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The blocking act ion of ~ -po lypep t ides  i so la ted  f rom the venom of Bungarus  mul t ic inctus  and 
Naja  naja  s i a m e n s i s  was inves t iga ted  in e x p e r i m e n t s  on the i so la ted  do r sa l  musc le  of the 
leech.  These  neurotoxins  (NTs), in a concent ra t ion  of 1 x 10 -s g / m l ,  did not block r e s p o n s e s  
to m o n o q u a t e m a w  chol inomimet ics  (acetylcholine,  earbaohol ,  nicotine,  monoeholine e s t e r  
of suecinic  acid).  The abil i ty of NT to block r e s p o n s e s  to b iqua t e rna ry  cho l inomimet ies  de-  
pended on the length of t h e i r  molecu le .  Only r e s p o n s e s  to dieholine e s t e r s  of malonic ,  suc -  
cinic  and glu tar ic  acids were  blocked by NT. Dicholine e s t e r s  of adipic,  p imel ic ,  suber ic ,  
aze la ic ,  and sebac ic  acids re ta ined  the whole of t h e i r  ac t iv i ty  a f t e r  t r e a t m e n t  of t he  leech 
musc le  with NT.  The poss ib le  causes  of the se lec t ive  act ion of NT a re  d i scussed .  
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Polypept ides  i so la ted  f rom the venom of snakes  of the co rba  fami ly  can se lec t ive ly  and i r r e v e r s i b l y  
block the sens i t iv i ty  of ce r t a in  v e r t e b r a t e  t i s sue s  to acetylchol ine  (AC) and cho l inomimet ics  [8, 9, 14]. T i s -  
sues  with n ic to ine - sens i t ive  chol inergic  r e c e p t o r s  a re  suscept ib le  to this act ion [13]. On the o ther  hand, 
evidence has  been obtained to suggest  that  neurotoxins  (NTs) se lec t ive ly  block the key m e c h a n i s m s  of e l e c -  
t r o g e n e s i s  of chol inergic  r e c e p t o r  m e m b r a n e s  and not the act ive cen te r s  of those r e c e p t o r s  [1-5]. 

In o r d e r t o  study to what extent  the e f fec t iveness  of NT c o r r e l a t e s  with the p re sence  of n i co t i n e - s en -  
sit ive chol inergic  r e c e p t o r s  in the t i s sue  an invest igat ion was c a r r i e d  out on the do r sa l  musc le  of the leech,  
the chol inergic  r e c e p t o r s  of which a re  v e r y  s i m i l a r  in t he i r  pha rmaco log ica l  c h a r a c t e r i s t i c s  to the n ico-  
t i ne - sens i t i ve  chol inergic  r e c e p t o r s  of v e r t e b r a t e  ske le ta l  m u s c l e s  [7]. 

E ~ P E R I M E N T A L  M E T H O D  

A piece of the do r s a l  musc le  of  the leech (12-14 s e g m e n t s )  was ca re fu l ly  c leaned on its inner  s u r -  
face (to r emove  in terna l  o rgans ,  t r a c e s  of  the ne rve  chain, and connective t i ssue)  and placed in a 3 - m l  
bath. A solution of the following compos i t ion  (in m i l l i m o l e s / l i t e r )  was used: Na + 116, K + 2.5, Ca ++ 1.8, 
HCO 3- 2.4, C1- 122; pH 7.4. In some e x p e r i m e n t s  the solution a lso  contained neos t igmine  (2.10 -6 g /ml)  to 
inhibit cho l i ne s t e r a s e .  The cho l inomimet ic s  were  added to the bath in a volume of 0.06 ml .  The c o n t r a c -  
t ions were  r e c o r d e d  on a kymograph .  The cont rac t i le  s t rength  of the musc le  was 2 g. Contact between 
the musc le  and the agonis t  continued for  5-10 rain and the in te rva l  between exposu re s  was 20-30 rain. The 
constancy of the r e s p o n s e s  to ce r t a in  cho l inomimet ic s  was f i r s t  ver i f ied .  Next,  for  1 h, the musc le  was 
exposed  to the act ion of NT in a concent ra t ion  of 1 �9 10 -~ g/Vml, a f t e r  which t r e a t m e n t  with the same chol ino-  
m i m e t i c s  was r epea ted  in the same  concen t ra t ions  as before the act ion of NT. Each chol inomimet ics  was 
t e s t ed  on at l eas t  four  musc le  p r e p a r a t i o n s .  Pur i f ied  ~ -po lypep t ides  were  used: o~-bungarotoxin f rom the 
venom of Bungarus  mul t ie inc tus  and polypeptide No. 3 f rom the venom o fNa ja  naja s i amens i s .  
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

NT was used  in a concent ra t ion  50-100 t i m e s  h igher  than the th resho ld  level  in e x p e r i m e n t s  on f rog  
or  r a t  m u s c l e s .  Neve r the l e s s ,  the NTs studied did not p reven t  the effect  of the monoqua te rna ry  chol ine-  
m i m e t i c s  (AC, carbachol ,  and nicotine).  Responses  to these  cho l inomimet ics  not only were  not reduced 
a f t e r  t r e a t m e n t  with NT, but as a rule they were  acutal ly  enhanced.  Consequently,  the p r e sence  of n ico-  
t i ne - sens i t i ve  chol inergic  r e c e p t o r s  is net always respons ib le  for  the e f fec t iveness  of NT. 

The cont rac t i le  r e s p o n s e s  induced by the b iqua te ruary  cho l inomimet ics  succinyldicholine were  blocked 
by NT, in a g r e e m e n t  with the obse rva t ions  of Ross and Tr igg le  [16]. The next s tep was to invest igate  in 
m o r e  detai l  the re la t ionship  between the s t ruc tu re  of b iqua te rnary  chol inomimet ics  and the abil i ty of NTs 
to block the i r  e f fec t s .  It was f i r s t  n e c e s s a r y  to d i s cove r  how a change in the dis tance between the cationic 
heads  of the b iqua te rnary  cho l inomimet ics  is r e f l ec ted  in the blocking effect  of NTs.  F o r  th is  purpose  
cho l inomimet ics  of two homologous s e r i e s  were  used: dicholine e s t e r s  of d icarboxyl ie  acids f rom malonie  
to sebacic  (CH3)3NCH2CH2OOC (CH2)nCOOCH2CH2N (CH3) 3 and m e m b e r s  of the p o l y m e t h y l e n e - b i s - t r i m e t h y l -  
ammonium s e r i e s .  The NTs blocked only the r e sponses  to the dicheline e s t e r s  of malen ic ,  succinic ,  and 
glu tar ic  acids (n =1, 2, and 3). With an inc rease  in the dis tance between the cat ionic heads of the chol ino-  
m i m e t i c s  (n=4,  5, 6, 7, and 8) the effect  of the NTs d i sappeared .  Shortening the molecule  of the b iqua te rnary  
chol inomimet ic  had no effect  on the abil i ty of NTs to block the r e sponses  to these  che l inomimet ie s ,  as was 
shown by e x p e r i m e n t s  with m e m b e r s  of the p o l y m e t h y l e - b i s - t r i m e t h y l a m m o n i u m  s e r i e s  (CH3)3N-(CH2) n -  
N(CH3) 3 (from n = 1 2  to n=7) .  

The quest ion of the impor tance  of the p re sence  of the second cat ionic head in the molecule  of the 
chol inomimet ic  for  the blocking act ion of NT was next cons idered .  Exper imen t s  were  c a r r i e d  out with 
monoqua te rna ry  analogues of succinyldicholine:  the monecholine e s t e r  of  succinic acid ,'(CH3) ~ NCH2CH ~ 
CH2OOC (CH2)2COOH and the a s y m m e t r i c a l  chol ine-e thyl  e s t e r  of suceinic acid (CH3)aN+CH2CH2OOC (CH2) 2 
COOCH2CH 3. The r e sponses  of the leech dorsa l  musc le  to ne i ther  chol inomimet ie  was blocked by NT. 
Clear ly ,  t he r e fo re ,  NTs block sens i t iv i ty  only to b iqua te rnary  chol inomimet ies  with a definite dis tance 
between the i r  ni t rogen a toms:  not more  than 17-18 A. 

These  r e su l t s  a re  in a g r e e m e n t  with the hypothesis  that the leech dorsa l  musc le  contains two dif -  
ferent  chol inergic  r ecep to r s :  one sensi t ive  to monoqua te rna ry  ehol inomimet ics  and one sensi t ive  to biqua- 
t e r n a r y  chol [nomimet ics  such as succinyldicholine and decamethonium [10, 11, 15]. It might  be supposed 
[16] that  these  two chol inergic  r e c e p t o r s  r e p r e s e n t  two different  deg rees  of o l igomer iza t ion  of the subunits 
of the chol inergic  r e c e p t o r  [6, 7, 12]. However ,  the high speci f ic i ty  of the NTs - why they block only cho-  
l inergic  r e c e p t o r s  aggrega ted  into t e t r a m e r s  without having the s l ightes t  effect  on d i m e r s  and m o n o m e r s  - 
r ema ins  unexplained.  The in te rpre ta t ion  of the r e su l t s  in t e r m s  of the hypothesis  of the o l igomer ic  s t r u c -  
ture  of the chol inergic  r e c e p t o r s  also fails  to take into account the fact that  NTs block the action of AC on 
the somat ic  musc le  of the l a m p r e y  [3], although the chol inergic  r e c e p t o r s  of this  musc le  a re  not aggrega ted  
into t e t r a m e r s .  Other  co r re l a t ions  mus t  evident ly  be sought between the effect  of the NTs and the c h a r -  
a c t e r i t i c s  of the t i s sue  chol inergic  m e c h a n i s m s .  Susceptibi l i ty to the action of NT or  its absence  may  p e r -  
haps re f lec t  d i f fe rences  in the ionic m e c h a n i s m s  of the AC effect ,  i .e . ,  NTs are  inhibi tors  of the ionic c a r -  
r i e r s  of chol inergie  r e c e p t o r  m e m b r a n e s  r a t h e r  than of the act ive cen te r s  of  the r e c e p t o r s .  There  is 
r ea son  to suppose that the e f fec ts  of AC and succinyldieholine a re  c a r r i e d  out by different  ionic m e c h a n i s m s .  
For  ins tance,  AC induces cont rac t ion  of the leech musc le  when comple te ly  polar ized  by the act ion of 122 
mM KC1, whe reas  succinyldicholine has no such act ion [10]. If  NTs blocks only the ionic m e c h a n i s m  of 
the effect  of suecinyldicholine and s t ruc tu ra l ly  s i m i l a r  compounds,  the se lec t ive  action of the NTs becomes  
unders tandable .  
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