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Full squares indicate amino acids which can be interchanged in the 
structure of proteins, provided only one single base is changed for 

another base in the triplet eodon. 

A list of symbols 1 for amino acids 

A - a s p  G - g l u  M - m e t  Q - g l n  U - I e u  
C - c y s  H - h i s  N - a s n  R - a r g  V - v a l  
F, thr  I lys O - tyr  S - ser W - i l e  
F - p h e  L - a l a  P - p r o  T - t r p  Y - g l y  

a m i n o  ac id  o n  a s ing le  l ine,  w h e r e a s  in  a t h r e e - d i m e n s i o n a l  
s c h e m e  9 a n  a m i n o  ac id  m u s t  be  l o o k e d  for  a t  d i f f e r e n t  
p l a c e s  (e.g.9 A s h ,  L~u,  L y s ,  Ser).  I n  c o n s e q u e n c e  of  t h e  
e x i s t e n c e  of  A p G p U  a n d  A p G p C  c o d o n s  s for  l y s i n e  t h e  
T a b l e  i n c l u d e s  a lso t h e  i n t e r c h a n g e  A r g / L y s  w h i c h  w a s  
n o t  p ~ r m i t t ~ d  b y  p r e v i o u s l y  a c c e p t e d  c o d o n s .  I f  t h e  
c o d o n  A p G p A  i n t r o d u c e d  b y  NISHIMURA e t  al.  ~~ for  
a r g i n i n e  we re  i n c l u d e J  in  t h e  T a b l e  t h i s  w o u l d  be  a f u r t h e r  
c o n f i r m a t i o n  o f  t h e  A r g / L y s  i n t e r c h a n g e ,  b u t  t h e  T a b l e  
w o u l d  t h ~ n  c o n t a i n  n e w  i n t e r c h a n g e  pos s ib i l i t i e s  s u c h  as  
M e t / A r g ,  T h r / A r g ,  a n d  a t  t h e  s a m e  t i m e  t h e  i n t e r c h a n g e s  
A r g / S e r ,  G l y / S e r ,  L y s / S e r  a n d  M e t / S e r  w o u l d  d i s a p p e a r .  

Zusammen/assung. A u f  G r u n d  v o r a u s g e g a n g e n e r  E x -  
p e r i m e n t e ,  b e s o n d e r s  f iber  d e g e n e r i e r t e  T r i p l e t t c o d o n s ,  
w i r d  e in  V e r f a h r e n  e n t w i c k e l t ,  a u s  d e m  s i ch  d ie  A u s -  
t a u s c h m 6 g l i c h k e i t e n  v o n  A m i n o s / i u r e n  in E iwei l3s to f fe  
e r g e b e n ,  d a n n  nXml ich ,  w e n n  i m  C o d o n  n u r  je  e ine  B a s e  
de s  T r i p l e t t s  e r s e t z t  w i rd .  
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The  Effect of the V e n o m  of the D i g g e r  Wasp  
P h i l a n t h u s  on the Fas t  and S l o w  E x c i t a t o r y  and 

the Inh ib i tory  S y s t e m  in the Locus t  M u s c l e  1 

A l t h o u g h  m a n y  a u t h o r s 2  11 h a v e  d e s c r i b e d  t h e  p h y s i o -  
l o g y  of  t h e  f a s t  a n d  s l ow  e x c i t a t o r y  a n d  t h e  i n h i b i t o r y  
n e u r o m u s c u l a r  s y s t e m  in  i n s e c t s ,  s t i l l  v e r y  l i t t l e  is  k n o w n  
a b o u t  t h e  p h a r m a c o l o g y  of  t h e s e  s y s t e m s .  A n e u r o -  
m u s c u l a r  b l o c k  of  t h e  f a s t  s y s t e m  of  t h e  l o c u s t  m u s c l e  c a n  
be  c a u s e d  b y  t r y p t a m i n e  a n d  5 - h y d r o x y t r y p t a m i n e  12, 
g a l l a m i n e  1~, a n d  t h e  v e n o m  of  Philanthus triangulum 
F.  13--15. USHERWOOD a n d  GRUNDFEST 9 s h o w e d  t h a t  y- 
aminobutyric acid activates the inhibitory postsynaptic 
membrane in Romalea and Schistocerca. Although picro- 
toxin abolishes the inhibitory postsynaptic potentials and 
also the effect of y-aminobutyric acid, it does not affect 
the excitatory postsynaptic potentials of the fast system 9 

In the present paper some effects of Philanthus venom 
o n  t h e  f a s t  a n d  s l ow  e x c i t a t o r y  a n d  o n  t h e  i n h i b i t o r y  sy s -  
t e m  of  t h e  l o c u s t  j u m p i n g  m u s c l e  wil l  be  d e s c r i b e d .  

T h e  w a s p s  (Philanthus triangulum F.)  o r i g i n a t i n g  f r o m  
t h e  S o u t h  o f  F r a n c e  a r e  r e a r e d  in  o u r  l a b o r a t o r y  b y  
Dr .  R .  T.  SIMON THOMAS 16. T h e  m e t h o d  of e x t r a c t i n g  t h e  
v e n o m  as  we l l  a s  t h e  p r e p a r a t i o n  of  t h e  l o c u s t  (Locusta 
migratoria migratorioides R.  & F.)  h a s  b e e n  d e s c r i b e d  in  
a p r e c e d i n g  p a p e r  13 

I n t r a c e l l u l a r  a c t i o n  p o t e n t i a l s  we re  r e c o r d e d  f r o m  t h e  
u p p e r  p a r t  of  t h e  e x t e n s o r  m u s c l e  of  t h e  t i b i a  of  t h e  m e t a -  
t h o r a c i c  leg, u s i n g  g l a s s  c a p i l l a r y  m i c r o e l e c t r o d e s  f i l led  
w i t h  3 M  KC1. T h e  e l e c t r o d e s  w i t h  a r e s i s t a n c e  b e t w e e n  
20 a n d  40M_0_ were  c o n n e c t e d  to  t h e  i n p u t  of  a u n i t y  g a i n  
n e g a t i v e  c a p a c i t y  p r e a m p l i f i e r .  
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Fig. 1. Effect of 50 /~1 Philanthus venom 
(equivalent to one sting organ) on the internal 
action potentials of the extensor muscle of the 
tibia of the locust, following stimulation of 
nerve 3 B (first potentials iu A and B) and of 
nerve 5 (second potentials in A and B). Inter- 
val between stinitdation of 3 B and 5 is about 
15 nlsec. (A) Example of inajority of records. 
(B) Ine, idental record with an abnormal re- 
sponse following stimulation of nerve 3 B. 
(a) Before injection, (b) 1 rain after injection 
of Philanthus venom. Calibration: 5 mV and 
5 msec per major division. 

Fig. 2. Internal muscle action potentials of the locust muscle. Stilnu- 
lation of nerve 5 only. (a) Before injection; (b) (d) 10, 20 and 30 sec 
after injection of 50 ~1 P/Hlc~t;tus veI~oIn (equivalent to one sting 

organ). Calibration: l0 inV and 5 msec per major division. 

I n  al l  e x p e r i m e n t s  n e r v e  3 B ( c o n t a i n i n g  a ' s l ow '  ex -  
c i t a t o r y  as  wel l  as  a n  i n h i b i t o r y  f ibre)  w a s  s t i m u l a t e d  
f i r s t .  T h i s  w a s  fo l l ow ed  b y  a s t i m u l a t i o n  of  n e r v e  5 (con-  
t a i n i n g  a ' f a s t '  e x c i t a t o r y  f ibre)  a f t e r  a n  i n t e r v a l  of  a b o u t  
1.5 m s e c .  T h i s  s e q u e n c e  of  s t i m u l a t i o n  r e s u l t s  in  t w o  ac-  
t i on  p o t e n t i a l s  ( F i g u r e  1A, c u r v e  a). T h e  f i r s t  p o t e n t i a l  
r e s u l t i n g  f r o m  s t i m u l a t i o n  of n e r v e  3 B o f t e n  s h o w s  a 
n o t c h .  I t  is o f t e n  f o l l o w e d  b y  a s h o r t  h y p e r p o l a r i z a t i o n .  
S ince  n e r v e  3 B c o n t a i n s  a s low a n d  a n  i n h i b i t o r y  
axonS,6,8, 9, t h i s  p o t e n t i a l  m a y  be  a s u p e r p o s i t i o n  of  a n  
e x c i t a t o r y  r e s p o n s e  ( d e p o l a r i z a t i o n )  a n d  a n  i n h i b i t o r y  
r e s p o n s e  ( h y p e r p o l a r i z a t i o n ) .  T h e  s e c o n d  p o t e n t i a l ,  fol- 
l o w i n g  s t i m u l a t i o n  of n e r v e  5, s h o w s  a l a r g e  d e p o l a r i z a -  
t i o n  in  w h i c h  a ' j u n c t i o n a l '  c o m p o n e n t  c a n  be  o b s e r v e d  
( cu rve  a in  F i g u r e s  1A, 1B a n d  2). 

S e p a r a t e  s ing le  s t i m u l a t i o n  of n e r v e  5 is f o l l owed  b y  
a b r i e f  c o n t r a c t i o n  o f  t h e  m u s c l e .  A f t e r  s e p a r a t e  s t i m u l a -  
t i o n  of n e r v e  3 B w i t h  10 200 c /see  a s l ow  c o n t r a c t i o n  
occu r s .  

T h e  p o t e n t i a l s ,  s h o w n  in  F i g u r e  1A, h a v e  b e e n  ob-  
s e r v e d  in  m o r e  t h a n  20 p r e p a r a t i o n s .  H o w e v e r ,  one  
p r e p a r a t i o n  s h o w e d  a d i f f e r e n t  r e a c t i o n  to  s t i m u l a t i o n  of 
n e r v e  3 B, as  s h o w n  in  F i g u r e  l B .  A f t e r  s t i m u l a t i o n  of  
n e r v e  3 B a s h o r t  d e p o l a r i z a t i o n  fo l l owed  b y  a m a r k e d  
h y p e r p o l a r i z a t i o n  cou l d  be  r e c o r d e d  f r o m  s e v e r a l  s i t e s  in  

t h e  m u s c l e .  M o r e o v e r ,  t h i s  p a r t i c u l a r  m u s c l e  d id  n o t  
r e s p o n d  m e c h a n i c a l l y  to  s t i m u l a t i o n  of  n e r v e  3 B, b u t  i t  
s h o w e d  a n o r m a l  r e s p o n s e  to  s t i m u l a t i o n  of  n e r v e  5. I t  
s e e m s  l i ke ly  t h a t  in  t h i s  p r e p a r a t i o n  t h e  e x c i t a t o r y  f ib re  
in  n e r v e  3 B w a s  d a m a g e d  a n d  t h a t  o n l y  t h e  i n h i b i t o r y  
f ib re  r e m a i n e d  i n t a c t .  

T h e  m e c h a n i c a l  r e s p o n s e s  f o l l o w i n g  b o t h  f a s t  a n d  s l ow  
s t i m u l a t i o n  a re  a b o l i s h e d  b y  t h e  v e n o m  of  Philan/hus. 
1 ra in  a f t e r  t h e  a d m i n i s t r a t i o n  of  50 #1 Philanlhus v e n o m  
( e q u i v a l e n t  to  one  s t i n g  o r g a n )  t h e  a c t i o n  p o t e n t i a l  of  t h e  
f a s t  s y s t e m  p r e d o m i n a n t l y  s h o w s  a h y p e r p o l a r i z a t i o n  in-  
s t e a d  of  a d e p o l a r i z a t i o n  ( F i g u r e  1A, c u r v e  b ;  F i g u r e  1B, 
c u r v e  b ;  F i g u r e  2, c u r v e  d). F i g u r e  2 s h o w s  t h e  d e c r e a s e  
of  t h e  f a s t  m u s c l e  p o t e n t i a l  a f t e r  10 sec  ( c u r v e  b) f o l l owe d  
b y  a r e v e r s i o n  of  t h e  p o t e n t i a l  a f t e r  20 a n d  30 sec  ( c u r v e s  
c a n d  d). 

A l t h o u g h  t h e  dose  o f  Phila~thus v e n o m  u s e d  p a r a l y s e s  
t h e  m u s c u l a r  c o n t r a c t i o n s  f o l l o w i n g  s t i m u l a t i o n  of  t h e  
s low s y s t e m ,  i t  doe s  n o t  a f f e c t  t h e  m u s c l e  a c t i o n  p o t e n t i a l  
( F i g u r e  1A, c u r v e  b).  T h e  a c t i o n  p o t e n t i a l  s h o w n  in  
F i g u r e  1B, a n d  p r e s u m a b l y  o r i g i n a t i n g  f r o m  t h e  i n h i b i -  
t o r y  s t i m u l u s ,  w a s  a lso  n o t  a f f e c t e d  ( F i g u r e  1B, c u r v e  b).  

T h e s e  f i n d i n g s  show t h a t  Philanthus v e n o m  a f f e c t s  t h e  
f a s t  as  wel l  as  t h e  s low m u s c u l a r  c o n t r a c t i o n s ,  i t  a l so  
a b o l i s h e s  t h e  f a s t  e l e c t r i c a l  r e s p o n s e s .  A p p a r e n t l y  i t  d o e s  
n o t  a f f ec t  t h e  s l ow  e l ec t r i c a l  r e s p o n s e s .  T h e r e  is a n  i nd i -  
c a t i o n  t h a t  h y p e r p o l a r i z i n g  e l ec t r i ca l  r e s p o n s e s  a re  a l so  
n o t  a f f e c t e d  b y  t h e  v e n o m .  

Zusammen/assung. E s  w i r d  geze ig t ,  d a s s  d a s  G i f t  d e r  
"vVespe Philanthus lriangulum F.  be i  d e r  H e u s c h r e e k e  
e ine  r e v e r s i b l e  M u s k e l l g h m u n g  b e w i r k t ,  d ie  a u f  e i n e r  
B l o c k i e r u n g  de r  A x o n - M u s k e l - S y n a p s e  d e r  <~schnellen~ 
F a s e r  b e r u h t .  D ie  S y n a p s e  d e r  l a n g s a m e n  u n d  h e m m e n -  
d e n  F a s e r  w i r d  o f f e n b a r  n i c h t  b e e i n f l u s s t .  
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