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F r o m  the venom of the central  Asian cobra we have isolated two neurotoxins the homogeneity of which 
has been shown by e lec t rophores is ,  disc e lee t rophores is ,  and rechromatography  [1, 2 ]. The present  paper  
gives the resul ts  of a determinat ion of the amino-acid composit ion and terminal  amino acids of these toxins. 

The amino-acid  composi t ions of the two toxins of the venom of N. oxina Eich. were compared with 
those of the toxins of the venoms o f N .  niffricollis and N. n. a t ra  (Table 1). In toxin (I) four alanine residues 
were  found, which are  not present  in the composition of the o ther  toxins. The molecules  of none of the 
toxins contain f ree  sulfhydryl groups,  and they each contain four  cyst ine residues,  i.e., in all cases  the deft-  
nite configuration of the molecule is fixed by four disulfide br idges.  All the toxins contain f rom five to 
eight asparagine residues and six o r  seven glutamic acid res idues  (some of them, probably, in the amide 
form [3, 4]), and they each contain one tryptophan residue.  F rom a Calculation of the mo la r  extinction, it 
i s  not excluded that the number  of tryptophan res idues  is two. The total number  of amino-acid  res idues  
in both the toxins that we have studied is  62. 

Isoleucine and leucine, respect ively ,  have been found at the N-ends of the molecules  of the toxins (ii 
and (II). When the toxins were  treated with carboxypeptidase,  regard less  of the t ime of incubation, we 
found only asparagine.  Calculations of the amount of asparagine split off af ter  incubation of the toxins 
with carboxypeptidase for  4 and 12 h showed that it r i ses  to two moles pe r  mole of toxin. With a fur ther  
i nc rease  in the time of incubation of the toxins with the enzyme no other  amino acids were detected; appar-  

TABLE 1. Amino-acid  Composition of some 
Toxins of the Venoms of the Family Elapidae 
(moles/mole) 

Amino acid 

~i sine 
stidine 

Arginine 
T~ptophan 

Aspartic _a_cid 
Threbni~-4 
serine 

Glutamic acid 
PrQl~ne 
Glycims 
_Alahine 
Cy'sflne (i/2) 
Vaiinc 

"Bpleucine 
Leucine 
Tyrosine 

i 

Total 

N. oxlaaa E l c h. collis [3] toxin I [toxin II N. nigH- 

6 6 6 
1 2 2 
2 4 3 
I--2 I--2 [ I 

5 8 I 7 
7 6 8 
3 4 2 

6 7 6 
6 4 5 
4 5 5 
4 

1 2 2 
4 2 3 
2 2 2 
2 1 1 

62 62 61 

N.  n .  a t r a  [4] 

3 
2 
6 

. I  

8 
8 
4 

7 
2 
7 

T 
1 
2 
1 
2 

62 
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ently, the next  amino acid f rom the C:end i s  cyst ine which, a f t e r  the clevage of the peptide bond, r ema ins  
connected to the res idues  of the molecule  by a disulfide br idge.  This p e r m i t s  the conclusions that  f rom 
the i r  C-ends  the peptide chains of  the molecules  of both toxins have the sequence Cys-Asn-Asn-COOHo 
The leucine at the N-end and the sequence Cys -Asn-Asn-COOH at the C-end were  also found in an analysis  
of the s t ruc tu re s  of the toxins of the venoms of N: n igr ico l l i s  and N. n. a t ra .  

We have de te rmined  the role  of the individual amino acids in the lethal  action of the toxins of the 
venom of the Central  Asian cobra .  Toxin (I), which contains one mole  l e s s  of bist idine,  arginine,  and 
glycine than the sma l l e s t  amount in the o the r  three  toxins invest igated and two moles  l e s s  of a spa r t i c  acid, 
acts  on mice  cons iderably  more  feebly (its LDs0 i s  0.56 mg /kg  body weight, and that of the toxin {II) i s  
0.13 mg/kg) .  It may  be a s sumed  that some of the amino acids l i s ted a re  e x t r e m e l y  impor tan t  for  the man i -  
festat ion of a high eff iciency by the toxins. Af te r  t r ea tmen t  with phenyl isothiocyanate ,  both toxins los t  
their  act ivi ty,  r e g a r d l e s s  of whether  the N- te rmina l  amino acid was spl i t  off o r  not. The degree  of lethal  
effect  of the modified toxins can be Judged f rom the f igures  given below. 

Mater ia l  Invest igated Dose, mg /kg  Effect* 

Toxin I 0.85 6/0 t 
Toxin II 0.17 6/0 
PTC-toxin  I 8.5 0/6 
PTC-toxin  II 1.7 0//6 
RC-toxin I 8.5 0/6  
RC-toxin II 1.7 0/6 
Toxin I with a sp l i t -of f  C-end (Cys-Asn-Asn)  0.85 6/0 
Toxin II with a spl i t -off  C-end 

(Cys-Asn-Asn)  0.17 6/0 

* PTC-toxin  - phenyl th iocarbamoyla ted  toxin; RC-toxin - reduced carboxymethyla ted  
toxin. 
t~rhe denominator  r e p r e s e n t s  the number  of an imals  that survived and the n u m e r a t o r  
the number  that died. 

It  is  l ikely that in the rea l iza t ion  of the lethal effect  of the toxins the e -amino  group of lys tne  has a 
decis ive  signif icance [5]. When the two asparag ine  res idues  were  spli t  off f rom the C-end there  was no 
change in the eff iciency of e i the r  of the toxins of the venom of the Central  Asiat ic  cobra .  It  has  not yet  
been possible  to es tabl i sh  the role  of the amino-ac id  res idues  following the carboxy end of the peptide 
chain, s ince this requi red  the p r e l i m i n a r y  reduction of the disulfide bonds, which was accompanied by a 
loss  of biological  effect.  Thus,  a f t e r  the reduction of the SS bonds with ~-mercap toe thano l  and alkylation 
of the l ibe ra ted  sulfhydryl groups  with monoiodoacet ic  acid, the adminis t ra t ion  of the toxins in doses  c o r -  
responding to 10 t imes  the i r  LDs0 [2] did not lead to a lethal outcome (see Table  1). 

E X P E R I M E N T A L  

The toxins were  obtained f r o m  the venom of the Central  Asian cobra  N_. oxiana E. by the method de-  
scr ibed  prev ious ly  [2]. The mo lecu l a r  weights of the toxins were  approx imate ly  the same (6000 and 6500). 
The amino-ac id  composi t ions  of the toxins were  de te rmined  on a Hitachi KLA 3B amino-ac id  analyzer .  The 
toxins (2.5 mg each) we re  hydrolyzed.with double-dis t i l led  6 N hydrochlor ic  acid (1.0-1.5 ml) in tubes 
sealed under  vacuum. Hydro lys i s  was p e r f o r m e d  at  105°C fo r  24, 48, and 72 h. The amount of t e rmina l  
amino acids of the toxins f rom the N-end was de te rmined  by the f luorodini t robenzene and phenyl i so th io-  
cyanate  PITC methods [6, 7] and those f rom the C-end by the carboxypept idase  method [8]. The amounts  
of tryptophun in the molecules  of the toxins were  de te rmined  spec t ropho tomet r i ca l ly  [9] and the amounts  of 
f ree  sulflwdryl groups  by a m p e r o m e t r i c  t i t rat ion [10]. The reduction and alkylation of the sulfhydryl 
groups  was p e r f o r m e d  as descr ibed  by Kres t f le ld  et  al. [11]. The toxici t ies  were  de te rmined  by the i n t r a -  
per i toneal  adminis t ra t ion  of the toxins to white mice  weighing 18-20 g followed by the s ta t i s t i ca l  t r e a t m e n t  
of the resu l t s  as descr ibed  by Belen 'ki i  [12]. 

C O N C L U S I O N S  

1. The amino-ac id  composi t ions  of two neurotoxins  f rom the venom of the Centra l  Asian cobra  have 
been es tabl ished.  The N- t e rmina l  amino-ac id  res idue  of toxin (19 is  i so leucine  and that of toxin (1I) leucine.  
There  is  the s a m e  sequence f r o m  the C-end of both toxins - Cys -Asn-Asn-COOH.  
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2. The role of the individual functional groups (t-amino groups and disulfide bridges) of the amino 
acids in the lethal action of the toxins has been investigated and discussed. 
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