l  concen­

t r a t i o n  o f  AChR-toxin complexes was 1.914 nM, o r  58% o f  the  c o n t r o l  

va lue .  S i m i l a r  r e s u l t s  were ob ta in e d  in  two o t h e r  experiments  

u s ing  two o t h e r  AChR p r e p a r a t i o n s  (see  Table  3) .
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Figure  6 . Q uad rup l i ca te  samples c o n ta in in g  AChR and e i t h e r  Con-A 

or  NaCl were p re incuba ted  f o r  24 hours  a t  4°C p r i o r  to  l a b e l l i n g  

f o r  24 hours  with vary ing  c o n c e n t r a t i o n s  o f  125I-a-BuTx.  All 

samples  were assayed us ing  t h e  HTP column method. In t h i s  t y p i ­

cal  expe r im en t ,  the  Kp was 1.7 nM f o r  Con-A t r e a t e d  AChR 

( c lo s e d  diamonds) and 0 .6  nM f o r  con t ro l  AChR (open diamonds) . '  

Toxin b ind ing  to  Con-A t r e a t e d  AChR was 63% r e l a t i v e  to c o n t r o l .  

S i m i l a r  r e s u l t s  were ob ta in e d  in  two o t h e r  experiments  us ing  two 

d i f f e r e n t  r e c e p to r  p r e p a r a t i o n s .
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Figure  7 . Sca tchard  a n a l y s i s  o f  t h e  d a t a  p re s e n ted  in Fig.  6 

shows t h a t  AChR p re in c u b a te d  with normal s a l i n e  Copen squa res )  

o r  Con-A (open c i r c l e s )  both appear  t o  be homogeneous popu la ­

t i o n s  o f  t o x in  b inding  s i t e s .  The mean f o r  Con-A t r e a t ­

ed AChR 1.71 ± .07 nM was found to  be s i g n i f i c a n t l y  d i f f e r e n t  

(P < .01) than  t h e  mean KDapp f o r  c o n t r o l  AChR ( .7 2  ± .18 nM).
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in agreement  wi th  t h e  p rev ious  experiments  showing a 41 % i n h i b i t i o n  

o f  t o x in  bind ing by Con-A p r e t r e a t m e n t .

4. Binding o f  125I-a-BuTx to  LCA p u r i f i e d  AChR: e f f e c t s  

o f  incuba t ion  with Con-A

Concanavalin-A comple te ly  i n h i b i t e d  t h e  bind ing o f  t ox in  to  

Lens c u l i n a r i s  p u r i f i e d  AChR (F ig .  8 ) .  The c o n c e n t r a t i o n s  o f  Con-A 

n e c es s a ry  to  e f f e c t  a dose-dependent  i n h i b i t i o n  o f  t o x in  binding  

p a r a l l e l  t o  those  used to i n h i b i t  b ind ing  to  HTP p u r i f i e d  AChR. The 

ED50 and H i l l  c o e f f i c i e n t s  a re  e s s e n t i a l l y  the  same f o r  both Lens and 

HTP p u r i f i e d  r e c e p to r s  (1 .02 ± .05 yM vs 1.00 ± 0 .8  yM, and 1.4 ± 0.2 

vs 1 .9 ± 0 . 3 ,  r e s p e c t i v e l y ) .  The maximum p e rc e n t  i n h i b i t i o n  o f  t ox in  

bind ing  i s  41% o f  the  hydroxyl  a p a t i t e  p repared  r e c e p t o r s ,  and 100% 

f o r  the  LCA p u r i f i e d  AChR.

5. K in e t i c s  o f  125I-a-BuTx b ind ing  to  LCA p u r i f i e d  AChR 

The d a ta  f o r  the  k i n e t i c s  o f  t o x in  bind ing to  LCA p u r i f i e d  AChR

was f i t t e d  to  both the  one and two component sys tems.  No d i s t i n c t i o n  

between th e  two models can be made us ing  the  sum o f  squa res  as an 

i n d i c a t i o n  o f  which model b e s t  d e s c r i b e s  the  d a ta  (Table 3 ) .  In ad­

d i t i o n ,  t h e  r a t e  c o n s t a n t s  de termined us ing  th e  two component model a re  

no t  s i g n i f i c a n t l y  d i f f e r e n t  (P > . 0 5 ) .  Thus,  the  model with the  

l e a s t  a s sum pt io ns ,  i . e . ,  the  one component system, prov ides  an ade­

qua te  d e s c r i p t i o n  o f  t h e  d a t a .  The r a t e  c o n s t a n t  f o r  the  bind ing o f  

to x in  t o  LCA p u r i f i e d  AChR was 1.18 ± 0.1 x 105M- 1s -1 (F ig .  9 ) .

6 . D i s s o c i a t i o n  k i n e t i c s  o f  AChR- I 25I-ct-BuTx complexes 

The d i s s o c i a t i o n  o f  t o x in  l a b e l l e d  HTP prepared  r e c e p t o r  com­

p l e x e s ,  l i k e  t h e  a s s o c i a t i o n ,  i s  b e s t  d e sc r ibed  by a two component 

system



81

Figure 8 . D up l ica te  samples  o f  HTP o r  LCA prepared  AChR (2.1 nM) 

were p re incuba ted  with vary ing  c o n c n e t r a t i o n s  o f  Con-A f o r  24 hours 

a t  4°C. A second 24 hour  i n cuba t ion  followed the  a d d i t i o n  o f  20 nM 

125I-a-BuTx.  Samples were assayed on 1 ml HTP columns. As noted 

p r e v i o u s l y ,  t h e  maximal Con-A i n h i b i t i o n  of  t o x in  b in d in g  to  HTP 

AChR (c lo s e d  c i r c l e s )  i s  41% (F ig .  2 ) .  However, 100% maximal i n ­

h i b i t o r  o f  t o x in  b ind ing  i s  observed f o r  LCA (open c i r c l e s )  p u r i ­

f i e d  AChR (ED50 = 1.02 ± 0.05  yM, H i l l  c o e f f i c i e n t  = 1.4 ± 0 . 2 ) .
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Figure  9 . The k i n e t i c s  of  t o x in  b ind ing  to  LCA p u r i f i e d  AChR 

in t h i s  t y p i c a l  experiment  i s  b e s t  d e s c r ib e d  by a s i n g l e  r a t e  con­

s t a n t ,  k = 1.21 x 105M_1s - 1 . S im i l a r  r e s u l t s  were ob ta ined  in 

two o t h e r  experiments  us ing  two d i f f e r e n t  LCA p u r i f i e d  AChR p r e ­

p a r a t i o n s  ( see  Table  3) .
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Y = Ae"k- lT + Ce“ k" 2T

A p l o t  o f  the  log o f  125I-a-BuTx-AChR complex a t  t ime T a f t e r  the  

a d d i t i o n  o f  a 300 f o l d  molar  excess  o f  u n l a b e l l e d  t o x in  ve rsus  time 

i s  not  l i n e a r  (F ig .  10) .  Computer a n a ly s i s  o f  the  d a ta  g ives  a 

va lue  o f  2 .49 ± 0.47 x 10"5s _1 f o r  k_2 and 2 .43  + 0.79 x 10“6s _1 f o r  

k_2 . E x t r a p o l a t i o n  t o  time ze ro  g ives  an i n i t i a l  c o n c e n t r a t i o n  of

1.1 ± 0 .14  nM f o r  the  f i r s t  component (co r respond ing  to  k ^ )  and 

0.92  ± 0.15  nM f o r  t h e  second component.

The d i s s o c i a t i o n  o f  LCA p u r i f i e d  r e c e p t o r - t o x i n  complexes occurs  

with on ly  one r a t e  o f  d i s s o c i a t i o n  (F ig .  11) .  The r a t e  c o n s t a n t ,  as 

dete rmined  by computer  a n a l y s i s ,  i s  3.12 ± 0 . 1 2  x 10_5s _1 , c o r re spond­

ing to  t h e  f a s t  d i s s o c i a t i o n  r a t e  c o n s t a n t  observed f o r  HTP prepared  

AChR. The i n i t i a l  c o n c e n t r a t i o n  o f  complex, e s t im a te d  by e x t r a p o l a ­

t i o n  to  time z e r o ,  was found to  be 1.95 ± 0.05  nM.

7. De tec t ion  o f  a n t i - r e c e p t o r  f a c t o r s  in s e r a  and immuno­

g lo b u l in  G f r a c t i o n s  o f  p a t i e n t s  with myasthenia  g r a v i s

A n t i - r e c e p t o r  f a c t o r s  were found in both the  s e r a  and DEAE- 

Sephadex p u r i f i e d  IgG f r a c t i o n s  of  myasthenic  p a t i e n t s  u s ing  e i t h e r  

th e  Con-A or  Con-A/HTP cascade column a ssay .  I n i t i a l  serum sc reens  

u t i l i z e d  the  Con-A column assay  and th e s e  r e s u l t s  were combined with 

th e  Con-A p o r t i o n  o f  the  Con-A/HTP cascade  a s sa y s .  A p a t i e n t  was 

cons ide red  p o s i t i v e  f o r  a n t i - r e c e p t o r  f a c t o r  i f  t h e  p e rc e n t  of  r ecep ­

t o r s  b inding  to  Con-A was two s t a n d a r d  d e v i a t i o n s  l e s s  than  t h a t  ob­

served f o r  AChR t r e a t e d  with con t ro l  serum (100 ± 7%), i . e . ,  l e s s  

than  86% o f  c o n t r o l  (Mi t tag e t  a l . ,  1976) . Using t h i s  c r i t e r i o n  134 

o f  the  220 s e r a  sc reened  (61%) were p o s i t i v e  f o r  a n t i - r e c e p t o r  a n t i ­

bod ies .  A r e p r e s e n t a t i v e  sample o f  the  popu la t io n  t e s t e d  in t h i s
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Figure  10. Dup l i ca te  samples o f  HTP prepa red  AChR (2nM) were 

l a b e l l e d  f o r  24 hours a t  4°C with 20 nM 125I-a-BuTx.  A l a r g e  

excess  o f  u n l a b e l l e d  a-BuTx ( 6yM) was added a t  t ime z e r o ,  and 

samples from t h e  r e a c t i o n  m ix tu re  were assayed a t  v a r io u s  t imes 

over  a 70 hour pe r iod  on 1 ml HTP columns. The d i s s o c i a t i o n  o f  

the  AChR-a-BuTx complexes i s  b e s t  d e s c r ib e d  by a two component 

system (see  Data A n a l y s i s ) .  Computer a n a l y s i s  o f  t h e s e  d a ta  

g ives  a va lue  of  2 .49 ± 0.47 x 10"5s _1 f o r  k_i and 2.43  ±

0.79  x 10_6s -1 f o r  k_2 and the  i n i t i a l  c o n c e n t r a t i o n s  o f  the  

two forms o f  AChR-aBuTx complexes were 1.1 ± 0.14 nM and 0.92 ± 

0.15 nM r e s p e c t i v e l y .  The c o e f f i c i e n t  o f  n o n l in e a r  r e g r e s s i o n ,  

r 2 , i s  .998.
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Figure 11. The d i s s o c i a t i o n  o f  LCA p r u i f i e d  AChR-a-BuTx com­

p lexes  i s  b e s t  d e s c r ib ed  by a s i n g l e  r a t e  c o n s t a n t  [ s e e  Data 

A n a l y s i s ) .  Computer a n a l y s i s  o f  t h e s e  d a ta  g ives  a va lue  of  

3 .12 ± 0.12 x 10- 5s -1 f o r  k and an i n i t i a l  c o n c e n t r a t i o n  of  

AChR-a-BuTx complex o f  1.95 ± 0.05  nM, which a g rees  well  with 

t h a t  measured e x p e r i m e n t a l l y .  The l i n e a r  c o r r e l a t i o n  c o e f ­

f i c i e n t  ( r 2 ) i s  0 .996 .  Experimental  c o n d i t i o n s  were the  same 

as t h o se  d e s c r ib ed  in Fig.  10.
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manner appears in Table 4.

Sera t e s t e d  us ing  th e  Con-A/HTP cascade assay  were cons id e red  

p o s i t i v e  f o r  a n t i - r e c e p t o r  an t ibody  i f  e i t h e r  the  r a t i o  o f  Con-A to  

HTP b inding  and /o r  t o t a l  b ind ing  was l a t e r e d  by 1 s t a n d a rd  d e v ia t i o n  

r e l a t i v e  to  t r e a tm e n t  with con t ro l  serum. The mean r a t i o  o f  bind ing  

f o r  r e c e p t o r  t r e a t e d  with a c o n t ro l  normal human serum to Con-A and 

HTP columns was in  the  r a t i o  o f  3 : 1 and the  t o t a l  bind ing  c a p a c i ty  

was 85% ± 19% r e l a t i v e  t o  normal s a l i n e .  A serum was cons ide red  pos ­

i t i v e  f o r  myastheni  f a c to r - B  (MG-B), i . e . ,  t he  an t ibody  r e s p o n s i b l e  f o r  

i n h i b i t i o n  o f  t o x in  bind ing  t o  AChR, i f  the  t o t a l  amount o f  r e c e p t o r  

bound to  the  cascade  columns was l e s s  than 81% o f  c o n t ro l  (see  s e r a  90, 

108, 110 and 220 in Table  5 ) .  I f  a serum caused no s i g n i f i c a n t  dec rease  

in t h e  t o t a l  amount o f  r e c e p t o r  bound to  t h e  cascade columns, b u t  d e ­

c reased  th e  b in d in g  rat io- .between the  Con-A and HTP columns from 3:1 to  

approx im ate ly  1 : 1 ,  the  serum was cons ide red  p o s i t i v e  f o r  MG-S, i . e . ,  t h a t  

a n t ibody  o f  l a b e l l e d  r e c e p t o r  b in d in g  t o  Con-A-Sepharose (see  s e r a  

94, 137, 142, 169 and 205 in Table 5 ) .  Note t h a t  s e ra  p o s i t i v e  f o r  

MG-B can a l s o  cause an "apparen t"  d e c rease  o f  the  Con-A/HTP r a t i o .

This d e c rease  occurs  w i thou t  any s i g n i f i c a n t  i n c r e a s e  in the  pe rc e n t  

AChR b in d in g  t o  t h e  HTP columns, r e l a t i v e  t o  con tro l  ( e . g .  serum 110, 

Table  5 ) .  Such s e r a  a r e  no t  c ons ide red  p o s i t i v e  f o r  MG-S. However, 

s e r a  p o s i t i v e  f o r  MG-B and MG-S have been observed (serum 90, Table 

5 ) .  Such s e r a  cause i n h i b i t i o n  o f  t ox in  bind ing  as  well  as a " r e a l "  

d e c rease  o f  t h e  Con-A/HTP r a t i o  by i n h i b i t i o n  o f  r e c e p t o r  binding to  

Con-A-Sepharose.  Using th e s e  c r i t e r i a ,  121 o f  187 s e ra  t e s t e d  were 

p o s i t i v e  f o r  one o r  both o f  t h e s e  a n t i - r e c e p t o r  f a c t o r s .  Ninety-one
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Table 4

Detect ion  o f  A n t i -R ecep to r  Fac to r s  in Myasthenic  

Sera  Using th e  Con-A Assay

Serum % Recovery o f  AChR on Con-A-Sepharose A n t i -R ec e p to r  Fac tor*

M3 80 +

M5 91 -

M6 40 +

M7 80 +

M9 87 -

M10 47 +

Mil 52 +

M2 4 98 -

M2 4 71 +

M2 6 75 +

M2 9 100 -

M30 50 +

M33 81 +

M35 100 -

M50 100 -

*A serum was c o ns ide red  p o s i t i v e  (+) f o r  a n t i - r e c e p t o r  f a c t o r  i f  the  p e r ­

c e n t  r e c e p t o r s  b ind ing  to  Con-A-Sepharose was two s t a n d a rd  d e v i a t i o n s  l e s s  

than t h a t  observed f o r  AChR t r e a t e d  wi th  c o n t ro l  serum (100 ± 7%), i . e . ,  

l e s s  than '  86% o f  c o n t r o l .
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Table  5. ^Denotes s e r a  p o s i t i v e  f o r  t o x in - b lo c k i n g  f a c t o r  (MG-B).

tDenotes  s e r a  p o s i t i v e  f o r  Con-A-Sepharose b lock ing  f a c t o r  

(MG-S). See R e s u l t s ,  page 90, f o r  d e s c r i p t i o n  o f  c r i t e r i a  used to  de­

t ermine  p resence  o f  t o x in - b lo c k i n g  f a c t o r  (MG-B) o r  Con-A b lock ing  f a c ­

t o r  (MG-S).
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Table 5

Detect ion  o f  A n t i -R ecep to r  Fac to r s  in Myasthenic  Sera  Using th e  Con-A/HTP

Cascade Assay System

Serum Con-A-Sepharose Column 

% AChR

HTP Column 

% AChR

Con-A/HTP 

r a t i  o

Total  Recovery 

% AChR

Normal 75 ± 13 25 ± 13 3.00 ± 0 .5 100 ± 19

90 33 39t 0.85 72*

94 43 48f 0.90 91

96 58 42 1.38 100

102 61 46f 1.33 107

107 59 35 1.69 94

108 35 25 1.40 60*

110 24 36 0.67 60*

113 46 54t 0 .85 100

120 82 36 2.28 118

131 33 75+ 0.44 108

133 67 38 1.76 105

137 35 56+ 0 .63 91

142 44 36+ 1.19 80*

162 57 40 1.43 97

169 31 70+ 0 .44 101

205 47 52+ 0.90 99

220 40 28 1.43 68*
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(49%) were p o s i t i v e  f o r  Con-A b lock ing  f a c t o r  (MG-S), 19 (10%) f o r  

t o x in  b lock ing  f a c t o r  and 11 ( 6%) appeared t o  have both MG-S and 

MG-B. A r e p r e s e n t a t i v e  sample o f  the  s e r a  t e s t e d  us ing  t h e  cascade 

i s  shown in Table 5.

The serum assays  were used as a rough guide to  dete rmine which 

s e r a  should be p u r i f i e d  u s ing  DEAE-Sephadex o r  P ro te in -A  Sepharose 

t o  y i e l d  IgG f r a c t i o n s  c o n ta in in g  high c o n c e n t r a t i o n s  MG-B or  MG-S.

The r e s u l t s  o f  t h e  a n t i - r e c e p t o r  f a c t o r  a s says  us ing  p u r i f i e d  IgG 

f r a c t i o n s  confirmed the  i n i t i a l  r e s u l t s  us ing  se ra  in  80% o f  the 

IgG f r a c t i o n s  p repa red .

The i n i t i a l  group o f  myas thenic  IgG f r a c t i o n s  was assayed by 

both the  Con-A column method and imm unoprec ip i ta t ion  o f  IgG - recep to r  

complexes,  as  d e s c r i b e d  by Mit t ag  e t  a l .  (1976) .  The c o n t r o l s  (AChR 

p r e inc uba te d  in e i t h e r  50 o r  150 pi  o f  c o n t r o l  IgG) showed no de­

c r e a s e  in t h e  a b i l i t y  o f  l a b e l l e d  r e c e p t o r s  t o  bind to  Con-A columns, 

no imm unoprec ip i ta t ion  o f  l a b e l l e d  AChR, nor  any i n t e r f e r e n c e  with 

the  tox in  b inding  c a p a c i t y  o f  t h e  r e c e p t o r .  However, p r e in c u b a t io n  

o f  AChR with 50 pi myas thenic  IgG r e s u l t e d  in  a 14% t o  41% dec rease  

in  r e c e p t o r  b inding  t o  Con-A columns. F u r t h e r ,  16% t o  100% o f  t o x i n -  

l a b e l l e d - r e c e p t o r s  incuba ted  with 50 pi myas thenic  IgG was immuno- 

p r e c i p i t a t e d  by ant i -human IgG. P r e in c u b a t io n  of  AChR with 150 pi o f  

myas thenic  IgG r e s u l t e d  in a 50% i n h i b i t i o n  o f  r e c e p t o r  b ind ing  to  

Con-A-Sepharose (Table  6 ).

Eva lua t ion  o f  myas thenic  IgG us ing  t h e  Con-A/HTP cascade  a ssay  

and imm unoprec ip i ta t ion  (Table  7) r evea led  t h a t  in a d d i t i o n  to  i n h i b i t ­

ing th e  b ind ing  o f  l a b e l l e d  AChR t o  Cori-A-Sepharose columns,  some my­

a s t h e n i c  IgG a l s o  a r e  capab le  o f  b lock ing  th e  b ind ing  o f  125I-a-BuTx
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Table 6

Evalua t io n  of  Myasthenic IgG Using th e  Con-A Assay and Immunoprec ipi ta t ion

1—
1 

IQ
 

CD AChR Binding to  Con-A-Sepharose 

C% I n h i b i t i o n )

50 yl  IgG 150 yl IgG

Immunoprec ip i t a t ion  

C% AChR)

50 yl  IgG

Apparent Anti -  

AChR A c t i v i t y  

(nM)

Ml 32 49 106 8.55

M2 35 90 7.25

M3 41 53 77 6.18

M4 35 75 5.95

M5 41 66 5.30

M6 31 37 2.07

M7 23 43 3.42

M8 18 45 3.62

M9 14 16 1.28

The va lues  f o r  p e rc e n t  i n h i b i t i o n  o f  125I-a-BuTx-AChR complex b in d in g  to  

Con-A a re  r e l a t i v e  t o  Con-A b inding  o f  AChR t r e a t e d  wi th  con t ro l  

IgG = 100%. Apparent anti-AChR a c t i v i t y  i s  expressed  as  nanomoles t ox in  

b ind ing  s i t e s  immunoprec ip i t a ted  pe r  l i t e r  IgG.
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Table  7. *Denotes t o x in - b lo c k i n g  a n t ibody  ( M G - B ) .

tDenotes  Con-A b lock ing  a n t ibody  (MG-S).

IgG p r e p a r a t i o n s  were cons ide red  p o s i t i v e  f o r  MG-B (*) i f  t h e  t o t a l  

p e rc e n t  AChR recovered  on the  Con-A/HTP cascade was one s t a n d a r d  de­

v i a t i o n  l e s s  than  c o n t r o l ,  i . e . ,  l e s s  than 88% o f  c o n t r o l .  P repar ­

a t i o n s  were cons ide red  p o s i t i v e  f o r  MG-S (+) i f  t h e  i n c r e a s e  in 

AChR bind ing  to  t h e  HTP columns was g r e a t e r  than one s t a n d a r d  de­

v i a t i o n  r e l a t i v e  t o  c o n t ro l  ( i . e . ,  g r e a t e r  than 22%).



Table 7

E v a lua t ion  o f  Myasthenic  IgG Using th e  Con-A/HTP Cascade Assay and Im nuno p re c ip i t a t i o n

IgG Con-A Column HTP Column Con-A/HTP Tota l  Recovery Immunoprec ip i t a t ion

% AChR % AChR Ra t io  % AChR T i t e r  (nM)

Control 88 ± 10 12 ± 1 0 7.33 100 ± 12 0

M90 59 12 4 .9 71* -

M94 81 20 4.05 101 -

Ml 08 56 10 5.6 66* -

M110 65 20 3.25 85* 4

Ml 13 87 10 8.7 97 -

Ml 31 55 36t 1.53 91 28 .4

Ml 37 44 46 f 0 .96 90 8 .9

Ml 42 44 28+ 1.57 72* -

Ml 69 45 55+ 0.82 100 3.6

M205 45 54+ 0.83 99 -

M250 60 10 6 .0 70*
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t o  AChR. Furthermore,  immunoprec ip i ta t ion  t i t e r  did not  n e c e s s a r i l y  

c o r r e l a t e  with the  l e v e l s  o f  a n t i - r e c e p t o r  f a c t o r  which blocked tox in  

binding  t o  r e c e p to r s  o r  t h e  a n t i - r e c e p t o r  f a c t o r  which blocked r e c e p ­

t o r  b inding  to  Con-A-Sepharose.  S im i la r  f in d in g s  were r ep o r ted  fo r  

AChR t r e a t e d  with myasthenic  s e ra  (Mit tag e t  a l . ,  1976).

8 . E f f e c t s  o f  myas thenic  IgG c o n ta in in g  f a c t o r - I  on the  

binding  o f  AChR to  the  Con-A/HTP cascades  HTP columns and immuno­

p r e c i p i t a t i o n

Myasthenic IgG con ta in in g  f a c t o r - I  (MG-I) does not  i n t e r f e r e  with 

t h e  b inding  o f  125I-a-BuTx to  AChR as dete rmined by e i t h e r  the  Con-A/

HTP cascade and HTP assay  methods. MG-I had no e f f e c t s  on the  r a t i o

o f  Con-A t o  HTP b inding in t h e  Con-A/HTP cascade  a s sa y  r e l a t i v e  to

both normal IgG and normal s a l i n e ,  nor  d id  i t  change the  t o t a l  b in d ­

ing c a p a c i ty  o f  t ox in  f o r  the  r e c e p t o r ,  as measured by the  HTP c o l ­

umn method. However, MG-I does bind to  AChR in a c o n c e n t r a t i o n  de­

pendent  manner as evidenced  by ant i-human IgG immunoprec ip i ta t ion  o f  

l a b e l l e d  AChR t h a t  had been p re incuba ted  with MG-I. A maximal p r e ­

c i p i t a t i o n  o f  103 ± 2.5% o f  t h e  l a b e l l e d  r e c e p t o r s  was o b ta in e d .  The 

ED50 was 0.94  ± 0.06  pM and t h e  H i l l  c o e f f i c i e n t  was 1.1 ± 0.07 (F ig.  

12) .  The same r e s u l t s  were ob ta ined  when AChR were l a b e l l e d  p r i o r  to  

in cu b a t io n  with MG-I.

9. E f f e c t s  of  myas thenic  IgG c o n ta i n in g  f a c t o r - I  on the  

k i n e t i c s  o f  125I-g-BuTx b in d in g  to  AChR

Pre in c u b a t io n  o f  AChR wi th  MG-I does not  change the  k i n e t i c s  o f  

125I-a-BuTx b ind ing  to  r e c e p t o r s  in  any manner when compared to  the  

k i n e t i c s  o f  t o x in  b ind ing  t o  r e c e p t o r s  p r e inc uba te d  in c o n t ro l  IgG or  

normal s a l i n e  (Table  3 ) .  In each c a s e ,  the  two component model pro-
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Figure  12. AChR were incuba ted  with MG-I f o r  24 hours  a t  4°C 

and then  l a b e l l e d  wi th  125I-a-BuTx f o r  24 hours .  Samples were 

d iv ide d  f o r  as say  by the  HTP column method or  by immunoprecipi­

t a t i o n  with ant i -human IgG. No i n h i b i t i o n  o f  t o x i n  bind ing  

was observed a t  any c o n c e n t r a t i o n  o f  MG-I t e s t e d  (.data not  

shown). Data i l l u s t r a t e d  a re  t h e  average f o r  t h r e e  experiments  

us ing  t h r e e  d i f f e r e n t  AChR p r e p a r a t i o n s .  Bar r e p r e s e n t s  a v e r ­

age s t a n d a r d  d e v i a t i o n  o f  t h e  d a ta  p o i n t s .  Maximum p e rc e n t  AChR 

p r e c i p i t a t e d  was 103 ± 2.5% (ED50 = 0 .94  ± 0.06  yM, H i l l  c o e f ­

f i c i e n t  = 1.1 ± 0 .0 7 ) .
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vided a b e t t e r  d e s c r i p t i o n  o f  the  d a ta  than  d id  t h e  one component 

model. The r a t e  c o n s t a n t  f o r  the  f i r s t  component, k i ,  i s  8 .22  ±

0.7  x 10itM“ 1s “ 1 and 0.35 ± 0.04  x 10lfM"1s _1 f o r  k2 f o r  the  c o n t ro l  

IgG t r e a t e d  r e c e p t o r s ,  while  the  va lues  f o r  the  MG-I t r e a t e d  r e c e p t o r s  

a re  8 .25 ± 0.91 x 10tfM“ 1s _1 and 0.30  ± 0.03  x 10i+M“ 1s " 1 f o r  ki and 

k2 , r e s p e c t i v e l y  (F ig .  13) ;  va lues  which a r e  not  s i g n i f i c a n t l y  

d i f f e r e n t  from the  c o n t r o l  va lues  (P > .0 5 ) .

10. E f f e c t s  o f  myasthenic  IgG c o n ta i n in g  f a c t o r - 5  on the

b inding  o f  AChR to  the  Con-A and Con-A/HTP cascade columns

The i n i t i a l  i n v e s t i g a t i o n  o f  t h e  i n t e r a c t i o n  o f  AChR with my­

a s t h e n i c  IgG c o n ta i n in g  f a c t o r - S  (MG-S) was performed us ing  th e  Con-A 

column a s sa y .  MG-S (M1-M5, Table 6 ) caused a dose-dependen t  i n h i b i ­

t i o n  o f  l a b e l l e d  r e c e p t o r  bind ing  t o  Con-A-Sepharose a f f i n i t y  columns 

( F ig .  14) .  The maximum i n h i b i t i o n  was found to  be 54 .8  ± 4.4%, with 

an ED50 o f  6 .67  ± 0.85 yM and Hi l l  c o e f f i c i e n t  o f  1 .09 ± 0 .1 4 .  This 

i n h i b i t i o n  could r e s u l t  from e i t h e r  an i n h i b i t i o n  o f  t o x in  bind ing  t o  

the r e c e p t o r  o r  i n h i b i t i o n  o f  r e c e p t o r  bind ing  t o  Con-A-Sepharose.  

S u b s t i t u t i o n  o f  the  Con-A/HTP cascade  a ssay  f o r  t h e  Con-A column 

method r e v e a le d  t h a t  the  a c t i o n  o f  MG-S (Ml31,  Ml37, Ml69 o r  M205, 

Table 7) i s  t o  a l t e r  t h e  r a t i o  o f  l a b e l l e d  AChR bind ing  between the  

Con-A and HTP columns w i thou t  i n t e r f e r i n g  wi th  the  t o t a l  t o x in  b ind ­

ing c a p a c i t y  o f  t h e  r e c e p t o r .  (Table  7. See a l s o  nex t  s e c t i o n . )

This confirmed th e  r e s u l t s  found comparing th e  Con-A a ssay  method

with imm unoprec ip i ta t ion  (Mi t tag e t  a l . ,  1978).

11. E f f e c t s  o f  p r e l a b e l l i n g  AChR p r i o r  t o  exposure  t o  my­

a s t h e n i c  IgG c o n ta i n in g  f a c t o r - S

D e ta i l e d  d ose - r e sponse  curves  were e s t a b l i s h e d  f o r  t h r e e  myas-
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Figure  13 . The two component model provided  a s i g n i f i c a n t l y  

b e t t e r  d e s c r i p t i o n  o f  t h e  d a t a  f o r  t o x in  b ind ing  to  both s a l i n e  

and MG-I t r e a t e d  AChR. In t h i s  t y p i c a l  experiment  Iq =

8 .7  x 10‘fM"1s _1and k2 = Q.34 x 10ltM“1s “1 f o r  c o n t r o l  IgG t r e a t ­

ed AChR (c lo s e d  t r i a n g l e s )  whi le  ki = 8 .0  x 10ltM~1s -1 and 

k2 = 0 .29  x lQ‘tM- 1s “1 f o r  MG-I t r e a t e d  AChR (open t r i a n g l e s ) .  

S i m i l a r  r e s u l t s  were o b ta ined  in two o t h e r  experiment s  us ing 

two d i f f e r e n t  r e c e p t o r  p r e p a r a t i o n s  ( see  Table  3 ) .  The d i f ­

f e r e n c e s  between t h e  r e s p e c t i v e  r a t e  c o n s t a n t s  was found to  be 

not  s i g n i f i c a n t  us ing  th e  two t a i l e d  S t u d e n t ' s  t - t e s t  (P > .05 ) .
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Figure 13

K ine t i c s  o f  125I-ci-BuTx Binding to  MG-I o r  Control  IgG Trea ted  AChR
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Figure  14. AChR t r e a t e d  with MG-S p r i o r  to  l a b e l l i n g  wi th  

12SI-a-BuTx were assayed  us ing the  Con-A column method. Data 

a r e  the  average o f  f i v e  experiments  u s ing  t h r e e  d i f f e r e n t  r e ­

c e p to r  p r e p a r a t i o n s  and f o u r  d i f f e r e n t  MG-S IgG p r e p a r a t i o n s .  

The Bar r e p r e s e n t s  t h e  average s t a n d a rd  d e v ia t i o n  o f  t h e  d a ta  

p o i n t s .  The maximum pe rc e n t  i n h i b i t i o n  o f  AChR bind ing t o  Con- 

A-Sepharose was 54 .8  ± 4.4% (ED5q = 6.67 ± 0 .84  pM, H i l l  co­

e f f i c i e n t  = 1.09 + 0 . 1 4 ) .
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Figure  14

I n h i b i t i o n  o f  AChR Binding to  Con-A-Sepharose 

Fol lowing Treatment  wi th  MG-S
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t h e n i c  IgG p r e p a r a t i o n s  c o n ta in in g  f a c t o r - S  (.131 , 169, 205) ,  a l l  o f  

which were p r e v io u s ly  dete rmined to  have approx im ate ly  e q u i v a l e n t  

a b i l i t y  t o  i n h i b i t  the  bind ing of  l a b e l l e d  r e c e p t o r s  to  Con-A columns 

w i thou t  a l t e r i n g  the  t o t a l  bind ing c a p a c i t y  o f  t h e  r e c e p t o r  f o r  t o x in  

(Table  7 ) .  In t h i s  s e t  o f  expe r im e n t s ,  t h e  Con-A/HTP cascade  was 

used.

The i n h i b i t i o n  o f  b inding  to  Con-A-Sepharose o f  r e c e p t o r s  p r e ­

incuba ted  wi th  MG-S p r i o r  to  l a b e l l i n g  was almost  i d e n t i c a l  t o  the  

i n h i b i t i o n  ob ta ined  us ing  the  e a r l i e r  MG-S p r e p a r a t i o n s  (F ig .  15) .

The maximal i n h i b i t i o n  observed was 50.5  ± 2.5%, wi th  an ED50 o f

13.4  ± 2 .0  jjM and Hi l l  c o e f f i c i e n t  o f  1.1 ± 0 .14 .  The sum o f  the  

l a b e l l e d  r e c e p t o r  on t h e  Con-A and HTP columns o f  t h e  cascade  a t  each 

c o n c e n t r a t i o n  o f  MG-S t e s t e d  was equal t o  t h a t  found f o r  c o n t ro l  IgG 

and normal s a l i n e ,  showing t h a t  a l though MG-S caused a dose -dependen t  

i n h i b i t i o n  o f  l a b e l l e d  r e c e p t o r  b inding  to  Con-A, i t  d id  no t  a l t e r  the  

t o t a l  b inding  c a p a c i t y  o f  t h e  r e c e p t o r  f o r  t o x i n .  This  i s  in a g r e e ­

ment with the  r e s u l t s  ob ta ined  us ing th e  Con-A method in p a r a l l e l  

with imm unoprec ip i ta t ion .

Receptors  l a b e l l e d  wi th  125I-a-BuTx p r i o r  to  exposure  to MG-S 

a l s o  showed a dose-dependent  i n h i b i t i o n  o f  b inding  t o  Con-A-Sepharose.  

MG-S d id  no t  cause d i s s o c i a t i o n  o f  t o x i n - r e c e p t o r  complexes. How­

e v e r ,  the  maximum i n h i b i t i o n  o f  Con-A b ind ing  observed f o r  the  p re -  

l a b e l l e d  r e c e p t o r s  was 22 .8  ± 0.7% (ED50 o f  13.3 ± 1 yM, H i l l  co­

e f f i c i e n t  o f  1.26 ± 0 .2 2 ) .  This  r e p r e s e n t s  approx im ate ly  h a l f  t h e  

i n h i b i t i o n  observed when r e c e p to r s  a re  p r e inc uba te d  with MG-S p r i o r  

to  l a b e l l i n g  with 12SI-a-BuTx (F ig .  15).
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Figure  15 . AChR exposed to  MG-S p r i o r  t o  ( c lo s e d  c i r c l e s )  or  

a f t e r  (open c i r c l e s )  l a b e l l i n g  wi th  125I-ct-BuTx were assayed 

using th e  Con-A/HTP cascade method. In both cases  AChR i n ­

h i b i t e d  from binding  t o  Con-A-Sepharose were recovered  on the 

HTP column o f  t h e  ca scade .  The d a t a  p o i n t s  a r e  the  average 

o f  t h r e e  expe riment s  us ing  t h r e e  d i f f e r e n t  AChR p r e p a r a t i o n s  

and t h r e e  d i f f e r e n t  MG-S IgG p r e p a r a t i o n s .  The maximum p e r ­

c e n t  i n h i b i t i o n  f o r  AChR l a b e l l e d  a f t e r  exposure to  MG-S was

50.5 ± 2.5% (ED50 = 13 .4  ± 2 yM, H i l l  c o e f f i c i e n t  = 1.1 ± 0 .14)  

and 22 .8  ± 0.7% (ED5Q = 13.3 + 1 yM, H i l l  c o e f f i c i e n t  =

1.26 ± 0 .22)  f o r  AChR l a b e l l e d  p r i o r  t o  exposure t o  MG-S.
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Figure 15

I n h i b i t i o n  o f  AChR Binding t o  Con-A-Sepharose:  E f f e c t  

o f  L a b e l l in g  Receptors  Before  o r  A f t e r  Incuba t ion  with MG-S
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12. E f f e c t s  o f  p r e in c u b a t io n  wi th  myasthenic  IgG c o n ta in in g  

f a c t o r - S  on the  k i n e t i c s  of  t o x in  b in d in g  t o  AChR

As noted e a r l i e r  (Table  3 ) ,  t he  two component model prov ides  

a s i g n i f i c a n t l y  b e t t e r  f i t  t o  t h e  d a ta  f o r  t h e  k i n e t i c s  o f  tox in  

bind ing  to  AChR p r e inc uba te d  with con t ro l  IgG. The va lues  f o r  the  

tv/o r a t e  c o n s t a n t s  were 8.22  ± 0 .7  x 10tfM“1s " 1 and 0.35  ± 0.04 x 

10lfM“1s "1 f o r  kx and k2 , r e s p e c t i v e l y .  A t y p i c a l  experiment  i s  shown 

in  Figure 4.

The two component system a l s o  was found to  f i t  t h e  d a ta  f o r  the  

k i n e t i c s  o f  t ox in  b ind ing  t o  r e c e p t o r s  p r e t r e a t e d  wi th  MG-S f o r  r e ­

c e p to r s  b ind ing  t o  both the  Con-A and HTP columns o f  t h e  cascade 

(Table  3 and Fig.  16 ) .  However, the  r a t e  c o n s t a n t s  ( k i  = 6 .4  ±

0.97  x 10‘+M"1s “1 and k2 = 0.11 ± 0.01 x 10tfM- 1s - 1 ) were s i g n i f i c a n t ­

l y  d i f f e r e n t  than those  found f o r  the  c o n t ro l  (P < 0 . 0 5 ) .  The con­

c e n t r a t i o n  o f  complex found a f t e r  24 hours under  s a t u r a t i n g  t o x in  

c o n c e n t r a t i o n s  a t  4°C was 3.19 nM f o r  t h e  r e c e p to r s  t r e a t e d  with 

c o n t ro l  IgG and 2.95 nM f o r  MG-S p r e t r e a t e d  r e c e p t o r s ,  va lues  which 

a r e  not  s i g n i f i c a n t l y  d i f f e r e n t .  Thus,  the  d a ta  show t h a t  MG-S i n ­

h i b i t s  t h e  b ind ing  o f  l a b e l l e d  r e c e p t o r s  t o  Con-A-Sepharose columns, 

and d e c re a s es  t h e  r a t e  o f  t o x in  b ind ing  to  t h e  r e c e p to r s  but  does no t  

a l t e r  the  t o t a l  t o x in  b in d in g  c a p a c i t y  o f  t h e  r e c e p t o r .

13. E f f e c t s  o f  P ro te in -A  p u r i f i e d  myas thenic  IgG c o n ta in in g  

f a c t o r - S  on the  bind ing o f  AChR t o  Con-A-Sepharose

P ro te in -A  p u r i f i e d  IgG f r a c t i o n s  of  p a t i e n t s  M205 and M218 were 

found t o  induce the  same p e rc e n t  i n h i b i t i o n  o f  r e c e p t o r  b ind ing  to  

Con-A-Sepharose columns as t h e  DEAE prepared IgG f r a c t i o n s  o f  the  

same p a t i e n t s  (Table  8 ) when assayed a t  5Q yM IgG. In each case r e -



Table 8

AChR Binding t o  Con-A-Sepharose: E f f e c t  o f  P r e in c u b a t io n  wi th  Myasthenic IgG F r a c t i o n s  

Con ta in ing  MG-S P u r i f i e d  by DEAE-Sephadex o r  P ro te in -A -Sepharose  Chromatography

IgG Source/Method o f  P u r i f i c a t i o n Con-A-Sepharose 

% AChR

Hydroxyl a p a t i t e  

% AChR

Total  Recovery 

% AChR

Control/DEAE 89 11 100

C o n t r o l / P r o t e in - A 87 13 100

M205/DEAE 45 54 99

M205/Protein-A 50 45 95

M218/DEAE 49 47 96

M218/Protein-A 47 58 105

Values a r e  e xpressed  as p e r c e n t  o f  t h e  t o t a l  AChR recovered  fo l lo w in g  t r e a tm e n t  wi th  c o n t r o l  

IgG as  measured by th e  Con-A/HTP cascade  a ssay  method. These d a t a  i n d i c a t e  t h a t  the  DEAE and 

P ro te in -A  p u r i f i c a t i o n  o f  IgG from myasthenic  s e r a  produce e q u i v a l e n t  IgG p r e p a r a t i o n s  c o n t a i n ­

ing the  myas thenic  a n t i - r e c e p t o r  an t ibody  MG-S.
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Figure  16. AChR were t r e a t e d  with c o n t ro l  o r  MG-S IgG f o r  24 

hours p r i o r  t o  t h e  a d d i t i o n  o f  125I-a-BuTx.  Samples taken from 

the  r e a c t i o n  m ix ture  a t  va r ious  t imes were assayed u s ing  the  

Con-A/HTP cascade .  Computer a n a l y s i s  o f  the  d a ta  i n d i c a t e s  t h a t  

the  two component model prov ides  a s i g n i f i c a n t l y  b e t t e r  f i t  to  

t h e  d a ta  f o r  tox in  b ind ing  to  con t ro l  IgG t r e a t e d  AChR binding  

to  Con-A ( t r i a n g l e s )  as wel l as MG-S t r e a t e d  AChR bind ing  t o  Con- 

A ( c i r c l e s )  and HTP ( s q u a r e s ) .  In t h i s  t y p i c a l  exp e r im e n t ,  the  

r a t e  c o n s t a n t s  f o r  c o n t ro l  IgG t r e a t e d  AChR were 8 .2  x 10'+M_1s “ 1 

and 0 .37  x 10tfM“1s “1 . MG-S t r e a t e d  AChR binding  t o  Con-A and 

HTP were found t o  have correspond in g  r a t e  c o n s t a n t s  o f  

6 .2  x 10tfM"1s - 1 and Q.12 x 1Q1+M"1s “1 . No i n h i b i t i o n  o f  t ox in  

b in d in g  ocurred  whi le  45.5% i n h i b i t i o n  o f  AChR b in d in g  to  Con-A- 

Sepharose was found f o r  MG-S t r e a t e d  AChR. S im i l a r  r e s u l t s  

were ob ta in e d  in two o t h e r  experiments  us ing  two d i f f e r e n t  AChR 

p r e p a r a t i o n s  and two d i f f e r e n t  MG-S IgG p r e p a r a t i o n s  ( see  Table  3) .
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Figure  16

K i n e t i c s  o f  125I-ct-BuTx Binding to  MG-S Trea ted  AChR
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c e p to r s  which d id  not  bind to  t h e  Con-A columns were recovered  on the  

HTP columns o f  t h e  cascade .  For both s e r a  f a c t o r - S  a c t i v i t y  was 

e l u t e d  from the  P ro te in -A  columns. No Factor-B a c t i v i t y  was observed 

in  e i t h e r  p r e p a r a t i o n .

14. E f f e c t s  o f  myasthenic  IgG c o n ta i n in g  f a c to r - B  on the 

binding  o f  125I-g-BuTx t o  AChR

Myasthenic IgG c o n ta in in g  f a c t o r - B  (MG-B) caused a dose-depend­

e n t  i n h i b i t i o n  o f  125I-a-BuTx bind ing  to  AChR p re in c u b a te d  with MG-B 

p r i o r  to  l a b e l l i n g  (F ig .  17) .  The maximal i n h i b i t i o n  ob ta ined  was 

30.23 ± 1.85% (ED50 = 5.76 ± 0 .43 yM, H i l l  c o e f f i c i e n t  = 1.95 ± 0 .2 3 ) ,  

as measured by th e  HTP a ssay  method. No i n h i b i t i o n  o f  t o x in  bind ing 

was observed  when r e c e p to r s  were l a b e l l e d  with t o x in  p r i o r  t o  i ncuba ­

t i o n  with MG-B.

15. Apparent  e q u i l i b r i u m  b in d in g  o f  125I-g-BuTx to  AChR: 

e f f e c t s  o f  p r e in c u b a t io n  of  AChR with myasthenic  IgG c o n ta i n in g  f a c to r - B

As d e s c r i b e d  above, the  e q u i l i b r i u m  bind ing  o f  t o x in  t o  r e c e p t o r  

p r e t r e a t e d  with s a l i n e  o r  c o n t r o l  IgG r e s u l t s  in an ap p a re n t  Kg o f  

0 .72  ± 0 .18  nM (F ig .  6 ) and th e  Sca tchard  a n a l y s i s  o f  t h e  d a ta  r e ­

s u l t s  in a s t r a i g h t  l i n e ,  i n d i c a t i n g  th e  p resence  o f  a homogeneous 

popu la t io n  o f  r e c e p t o r s  (F ig .  7 ) .

The appa ren t  Kg ob ta ined  when r e c e p t o r s  were p r e inc uba te d  f o r  

24 hours  wi th  50 yM MG-B p r i o r  t o  l a b e l l i n g  was found t o  be 0 .4  ±

0 .08  nM (F ig .  18) .  The d i f f e r e n c e  in ap p a re n t  Kg was found to  be 

s i g n i f i c a n t l y  d i f f e r e n t  than the  c o n t ro l  (p < 0 . 0 1 ) .  Toxin b inding  

t o  MG-B t r e a t e d  r e c e p to r s  was dec reased  by 31.3 ± 0.5% r e l a t i v e  t o  

c o n t r o l .  Sca tchard  a n a l y s i s  o f  the  d a t a  i n d i c a t e s  the  p resence  o f  a 

homogeneous popu la t io n  o f  r e c e p to r s  (F ig .  19).
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Figure  17. AChR p r e t r e a t e d  w i th  MG-B IgG f o r  24 hours were 

l a b e l l e d  f o r  24 hours  a t  4°C and assayed us ing  th e  HTP column 

method. Data a r e  the  average f o r  f i v e  experiment s  us ing  t h r e e  

d i f f e r e n t  MG-B IgG p r e p a r a t i o n s  and f o u r  AChR p r e p a r a t i o n s .  Bar 

r e p r e s e n t s  average  s t a n d a r d  d e v i a t i o n  of  d a t a  p o i n t s .  The max­

imum i n h i b i t i o n  o f  t o x in  bind ing  was 30.23 ± 1.85% (ED50 =

5.76  ± 0 .43  yM, H i l l  c o e f f i c i e n t  = 1.95 ± 0 .2 3 ) .
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Figure 17

I n h i b i t i o n  o f  I 25 I-a-BuTx Binding t o  MG-B T re a t e d  AChR
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Figure  18. AChR were t r e a t e d  wi th  c o n t r o l  or  MG-B IgG f o r  24 

hours and l a b e l l e d  with va ry ing c o n c e n t r a t i o n s  o f  125I-a-BuTx 

f o r  a n o th e r  24 hours a t  4°C. All samples were assayed us ing  

t h e  HTP column method. Kgapp in This t y p i c a l  experiment  was 

0 .4  nM f o r  MG-B t r e a t e d  AChR ( c lo s e d  diamonds) and 0.6  nM f o r  

c o n t ro l  IgG t r e a t e d  AChR (open diamonds) .  In a d d i t i o n ,  31.5% 

i n h i b i t i o n  o f  t o x in  b ind ing  to  MG-B t r e a t e d  AChR was observed .  

S i m i l a r  r e s u l t s  were ob ta in e d  in two o t h e r  expe riment s  using 

two d i f f e r e n t  AChR p r e p a r a t i o n s  and two d i f f e r e n t  MG-B IgG 

p r e p a r a t i o n s .
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Figure 19 . Sca tchard  a n a l y s i s  o f  t h e  d a ta  shown in Fig.  18 

i n d i c a t e s  t h e  presence  o f  a homogeneous popu la t ion  o f  AChR f o r  

both c o n t ro l  ( squa res )  and MG-B ( c i r c l e s )  t r e a t e d  AChR. The 

mean Kga pp f o r  MG-B IgG t r e a t e d  AChR (0 .4  ± 0.08  nM) was found 

t o  be s i g n i f i c a n t l y  d i f f e r e n t  (P < .0 1 ,  us ing th e  t w o - t a i l e d  

S t u d e n t ' s  t - t e s t )  than t h e  mean Kgapp f o r  con t ro l  AChR 

(0 .72 ± 0.18  nM).
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Figure 19
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16. E f f e c t s  o f  P ro te in -A  p u r i f i e d  myas thenic  IgG c o n ta in in g  

fa c to r - B  on the  b inding  o f  125I-a-BuTx t o  AChR

Pro te in -A  p u r i f i e d  IgG f r a c t i o n s  were p repared  from the  s e r a  of  

t h r e e  p a t i e n t s  (M250, M108, Ml74) p r e v i o u s ly  shown to  have f a c t o r - B .  

The P ro te in -A  p u r i f i e d  IgG f r a c t i o n s  from two of  t h e s e  t h r e e  p a t i e n t s ,  

M250, M108, e x h ib i t e d  the  same p e rc e n t  maximum i n h i b i t i o n  o f  tox in  

binding  as the  DEAE p u r i f i e d  IgG f r a c t i o n s  when t e s t e d  a t  50 yM 

(Table  9 ) .  P u r i f i c a t i o n  o f  DEAE prepared  IgG and the  serum o f  pa­

t i e n t  M250 us ing  P ro te in -A -Sepharose  a f f i n i t y  chromatography r e s u l t e d  

in f r a c t i o n s  o f  equal IgG c o n te n t  and e q u i v a l e n t  i n h i b i t o r y  a c t i v i t y .  

This  i n d i c a t e s  t h a t  the  P ro te in -A  and DEAE p u r i f i e d  IgG p r e p a r a t i o n s  

a re  e q u i v a l e n t .

All o f  the  f a c t o r - B  a c t i v i t y  found in t h e s e  t h r e e  p r e p a r a t i o n s  

was a s s o c i a t e d  wi th  the  f i r s t  a c e t a t e  f r a c t i o n  e l u t e d  from the  Pro­

t e in - A  column. No a c t i v i t y  was found in  t h e  phosphate  f r a c t i o n s  nor  

any o f  t h e  o t h e r  a c e t a t e  f r a c t i o n s .

The t h i r d  P ro te in -A  p r e p a r a t i o n  (Ml74) r e s u l t e d  in  an IgG f r a c ­

t i o n  capab le  of  i n h i b i t i n g  100% o f  t h e  r e c e p to r s  from bind ing  t o x in  

when t e s t e d  a t  50 yM IgG (Table  9 ) .  A d e t a i l e d  dose - re sponse  curve 

showed t h a t  the  ED50 ( 7 . 8  ± 0 .6  yM) and H i l l  c o e f f i c i e n t  (1 .9  ± 0 .24)  

f o r  the  i n h i b i t i o n  o f  t o x in  b in d in g  were the  same as t h o se  found f o r  

t h e  DEAE p u r i f i e d  IgG f r a c t i o n s  (F ig .  20) .  The p e rc e n t  maximum i n ­

h i b i t i o n  us ing  MG-B-174 was 103 ± 4.7%, in c o n t r a s t  t o  30.2 ± 1.85% 

f o r  the  DEAE p u r i f i e d  IgG f r a c t i o n s  from M90, Ml08 and M250, as  well  

as P ro te in -A  p u r i f i e d  M250. The i n h i b i t o r y  a c t i v i t y  was a s s o c i a t e d  

with the  f i r s t  and second a c e t a t e  f r a c t i o n s  e l u t e d  from the  P ro te in -A  

column. No i n h i b i t i o n  o f  t o x i n  b ind ing  was observed with any o f  t h e
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Table 9

I n h i b i t i o n  o f  Toxin Binding to  AChR: Comparison o f  E f f e c t s

o f  P re t r e a tm e n t  with MG-B P u r i f i e d  by DEAE-Sephadex o r  P r o t e i n -  

A-Sepharose Chromatography

MG-B Source P u r i f i c a t i o n  Method % Maximum I n h i b i t i o n  o f  Toxin 

Binding to  AChR

M250 serum DEAE 29 .0  ± 4.1

M250 serum P ro te in -A 31 .5  ± 3.2

M250 DEAE IgG Pro te in -A 30.0 ± 1.9

Ml 08 DEAE 32.0  ± 2 .4

Ml 08 Pro te in -A 29 .0  ± 5.0

Ml 74 Pro te in -A 103-0 ± 7.1

All IgG p r e p a r a t i o n s  were t e s t e d  a t  50 pM IgG us ing  AChR l a b e l l e d  a f t e r  

exposure to  MG-B. All samples were assayed us ing  the  HTP column method. 

The va lues  a re  expressed  as  pe rc e n t  maximum i n h i b i t i o n  o f  t o x in  bind ing 

to  AChR with r e s p e c t  to  bind ing  o f  t o x in  t o  AChR t r e a t e d  with con t ro l  

IgG, and a re  t h e  average (± S.D.)  o f  t h r e e  exper imen ts .
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Figure  20 . AChR were incuba ted  wi th  vary ing  c o n c n e t r a t i o n s  

Pro te in -A -S epharose  p u r i f i e d  MG-B-174 f o r  24 hours and l a b e l l e d  

wi th  125I-a-BuTx f o r  a n o th e r  24 hours .  All samples were a s ­

sayed us ing  th e  HTP column method. The maximum p e rc e n t  i n h i b i ­

t i o n  o f  t o x in  b in d in g  was 103 ± 4.7% (ED50 = 7 .8  ± 0 .6  pM, H i l l  

c o e f f i c i e n t  = 1.90 ± 0 .2 4 ) .  Data a r e  t h e  average  o f  t h r e e  ex­

per iments  u s ing  two d i f f e r e n t  r e c e p t o r  p r e p a r a t i o n s .
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Figure 20

E f f e c t s  o f  P ro te in -A -S epharose  P u r i f i e d  

MG-B-174 on t h e  Binding o f  125I-a-BuTx to  AChR
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above IgG p r e p a r a t i o n s  when the  r e c e p to r s  were l a b e l l e d  with tox in  

p r i o r  to  incuba t ion  wi th  IgG. At each c o n c e n t r a t i o n  o f  Ml74 Pro te in -A 

p u r i f i e d  IgG t e s t e d ,  i t  was not  p o s s ib l e  to  immunoprec ip i t a te  l a b e l ­

led r e c e p t o r s  r e g a r d l e s s  of  whether  the  AChR were incuba ted with MG-B 

be fo re  or  a f t e r  l a b e l l i n g  with t o x i n .  Thus, the  P ro te in -A  p u r i f i e d  

IgG f r a c t i o n  o f  Ml74, u n l ike  M250 and Ml08,  c o n ta in s  no MG-I. Fur­

th erm ore ,  when assayed on th e  Con-A/HTP c a sc a de ,  no i n c r e a s e  in t h e  

p e rc e n t  of  AChR binding  to the  HTP columns, r e l a t i v e  to  c o n t r o l ,  was 

noted a t  any c o n c e n t r a t i o n  o f  MG-B-174 t e s t e d .  This  s t r o n g l y  suggest s  

t h a t  no f a c t o r - S  i s  p r e s e n t  in the  P ro te in -A  p u r i f i e d  IgG f r a c t i o n  

o f  Ml74. T h e r e f o r e ,  the  serum o f  p a t i e n t  M174 i s  unique in t h a t  i t  

c o n ta i n s  only MG-B.

17. Binding o f  Lens c u l i n a r i s  p u r i f i e d  AChR t o  the  Con-A/HTP 

cascade :  e f f e c t s  o f  incu b a t io n  wi th  MG-B or  MG-S

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

i n cuba t ion  with MG-B and MG-S than has been observed f o r  hydroxy l - 

a p a t i t e  p u r i f i e d  AChR (Table  10) . No i n h i b i t i o n  o f  t ox in  bind ing  i s  

observed when LCA AChR a re  incuba ted  wi th  MG-B p r i o r  t o  l a b e l l i n g .

The c o n c e n t r a t i o n  o f  MG-B used was 10 t imes g r e a t e r  than th e  ED50 

found f o r  i n h i b i t i o n  o f  t o x in  b ind ing  to  hydroxyl a p a t i t e  p u r i f i e d  

r e c e p t o r s .

MG-S t r e a t e d  LCA p u r i f i e d  r e c e p t o r s  showed a 50% maximum i n h i ­

b i t i o n  o f  t o x i n - r e c e p t o r  an t ibody  complex b in d in g  to  Con-A-Sepharose,  

wi th  complete recovery  o f  t h e  d i s p l a c e d  complexes on the  HTP column 

o f  t h e  cascade .  The 50% maximum i n h i b i t i o n  was observed f o r  r e c e p to r s  

exposed t o  MG-S p r i o r  to  or  a f t e r  l a b e l l i n g .  E a r l i e r  experiments  

u s ing  HTP p repared  AChR showed t h a t  MG-S induced a 54 .8  ± 4.4% and
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Table 10

E f f e c t s  o f  MG-S and MG-B on AChR Prepared Using 

HTP o r  LCA Chromatography: Comparison o f  Pre versus  P o s t l a b e l l e d  AChR

Receptor

P r e p a r a t i  on/Label 1 i ng

MG-S % I n h i b i t i o n  of  AChR 

Binding t o  Con-A-Sepharose

MG-B % I n h i b i t i o n  o f  

a-BuTx Binding to  AChR

HTP/P re labe l led 22 .8  ± 0 .7 0

HT P/P os t labe l led 54 .8  ± 4 .4 30.2  ± 1.9

LCA/Prelabel led 46 .0  ± 2.9 0

LCA/Post l abel led 49.0  ± 5.7 0

HTP o r  LCA prepared  AChR were l a b e l l e d  p r i o r  t o  o r  a f t e r  exposure to  

44 uM MG-S o r  MG-B. AChR t r e a t e d  wi th  MG-S were assayed us ing  the  Con-A/ 

HTP cascade .  All MG-S t r e a t e d  samples e x h i b i t e d  100% rec ove ry  o f  AChR 

i n h i b i t e d  from bind ing  t o  Con-A-Sepharose on th e  HTP column o f  the  c a s ­

cade.  Receptors  t r e a t e d  wi th  MG-B were assayed us ing t h e  HTP column 

method. All va lues  shown a re  r e l a t i v e  t o  those  ob ta ined  f o r  AChR t r e a t e d  

with c o n t r o l  IgG, and a re  the  average (± S.D.)  f o r  fo u r  experiments .
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22 .8  ± 0.7% i n h i b i t i o n  o f  complex b inding  to  Con-A-Sepharose f o r  

p o s t -  and p r e l a b e l l e d  AChR, r e s p e c t i v e l y .

18. K in e t i c s  o f  125I-a-BuTx b ind ing  to  LCA p u r i f i e d  AChR: 

e f f e c t s  o f  p r e in c u b a t io n  wi th  MG-S

As noted p r e v i o u s l y ,  t h e  bind ing  of  t o x in  to  LCA p u r i f i e d  AChR 

can be d e s c r ib e d  by a s i n g l e  r a t e  c o n s t a n t ,  11 .8  ± 1.0  x 10ltM- 1s “ 1 

(Table  3 ,  Fig.  9 ) .  The a s s o c i a t i o n  r a t e  c o n s t a n t  ob ta ined  f o r  Lens 

p u r i f i e d  r e c e p t o r s  p r e t r e a t e d  wi th  MG-S, f o r  r e c e p to r s  b in d in g  t o  

Con-A-Sepharose and HTP, was 8 .0  ± 0 .4  x lO^M ^s" 1 (F ig .  21) .  This  

va lue  i s  s i g n i f i c a n t l y  s m a l l e r  than  t h a t  ob ta in e d  f o r  Lens AChR p r e ­

t r e a t e d  in  s a l i n e  o r  c o n t ro l  IgG (P < .0 5 ) .  Complex b in d in g  t o  Con- 

A-Sepharose was i n h i b i t e d  by 52.2%. This  i s  s i m i l a r  to  MG-S p r e t r e a t ­

ment o f  hydroxyl a p a t i t e  AChR, in  t h a t  t h e  r a t e  o f  the  t o x in  b inding  

f o r  each s i t e  was slowed by MG-S and Con-A-Sepharose b ind ing  was i n ­

h i b i t e d  by approx im ate ly  50%. The obvious d i f f e r e n c e  i s  t h e  absence 

o f  the  slow t o x in  bind ing  s i t e .

19. I n t e r a c t i o n  o f  Concanaval in-A and myasthenic  IgG con­

t a i n i n g  f a c t o r - I  with l a b e l l e d  AChR

Pre in c u b a t io n  o f  l a b e l l e d  r e c e p to r s  wi th  Con-A p r i o r  t o  incuba­

t i o n  with MG-I, o r  MG-I p r i o r  to  Con-A, r e s u l t s  in  immunoprec ipi ta-  

t i o n  o f  100% o f  t h e  r e c e p t o r s  when e i t h e r  an t i -Con-A a n t i  serum or  

anti -human IgG a re  added (Table  11).  These r e s u l t s  i n d i c a t e  t h a t  

the  b ind ing  s i t e s  f o r  Con-A and MG-I on the  AChR a re  independent  and 

s e p a r a t e  e n t i t i e s ,  and a l s o  a r e  d i f f e r e n t  from the  t o x in - b in d i n g  s i t e s .

An i n t e r e s t i n g  o b s e rv a t io n  was made in t h e s e  expe r im en t s .  As e x ­

pe c te d ,  no immunoprec ip i ta t ion  occur red  with anti -human IgG when r e ­

c e p to r s  were t r e a t e d  with e i t h e r  Con-A o r  c o n t r o l  IgG. I t  was no t ed ,
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Figure 21 . LCA p u r i f i e d  AChR were t r e a t e d  wi th  MG-S IgG f o r  24 

hours p r i o r  t o  l a b e l l i n g  with 125I-a-BuTx.  Samples were removed from 

t h e  r e a c t i o n  m ix ture  a t  va r ious  t imes and assayed us ing  the  Con- 

A/HTP cascade  method. AChR t r e a t e d  with c o n t ro l  IgG bound s o l e ­

l y  t o  t h e  Con-A column. Toxin b in d in g  to  t h es e  r e c e p t o r s  as 

wel l as those  t r e a t e d  wi th  MG-S and bind ing  to  Con-A o r  HTP, i s  

b e s t  d e s c r ib ed  by a one component model . In t h i s  t y p i c a l  e x p e r i ­

ment ,  the  r a t e  c o n s t a n t  f o r  the  c o n t ro l  IgG t r e a t e d  AChR was 

12.1 x 10ltM- 1s ” 1 (diamonds) ,  whi le  t h e  r a t e  c o n s t a n t  f o r  MG-S 

t r e a t e d  AChR b in d in g  to  Con-A ( t r i a n g l e s )  and HTP ( c i r c l e s )  was

7.8  x 10i+M"1s - 1 . S im i l a r  r e s u l t s  were ob ta ined  in two o t h e r  

experiments  us ing  two d i f f e r e n t  MG-S IgG p r e p a r a t i o n s  and two 

d i f f e r e n t  LCA p u r i f i e d  AChR p r e p a r a t i o n s .
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Figure 21

K in e t i c s  o f  125I-a-BuTx Binding t o  LCA 
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Table 11 . Samples incuba ted  in p resence  o r  absence o f  10 mM 

a-methyl-mannoside p r i o r  t o  va r io u s  t r e a tm e n t  schedu les  were 

d iv ided  f o r  a s sa y  on HTP columns, and immunoprec ip i t a t ion by a n t i ­

human IgG or  an t i -Con-A a n t i  s e r a .  The va lues  shown a re  the  a v e r ­

age (± S.D.)  f o r  t h r e e  experiment s  us ing  t h r e e  d i f f e r e n t  r e c e p t o r  

p r e p a r a t i o n s  and a re  r e l a t i v e  t o  the  t o t a l  AChR-toxin complex 

found us ing  the  HTP a s sa y  f o r  AChR t r e a t e d  with s a l i n e  o r  con t ro l  

IgG.



Table  11

I n t e r a c t i o n  o f  Con-A and MG-I wi th  125I-a-BuTx Labe l l ed  AChR: 

Comparison o f  Immunoprec ip i ta t ion  by Anti-Con-A o r  Anti-Human IgG

Treatment  % Immunoprec ip i t a t ion

Anti-Human IgG Anti-Con-A

mannoside (lOmM) no mannoside mannoside (lOmM) no mannoside

S a l i  ne 0 + 0 0 + 0 0 + 0 0 ± 0

Con-A 2 .3 + 2 .0 6 .5 1 .5 94.0 + 14.0 113.0 ± 3 .0

Normal IgG 0 0 0 + 0 1.7 + 2 .4 0 ± 0

MG-I 111.0 + 9 .4 117.5 + 2.5 1.3 + 1 .9 0 ± 0

Con-A/Normal IgG 9 .3 + 7.0 107.0 + 3 .0 104.0 + 8 .8 103.5 ± 2 .5

Con-A/MG-I 97.0 + 5.9 99.5 + 18.0 95.7 ± 13.1 104.0 ± 1.0

Normal IgG/Con-A 5.3 + 5.0 98.0 + 8 .0 86 .0 ± 12.0 103.5 ± 5.5

MG-I/Con-A 94.2 + 3.1 107.0 + 9 .0 93.0 ± 7.0 104.0 ± 6 .0
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however,  t h a t  r e c e p to r s  t r e a t e d  with Con-A fol lowed by con t ro l  IgG, 

or  v ice  v e r s a ,  were comple te ly  immunoprec ip i t a ted with ant i-human IgG. 

This  could r e s u l t  only from a c r o s s - l i n k i n g  by Con-A between the  r e ­

c e p to r s  and c o n t ro l  IgG s in c e  t h e  c o n t r o l  IgG con ta ined  no a n t i b o d ie s  

which recognized  AChR. This  e f f e c t  was a b o l i she d  by adding 10 mM 

a-methyl-D-mannoside t o  the  in cu b a t io n  p r i o r  t o  the  a d d i t i o n  o f  

e i t h e r  Con-A o r  IgG. This c o n c e n t r a t i o n  o f  mannoside was s u f f i c i e n t  

to  i n t e r f e r e  wi th  t h e  Con-A IgG i n t e r a c t i o n ,  thus  p reven t ing  the  

c r o s s - l i n k i n g .  I t  d id  not  a l t e r  t h e  Con-A r e c e p t o r  i n t e r a c t i o n ,  s inc e  

100% o f  the  AChR-Con-A complexes were p r e c i p i t a t e d  by an t i -Con-A in 

the  p resence  o f  mannoside. I n h i b i t i o n  o f  Con-A b ind ing  to  AChR r e ­

q u i r e s  a t  l e a s t  150 mM mannoside (Brockes and H a l l ,  1975b).  The 

Con-A-IgG i n t e r a c t i o n  had no e f f e c t  on t h e  HTP a ssay  nor  immunopre- 

c i p i t a t d o n  with an t i -Con-A a n t i  serum.

20. I n t e r a c t i o n  o f  Concanaval in-A and myas thenic  IgG con­

t a i n i n g  f a c t o r - B  wi th  AChR: e f f e c t s  on t h e  b ind ing  o f  125I-g-BuTx

t o  AChR

P r e in c u b a t io n  o f  AChR with 15 yM Con-A o r  50 yM MG-S s e p a r a t e l y  

r e s u l t s  in a 39.5 ± 3.4% and 28 ± 3.5% i n h i b i t i o n  o f  t o x in  bind ing 

to  AChR r e s p e c t i v e l y .  These va lues  compare wel l with the  values  

found f o r  Con-A and MG-B induced i n h i b i t i o n  o f  t o x in  b in d in g  (Table 

12) .  However, Con-A and MG-B t o g e t h e r  produce approx imate ly  a 70% 

i n h i b i t i o n  o f  t o x in  b in d in g ,  r e g a r d l e s s  o f  the  o rd e r  o f  i n c u b a t io n .

No i n h i b i t i o n  was observed when p r e l a b e l l e d  AChR were t r e a t e d  s im i ­

l a r l y .  These r e s u l t s  i n d i c a t e  t h a t  the  e f f e c t s  o f  Con-A and MG-B 

a re  mediated through s e p a r a t e  and independent  b ind ing  s i t e s  and a re  

a d d i t i v e .
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Table 12

I n t e r a c t i o n  of  Con-A and MG-B with AChR: 

E f f e c t s  on Binding o f  125I-a-BuTx to  AChR

Treatment  % I n h i b i t i o n  of  Toxin Binding

to AChR

S a l ine 0

Control  IgG 0

Con-A 39.5 ± 3 .4

MG-B 2 8 .G ± 3 .5

Con-A fol lowed by Control IgG 4 2 .Q ± 5.1

Con-A fo l lowed by MG-B 71.0 ± 4 .8

Control  IgG fol lowed by Con-A 37.0 ± 2 .8

MG-B fol lowed by Con-A 69.0 ± 7.2

The va lues  a re  the  average (± S.D.)  f o r  t h r e e  experiments  with t h r e e  

d i f f e r e n t  AChR p r e p a r a t i o n s .  All samples were assayed us ing the  HTP 

column method.
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V. DISCUSSION

The g lycop ro te in  n a tu re  o f  the  n i c o t i n i c  AChR has been wel l 

e s t a b l i s h e d  by s evera l  i n v e s t i g a t o r s  (Meunier e t  a l . ,  1974; Mattson 

and Hei lb ronn,  1975; Vandlen e t  a l . ,  1976; Brockes and H a l l ,  1975b). 

The a b i l i t y  o f  Con-A to  bind to  the  r e c e p t o r ,  i n d i c a t i n g  the  p resence  

o f  ct-D-mannoside and a -D -g lucos ide  r e s i d u e s  (Sharon and L i s ,  1972) , 

has been e x p l o i t e d  to  p u r i f y  t h e  r e c e p to r  by means of  a f f i n i t y  chrom­

a tography (Almon and Appel,  1976; Froehner  e t  a l . ,  1977a; Shorr  e t  

a l . ,  1978) and to  assay  the  b ind ing  o f  r a d i o a c t i v e  l igands  to  the  

r e c e p t o r  (Mit tag e t  a l . ,  1976; Hall and Re iness ,  1977).

The p ro p e r ty  o f  the  AChR to bind l e c t i n s  has been used in t h i s  

s tudy  to  demons tra te  t h e  e x i s t e n c e  and s e p a r a t i o n  of  two d i s t i n c t  

p o p u la t ions  o f  a-BuTx b ind ing  s i t e s  in s o l u b i l i z e d  AChR e x t r a c t e d  

from de nerva ted  r a t  hindlimb muscle .  The 41% maximal i n h i b i t i o n  o f  

t o x in  b ind ing  t o  r e c e p t o r s  p re incuba ted  with s o lu b l e  Con-A (F ig .  2) 

sugges t s  the  p resence  o f  two forms o f  t o x in  b in d in g  s i t e s ,  each com­

p r i s i n g  approx imate ly  h a l f  o f  the  t o t a l  number o f  s i t e s ,  one s e n s i ­

t i v e  and the  o t h e r  no t  s e n s i t i v e  to  Con-A i n h i b i t i o n  of  t o x in  b ind ­

ing .  This f in d in g  i s  in  agreement  with t h a t  o f  Meunier e t  a l .  (1974) ,  

who demons tra ted  a p a r t i a l  i n h i b i t i o n  by Con-A (60%) o f  a -n e u ro to x in  

b inding t o  a h igh ly  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  e x t r a c t e d  from 

the  e l e c t r i c  organ o f  E lec t rophorous  e l e c t r i u s . They sugges ted  t h a t  

incomplete  i n h i b i t i o n  o f  t o x in  b inding  might  be due to  the  h e t e r o ­

g e n e i t y  o f  the  c a rbohyd ra te  moiety of  the  r e c e p t o r .  However, Almon 

and Appel (1976) r e p o r t e d  t h a t  0.1 yM Con-A comple te ly  i n h i b i t e d  a -  

BuTx b inding to  s o l u b i l i z e d  r e c e p t o r  e x t r a c t e d  from denerva ted  r a t  

hindl imb muscle .
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The b lockade  o f  t o x in  b ind ing  to  AChR produced by Con-A i s  ap­

p a r e n t l y  i r r e v e r s i b l e .  No r e v e r s a l  o f  i n h i b i t i o n  i s  ob ta ined  a f t e r  

24 hours  i ncuba t ion  o f  Con-A t r e a t e d  r e c e p to r s  with a-BuTx a t  con­

c e n t r a t i o n s  g r e a t e r  than  60 t imes i t s  KQapp (F ig .  7 ) .  Thus,  t h e r e  

appears  t o  be no d i s s o c i a t i o n  o f  Con-A from the  r e c e p t o r  dur ing t h i s  

t ime and the  blockade o f  t o x in  b ind ing  by Con-A i s  f o r  p r a c t i c a l  pu r ­

poses i r r e v e r s i b l e .  Fur thermore ,  as shown in Fig. 2, the  i n h i b i t i o n  

o f  t o x in  b ind ing  produced by Con-A occurs  only i f  the  r e c e p to r s  have 

not  been l a b e l l e d  wi th  t o x i n .  Such f i n d i n g s  could r e s u l t  from e i t h e r  

s t e r i c  or  a l l o s t e r i c  i n h i b i t i o n  o f  t o x in  b in d in g  by the  i n t e r a c t i o n  

o f  Con-A wi th  t h e  AChR.

S t e r i c  h inderance  d i r e c t l y  a t  t h e  t o x in  b in d in g  s i t e  o r  from a 

ne ighbor ing  s i t e  ( i . e . ,  i r r e v e r s i b l e  s i t e - d i r e c t e d  i n h i b i t i o n )  i s  

c once ivab le  s i n c e ,  a t  pH 7 . 4 ,  Con-A e x i s t s  as a t e t r a m e r  o f  110,000 

MW (.Sumner e t  a l . ,  1938) . The bind ing  o f  such a l a r g e  molecule  nea r  

the  t o x in  b in d in g  s i t e  could e a s i l y  deny to x in  access  t o  the  r ec e p ­

t o r ,  a view a l s o  he ld  by Almon and Appel (1976) .  An a l l o s t e r i c  e f ­

f e c t  mediated by a conformat iona l  change induced by Con-A binding  

cannot  be ru le d  ou t .  Changes in the  conformation  o f  the  r e c e p t o r  

complex upon b inding l ig a n d s  have been r e p o r t e d  f o r  s o l u b i l i z e d  and 

membrane bound AChR e x t r a c t e d  from Torpedo c a l i f o r n i c a  (Witzeman and 

R a f t e r y ,  1978) . They sugges ted  t h a t  confo rmat iona l  changes a t  the  

40,000 d a l to n  s u b u n i t  ( i . e . ,  t h a t  s u b u n i t  known to  bind a-BuTx) upon 

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

t u r a l  changes t h a t  invo lve  s u b u n i t s  o f  h ig h e r  m o lecu la r  weigh t .

These h ig h e r  m o le c u la r  weight  s u b u n i t s  a r e  t h e r e f o r e  though t  t o  be­

long to  a sup ram olecu la r  complex o f  i n t e r a c t i n g  p o ly p ep t id e s  asso -
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d a t e d  with the  p o s t s y n a p t i c  membrane. S im i la r  r e s u l t s  s ugges t ing  

major conformat iona l  changes have been found in  t h i s  s tudy  using 

AChR e x t r a c t e d  from denerva ted  r a t  muscle .  Unlabe l l ed  AChR can 

r e a d i l y  be e l u t e d  from s p he ro ida l  hydroxyl  a p a t i t e  columns with 150 mM 

Na/PO^ b u f f e r ,  as observed in t h e  r e c e p to r  p r e p a r a t i o n s  ( see  Methods) , 

bu t  t o x in  l a b e l l e d  r e c e p to r s  bind so t i g h t l y  t h a t  they cannot  be 

e l u t e d  with Na/POi* o r  Na/K/POt* b u f f e r  a t  c o n c e n t r a t i o n s  up to  2 M 

(M i t ta g ,  Massa and Gross ,  u n p u b l i s h e d ) .  Toxin i t s e l f  does not  bind 

to  HTP. The same e f f e c t  has been noted f o r  b ind ing  o f  AChR to  Con-A- 

Sepharose and Lens c u l i n a r i s - A g a r o s e  a f f i n i t y  columns. Unlabe l l ed  

r e c e p t o r s  can be p a r t i a l l y  e l u t e d  wi th  mannose from Con-A and LCA 

columns, bu t  t o x in  l a b e l l e d  AChR cannot  (Mit tag  and Gross ,  u n p u b l i sh ­

ed ) .  These d i f f e r e n c e s  in  the  i n t e r a c t i o n  o f  AChR with l e c t i n s  and 

HTP may r e s u l t  from conformat iona l  changes in t h e  r e c e p t o r  induced 

by a-BuTx b ind ing .

I t  i s  no t  known p r e s e n t l y  whe ther  the  b in d in g  o f  l igands  (such 

as  Con-A o r  a n t i b o d i e s )  t o  the  h ig h e r  m ole cu la r  we ight  s u b u n i t s  o f  

the  r e c e p t o r  a f f e c t s  c h o l i n e r g i c  l iga nd  bind ing a t  the  40,000 dal ton 

s u b u n i t .  Also ,  i t  i s  no t  known t o  which s u b u n i t ( s )  Con-A b inds.  I t  

i s  p o s s ib l e  t h a t  Con-A b ind ing  t o  the  40,000 dal ton sub u n i t  and /o r  

one ( o r  more) o f  t h e  h ig h e r  m o lecu la r  weight  s u b un i t s  induces a con­

fo rm ationa l  change a t  the  t ox in  b in d in g  s i t e  t h a t  r e s u l t s  in  blockade 

o f  t o x i n .  An a l l o s t e r i c  mechanism f o r  the Con-A i n h i b i t i o n  o f  t o x in  

bind ing i s  no t  u n reasonab le ,  e s p e c i a l l y  i f  one con s id e r s  the  AChR to  

be a r e g u l a t o r y  p r o t e i n  c o n t r o l l i n g  th e  f l u x  o f  ions  a c ro s s  the  p o s t ­

s y n a p t i c  membrane. A l l o s t e r i c  i n h i b i t i o n  o f  enzymes which c a t a ly z e  

the  r a t e  l i m i t i n g  s t e p  in a m u l t i - s t e p  m etabo l i c  pathway i s  a well
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known phenomenon ( P i s z k i e w i s z ,  1977).

The p r e s e n t  experiment s  do n o t  a l low a d i s t i n c t i o n  to  be made 

between th e s e  two p o s s i b i l i t i e s ,  i . e . ,  between s t e r i c  o r  a l l o s t e r i c  

i n h i b i t i o n .  At f i r s t  g l a n c e ,  the  r e s u l t s  o f  the  immunoprec ip i t a t ion 

experiment s  us ing  anti -Con-A appear  t o  i n d i c a t e  t h a t  Con-A i s  capable  

o f  b ind ing  to  l a b e l l e d  r e c e p t o r s  in the  same manner as u n l a b e l l e d  

r e c e p t o r s  (F ig .  2 and 3 ) ,  sugges t ing  t h a t  Con-A and t o x in  a re  not  

m u tu a l ly  e x c lu s i v e  and t h a t  the  i n h i b i t i o n  o f  t o x in  bind ing  r e s u l t s  

from a Con-A induced a l l o s t e r i c  a l t e r a t i o n  o f  t h e  r e c e p t o r .  However, 

as w i l l  be d i sc usse d  below, the  r e c e p t o r  possesses  s evera l  Con-A 

bind ing  s i t e s  and i t  i s  t h e r e f o r e  p o s s ib l e  t h a t  one o f  these  s i t e s  

could corre spond to  the  t o x in  b in d in g  s i t e  ( o r  a c l o s e l y  ne ighbor ing 

s i t e )  f o r  those  r e c e p t o r s  whose t o x in  bind ing c a p a c i t y  i s  a f f e c t e d  

by Con-A.

Comparison o f  the  a ppa ren t  e q u i l i b r i u m  binding  o f  tox in  t o  AChR 

p r e - t r e a t e d  with normal s a l i n e  ve rsus  Con-A i n d i c a t e s  not  on ly  a de­

c re a s e  in the  t o t a l  t o x in  b in d in g  c a p a c i ty  o f  the  Con-A t r e a t e d  r e ­

c e p to r s  (F ig .  6 and 7 ) ,  but  a l s o  an i n c r e a s e  in t h e  a ppa ren t  KQ o f  

those  r e c e p to r s  s t i l l  capab le  o f  b inding  t o x i n ,  i . e . ,  Con-A-receptor  

complexes (F ig .  7 ) .  Since i t  appears  t h a t  two pop u la t io n s  o f  r e c e p t o r  

a re  p r e s e n t  based on d i f f e r e n c e s  in response  to  s o lu b l e  Con-A, the  

q u e s t i o n ,  a r i s e s  whether  the  i n c r e a s e  in a ppa ren t  o f  t h e  Con-A- 

r e c e p t o r  complexes which a re  s t i l l  a b le  t o  bind t o x in  i s  due t o  the  

e l i m i n a t i o n  o f  one c l a s s  o f  r e c e p t o r s  with a lower from the  t ox in  

b ind ing  r e a c t i o n .  A l t e r n a t i v e l y  a c o n fo rm a t io n a l ly  induced change 

may d e c rease  the  a f f i n i t y  o f  the  Con-A-receptor  complexes f o r  to x in .  

This  que s t ion  cannot  be r e so lve d  using e q u i l i b r i u m  bind ing  techniques
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and w i l l  be t e m p o r a r i l y  d e f e r r e d  t o  in t ro d u c e  d i s c u s s i o n  o f  the 

k i n e t i c s  o f  t o x in  b in d in g  t o  r e c e p t o r s  p r e t r e a t e d  with s a l i n e / o r  

Con-A.

The f a c t  t h a t  approx imate ly  h a l f  o f  t h e  t o x in  b ind ing  s i t e s  

could be i n h i b i t e d  by s o lu b l e  Con-A and t h a t  the  r e c e p t o r  i s  a 

g l y c o p r o t e i n  suggested t h a t  the  two forms o f  b inding  s i t e s  might  

be se p a r a b le  us ing  l e c t i n  a f f i n i t y  column chromatography. Lens 

c u l i n a r i s - A g r o s e  (LCA) was chosen f o r  t h i s  purpose in p r e f e re n c e  t o  

Con-A-Sepharose.  Although Con-A and Lens c u l i n a r i s  sha re  the  same 

ca rbohydra te  s p e c i f i c i t y ,  i . e . ,  a-D-mannose and a-D-g lucose  r e s id u e s  

(L is  and Sharon,  1973; Hayman e t  a l . ,  1973) ,  Lens c u l i n a r i s  binds 

t h e s e  r e s i d u e s  in a more r e v e r s i b l e  manner (Kinzel  e t  a l . ,  1976).  

Comparison o f  the  e l u t i o n  o f  r e c e p t o r s  from LCA and Con-A-Sepharose 

a f f i n i t y  columns confirms  t h i s  p o i n t  (.Fig- 22) .  The l e s s  t i g h t l y  

bound r e c e p t o r s  a r e  e l u t e d  from LCA w i th in  12 hours with a .5 M a- 

methyl-mannoside s o l u t i o n ,  whereas  e l u t i o n  from Con-A-Sepharose r e ­

q u i r e s  s evera l  days (Mi t tag and Gross ,  unpub l i she d ) .

LCA a f f i n i t y  column chromatography o f  h y d r o x y l a p a t i t e  p u r i f i e d  

r e c e p t o r s  r e s u l t s  in  t h e  e l u t i o n  o f  52% o f  t h e  a p p l i e d  r e c e p t o r s ;  

th e  remainder  a r e  t i g h t l y  bound. The e lu t e d  r e c e p t o r s  appear  t o  be 

homogeneous, as a l l  a re  s u s c e p t ib l e  t o  i n h i b i t i o n  o f  t o x in  binding 

by s o lu b l e  Con-A, as c o n t r a s t e d  wi th  only h a l f  o f  t h e  h y d r o x y la p a t i t e  

prepared  r e c e p t o r s  (F ig .  8 ) .  F u r th e r  ev idence  confirming  the  homo- 

g e n ie t y  o f  t h e  LCA p u r i f i e d  r e c e p t o r s  was ob ta ined  by comparing th e  

k i n e t i c s  o f  t o x in  a s s o c i a t i o n  and d i s s o c i a t i o n  o f  LCA and hydroxyl ­

a p a t i t e  AChR p r e p a r a t i o n s .

The b inding  o f  t o x in  t o  HTP prepared  AChR occurs  by two k i n e t i c a l -
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Figure  22 . HTP prepared  AChR were r e c i r c u l a t e d  through LCA or  Con-A 

a f f i n i t y  columns f o r  24 hours  a t  4°C. Receptors bound to  these  

columns were e lu t e d  with 0 .5  M a-D-mannose and 1% T r i to n  X-100 onto 

HTP columns and l a b e l l e d  with 125I-a-BuTx.  The maximum pe rc e n t  

AChR e l u t e d  from the  LCA column ( c lo s e d  diamonds) was 43%, while  

40% was e l u t e d  from the  Con-A a f f i n i t y  column (open diamonds) .  

(Diagram c o u r t e s y  o f  T.W. Mit t ag and S. Gross ) .
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Figure 22

P u r i f i c a t i o n  of  HTP Prepared AChR Using Con-A-Sepharose 

o r  Lens c u l i n a r i s  Agarose A f f i n i t y  Chromatography
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l y  d i s t i n c t  p r o c e s s e s .  This can be demons tra ted both by an e v a lu a t i o n  

o f  t h e  k i n e t i c s  o f  a s s o c i a t i o n  (Fig-  4] as well  as by an e v a lu a t io n  

o f  the  k i n e t i c s  o f  t o x i n - r e c e p t o r  complex d i s s o c i a t i o n  (F ig .  10) . 

However, t h e  LCA p u r i f i e d  AChR have only one a s s o c i a t i o n  r a t e  con­

s t a n t  (F ig .  9 ) ,  and one d i s s o c i a t i o n  r a t e  c o n s t a n t  (F ig.  11) f o r  

t o x i n .  In both c a s e s ,  the  r a t e  c o n s t a n t s  found f o r  LCA p u r i f i e d  AChR 

correspond  t o  the  f a s t  a s s o c i a t i n g  and d i s s o c i a t i n g  r a t e  c o n s ta n t s  

found f o r  one o f  t h e  two b in d in g  s i t e s  observed in the  HTP p r e p a r a ­

t i o n s .  Since LCA p u r i f i e d  r e c e p to r s  a r e  homogeneous with r e s p e c t  to  

t o x in  b in d in g ,  i t  would appear  t h a t  the  f a s t  a s s o c i a t i n g  and d i s s o ­

c i a t i n g  b inding  s i t e s  observed in  t h e  h y d r o x y l a p a t i t e  r e c e p t o r  k in ­

e t i c s  experiments  co rrespond  t o  the  same p o p u la t io n  of  b inding  s i t e s ,  

i . e . ,  t h e s e  s i t e s  bind and d i s s o c i a t e  t o x in  f a s t e r  than the  o t h e r  pop­

u l a t i o n  o f  b inding  s i t e s .  Brockes and Hall (1975a) r e p o r t e d  s i m i l a r  

f i n d i n g s .  The K^'s f o r  t h e s e  two p o p u la t ions  o f  bind ing  s i t e s  found 

in  the  HTP r e c e p t o r s  p r e p a r a t i o n  as de termined from the  r e s u l t s  of  

t h e  k i n e t i c  e x p e r im e n t s ,  a r e  .303 nM and .669 nM (Table  13) .  The Kg 

o f  t h e  LCA p u r i f i e d  r e c e p t o r s  i s  .221 nM.

These f i n d i n g s  a re  in accord  wi th  those  found by Brockes and 

Hal l (1975a) .  They r e p o r t e d  a s s o c i a t i o n  r a t e  c o n s t a n t s  o f  3.1 x 

105M“1s “ 1 and 1.2 x 105M“ 1s~;i a t  37°C f o r  s o l u b i l i z e d  r e c e p t o r s  ex­

t r a c t e d  from dene rva ted  r a t  diaphragm and t h a t  t h e  two forms o f  

b in d in g  s i t e s  were p r e s e n t  in  approx im ate ly  equal  amount. The c o r ­

responding d i s s o c i a t i o n  r a t e  c o n s t a n t s  a r e  6 .3  x 10“5s e c -1 and 1.9 x 

10- 6s e c _1, r e s p e c t i v e l y .  The d i s s o c i a t i o n  c o n s t a n t s  a r e ,  t h e r e f o r e ,

.2 nM and .02 nM, r e s p e c t i v e l y .  Although t h e  d a t a  i s  no t  p r e s e n t e d ,  

Brockes and Hall (1975a) s t a t e  t h a t  Sca tchard  a n a l y s i s  o f  e q u i l i b r i u m
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Table 13

Es t im ates  o f  D i s s o c i a t i o n  Cons tan ts  (K^) f o r  t h e  Toxin Binding 

Components found in HTP and LCA Prepared  AChR

Cons tan t HTP

f a s t  component

AChR 

slow component

LCA AChR

r-f1ua)toH1 2 .49 x 10- 5 2 .34  x 10" 6 3.12 x 10- 5

k1(M"1s e c - 1 ) 8 .23 x 10^ 0 .35  x 101* 1.18 x 105

c a l c u l a t e d  
KD(nM) = k_!

ki
.303 .569 .221

experimental
KD(nM) .78 .78 -

Values f o r  a l l  a s s o c i a t i o n  (F ig .  4 and 9) and d i s s o c i a t i o n  (F ig .  10 and 

11) r a t e  c o n s t a n t s  were de termined e x p e r im e n ta ly ,  as was t h e  "exper im ent ­

a l "  Kd f o r  HTP prepared AChR (F ig .  6 ) .
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binding d a ta  r e s u l t e d  in two i n t e r s e c t i n g  s t r a i g h t  l i n e s ,  a l s o  sug­

g e s t i n g  the  p resence  o f  two c l a s s e s  o f  b ind ing  s i t e s .  S i m i l a r  ex­

per iments  conducted in the  p r e s e n t  s tudy  (Fig-  7) i n d i c a t e  on ly  one 

a p p a r e n t l y  homogeneous popu la t ion  o f  t o x in  b ind ing  s i t e s .  Almon e t  

a l .  (1974b) a l s o  observed on ly  1 popu la t ion  o f  bind ing s i t e s  (Kp =

1.3  nM) in a s i m i l a r  AChR p r e p a r a t i o n  us ing  s o l e l y  e q u i l i b r i u m  b in d ­

ing experiments .

This  apparen t  d i sc r e p a n c y  between t h e  r e s u l t s  o f  t h e  k i n e t i c  

and e q u i l i b r i u m  experiments  i s  e xp la ined  by the  f a c t  t h a t  under  the  

c o n d i t io n s  used in  t h e  e q u i l i b r i u m  s t u d i e s ,  and as  v e r i f i e d  by the  

k i n e t i c  s t u d i e s ,  the  two forms o f  t o x in  b in d in g  s i t e s  have appa ren t  

Kp' s t h a t  a re  not  s u f f i c i e n t l y  d i f f e r e n t  t o  be c l e a r l y  d i s t i n g u i s h e d .  

Mote t h a t  t h e  Kp's r e p o r t e d  by Brockes and Hall (1975a) d i f f e r  by a 

f a c t o r  o f  t e n ,  bu t  th o se  found in  the  p r e s e n t  s tudy  d i f f e r  by a f a c ­

t o r  of  on ly  2 .2 .  Brockes and Hall conducted t h e i r  experiments  a t  

37°C, whereas t h e  p r e s e n t  o b s e r v a t io n s  were made a t  4°C. The change 

in tem pera tu re  appears  to  have a f f e c t e d  one form o f  t o x in  bind ing 

s i t e s  more than t h e  o t h e r  and may e x p la i n  why Brockes and Hall f in d  

two components in t h e i r  e q u i l i b r i u m  s t u d i e s .  This  p o i n t  i s  c l a r i f i e d  

in Fig.  23,  which i s  a comparison o f  the  experimental  e q u i l ib r iu m  

binding  curve and a c a l c u l a t e d  curve c o n s t r u c t e d  us ing  the  Kp's f o r  the  

two bind ing  s i t e s  as dete rmined  by t h e  k i n e t i c  d a ta  (Table  13) .  The 

c o n t r i b u t i o n  o f  both components a t  a given to x in  c o n c e n t r a t i o n  i s  

summed and the  r e s u l t i n g  curve i s  ana lyzed  in  a manner s i m i l a r  to  

the experimental  d a t a .  I t  i s  ev id e n t  t h a t  computer a n a l y s i s  o f  the  

two component c a l c u l a t e d  model g ives  very s i m i l a r  r e s u l t s  t o  the  ex­

p e r i m e n t a l l y  de r ived  va lues  (Kp c a l c u l a t e d  = .44 nM and Kp e x p e r i -
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Figure 23 . The KDapp ob ta ined  e x p e r i m e n t a l l y  (open c i r c l e s )  

f o r  t h e  e q u i l i b r i u m  bind ing  o f  a-BuTx to  AChR (see  Fig.  6 ) 

i s  0 .59  nM. The KDapp ob ta ined  us ing  a two component model 

based on the  r e s u l t s  o f  the  k i n e t i c s  d a ta  ( T a b l e  1 3 )  i s  0 .44  nM 

(c losed  c i r c l e s ) .

i
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Figure  23

Apparent  Equ i l ib r ium  Binding o f  125r-ct-BuTx to  AChR 

Comparison o f  Experimental  and C a lc u la te d  Binding Curves
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mental = .59 nM). I t  would appear ,  t h e r e f o r e ,  t h a t  k i n e t i c  methods 

a re  more a p p r o p r i a t e  f o r  s tudy ing  the  h e t e r o g e n e i ty  o f  t h e  AChR. 

Fur thermore,  one must qu e s t i o n  the  use o f  e q u i l i b r i u m  s t u d i e s  t o  

s tudy  the  r e c e p t o r  when us ing  very s lowly r e v e r s i b l e  l ig a n d s  such

as a-BuTx. In such cases  e q u i l i b r i u m  s t u d i e s  a re  no t  p r a c t i c a l  s in ce  

e q u i l i b r i u m  i s  no t  n e c e s s a r i l y  reached u n t i l  r e c e p t o r  s a t u r a t i o n  i s  

achieved (Colquhoun and Rang, 1976; Brockes and H a l l ,  1975a; Raf te ry  

e t  a l . ,  1976) .

The k i n e t i c s  o f  t o x in  b ind ing  to  t h e  remaining HTP prepared  r e ­

c e p to r s  which were not  blocked by Con-A p r e t r e a t m e n t  i n d i c a t e s  t h a t  

the  Con-A blocked r e c e p t o r s  a re  those  which have t o x in  s i t e s  with 

f a s t  k i n e t i c s  (F ig .  5 ) ,  as t h e  a s s o c i a t i o n  r a t e  c o n s t a n t  o f  the  r e ­

maining r e c e p t o r s  cor responds  t o  the  slow b in d in g  s i t e s  o f  the  con­

t r o l  AChR. The p o s s i b i l i t y  t h a t  Con-A blocks approx imate ly  h a l f  o f  

both f a s t  and slow to x in  b ind ing  s i t e s  and c onve r t s  t h e  remaining 

f a s t  s i t e s  t o  slow s i t e s ,  wh i le  u n l i k e l y ,  cannot  be r u le d  out  based 

s o l e l y  on t h i s  experiment .  However, the  100% i n h i b i t i o n  o f  t ox in  

b ind ing  t o  LCA p u r i f i e d  AChR, which corresponds  to  the  popu la t io n  o f  

AChR with f a s t  k i n e t i c s  o f  t o x in  b in d in g ,  s uppor t s  the  sugges t ion  

t h a t  only the  f a s t  t o x in  bind ing  s i t e s  in the  HTP prepared  AChR 

a re  blocked  by Con-A.

Although t h e s e  k i n e t i c s  experiment s  a l low d i s c r i m i n a t i o n  o f  

two d i s t i n c t  t ox in  bind ing  s i t e s ,  one o f  which i s  s u s c e p t i b l e  t o  i n ­

h i b i t i o n  by s o lu b l e  Con-A, they  do no t  a id  in de te rm in ing  the  n a tu r e  

o f  the  Con-A induced i n h i b i t i o n  o f  t ox in  b ind ing  mentioned e a r l i e r  

in t h e  d i s c u s s io n  of  the  e q u i l i b r i u m  binding  o f  t o x in  t o  Con-A p r e ­

t r e a t e d  AChR. The e q u i l i b r i u m  experiments  do no t  show the  presence
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o f  two k i n e t i c a l l y  d i s t i n c t  t ox in  b in d in g  s i t e s  because the  appa ren t  

Kp's o f  these  s i t e s  a r e  too s i m i l a r ,  and the  d a ta  can be d e s c r ib ed  by 

a s i n g l e  p opu la t ion  o f  tox in  b ind ing  s i t e s  e q u a l l y  w e l l .  Thus,  i t  

i s  c once ivab le  t h a t  i n h i b i t o n  o f  one o f  the  two k i n e t i c a l l y  d i s t i n c t  

tox in  b ind ing  s i t e s  by s o lu b l e  Con-A could r e s u l t  in an a l t e r e d  ap­

p a re n t  Kp in t h e  e q u i l i b r i u m  b inding  s t u d i e s ,  wh ile  s t i l l  m a i n t a i n ­

ing th e  appearance  o f  a homogeneous r e c e p t o r  p o p u la t io n .  Such a 

change could occur  w i thou t  any e f f e c t s  on the  r e c e p t o r s  s t i l l  capab le  

o f  b inding  t o x i n .  However, the  k i n e t i c s  s t u d i e s  i n d i c a t e  t h a t  the  

t o x in  b ind ing  s i t e s  wi th  f a s t  r a t e s  o f  a s s o c i a t i o n  and d i s s o c i a t i o n  

( lower  a f f i n i t y )  a r e  blocked by Con-A. One would t h e r e f o r e  expec t  

the  a ppa ren t  Kp to  d e c re a s e ,  no t  i n c r e a s e ,  as was observed in the  

e q u i l i b r i u m  b in d in g  o f  t o x in  to  Con-A p r e t r e a t e d  AChR. I f  Con-A does 

indeed i n h i b i t  only th o se  t o x in  bind ing  s i t e s  with f a s t  k i n e t i c s  o f  

to x in  b in d in g  w i thou t  a l t e r i n g  th e  k i n e t i c s  o f  a s s o c i a t i o n  to  the  

slow k i n e t i c  bind ing  s i t e s ,  an i n c r e a s e  in a ppa ren t  Kp could only r e ­

s u l t  from a l t e r a t i o n  ( i n c r e a s e )  o f  the  r a t e  o f  d i s s o c i a t i o n  o f  Con- 

A - r e c e p t o r - to x i n  complexes.  This  impl-ies t h a t  in a d d i t i o n  to  i n h i b ­

i t i n g  to x in  bind ing  t o  one c l a s s  o f  t o x in  bind ing  s i t e s ,  Con-A a l s o  

induces conformat iona l  changes in t h e  o t h e r  c l a s s  o f  t o x in  b in d in g  

s i t e s .

An i n t e r e s t i n g  a s p e c t  o f  the  i n t e r a c t i o n  between Con-A and the  

AChR i s  t h e  magnitude o f  the  H i l l  c o e f f i c i e n t s  f o r  the  i n h i b i t o n  o f  

to x in  b ind ing  (1 .9  ± 0 . 3 ) ,  and complex fo rmation  o f  l a b e l l e d  (5 .5  ± 

0 .7 )  and u n l a b e l l e d  (.4 .3  ± 0 .7 )  Con-A t r e a t e d  AChR with ant i -Con-A.  

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

t h e  b ind ing  o f  m u l t i p l e  molecules  t o  the  r e c e p t o r s  o r  c r o s s - l i n k i n g .
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Con-A a l s o  s t i m u l a t e s  membrane bound magnesium-dependent  ATPase o f  

mouse neurob lastoma c e l l s  ( T r a f i c a n t e  e t  a l . ,  1978) and l i v e r  plasma 

membrane (Riordan e t  a l . ,  1977) through p o s i t i v e  c o o p e ra t iv e  p ro­

c e s s e s  and has a l s o  been r e p o r t e d  to  e x h i b i t  p o s i t i v e  c o o p e r a t i v i t y  

in b in d in g  o f  Con-A neuroblastoma c e l l s  [Rosenberg and Charalampous,

1977) ,  r a t  thymocytes  (Karsen t i  e t  a l . ,  1977) ,  and Chinese hamster  

ovary c e l l s  (Ceri  and Wright-, 1977) . For the  i n t e r a c t i o n  o f  l e c t i n s  

with c e l l  s u r f a c e s ,  p o s i t i v e  c o o p e r a t i v i t y  has been e xp la ined  e i t h e r  

by an i n c r e a s e  in t h e  a f f i n i t y  o f  r e c e p to r s  f o r  the  l e c t i n  (Ceri  

and Wright ,  1977; Rosenberg and Charalampous, 1977; Nicho lson ,  1976; 

Sonenberg,  1971) o r  by an i n c r e a s e  in  the  number o f  a v a i l a b l e  b in d ­

ing s i t e s  caused by the  unmasking o f  " c r y p t i c "  r e c e p t o r s  (Karsen t i  

e t  a l . ,  1977; Bornens e t  a l . ,  1976) . These changes may be the  r e ­

s u l t  o f  e i t h e r  conformat iona l  changes in membrane components o r  

o f  t h e i r  r e d i s t r i b u t i o n  in  the  membrane f a c i l i t a t e d  by the  f l u i d  

c h a r a c t e r  o f  the  membrane (S in g e r  and Nico lson ,  1972).  Schechte r  

e t  a l .  (1976) and Pru jansky  e t  a l . (1978) demons t ra ted  t h e  n e c e s s i t y  

o f  l e c t i n  m u l t iv a l e n c y  f o r  s t i m u l a t i o n  o f  mouse lymphocytes ,  sug­

g e s t i n g  t h a t  t h e  t r i g g e r i n g  s igna l  f o r  lymphocyte s t i m u l a t i o n  r e ­

q u i r e s  c r o s s - l i n k i n g  a n d /o r  c l u s t e r i n g  o f  l e c t i n - r e c e p t o r  complexes.  

C r o s s - l i n k i n g  o f  l e c t i n  r e c e p to r s  on d i f f e r e n t  c e l l s  i s  a l s o  e v id e n t  

in t h e  a g g l u t i n a t i o n  o f  e r y t h r o c y t e s  (Sumner e t  a l . ,  1936a).

The p o s i t i v e  c o o p e r a t i v i t y  e x h i b i t e d  by Con-A i n  the p r e s e n t  

s tudy  could  r e s u l t  from c r o s s - l i n k i n g  o f  ca rbohyd ra te  m o ie t i e s  on 

d i f f e r e n t  r e c e p to r s  by Con-A. This  would n o t  be s u r p r i s i n g  s in c e  

a t  pH 7 .4  Con-A i s  a t e t r a m e r ,  with each s u b u n i t  capab le  o f  b inding  

ca rbohyd ra te s  (Becker e t  a l . ,  1971) .  Fur thermore,  Mattson and
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Hei lbronn (1975) have demonst rated  t h a t  ca rbohyd ra te s  c o n t r i b u t e  

10% o f  t h e  molecu la r  we ight  o f  the  AChR 80% o f  which a re  a-D- 

mannoside r e s i d u e s .  C r o s s - l in k in g  o f  Con-A r e c e p t o r  s i t e s  on the  

same AChR and between two o r  more AChR's i s ,  t h e r e f o r e ,  p o s s i b l e .

However, i t  seems u n l i k e l y  t h a t  c r o s s - l i n k i n g  p lays a r o l e  in 

t h e  Con-A i n h i b i t i o n  o f  t o x in  b ind ing  o r  in  t h e  complexing o f  Con-A 

to  t o x in  l a b e l l e d  r e c e p t o r s .  As shown in t h e  experiments  invo lv ing  

Con-A and MG-1 b inding to  t ox in  l a b e l l e d  r e c e p to r s  (Table  11 ) ,  Con-A 

i s  more l i k e l y  t o  c r o s s - l i n k  AChR wi th  an IgG molecule  r a t h e r  than 

ano the r  r e c e p t o r ,  d e s p i t e  the  f a c t  t h a t  the  a f f i n i t y  o f  IgG f o r  Con- 

A i s  lower than the  a f f i n i t y  f o r  the  r e c e p t o r  f o r  Con-A. (The Con-A- 

IgG i n t e r a c t i o n  i s  i n h i b i t e d  with 10 mM a-methyl -D-mannoside,  whereas 

50 mM cs-methyl-D-mannoside i s  r e q u i r e d  to  i n h i b i t  t h e  AChR-Con-A i n ­

t e r a c t i o n ,  as noted by Brockes and H a l l ,  1975b.)  Con-A i n h i b i t s  

tox in  b inding  to  HTP prepared  AChR wi th  a Hil l  c o e f f i c i e n t  o f  1 .9  ±

0 .3  and appa ren t  KQ (based on the  ED50) o f  1 yM. The a ppa ren t  Kp 

f o r  the  b ind ing  o f  Con-A to t o x in  l a b e l l e d  r e c e p t o r s  i s  a l s o  1 yM 

but  the  H i l l  c o e f f i c i e n t  i s  5 .5  ± 0 .7 .  Since the  a p p a re n t  a f f i n i t y  

o f  the  r e c e p t o r  f o r  Con-A does no t  change upon bind ing  t o x i n ,  we 

must assume, in t h e  absence o f  c r o s s - l i n k i n g ,  t h a t  t o x in  bind ing causes  

a conformat iona l  change in t h e  AChR and r e v e a l s  c r y p t i c  Con-A r e ­

c e p t o r s ,  as i n d i c a t e d  by the  change in t h e  Hil l  c o e f f i c i e n t s .  A 

s i m i l a r  change in the  H i l l  c o e f f i c i e n t s  was observed when th e s e  ex ­

per iments  were r e p e a te d  us ing LCA p u r i f i e d  AChR.

To summarize, the  i n t e r a c t i o n  o f  h y d r o x y la p a t i t e  prepared r e ­

c e p to r s  with Con-A c l e a r l y  shows the  e x i s t e n c e  o f  two d i s t i n c t  popu­

l a t i o n s  o f  t o x in  b inding  s i t e s .  Do th e s e  two p o p u la t io n s  o f  binding
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s i t e s  r e p r e s e n t  s u b un i t s  o f  the  same molecule or  two s e p a r a t e  mole­

c u l a r  e n t i t i e s ?  This que s t i o n  i s  answered by the  r e s u l t s  o f  e x p e r ­

iments  on the  i n t e r a c t i o n  o f  s o lu b l e  Con-A with a f r a c t i o n  o f  the  

r e c e p t o r  f u r t h e r  p u r i f i e d  on Lens c u l i n a r i s - A g r o s e  (LCA). LCA a f f i n ­

i t y  chromatography o f  h y d r o x y la p a t i t e  prepared  AChR r e s u l t s  in the  

e l u t i o n  o f  50% o f  the  ap p l i e d  r e c e p t o r s ;  the  remainder  a re  t i g h t l y  

bound. The e l u t e d  r e c e p t o r s  appear  to  be homogeneous, as they  have 

on ly  one a s s o c i a t i o n  and d i s s o c i a t i o n  r a t e  c o n s t a n t  f o r  t o x in  b i n d ­

ing (which a re  s i m i l a r  t o  the  f a s t  a s s o c i a t i n g  and d i s s o c i a t i n g  

component observed in  h y d r o x y l a p a t i t e  prepared AChR) and a l l  a re  

s u s c e p t i b l e  t o  i n h i b i t i o n  o f  t o x in  b inding  by s o lu b l e  Con-A, as con­

t r a s t e d  with only h a l f  o f  the  h y d r o x y l a p a t i t e  p u r i f i e d  r e c e p t o r s .  I t  

i s  c l e a r  t h a t  LCA a f f i n i t y  chromatography with .5 M a-methyl-mannoside 

r e s u l t e d  in the  phys ica l  s e p a r a t i o n  o f  two m olecu la r  spe c ie s  o f  t ox in  

binding s i t e s .

The s i m p l e s t  model t h a t  accounts  f o r  t h e s e  r e s u l t s  i s  two, 

s e p a r a t e ,  independent  m o lecu la r  s p e c i e s  o f  r e c e p t o r ,  c h a r a c t e r i z e d  

by d i f f e r e n c e s  in k i n e t i c s  o f  t o x in  b ind ing  and d i f f e r e n t  g lyco p ro t e in  

m o ie t i e s .  One s p e c i e s  has a f a s t  a s s o c i a t i n g  and d i s s o c i a t i n g  

t o x in  bind ing s i t e s ( s )  t h a t  i s  s u s c e p t i b l e  to  block by s o lu b l e  Con-A, 

i f  i t  preceeds t o x in  l a b e l l i n g ,  and i t s  l e c t i n  b ind ing  i s  weaker 

compared to  the  o t h e r  s p e c i e s .  The o t h e r  c l a s s  o f  molecules  has a 

slow a s s o c i a t i n g  and d i s s o c i a t i n g  to x in  b ind ing  s i t e ( s )  t h a t  i s  un­

a f f e c t e d  by Con-A b ind ing .  The only appa ren t  i n c o n s i s t e n c y  in t h i s  

model i s  t h a t  u n l a b e l l e d  r e c e p to r s  bound t o  Con-A o r  LCA a f f i n i t y  

columns a re  a l l  capable  o f  bind ing t o x in  and can be f u l l y  l a b e l l e d  

on the  g e l s  CTable 2 ) .  One would expec t  on ly  h a l f  o f  t h e s e  r e c e p t o r s
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t o  bind tox in  when bound t o  t h e s e  l e c t i n s ,  based on the  i n h i b i t i o n  

f in d in g s  with s o lu b l e  l e c t i n  p r e t r e a t m e n t .  I t  i s  p o s s i b l e  t h a t  when 

s o lu b l e  Con-A (o r  LCA) binds t o  the  r e c e p t o r ,  the  r e c e p t o r  under ­

goes a conformat iona l  change t h a t  r e s u l t s  in the  observed i n h i b i t i o n  

o f  t ox in  b ind ing  t o  one s p e c i e s  o f  the r e c e p t o r ,  as d i sc u s s e d  e a r l i e r .  

This conformationa l  change might  not  be p o s s ib l e  when the  r e c e p to r s  

a re  bound t o  immobilized l e c t i n .  A l t e r n a t i v e l y ,  the  Con-A binding 

s i t e s  invo lved in b ind ing  to  the  a f f i n i t y  columns may be d i f f e r e n t  

from those causing i n h i b i t i o n s  o f  t o x in  b ind ing  which a re  i n a c c e s s ­

i b l e  t o  Con-A molecules  bound to  a m a t r ix  bu t  n o t  the  s o lu b le  l e c t i n .  

The p o s s i b i l i t y  o f  m u l t i p l e  Con-A b inding s i t e s  on th e  r e c e p to r  

was d i sc u s s e d  e a r l i e r .

Reports  o f  r e c e p t o r  p u r i f i c a t i o n  using LCA, Con-A a n d /o r  cobra 

t o x in  a f f i n i t y  chromatography suppor t  t h i s  model. Almon and Appel

(1976) r e p o r t e d  40% to  60% e l u t i o n  o f  the  r e c e p to r s  a p p l i e d  t o  a 

Con-A-Sepharose a f f i n i t y  column. Froehner  e t  a l . (1977a) e lu t e d  33% 

o f  the  r e c e p to r s  a p p l i e d  t o  a Con-A-Sepharose a f f i n i t y  column with 

1 .8  column volumes o f  a .4 M a-methyl-mannoside s o l u t i o n .  B e t t e r  

recovery  might have been ach ieved  with more e x t e n s i v e  washing or  

r e c i r c u l a t i o n  o f  t h e  mannoside s o l u t i o n .  The r e s u l t s  o f  t h e i r  s t u d i e s  

thus  apply t o  a subpopu la t io n  o f  AChR. These workers  d id  not  check 

f o r  r e c e p to r s  remaining bound t o  the  Con-A a f f i n i t y  column.

P a t r i c k  e t  a l . (1973) have suggested  t h a t  a -c ob ra  t ox in  a f f i n i t y  

chromatography o f  AChR may r e s u l t  in s e p a r a t i o n  o f  two s p e c i e s  of  

r e c e p t o r  s in c e  the  y i e l d  from such p recedures  i s  u s u a l l y  40% to  60% 

f o r  r e c e p to r s  e x t r a c t e d  from Torpedo (Schmidt and R a f te r y ,  1972) ,  

r a t  muscle (Lindstrom and P a t r i c k ,  1974) ,  and E lec t rophorous  (Karl sson
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e t  a l . ,  1972). Toxin a f f i n i t y  columns might  be expected to  s e l e c t  

a subpopu la t ion o f  AChR i f  the  t ox in  bind ing  k i n e t i c s  d i f f e r e d  be­

tween the  two ( i . e . ,  d i f f e r e n c e s  in a s s o c i a t i o n  and d i s s o c i a t i o n  

r a t e s ) ,  as seems to  be the  case  acco rd ing  to  the  k i n e t i c  s tu d i e s  

p r e se n ted  e a r l i e r .  S h o r r  e t  a l . (1978) a l s o  ob ta ined  approx imate ly  

50% y i e l d  of  AChR using a - n e u r o to x in  a f f i n i t y  chromatography o f  s o l ­

u b i l i z e d  de nerva ted  c a t  hindl imb musc les .  F u r th e r  p u r i f i c a t i o n  o f  

t h e s e  r e c e p to r s  us ing LCA a f f i n i t y  chromatography gave a 90% y i e l d ,  

s u g g e s t ing  t h a t  a - n e u r o to x in  s e l e c t e d  f o r  a homogeneous popu la t ion  

o f  t o x in  binding s i t e s .

The presence o f  a n t i - r e c e p t o r  a n t i b o d ie s  in the  s e r a  o f  p a t i e n t s  

with myas thenia  g r a v i s  (M.G.) has been demonstra ted by numerous 

workers  (Bender e t  a l . ,  1975; Almon and Appel,  1974a; Lindstrom 

e t  a l . ,  1976a; Mit tag  e t  a l . ,  1976; Fambrough e t  a l . ,  1973) .  A n t i ­

bodies  capab le  o f  complexing with a-BuTx l a b e l l e d  r e c e p t o r s  have 

been demons tra ted  d i r e c t l y ,  by im m unoprec ip i t a t ion ,  in t h e  s e ra  o f  

more than 90% of  such p a t i e n t s  (Lindstrom e t  a l . ,  1976a; Appel e t  

a l . ,  1975; Mit tag e t  a l . ,  1976) . Ant ibod ie s  have a l s o  been d e te c te d  

by a v a r i e t y  o f  o t h e r  methods, such as i n h i b i t i o n  o f  a-BuTx bind ing 

to  s o l u b i l i z e d  r e c e p t o r s  (Fambrough e t  a l . ,  1973; Almon e t  a l . ,  1974a; 

Mit tag e t  a l . ,  1976) and i n t a c t  muscles (Bender e t  a l . ,  1975, 1976a, 

1976b) ,  i n t e r f e r e n c e  wi th  r e c e p t o r  b ind ing  to  Con-A-Sepharose (Mi t tag  

e t  a l . ,  1976) ,  and a c c e l e r a t i o n  o f  the  r a t e  o f  t o x in  l a b e l l e d  r e ­

c e p t o r  deg ra d a t io n  in v i t r o  (Appel e t  a l . ,  1977; Heinemann e t  a l . ,

1977, 1978; Kao and Drachman, 1977a) and in vivo ( S ta n l e y  and Drachman, 

1978) . The in c r e a s e d  r a t e  o f  r e c e p to r  deg rada t ion  was noted f o r  

both inne rva te d  and denerva ted  r a t  r e c e p to r s  t r e a t e d  with myasthenic
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s e r a  (Heinemann e t  a l . ,  1978, and Reiness  e t  a l . ,  1978) . The r o le  

o f  the  a n t i b o d ie s  in the  pa thogenes i s  of  myasthenia  g r a v i s  i s  un­

c e r t a i n  a t  p r e s e n t  and i t  i s  no t  known what eventCs) i n i t i a t e s  t h e i r  

p roduc t ion .

Although t h e s e  d i f f e r i n g  r e a c t i v i t i e s  with AChR have been a s ­

c r ib e d  t o  myasthenic a n t i b o d i e s ,  h e t e r o g e n i e t y  o f  t h e s e  a n t i b o d ie s  

was not  c ons ide red  u n t i l  sugges ted  by Mit tag e t  a l . (1976) .  These 

au tho r s  found t h a t  10 o f  15 myas thenic  s e r a  i n h i b i t e d  t h e  binding 

o f  s o l u b i l i z e d  AChR e x t r a c t e d  from denerva ted  r a t  hindlimb muscle 

to  Con-A-Sepharose.  In a d d i t i o n ,  13 of  15 s e ra  were p o s i t i v e  f o r  

a n t i - r e c e p t o r  a n t i b o d ie s  (as  de te rmined  by i m n u n o p r e c ip i t a i t o n  o f  

t o x i n - l a b e l l e d  r e c e p t o r  complexes) and only 1 o f  15 s e r a  caused i n ­

h i b i t i o n  o f  t o x in  b inding  to  membrane bound r e c e p t o r s .  Some s e r a  

wi th  high t i t e r s  o f  a n t i - r e c e p t o r  an t ibody  did no t  a p p r e c i a b l y  block 

r e c e p t o r  b in d in g  to  Con-A-Sepharose,  wh ile  o t h e r s ,  with low a n t i - r e ­

c e p to r  t i t e r s ,  e x h ib i t e d  e x t e n s i v e  b lock ing  o f  r e c e p t o r  binding  t o  

Con-A. These r e s u l t s  suggested  the  p resence  o f  as many as t h r e e  

an t ibody  types  in t h e  s e ra  o f  myasthenic  p a t i e n t s .  The t i t e r  o f  t h es e  

a n t i b o d i e s  v a r i e s  independen t ly  from one p a t i e n t  to  the  n e x t ,  and i t  

i s  t h e r e f o r e  p o s s i b l e  f o r  a p a t i e n t  to  have one o r  a l l  t h r e e  a n t i ­

bodies  in varying t i t e r s .

The r e s u l t s  s c re e n s  c a r r i e d  ou t  on th e  s e ra  and IgG in the  p r e ­

s e n t  s tudy  agree  very wel l wi th  those  o f  Mit t ag  e t  a l . (1976) .  

Nine ty-one o f  187 (49%) myasthenic  s e r a  t e s t e d  were p o s i t i v e  f o r  the  

an t ibody  i n h i b i t i n g  r e c e p to r  b inding  to  Con-A-Sepharose (MG-S), 19 

(10%) f o r  t o x in  b lock ing  an t ibody  (MG-B) and 11 ( 6%) had both MG-S 

and MG-B, as determined  by th e  Con-A/HTP cascade  a ssay  method. The
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presence  o f  immunoprec ip i ta t ing  a n t i b o d ie s  was not  determined f o r  

t h i s  group o f  myasthenic  s e r a .  However, as seen in the  e v a lu a t i o n  

o f  myasthenic  IgG prepa red  from th e s e  s e r a ,  the  t i t e r s  o f  MG-S, MG-B 

and MG-I appear  t o  vary in dependen t ly  o f  one a no the r  from p a t i e n t  

t o  p a t i e n t .  This confirms the  presence  of  t h r e e  s e p a r a t e  an t ibody  

types  in myasthenic  s e r a  d i r e c t e d  a g a i n s t  the  n i c o t i n i c  r e c e p t o r .

I n t e r a c t i o n  o f  myas thenic  a n t i b o d ie s  wi th  AChR s t r o n g l y  sugges t s  

the  p resence  o f  m u l t i p l e  forms o f  a-BuTx b ind ing  s i t e s .  Fac to r  I 

(MG-I) forms complexes with l a b e l l e d  as well  as u n l a b e l l e d  AChR which 

immunoprec ip i t a te  when the  MG-I-AChR-toxin complex i s  exposed t o  a n t i -  

human IgG (F ig .  12).  Complexing o f  t h i s  an t ibody  t o  r e c e p to r s  has no 

e f f e c t s  on the  bind ing o f  t o x in  t o  AChR. I t  a l t e r s  n e i t h e r  t h e  t o t a l  

b in d in g  c a p a c i t y  o f  the  r e c e p t o r  (F ig .  12) nor  t h e  k i n e t i c s  o f  t ox in  

b ind ing  to  r e c e p to r s  (F ig .  13) .  This  i s  the  c l a s s  o f  an t ibody  most 

common among myas thenic  p a t i e n t s  and l i k e l y  the  an t ibody  measured 

when de te rmin ing  the  t i t e r  o f  myas thenic  a n t i - r e c e p t o r  a n t i b o d i e s  in 

d i a g n o s t i c  assays  (Lindstrom e t  a l . ,  1976a, 1978) . The MG-I s i t e s  

on the  r e c e p t o r  a r e  d i s t i n g u i s h e d  from th e  Con-A b inding  s i t e s ;  namely 

MG-I n e i t h e r  a f f e c t s  Con-A-Sepharose b ind ing  o f  l a b e l l e d  AChR nor  

does i t  i n t e r f e r e  with s o lu b l e  Con-A b inding  to  l a b e l l e d  AChR (Table  

11) .  Although the  r e s u l t s  o f  s t u d i e s  on the  i n t e r a c t i o n  of  t h i s  

an t ibody  with AChR do no t  demons tra te  the  h e t e r o g e n e i ty  o f  the  t ox in  

b ind ing  s i t e s ,  they  do e s t a b l i s h  t h a t  s e p a r a t e  s i t e s  e x i s t  on the  AChR 

f o r  t o x i n ,  Con-A and MG-I, which i s  t h e  most common type o f  an t ibody  

found in myasthenic  IgG p r e p a r a t i o n s .

The i n t e r a c t i o n  o f  AChR and MG-B, a n o th e r  an t ibody  p r e s e n t  in 

myasthenic  s e r a ,  does however s uppo r t  t h e  concep t  o f  r e c e p t o r  h e t e r o ­
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g e n e i t y .  Incuba t ion  o f  t o x in  l a b e l l e d  h y d r o x y la p a t i t e  prepared  r e ­

c e p to r s  wi th  MG-B does not  d i s p l a c e  t o x in  bound t o  the  r e c e p t o r .  

However, i ncuba t ion  o f  u n l a b e l l e d  AChR with MG-B r e s u l t s  in a dose-  

dependent  i n h i b i t i o n  o f  t o x in  b ind ing  (F ig .  17) .  The maximum i n h i ­

b i t i o n  o f  t ox in  b ind ing  i s  30 ± 1.9% and the  H i l l  c o e f f i c i e n t  f o r  the  

i n h i b i t i o n  i s  1 .95 .  As p r e v io u s ly  d i s c u s s e d ,  a H i l l  c o e f f i e c i e n t  o f  

t h i s  magnitude i n d i c a t e s  p o s i t i v e  c o o p e r a t i v i t y  in the  bind ing  o f  MG-B 

to  th o se  r e c e p to r s  a f f e c t e d  by MG-B. MG-B, l i k e  Con-A, produces an 

insurmountable  i n h i b i t i o n  o f  t o x in  b ind ing  which i s  a p p a r e n t l y  i r ­

r e v e r s i b l e .  As p r e v io u s ly  no t ed ,  the  i n h i b i t i o n  occurs  only i f  the 

r e c e p to r s  a re  t r e a t e d  wi th  MG-B p r i o r  t o  l a b e l l i n g  with a-BuTx. 

Furthermore ,  as observed in  t h e  appa ren t  e q u i l i b r i u m  b inding  o f  tox in  

t o  MG-B t r e a t e d  AChR [F ig .  18) ,  t h e  i n h i b i t i o n  i s  no t  overcome by 

l a b e l l i n g  f o r  24 hours a t  t o x in  c o n c e n t r a t i o n s  as high as 60 nM 

( g r e a t e r  than 60 x Kpa pp)* This  i n d i c a t e s  t h a t  t o x in  cannot  d i s p l a c e  

MG-B from the  AChR. Thus,  the  i n h i b i t i o n  produced by MG-B resembles  

t h a t  induced by s o lu b l e  Con-A, and may occur  by s t e r i c  or  a l l o s t e r i c  

mechanisms. However, us ing  HTP prepared  r e c e p t o r s ,  the  maximum 

i n h i b i t i o n  o f  t ox in  b inding  by Con-A was 41% as c o n t r a s t e d  t o  30% by 

MG-B. MG-B a l s o  d i f f e r s  from Con-A in t h a t  p r i o r  l a b e l l i n g  o f  r e ­

c e p to r s  wi th  t o x in  p rec ludes  MG-B bind ing  as evidenced  by th e  l a c k  o f  

immunoprec ip i ta t ion  by ant i -human IgG o f  l a b e l l e d  r e c e p t o r  t h a t  had 

been incuba ted  with MG-B i s o l a t e d  from p a t i e n t  Ml74 us ing P ro te in -A -  

Sepharose a f f i n i t y  chromatography.

In o r d e r  t o  dete rmine whether  or  no t  Con-A and MG-B i n h i b i t e d  

t o x in  b ind ing  to  the  same s e t  o f  t o x in  b inding  s i t e s ,  h y d r o x y la p a t i t e  

p repared  AChR were p r e t r e a t e d  wi th  s o lu b le  Con-A fo l lowed by MG-B,
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and v i c e - v e r s a ,  and then subsequen t ly  incuba ted  with 125I-a-BuTx.  In 

each c a s e ,  t ox in  b ind ing  was reduced to  30% o f  c o n t r o l .  These r e ­

s u l t s  show t h a t  t h e  e f f e c t s  o f  Con-A and MG-B a re  a d d i t i v e  and sug­

g e s t  bind ing  to  m utu a l ly  e x c lu s i v e  s i t e s .  The r e s u l t s  o f  o t h e r  ex­

per im ents  e s t a b l i s h e d  t h a t  Con-A and MG-B bind ing  s i t e s  correspond 

to  d i f f e r e n t  tox in  bind ing  s i t e s .

As shown p r e v i o u s ly ,  Con-A blocks 40% o f  t h e  t o x in  b ind ing  

s i t e s  p r e s e n t  in  HTP prepared  AChR (Fig-  2) and 100% o f  t h e  s i t e s  in 

LCA p u r i f i e d  AChR (F ig .  8 ) .  However, MG-B does no t  a f f e c t  tox in  

bind ing  to  LCA p u r i f i e d  AChR. Since i t  has been e s t a b l i s h e d  t h a t  

LCA p u r i f i e d  AChR c o n ta i n  on ly  one s e t  o f  t ox in  bind ing  s i t e s  which 

a r e  c h a r a c t e r i z e d  by f a s t e r  a s s o c i a t i o n  (F ig .  9) and d i s s o c i a t i o n  

(F ig .  11) r a t e  c o n s t a n t s ,  i t  can be i n f e r r e d  t h a t  MG-B r e a c t s  only 

wi th  t h e  t ox in  b ind ing  s i t e s  c h a r a c t e r i z e d  by the  s lower  r a t e  con­

s t a n t s .  F u r th e r ,  s i n c e  t h e s e  "slow" tox in  bind ing  s i t e s  c o n s t i t u t e  

approx imate ly  60% o f  the  t o t a l  b ind ing  s i t e s ,  a maximal i n h i b i t i o n  

o f  30% by a l l  bu t  one MG-B IgG s ugge s t s  t h a t  t h e r e  a r e  a t  l e a s t  two 

subpopu la t ions  o f  slow a-BuTx b ind ing  s i t e s .  Thus, the  h e t e r o g e n e i ty  

o f  t o x in  b ind ing  s i t e s  in HTP p u r i f i e d  AChR appears  t o  be more com­

p lex  than  i n i t i a l l y  suggested  by the  r e s u l t s  o f  the  l e c t i n  (Con-A) 

binding  s t u d i e s .  However, u n t i l  i t  i s  p o s s ib l e  to  p h y s i c a l l y  i s o l a t e  

a r e c e p t o r  p r e p a r a t i o n  c o n ta in in g  on ly  slow t o x in  bind ing  s i t e s  and 

s tudy  d i r e c t l y  t h e i r  i n t e r a c t i o n s  wi th  MG-B, t h e s e  conc lu s ions  must 

be he ld  as t e n t a t i v e .

MG-I, MG-B and MG-S found in myas thenic  s e r a  a re  a s ­

sumed to  be a n t i b o d ie s  in the  immunoglobulin-G c l a s s .  Namely, t hese  

f a c t o r s  a re  immunoprec ipi ta ted  us ing  anti -human IgG (Lindst rom, 1976;
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Almon, and Appel , 1974a; Mit t ag e t  a l . ,  1976, 1978) . In a d d i t i o n  

the  f a c t o r s  a r e  a s s o c i a t e d  with the  IgG f r a c t i o n  o f  myasthenic  s e r a  

prepa red us ing severa l  d i f f e r e n t  t ec hn iques  (Bender e t  a l . ,  1976a; 

Mit tag  e t  a l . ,  1976, 1978) . P u r i f i c a t i o n  o f  t h e s e  f a c t o r s  using 

P ro te in -A -S epharose  a f f i n i t y  chromatography prov ides  the  s t r o n g e s t  

ev idence  t h a t  t h e s e  f a c t o r s  a re  indeed a n t i b o d i e s  o f  the  IgG c l a s s .  

The i n t e r a c t i o n s  o f  P ro te in -A -S epharose  p u r i f i e d  IgG f r a c t i o n s  with 

AChR p a r a l l e l e d  those  found us ing DEAE-Sephadex p u r i f i e d  IgG f r a c ­

t i o n s  (Table  9) f o r  f i v e  o f  s i x  s e r a  examined. This  f in d in g  i n d i ­

c a t e s  t h a t  t h e  myasthenic  f a c t o r s  a r e  o f  t h e  immunoglobulin c l a s s  

G, in p a r t i c u l a r ,  IgG su b c la s s  1 and 2. P ro te in -A -S epharose  s p e c i f ­

i c a l l y  binds t h e  Fc reg ion  o f  IgG s u b c l a s s e s  1 ,  2 and 4 (Kronval l  

and W il l i ams ,  1969) . In a d d i t i o n ,  l i t t l e ,  i f  any IgG^ i s  found in 

IgG f r a c t i o n s  prepared  using DEAE-Sephadex chromatography (Skvari l  

e t  a l . ,  1970). Since t h e  DEAE p r e p a r a t i o n s  g ive  e s s e n t i a l l y  the  

same r e s u l t s  as t h e  P ro te in -A  p r e p a r a t i o n s ,  the  myas thenic  a n t i - r e ­

c e p t o r  a n t i b o d i e s  would appear  to  be in  su b c la s s  1 a n d /o r  2. This  

i s  f u r t h e r  support ed  by th e  f in d i n g  t h a t  a P ro te in -A  p u r i f i e d  IgG 

f r a c t i o n  of  MG-B prepared  from a DEAE p u r i f i e d  IgG f r a c t i o n  o f  MG-B 

i n t e r a c t s  wi th  AChR in a manner i d e n t i c a l  t o  t h e  DEAE prepared  f r a c ­

t i o n  (Table  9 -  M250).

There was one s i g n i f i c a n t  excep t ion  t o  t h e  g e n e r a l i z a t i o n  t h a t  

DEAE and P ro te in -A  p r e p a r a t i o n s  produce th e  same r e s u l t .  IgG p r e ­

pared us ing  P ro te in -A  chromatography from the  serum o f  p a t i e n t  Ml74 

r e s u l t e d  in an MG-B p r e p a r a t i o n  capab le  o f  i n h i b i t i n g  100% of  the  

t o x in  b inding  t o  HTP prepared  r e c e p t o r s ,  which co n ta in  both f a s t  and 

slow t o x in  b in d in g  s i t e s  (F ig .  20) .  No r e v e r s a l  o f  t ox in  b inding  was
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observed when r e c e p to r s  were p r e l a b e l l e d  p r i o r  to  incuba t ion  with MG- 

B-174. No immunoprec ip i t a t ion  o f  t o x i n - l a b e l l e d  r e c e p to r s  with a n t i -  

human IgG was observed f o r  r e c e p to r s  l a b e l l e d  p r i o r  t o  o r  a f t e r  i n ­

cuba t ion  with MG-B-174. These r e s u l t s  i n d i c a t e  t h a t  MG-B i n h i b i t s  

t o x in  b inding  by i n t e r a c t i n g  with AChR d i r e c t l y  a t ,  o r  n e a r ,  the 

t o x in  b ind ing  s i t e s .  Complete i n h i b i t o n  o f  t o x in  b inding  was 

no t  observed in  any o f  the  o t h e r  MG-B p r e p a r a t i o n s  whether  prepared 

u s ing  DEAE o r  P ro te in -A  chromatography.  The very l im i t e d  amount o f  

t h i s  p a t i e n t ' s  derum prec luded p r e p a r a t i o n  o f  a DEAE p u r i f i e d  IgG 

f r a c t i o n  f o r  com par is ion ;  nor  has i t  been p o s s i b l e  t o  o b ta in  o t h e r  

samples o f  s e r a  from t h i s  p a t i e n t .

I t  i s  d i f f i c u l t  to  e x p la i n  f u l l y  the  b a s i s  o f  t h i s  unusual  be ­

ha v io r .  However, one can p o s t u l a t e  t h a t  t h i s  p a t i e n t ,  u n l ik e  o t h e r s ,  

possessed  a form o f  MG-B which was d i r e c t e d  a g a i n s t  a l l  t ox in  b in d ­

ing s i t e s ,  r a t h e r  than a s p e c i f i c  subpopula t ion  o f  s i t e s .  Or a l t e r ­

n a t i v e l y ,  t h i s  p a t i e n t  had m u l t i p l e  forms o f  MG-B, each d i r e c t e d  ■; 

a g a i n s t  a s i n g l e  popu la t ion  of  t o x in  b ind ing  s i t e s .  A d d i t i o n a l l y ,  

the  Fc reg ion  o f  t h i s  MG-B may have had a h ig h e r  a f f i n i t y  f o r  P r o t e i n -  

A than  o t h e r  IgG1s .  The p u r i f i c a t i o n  process  would have s e l e c t e d  f o r  

t h i s  p a r t i c u l a r  subpopula t ion  o f  IgG, r e s u l t i n g  in  a h igh ly  concen­

t r a t e d ,  p o t e n t  MG-B p r e p a r a t i o n .

Toxin b lock ing  a n t ibody  has been r e p o r t e d  by s evera l  groups.  

Bender and h i s  c o l l e ag u e s  (Ringel e t  a l . ,  1975; Bender e t  a l . ,  1976) 

demons tra ted t h a t  normal human muscle specimens could no t  bind any 

a-BuTx when incuba ted  with e i t h e r  myas thenic  serum or  IgG. Incuba­

t i o n  with normal serum o r  IgG had no e f f e c t  on to x in  b ind ing .  Zurn 

and Fulp ius  0 9 7 6 )  support ed  t h e s e  f in d in g s  by showing t h a t  the
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p o s t j u n c t i o n a l  membrane o f  i n t a c t  mouse neuromuscular  j u n c t i o n s  were 

r e a d i l y  a c c e s s i b l e  in vivo to  c i r c u l a t i n g  molecules  t h e  s i z e  o f  IgG.

Using P ro te in -A  a f f i n i t y  chromatography,  L e f v e r t  and Bergstrom

(1977) have i s o l a t e d  an IgG3 from myas thenic  lymph capab le  of  b lock ­

ing 60% of  the  t o x in  b inding  to  membrane bound AChR e x t r a c t e d  from 

th e  e l e c t r i c  organ o f  Torpedo marmorata . Although t h i s  would appear 

t o  d i s a g r e e  wi th  the  p r e s e n t  f in d in g  t h a t  MG-B appears  to  be an IgGj 

o r  IgG2 , i t  should be r e c a l l e d  t h a t  Torpedo-AChR a re  immunological ly 

d i f f e r e n t  from dene rva ted r a t  r e c e p t o r s  wi th  r e s p e c t  to  t h e i r  r e a c t i v ­

i t y  with human myasthenic a n t i b o d ie s  (Lindstrom e t  a l . ,  1978; Lennon,

1976) .  I t  i s  s i g n i f i c a n t  t h a t  roughly h a l f  o f  t h e  Torpedo r e c e p to r s  

a re  s u s c e p t i b l e  t o  tox in  b lock ,  i n d i c a t i n g  the  p resence  o f  m u l t i p l e  

forms o f  AChR.

The presence  o f  a t o x in - b lo c k i n g  an t ibody  in the  serum of  a t  

l e a s t  f i v e  and p o s s ib l y  eleven out  o f  f i f t e e n  p a t i e n t s  with myasthenia  

g r a v i s  has been demons tra ted  us ing  s o l u b i l i z e d  denerva ted  r a t  muscle 

AChR (Appel e t  a l . ,  1975; Almon e t  a l . ,  1974a).  F i f t y  p e rcen t  maxi­

mum i n h i b i t i o n  o f  t o x in  b ind ing  was observed and assumed t o  be a l -  

l o s t e r i c  in  n a t u r e ,  i . e . ,  t h a t  the  blocking  an t ibody  binds a t  a 

s i t e  o t h e r  than the  t o x in  b ind ing  s i t e .  This  was based on the  a b i l ­

i t y  of  ant i-human IgG to  immunoprec ip i t a te  l a b e l l e d  AChR when r ec e p ­

t o r s  were e i t h e r  l a b e l l e d  o r  u n l a b e l l e d  p r i o r  to  t r e a tm e n t  with IgG 

(Almon and Appel , 1975).  The im p l i c a t i o n  was t h a t  b lock ing  an t ibody  

cou ld  bind t o  both l a b e l l e d  and u n l a b e l l e d  AChR, but  i n h i b i t i o n  r e ­

s u l t e d  only in the  u n l a b e l l e d  case .  The o b s e rv a t io n s  r e p o r t e d  by 

Almon and Appel (1975) would appear  to  be in c o n f l i c t  wi th  the  r e ­

s u l t s  ob ta ined  in  t h e  p r e s e n t  s tudy .  However, i t  should be noted
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t h a t  t h e s e  i n v e s t i g a t o r s  on ly  employed immunoprec ip i ta t ion  t o  measure 

a n t i b o d y - r e c e p t o r  i n t e r a c t i o n s  and used a r e l a t i v e l y  small p a t i e n t  

po p u la t ion .  In the  p r e s e n t  s tu d y ,  a l a r g e r  p a t i e n t  popu la t ion  was 

used and the  i n t e r a c t i o n s  o f  a n t i - r e c e p t o r  a n t i b o d ie s  with AChR was 

s tu d i e d  us ing  severa l  d i f f e r e n t  t e c h n iq u e s .  Thus, i t  has been pos ­

s i b l e  t o  c l e a r l y  show t h a t  t h e r e  a re  a t  l e a s t  t h r e e  forms o f  IgG 

p r e s e n t  in the  s e r a  o f  myasthenic  p a t i e n t s  t h a t  a re  d i r e c t e d  toward 

the  n i c o t i n i c  AChR. Of t h e s e ,  MG-B and MG-I almost  always occur  t o ­

g e t h e r ,  but  t h e i r  t i t e r s  a re  not  c o - v a r i a n t .  He re in ,  MG-B i s  r e a d i l y  

d i s t i n g u i s h e d  from MG-I by the  use o f  the  HTP assay  in c on junc t ion  

with im m unoprec ip i ta t io n .  Thus the  o b s e rv a t io n s  o f  Almon and Appel 

(1975) ,  wh i le  c o r r e c t ,  must be r e i n t e r p r e t e d  based on th e  o b s e rv a ­

t i o n s  made in  t h i s  s tudy .  Using only im m unoprec ip i t a t ion ,  they  could 

no t  d i s t i n g u i s h  between MG-B and MG-I when p r e s e n t  t o g e t h e r .  In the  

p r e s e n t  s t u d y ,  we were very f o r t u n a t e  t o  f i n d  one p a t i e n t ,  M174, who 

possessed  on ly  MG-B type  a n t i b o d i e s .  Using the  P ro te in -A  p u r i f i e d  

IgG f r a c t i o n  from t h i s  serum, i t  was u nequ ivoca l ly  shown t h a t  MG-B 

and to x in  compete f o r  the  same s i t e ,  namely th e  bind ing  o f  one of  

t h e s e  e s s e n t i a l l y  i r r e v e r s i b l e  l ig a n d s  p rec ludes  t h e  b in d in g  o f  

the  o t h e r .

The t h i r d  an t ibody  examined,  MG-S, i n t e r f e r e s  with t h e  b in d in g  

o f  l a b e l l e d  r e c e p t o r s  to  Con-A-Sepharose (F ig .  15).  The r e c e p t o r s  

which a re  p reven ted  from bind ing  to  Con-A-Sepahrose a re  recovered  

on HTP columns when th e  cascade  assay  method i s  used.  The t o t a l  

bind ing  c a p a c i t y  of  t h e  r e c e p t o r  i s  u n a f f e c t e d  by MG-S (Table  8 ) .

The presence  o f  MG-S i s  i n d i c a t e d  by a de c re a s e  in the  amount of  

l a b e l l e d  r e c e p t o r  bound t o  Con-A and a co rresponding  i n c r e a s e  in  t h a t
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bound by HTP. Thus, t h e  Con-A/HTP r a t i o  i s  seen to  dec rease  from ■ 

a c o n t ro l  va lue  o f  7 t o  a minimum va lue  o f  approx imate ly  1. The 

maximum i n h i b i t i o n  o f  r e c e p t o r  b inding  to  Con-A was approx imate ly  

50%. This  sugges t s  t h e r e  a re  two p o p u la t ions  o f  r e c e p t o r s  d i f f e r i n g  

in t h e i r  i n t e r a c t i o n  with Con-A-Sepharose when complexed with MG-S. 

S i m i l a r  r e s u l t s  have been r e p o r t e d  using whole serum o f  m yas then ic  

p a t i e n t s  [Mi t tag e t  a l . ,  1976).

I t  seemed re a s o n a b le  t o  q ue s t ion  whe ther  the  50% of  r e c e p to r s  

unable  t o  bind to  Con-A-Sepharose fo l lowing  t r e a tm e n t  with s a t u r a t ­

ing amounts o f  MG-S corresponded  t o  one o r  a n o th e r  o f  t h e  k i n e t i c a l l y  

d i s t i n c t  t o x in  b ind ing  s i t e s  p r e s e n t  in the  AChR p o p u la t io n .  K ine t i c s  

o f  t o x in  b ind ing  to  AChR p re incuba ted  with excess  MG-S revea l  t h a t  

a l though  MG-S does not  a l t e r  the  t o x in  b in d in g  c a p a c i t y  o f  t h e  r e ­

c e p t o r s ,  i t  does a l t e r  the  k i n e t i c s  o f  both f a s t  and slow tox in  

b in d in g  s i t e s  [F ig .  16 and Table  3 ) .  The o r i g i n a l  k i n e t i c  e x p e r i ­

ments i n d i c a t e d  t h a t  t h e  f a s t  t o x in  b in d in g  s i t e  corresponded to  the  

50% o f  t h e  MG-S t r e a t e d  r e c e p t o r s  remaining on Con-A and those  r ec e p ­

t o r s  which were d i s p l a c e d  were assumed to  have slow t o x in  binding 

k i n e t i c s ,  a l t hough  t h i s  was no t  measured d i r e c t l y  [Mi t tag e t  a l . ,  

1978) .  However, a more c a re f u l  a n a l y s i s  o f  t h e  t o x in  b inding  k i n e t i c s  

o f  t h e  d i s p l a c e d  AChR shows t h a t  t h e  b ind ing  s i t e s  remaining on 

Con-A as wel l as  th o se  d i s p l a c e d  onto HTP, c o n s i s t  o f  a slow and a 

f a s t  t o x in  b ind ing  component (F ig .  16) .  Taken a lo n e ,  t h i s  could 

b e s t  be e xp la ined  by two c l a s s e s  of  r e c e p t o r ,  each having f a s t  and 

slow b ind ing  s i t e s  and d i f f e r i n g  carb oyhydra te  m o ie t i e s .  MG-S i s  

a b le  to  d i s c r i m i n a t e  them on th e  b a s i s  o f  t h e i r  ca rbohyd ra te  groups.

At f i r s t  app rox im at io n ,  such a s imple model does no t  agree  with the
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r e s u l t s  o f  experiments  on the  i n t e r a c t i o n  o f  s o lu b le  Con-A a nd /o r  

MG-B with h y d r o x y la p a t i t e  and LCA p u r i f i e d  AChR. These r e s u l t s  

showed two s e p a r a b le  c l a s s e s  o f  AChR d i s c r im in a t e d  by t h e i r  k i n e t i c s  

o f  t o x in  bind ing  ( f a s t  and s low).  However, a much more complex model 

i s  r e q u i r e d  to  e x p la in  t hese  r e s u l t s  in c o n junc t ion  with the  MG-S ex­

per im en ts .  The i n h i b i t i o n  o f  t o x in  b ind ing  to  LCA and HTP p u r i f i e d  

r e c e p t o r s  by s o l u b l e  Con-A showed t h a t  the  f a s t  and slow t o x in  b in d ­

ing s i t e s  were on s e p a r a t e  s p e c i e s  of  t h e  r e c e p to r .  The MG-S ex ­

periments  i n d i c a t e  t h a t  both t h e  f a s t  and slow t o x in  b ind ing  forms 

o f  AChR can be f u r t h e r  subdivided by MG-S on the  b a s i s  o f  i n h i b i t i o n  

o f  b in d in g  t o  Con-A-Sepharose.  The Con-A b inding  s i t e s  a f f e c t e d  by 

MG-S appear  d i f f e r e n t  from th o se  which p reven t  t ox in  b ind ing  when com­

plexed to s o l u b l e  Con-A. The s im p l e s t  e x p la n a t io n  t h a t  accoun ts  f o r  

a l l  t h e s e  f i n d i n g s  i s  a model wi th  f o u r  s e p a r a t e ,  independen t  r ec e p ­

t o r  molecules  c h a r a c t e r i z e d  acco rd in g  to  k i n e t i c s  o f  t o x in  bind ing  

and d i f f e r i n g  Con-A bind ing  s i t e s .  Approximately h a l f  o f  the  mole­

c u le s  have f a s t  k i n e t i c s  o f  t o x in  b in d in g ,  whi le  t h e  o t h e r  50% are  

slow. So lub le  Con-A i n h i b i t s  t o x in  b ind ing  to  t h e  f a s t  t o x in  b in d ­

ing s i t e s .  Each h a l f  o f  the  r e c e p to r  i s  f u r t h e r  d iv ide d  i n t o  equal 

subgroups (each subgroup,  t h e r e f o r e ,  r e p r e s e n t s  roughly 25% o f  the  

t o t a l  AChR) wi th  a c a rbohyd ra te  moiety which e i t h e r  b inds MG-S thereby  

p rev e n t s  t h e  bind ing of  t h e  r e c e p t o r  t o  Con-A-Sepharose,  o r  does not  

bind MG-S and t h e r e f o r e  shows no d i sp lacem en t  from Con-A-Sepharose in 

i t s  p resence .

Such a model i s  support ed  by the  fo l lowing  expe r im en t s .  P u r i f ­

i c a t i o n  o f  AChR us ing  LCA a f f i n i t y  chromatography r e s u l t s  in a homo­

geneous r e c e p t o r  p r e p a r a t i o n  having on ly  f a s t  t o x in  bind ing  s i t e s
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which can be blocked by Con-A. Treatment  o f  LCA p u r i f i e d  r e c e p to r s  

with MG-S p r i o r  to  t o x in  l a b e l l i n g  r e s u l t s  in 50% d isp lacem en t  o f  

t o x i n - r e c e p t o r  an t ibody  complexes from t h e i r  bind ing  to  Con-A-Seph- 

a ro se  (Table  10) ,  i n d i c a t i n g  t h a t  t h e  r e c e p to r s  wi th  f a s t  tox in  b in d ­

ing s i t e s  can be s e p a r a t e d  i n t o  two s ubpopu la t ions  by MG-S. Thus, 

t h e  b e h a v io r  o f  LCA p u r i f i e d  AChR i s  s i m i l a r  t o  hydroxyl a p a t i t e  pu r ­

i f i e d  AChR when t r e a t e d  wi th  MG-S. Since MG-S produces a 50% i n h i b i ­

t i o n  o f  t o x i n - r e c e p t o r  complex b ind ing  to  Con-A-Sepharose f o r  LCA 

( f a s t  t o x in  b ind ing  s i t e s  on ly)  as  well  as  HTP prepared  r e c e p to r s  

( f a s t  and slow to x in  b in d in g  s i t e s )  the  slow s i t e s  a l s o  have two 

components which can be d i s c r i m i n a t e d  by MG-S. The su b d iv i s io n  of  

s low s i t e s  i s  f u r t h e r  support ed  by t h e  f a c t  t h a t  MG-B a p p a re n t l y  

r ecogn izes  on ly  50% o f  t h e  slow to x in  bind ing  s i t e s .  In a d d i t i o n  

t o  b lock ing  h a l f  o f  t h e  r e c e p t o r  b ind ing  to  Con-A-Sepharose, the  

k i n e t i c s  o f  t o x in  b in d in g  a re  s i g n i f i c a n t l y  slowed by MG-S (F ig .  16) 

a l though  t h e  maximum t o x in  b ind ing  c a p a c i t y  i s  u n a l t e r e d .

When hydroxyl  a p a t i t e  p u r i f i e d  AChR a re  l a b e l l e d  p r i o r  t o  t r e a t ­

ment wi th  a s a t u r a t i n g  c o n c e n t r a t i o n  o f  MG-S, only 25% block o f  r e ­

c e p t o r  bind ing  to  Con-A-Sepharose i s  observed (F ig .  15 and Table 10) 

as c o n t r a s t e d  t o  50% block  when t h e  o r d e r  o f  a d d i t i o n  i s  r e v e r s e d ,

i . e . ,  wi th  MG-S p r i o r  t o  a-BuTx. In each c a s e ,  t h e  r e c e p t o r s  blocked 

from t h e  Con-A-Sepharose column are  comple te ly  r ecovered  on the  HTP 

column o f  t h e  cascade .  This  s ugge s t s  t h a t  t o x in  b inding  somehow p ro ­

t e c t s  one o f  the  two c l a s s e s  o f  molecules  t h a t  would o therwise  be 

d i s p l a c e d  from Con-A-Sepharose ( i . e . ,  a f t e r  exposure of  u n l a b e l l e d  r e ­

c e p to r s  t o  MG-S). Such p r o t e c t i o n  probably  occurs  through a c o n fo r ­

mat iona l  change induced when th e  receptor  binds  t o x i n .  Since t h e  r e ­
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c e p to r s  a re  p r e l a b e l l e d  with t o x i n ,  i t  i s  no t  p o s s i b l e  t o  c h a r a c t e r ­

i z e  the  r e c e p to r s  d i s p l a c e d  from Con-A-Sepharose in t h i s  case by t h e i r  

k i n e t i c s  o f  tox in  b ind ing .  When t h i s  experiment  was repea ted using 

LCA p u r i f i e d  ( f a s t  t o x in  bind ing only)  AChR, t h e r e  was no d i f f e r e n c e  

in  the  d i sp lacement  from Con-A-Sepharose between r e c e p to r s  l a b e l l e d  

be fo re  o r  a f t e r  t r e a tm e n t  with MG-S. F i f t y  p e rcen t  i n h i b i t i o n  o f  r e ­

c e p to r  bind ing  to  Con-A-Sepharose occurs  in both c ases  (Table  10) .  

Thus,  t h e  25% o f  the  HTP prepared r ec e p to r s ,  c o n ta in in g  ( f a s t  and 

slow to x in  b inding  p o p u la t io n s )  p r o t e c t e d  by p r e l a b e l l i n g  with t o x in  

from th e  d i sp lacem en t  e f f e c t  o f  MG-S r e p r e s e n t  h a l f  o f  the  popu la t io n  

with slow k i n e t i c s  o f  t o x in  b ind ing .

The proposed model o f  d i f f e r e n t  forms o f  e x t r a j u n c t i o n a l  n i c o ­

t i n i c  r e c e p t o r s  i s  more complex than those  c u r r e n t l y  used to  d e s c r i b e  

t h e s e  r e c e p t o r s .  Only one m o lecu la r  s p e c i e s  has been demonstrated 

by phys ica l  s e p a r a t i o n  methods such as u l t r a c e n t r i f u g a t i o n  (Chiu e t  

a l . ,  1973) ,  gel f i l t r a t i o n  (Brockes and H a l l ,  1975b) o r  i s o e l e c t r i c  

focus ing  (Brockes and H a l l ,  1975b).  Since i t  i s  though t  t h a t  one r e ­

c e p t o r  molecule  binds two t o  f o u r  t o x in  molecules  ( K a r l i n ,  1977) and 

h e t e r o g e n e i t y  o f  t o x in  bind ing  s i t e s  on th e  same molecule  i s  no t  un­

r e a s o n a b le ,  the  k i n e t i c s  d a ta  could f i t  i n to  a one s p e c i e s  model.

Based on the  s e p a r a t i o n  and i n t e r a c t i o n  o f  r e c e p t o r s  wi th  l e c t i n s ,  

however, the  two s p e c i e s  model seems more r e a s o n a b le ,  and a fou r  

e n t i t y  model i s  r e q u i r e d  t o  ex p la in  t h e  i n t e r a c t i o n  o f  HTP prepared  

AChR wi th  myas thenic  IgG. Although phys ica l  s e p a r a t i o n  techn iques  

have y e t  t o  show g ross  d i f f e r e n c e s  in  the  AChR complex, t h e  r e s u l t s  

o f  the  p r e s e n t  s tudy  show t h a t  major  d i f f e r e n c e s  e x i s t  in an t ibody  

and l e c t i n  bind ing s i t e s .
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As noted  by R af te ry  e t  a l . (1976) ,  t h e  o r i g i n  o f  r e c e p to r  and 

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

Such d i f f e r e n c e s  a re  not  due to  d i f f e r e n c e s  between innerva ted  and de-  

ne rva ted  r e c e p t o r s .  Although innerva ted  r e c e p to r s  p e r s i s t  in dene r -  

va ted  muscle (Frank e t  a l . ,  1976) , they  c o n t r i b u t e  only 5% to  10% of  

t h e  t o t a l  r e c e p t o r  c o n te n t  in the  s o l u b i l i z e d  r e c e p t o r  muscle ex­

t r a c t s  (Almon e t  a l . ,  1974; Berg e t  a l . ,  1972; Miledi  and P o t t e r ,

1971; Fambrough, 1970, Alberquerque and T h e s l e f f ,  1968) .  D i f fe rences  

in r e c e p t o r s  found in  membranes o f  f a s t  and slow muscles could be r e ­

s p o n s ib l e  f o r  t h e s e  f i n d i n g s ,  as t h e  p r e p a r a t i o n s  used in  t h i s  s tudy  

a r e  mixed muscle p r e p a r a t i o n s  c o n s i s t i n g  o f  f a s t ,  slow and mixed 

muscle t y p e s .  Almon e t  a l .  (1974b) have found very l i t t l e  d i f f e r e n c e  

in t h e  o f  f a s t  ve rsus  slow muscles  us ing  e q u i l ib r iu m  bind ing  o f  

a-BuTx. However, as d i sc u s s e d  e a r l i e r ,  t h e  a b i l i t y  to  d e t e c t  d i f ­

f e r e n t  forms o f  AChR by t h i s  method i s  d o u b t f u l ,  as d i sc usse d  e a r l i e r .

A d e t a i l e d  i n v e s t i g a t i o n  o f  f a s t  and slow m usc les ,  s tudy ing  th e  i n ­

t e r a c t i o n s  o f  t h e i r  r e c e p t o r s  with Con-A and myasthenic  a n t i b o d i e s ,  

w i l l  be ne c es sa ry  to  de te rmine  whether  or  no t  d i f f e r e n c e s  in these  

r e c e p to r s  a re  t h e  sou rce  o f  h e t e r o g e n e i ty  in  mixed muscle p r e p a r a t i o n s .

A l t e r n a t i v e l y ,  t h e s e  d i f f e r e n c e s  might r e s u l t  from minor  a l t e r ­

a t i o n s  in the  conformation o f  the  r e c e p t o r  supram olecu la r  complex.

Th is  proposal  would no t  p rec lude  d i f f e r e n c e s  between f a s t  and slow 

muscle f i b e r  t y p e s .  I t  i s  well  known t h a t  r e c e p t o r s  e x t r a c t e d  from 

e l e c t r i c  f i s h  ( K a r l i n ,  1977) as well  as muscle (Froehner  e t  a l . ,  1977a,  

1977b; Shor r  e t  a l . ,  1978) a r e  composed o f  s e ve ra l  s u b u n i t s  o f  d i f ­

f e r i n g  m olecu la r  we igh ts .  To d a t e ,  t h e  only sub u n i t  a s c r ib e d  any 

s p e c i f i c  a c t i v i t y  i s  t h e  40,000 d a l t o n  s u b u n i t ,  which has been
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found to  bind a-BuTx. All of  t h e  s u b u n i t s  found in r e c e p to r s  ex­

t r a c t e d  from dene rva ted  r a t  muscle have been’ found t o  be a n t i g e n ic  

when i n j e c t e d  i n to  r a b b i t s ,  implying t h a t  a l l  s t i m u l a t e  an t ibody 

product ion  and bind an t ibody .  However, the  n a t i v e  r e c e p t o r  i s  cap­

a b le  o f  inducing g r e a t e r  an t ibody  p roduct ion  than  any o f  the  subun i t s  

(Lindstrom e t  a l . ,  1978b). I t  has no t  been de termined which sub u n i t  

binds  Con-A. Fur thermore,  i t  has r e c e n t l y  been demonst rated  t h a t  the  

b ind ing  o f  c h o l i n e r g i c  l ig a n d s  to  the  40,000 d a l ton  sub u n i t  induces 

conformat iona l  changes in  the  h ig h e r  m o lecu la r  weight  s u b u n i t s  in 

r e c e p t o r  e x t r a c t e d  from Torpedo c a l i f o r n i c a  (Witzeman and R a f te r y ,

1978) .

Since t h e s e  s u b u n i t s  were ob ta ined  from n a t i v e  r e c e p t o r s ,  i t  

has been assumed t h a t  a l l  r e c e p t o r s  have the  same sub u n i t  composi­

t i o n  and t h a t  t h e  r e c e p to r s  a r e  homogeneous in the  conformation 

th e s e  su b u n i t s  assume in the  sup ram o lecu la r  complex ( K a r l i n ,  1977). 

The m olecu la r  we ight  o f  t h e  s o l u b i l i z e d  AChR complex i s  r e p o r t e d  to  

be between 250,000 and 400,000 dal tons  (Rang, 1975). Since the  

p r e s e n t  s t u d i e s  i n d i c a t e  very s u b t l e  d i f f e r e n c e s  in the  fou r  s p e c i e s  

o f  r e c e p t o r ,  perhaps the  observed h e t e r o g e n e i t y  r e s u l t s  from r e ­

c e p to r s  which have d i f f e r i n g  s u b u n i t  compos i t ions .  The 40,000 d a l ­

ton s u b u n i t  would be common t o  a l l  forms o f  t h e  r e c e p t o r  as t h i s  i s  

t h e  only sub u n i t  known to  bind t o x in  (Shor r  e t  a l . ,  1978; K a r l i n ,

1977) .  The remainder  o f  the  complex could be composed of  varying 

combina t ions  o f  t h e  remaining s u b u n i t s .  Such an arrangement  would 

a l low f o r  r e c e p t o r s  with approx imate ly  the  same m olecu la r  we igh t ,  

o v e ra l l  charge  and p o s s ib l y  genera l  conformation  of  the  complex and 

would r e s u l t  in an i n a b i l i t y  t o  d i s t i n g u i s h  m u l t i p l e  forms o f  the
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r e c e p t o r  us ing convent ional  s e p a r a t i o n  t e c h n iq u e s .  Only ve ry  h ig h ­

l y  s p e c i f i c  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 ,  such as those  with Con-A 

and myas thenic  a n t i b o d i e s ,  would be a b le  t o  d e t e c t  t h e s e  s u b t l e  

d i f f e r e n c e s .  I t  i s  noteworthy t h a t  immunological t ec hn iques  a re  

c u r r e n t l y  being used to  s tudy  the  t h y r o t r o p i n  (Smith,  1977) and i n ­

s u l i n  r e c e p to r s  ( F l i e r  e t  a l . ,  1977) . Perhaps even more i n t e r e s t i n g  

i s  t h a t  the  a n t i b o d i e s  used to  s tudy  th e s e  r e c e p to r s  a re  ob ta ined  

from t h e  s e r a  o f  p a t i e n t s  with t h e  autoimmune d i s o r d e r s  Graves '  

d i s e a s e  and i n s u l i n  r e s i s t a n t  d i a b e t e s ,  r e s p e c t i v e l y .  The key to  

the  pa th ogenes is  and e t i o l o g y  o f  such d i s o r d e r s  may l i e  in the  irnnuno 

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

a n t i b o d i e s .

The next  l o g i c a l  que s t ion  i s  whe ther  o r  n o t  r e c e p t o r  homogeneity 

e x i s t s  in  p r e p a r a t i o n s  e x t r a c t e d  from inne rva te d  musc les .  The 

very low r e c e p to r s  y i e l d  from such p r e p a r a t i o n s  makes such s t u d i e s  

d i f f i c u l t  and,  as a r e s u l t ,  ve ry  l i t t l e  has been r e p o r t e d  on i n ­

ne rva ted  r e c e p t o r s .  I t  i s  known t h a t  r e c e p to r s  e x t r a c t e d  from i n ­

ne rva ted  r a t  hindlimb muscle do not  c r o s s - r e a c t  very wel l with myas­

t h e n i c  IgG (Almon and Appel,  1976b; Linds trom, 1976; Lindstrom e t  

a l . ,  1978a).  Presumably the  an t ibody  examined in t h e s e  s t u d i e s  i s  

MG-I and the  p r e s e n t  s t u d i e s  show t h a t  MG-I does not  d i s c r i m i n a t e  

any of  t h e  f o u r  forms of  r e c e p t o r  found in dene rva ted  r e c e p t o r  p repa r  

a t i o n s .  Whether or  no t  MG-S and MG-B a f f e c t  i nne rva te d  r e c e p to r s  r e ­

mains t o  be seen .
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