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1. Introduction 

This work is part of a general study on snake 
neurotoxins. In previous papers [1,2], we had shown 
that the application to snake venoms of the general 
method of purification which was developed to 
isolate toxins from scorpion venoms [3-7] was very 
efficient. Four neurotoxins from two different 
sources ofNaja haje venom [1] and two neuroto- 
xins fromNaja nigricollis venom [2] were purified 
when only one toxin had been previously isolated 
in a pure form from each of these venoms by others 
[8,9]. N-terminal sequences determination using 
automatic Edman degradation, was found to be the 
best method for rapid characterization of newly pu- 
rified toxins [2]. We report, in this paper, on the 
application of these methods to the venom of Naja 
nigricollis mossambica Peters. The partial sequences 
of the neurotoxins show that these are more closely 
related to cobrotoxin (a toxin isolated from the venom 
of the formosan Elapidae Naja naja atra) than the 
toxins I and II isolated from the venom ofNaja nigri- 
collis living in Ethiopia [2]. The taxonomical im- 
portance of these results is discussed. 

2. Experimental 

2.1. Purification o f  the toxins 
The venom (30 g) was obtained from D. Muller 

(Johannesburg, South-Africa). The crude venom, 
first dissolved in a 0.1 M ammonium acetate buffer 

(pH 8.5), was applied on Sephadex G-50 gel equili- 
brated in the same buffer. The gel filtration was per- 
formed using recycling (3 cycles) through four 1 
meter columns of gel. The neurotoxic fraction was 
freeze dried and applied, for ion exchange chroma- 
tography, on a Bio-Rex 70 column equilibrated in 
a 0.2 M ammonium acetate buffer at pH 7.30. The 
elution with the same buffer led to the final purifi- 
cation of toxin I and toxin II. A linear gradient (from 
0.2 M to 2 M ammonium acetate, pH 7.30) was then 
applied at the top of the column, eluting toxic frac- 
tion III. This fraction gave finally toxin III by equili- 
brium chromatography on Bio-Rex 70 (0.5 M ammo- 
nium acetate buffer, pH 7.30). 

Qualitative and quantitative toxicity measurements 
were carried out, according to Behrens and Karber 
[10], using C3H/He mice of 20 +- 3 g (C.S.E.A.L. - 
C.N.R.S., Orl6ans-la-Source, France) as previously 
described [5,7]. 

2.2.. Preparation o f  reduced and S-methylated toxins 
Preparation of reduced and S-methylated toxins (RM- 

toxins) was performed as previously described [11]. 

2.3. Amino acid analysis 
Samples of native or RM-toxins were hydrolysed 

in 6 N HC1 for 20 hr and 70 hr at 110°C in sealed 
evacuated tubes. For the determination of tryptophan, 
the hydrolyses were made in 0.3 M p-toluenesulfonic 
acid solution containing 0.2% of tryptamine [12]. 
The hydrolysates were analysed on a Spinco Auto- 
matic Amino Analyzer model 120 C. 
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Table 1 
Purification of Nafa nigricollis mossambica toxins 

Purification step Toxic fraction Reference to Yield in toxicity Specific toxicity 
fig. l from crude venom % 

Crude venom 100 19 

Gel filtration with recycling on R A 80 473 
Sephadex G-50 

I on then linear gradient to II B 3.8 76.3 869 
Bio-Rex 70 AcNH 4 2 M pH 7.30 I: III 12.2 520 

Chromatography on Bio-Rex 70 T III C 12.1 526 
AcNH 4 0.5 M pH 7.30 

The specific toxicity was arbitrarily defined as the number of LDso per A2~ o unit. 

2.4. Edman degradation 
A u t o m a t i c  s equenc ing  was p e r f o r m e d  o n  0 .4  

/amole o f  RM-tox ins  us ing a Pro te in  Sequencer  

PS 100 (Socosi ,  94100-Sa in t -Maur ,  F rance )  and  

p rocedures  descr ibed  earlier [2 ] .  

2.5. Carboxypeptidase digestion 
The RM-tox ins  were dissolved (1%, w/v)  in 0 .4  M 

d ime thy l a l l y l amine - t r i f l uo r oace t i c  acid buf fer ,  pH 

8.0. C a r b o x y p e p t i d a s e  A ( d i i s o p r o p y l p h o s p h o f l u o r i -  

da te  t rea ted ,  W o r t h i n g t o n )  was used in an  e n z y m e  to 

subs t ra t e  ra t io  o f  2 : 1 0 0  (w/w) .  The  diges t ion was 

car r ied  ou t  in a glass s t o p p e r e d  vial at  35°C. Al iquo t s  

of  the  so lu t ion  (0 .05  ml)  were r e m o v e d  at var ious  

in tervals  (1,  5, 15, 30, 60,  180,  360  min) ,  ac idi f ied 

w i t h  an  equa l  vo lume  o f  pure  acet ic  acid, freeze 

dr ied and  sub jec ted  to a m i n o  acid analysis.  

3. Resul t s  

Table  1 summar i ses  the  data  o b t a i n e d  c o n c e r n i n g  

the  pu r i f i ca t i on  o f  the  th ree  n e u r o t o x i n s  ofNaja ni- 
gricollis mossambica. A l t h o u g h  a t h i rd  s tep was ne- 

cessary to f inal ly  pur i fy  t o x i n  II1, the  two first s teps 

were suf f ic ien t  to  o b t a i n  in a pure  f o r m  tox ins  I 

and  1I. The  f inal  yield in t ox i c i ty  was 76.2% f r o m  

the  crude  venom.  Fig. 1 shows  the  eh i t i on  pa t t e rn s  

c o r r e s p o n d i n g  to the  d i f f e ren t  c h r o m a t o g r a p h i c  
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Fig. 1. Purification ofNaja nigricollis mossambica neurotoxins. 
(A) Gel filtration with recycling on Sephadex G-50 of 6 g of 
venom. Four columns of 3.2 × 100 cm; 0.1 M ammonium 
acetate buffer pH 8.5; flow rate, 77 ml/hr. Fractions indica- 
ted by the full line are collected. Only the material marked 
by the dotted line is recycled. Vertical arrows indicate start 
of the 3 consectutive cyclcs. R = toxic fractions; Ph = phos- 
pholipase activity. (B) Chromatoffaphy on Bio-Rex 70 of 
fractions R obtained from 6 g of venom. 4 × 50 cm column; 
0.2 M ammonium acetate buffer pH 7.30; vertical arrow in- 
dicates the start of the elution with a linear gradient of am- 
monium acetate buffer from 0.2 M pH 7.30 to 2 M pH 7.30 
in a total volume of 1.24 litres; flow rate, 50 ml/hr. Double 
beaded arrows indicate pooling of toxic fractions: T I 
(toxin I), T II (toxin II) and F III (toxic fraction liD. (C) 
Chromatography on Bio-Rex 70 of fraction F III corres- 
ponding to 18 g of venom. 2 × 50 cm column; 0.5 M 
ammonium acetate buffer pH 7.30; flow rate 10 ml/hr. 
Double headed arrow indicates pooling of toxic fractions 
(T III = toxin III). 
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Table 2 
Weight of the LDs0 and purification yields 

Weight of the LDs0 for Coefficient of toxicity 
the 20 g mouse enhancement from 

crude venom 
(#g) (fold) 

Yields of toxins 
from crude venom 

(~ w/w) 

Crude venom 40 - - 
Toxin I 0.80 50 1.17 
Toxin II 0.77 52 0.07 
Toxin III 1.01 40 0.38 

June1974 

Table 3 
Amino-acid compositions of Naja nigricollis mossambica toxins 

Amino acid Toxin I Toxin II Toxin llI 

Tryptophan * 1.10 (1) 1.10 (1) 1.99 (2) 
Lysine 4.05 (4) 4.04 (4) 4.92 (5) 
Histidine 2.00 (2) 2.93 (3) 2.82 (3) 
Arginine 7.01 (7) 6.21 (6) 5.96 (6) 
Aspartic acid 7.11 (7) 8.10 (8) 8.19 (8) 
Threonine 7.86 (8) 8.10 (8) 6.72 (7) 
Serine 2.95 (3) 3.90 (4) 2.93 (3) 
Glutamic acid 7.01 (7) 6.27 (6) 5.13 (5) 
Proline 3.75 (4) 3.67 (4) 3.96 (4) 
Glycine 5.92 (6) 5.09 (5) 3.97 (4) 
Alanine - (0) - (0) 1.05(1) 
Half-cystine * 7.33 (8) 7.26 (8) 7.21 (8) 
Valine 1.05 (1) 1.02 (1) 1.10 (1) 
Methionine - (0) - (0) 1.00 (1) 
Isoleucine 0.98 (1) 0.98 (1) 1.08 (1) 
Leucine 2.03 (2) 1.86 (2) 1.96 (2) 
Tyrosine 1.99 (2) 1.90 (2) 2.00 (2) 
Phenylalanine - (0) - (0) - (0) 

Total 63 63 63 

Molecular weight 7176.2 7173.1 7315.4 

1% 
A 1 em at 280 nm 13.70 14.46 21.48 

10 -3 × e  (max) ** 9.80 10.37 15.70 
(280 rim) (280 nm) (280 nm) 

* Half-cystine and tryptophan residues were quantified after 
p - toluene - sulfonic acid hydrolysis 

** M -1 X c m  - t  . 

steps. Table 2 gives the purif icat ion yields and the 

weight  o f  the three toxins  corresponding to their  

IDso~for  the  20 g mouse.  

The amino acid composi t ions  o f  the three toxins 

are given in table 3 together  wi th  their  molecular  

weights and their  molecu la r  ex t inc t ion  coeff ic ients  
at 280 nm. The N-terminal  and C-terminal sequences,  

as they were de termined  by Edman  au tomat ic  sequen- 
cing and carboxypept idase  A hydrolysis  on reduced 

and methy la ted  toxins,  are given in fig. 2 and com- 

pared to the sequences ofNaja naja atra cobro tox in  

[13] andNaja nigricollis toxins I and I1 [2,14].  

4. Discussion 

In the case o f  Naja nigricollis mossambica venom 

it has been possible to shor ten the general m e t h o d  of  

pur i f ica t ion used in our  labora tory  [1, 2, 7] .  The 

first two steps: ex t rac t ion  by water  and dialysis, found  

to be absolutely  necessary for the purif icat ion o f  

scorpion venoms  [15] ,  could  be avoided and the 

venom dissolved in an a m m o n i u m  acetate  buffer  was 

applied straight on a gel f i l t ra t ion co lumn for recy- 

cling. Contrary  to what  we observed wi th  scorpion 

toxins  (unpubl ished results) Bio-Rex 70 was found  

to be more suitable than Amber l i te  CG-50 as it was 

no t iced  for o ther  snake toxins  [16] .  Frac t ion  III 

which was eluted using an ionic strength linear gra- 
dient had to be finally purif ied by equi l ibr ium chro- 

matography which,  obviously,  gives a bet ter  resolu- 

t ion for proteins having very similar pHi. It is the 

first tox in  for which  we found  necessary to use a 
gradient.  This can be due to its relatively high con- 

tent  in t ryp tophan  added to its s t rong basicity. The 

three purif ied toxins  account  all together  for 76.2% 

of  the tox ic i ty  o f  the venom.  As 20% of  the v e n o m  
toxic i ty ,  corresponding to the phospholipase act ivi ty,  

was recovered in the second prote in  f ract ion e luted 
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10 2O 3O 
T I H-Leu-G•u-Cys-His-Asn-G•n-G•n-Ser-Ser-G•u-Pr•-Pr•-Thr-Thr-Thr-Arg-•ys-Ser-G•y-G•y-G•u-Thr-Asn-•ys-Tyr-Lys-Lys-Arg-Trp-Arg- 

I0 20 30 
T II H-Leu-Asp-Cys-His-Asn-G•n-G•n-Ser-Ser-G•u-Pr•-Pr•-Thr-Thr-Thr-Arg-Cys-•er-Arg-G•y-G•u-Thr-Asn-•ys-Tyr-Lys-Lys-Arg-Trp-Arg- 

10 20 30 
T III H-Leu-Asn-Cys-His-Asn-G•n-Met-•er-A•a-G•n-Pr•-Pr•-Thr-Thr-Thr-Arg-Cys-Ser-Arg-Trp-G1u-Thr-Asn-Cys-Tyr-Lys-Lys-Arg-Trp-Arg- 

10 20 30 
C H-Leu -G•u -Cys -Hi s -Asn -G•n -G•n - • e r -Se r -G•n -Thr -P r • -Th r -Th r -Th r -G•y -Cys -Se r -G•y -G•y -G•u -Thr -Asn -Cys -Tyr -Lys -Lys -Arg -Trp -Arg -  

I0 20 
Nn I H-Leu-G•u-Cys-His-Asn-G•n-G•n-Ser-•er-G•n-Pr•-P••-Thr-Thr-Lys-Thr-•ys-Pr•---G•y-G•u-Thr-Asn-Cys-Tyr-Lys-Lys-Va•-Trp-Arg- 

10 20 
Nn II H-Met-I1e-Cys-His-Asn-G1n-G1n-Ser-Ser-G1n-Pr•-Pr•-Thr-Thr-Lys-Thr-Cys-Pr•---G•y-G1u-Thr-Asn-Cys-Tyr-Lys-Lys-Va•-Trp-Arg- 

4 0 63 
T I Asp-His-Arg-Gly-Tyr-Arg-Thr-Glu-Arg-Gly-Cys-Gly- X -Pro-Thr-Val- . ................. -Cys-Asn-Asn-OH 

63 
T II Asp- X - X -Gly-Tyr- X -Thr- • ..................................................... -Cys-Asn-Asn-OH 

40 63 
T III Asp-His-Arg-Gly-Tyr-Lys-Thr-Glu-Arg-Gly-Cys-Gly-Cys- X - X -Val- . ................. -Cys-Asn-Asn-OH 

40 62 
C Asp-His-Arg-Gly-Tyr-Arg-Thr-Glu-Arg-Gly-Cys-Gly-Cys-Pro-Ser-Val- • ................. -Cys-Asn-Asn-OH 

30 40 61 
Nn I Asp-His-Arg-Gly-Thr-lle-lle-Glu-Arg-Gly-Cys-Gly-Cys-Pro-Thr-Val- • ................. -Cys-Asn-Asn-OH 

30 61 
Nn II Asp-His-Arg-Gly-Thr-lle-lle-. ...................................................... -Cys-Asn-Asn-OH 

Fig. 2. N- and C-terminal sequences ofNaja nigricollis mossambica neurotoxins (T I, T II and T III). C: cobrotoxin; Nn 1 and 
Nn lh toxins I and I1 ofNaja nigricollis. X: not determined. : deletion. 

from Sephadex G-50 (see fig. 1.A), one can assume 
that the yield of  neurotoxici ty  (95% from the crude 
venom) is excellent. 

Elapidae and Hydrophidae snake neurotoxins may 
be divided into two groups according to the number 
of  constitutive amino acids [1]. The first group con- 
sisted of  the so called ' short '  toxins ( 6 0 - 6 2  residues) 
[17]. The three toxins of  Naja nigricollis mossambica 
belong obviously to this first group although they are 
made of  63 amino acid residues. As the three 'short '  
toxins account for 95% of  neurotoxici ty,  one can 
assume that this venom does not contain toxin be- 
longing to the second group consisted of  the so called 
' long'  toxins ( 7 1 - 7 4  residues). Toxin III is the first 
newly discovered 'short '  toxin containing two tryp- 
tophan residues and one alanine residue; in addit ion 
the only methionine residue is not at the N-terminal 
position as found until now for ' short '  toxins contain- 
ing methionine.  In the second posit ion from the 
N-terminal end, Glu, Asp and Asn residues have been 
found respectively in toxins I, II and III where gener- 
ally Glu is present. In the positions 19 and 20 the 
sequence - G l y  G l y -  found in toxin I, just  as in co- 
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brotoxin,  is replaced by the sequences - A r g - G l y -  
( toxin II) or - A r g - T r p -  ( toxin II). This is of inter- 
est as Gly 20 was till now considered to be an invari- 
ant residue not only in 'short '  and ' long' toxins [i 7] 
but also in cytotoxins  [18,19].  

If  Gln was found in position 10 in toxin I l l  as in 
all other ' short ' toxins  but Dendroaspis polylepis 
toxin a [17],  a Glu res{due was shown to exist in this 
position in the toxins I and II. 

According to amino acid sequence the three toxins 
of  Naja nigricollis mossambica are more similar to 
cobrotoxin from Naja naja atra [13] than to the 
toxins 1 and II ofNaja nigricollis [2,14]. Conside- 
ring the amino acid compositions of cobrotoxin [13] 
and of  Naja nigricollis mossambica toxins 1, II and 
II1 (table 3), as also the available sequence data 
(fig. 2), one can assume that the sequences still re- 
maining to be determined, will be very close to that 
of  cobrotoxin.  These results may show to be of  some 
taxonomical  importance as it has been found that 
Naja nigricollis toxin I and II show amino acid se- 
quences very close to those of  toxins I and II of  
Naja haje [2].  However the obvious problem of  the 
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authenticity of the starting material exists (for example 

in our case the presence of toxin II in a very low a- 

mount  might well be taken as one indication of con- 
tamination in spite of the real competence of the 
snake catcher): the venom of Naja haje and Naja ni- 
gricollis were both from Ethiopia [2] whereas Naja 
naja atra and Naja nigricollis mossambica venoms 

were collected respectively in China and in South- 
Africa which made impossible, in that case, any pos- 
sible confusion. For these reasons, the rapid charac- 
terization of the proteins isolated from snake venoms 
has to be taken as a very important problem which 
must be urgently solved. The way we choose does not 

use a big amount of protein and is not time consuming 
like the determination of a complete amino acid se- 
quence which is, till now, the best chemical test. As 
a matter of fact it will allow a quite better classifica- 
tion than to take into consideration the antigenic 
characteristics of these molecules [20]. Moreover, 
using such chemical criteria, people would never have 
published hypothesis based on pharmacological and 
immunological results [21-23]  obtained with a ve- 
nom which as obviously [2] a mixture of Echis cari- 
natus ( Viperidae) and Na]a nigricollis ( Elapidae) 
venoms. 

Acknowledgements 

Tiffs work was supported by the Centre National 
de la Recherche Scientifique (LA 178), the Insti tut  

National de la Sant6 et de la Recherche M6dicale 
(U. 38, Directeur : S. Lissitzky), the Direction des 

Recherches et Moyens d'Essais (autorisation n ° 327) 
and the Fondation pour la Recherche M6dicale 

Franqaise. The authors are deeply indebted to Prof. 
S. Lissitzky for his constant interest throughout the 

realization of tiffs work. They wish to thank Mr. G. 

Martinez for his help in amino acid analysis. 

References 

[1] Miranda, F., Kopeyan, C., Rochat, H., Rochat, C. and 
Lissitzky, S. (1960) Eur. J. Biochem. 17, 477-484. 

[2] Kopeyan, C., Van Rietschoten, J., Martinez, G., 
Rochat, H., Miranda, F. and Lissitzky, S. (1973) Eur. 
J. Biochem. 35, 244-250. 

[3] Miranda, F. and Lissitzky, S. (1958) Biochim. Biophys. 
Acta, 30, 217-218. 

[4] Miranda, F., Rochat, H. and Llssitzky, S; (1960) Bull 
Soc. Chim. Biol. 42, 379-391. 

[5] Miranda, F. (1964) Th~se de Doctorat ~s-Sciences, 
Marseille. 

[6] Rochat, C., Rochat, H., Miranda, F. and Lissitzky, S. 
(1967) Biochemistry, 6, 578-585. 

[7] Miranda, F., Kopeyan, C., Rochat, H., Rochat, C. and 
Lissitzky, S. (1970) Eur. J. Biochem., 16, 514-523. 

[8] Botes, D. P. and Strydom, D. J. (1969) J. Biol. Chem. 
244, 4147-4157. 

[9] Karlsson, E., Eaker, D. L. and Porath, J. (1966) Biochim. 
Biophys. Acta, 127, 505-520. 

[10] Behrens, B. and Karber, C. (1935) Arch. Exptl. Pathol. 
Pharmakol., 177,379. 

[11] Rochat, C., Rochat, H. and Edman, P. (1970) Anal. 
Biochem. 37, 259-267. 

[12] Liu, T. Y. and Chang, Y. H. (1971) J. Biol. Chem. 246, 
2842-2848. 

[13] Yang, C. C., Yang, H. J. and Huang, J. S. (1969) 
Biochim. Biophys. Acta 188, 65-77. 

[14] Eaker, D. L. and Porath, J. (1972) in: Atlas of Protein 
Sequeflce and Structure (Dayhoff, M. O., ed.) p. D-217, 
the National Biomedical Research Foundation, Silver 
Spring, Md., U.S.A. 

[15] Miranda, F., Rochat, H., Rochat, C. and Lissitzky, S. 
(1966) Toxicon, 4, 123-144. 

[16] Kaflsson, E., Arnberg, H. and Eaker, D. (1971) Eur. 
J. Biochem. 21, 1-16. 

17] Strydom, D. J. (1973) Comp. Biochem. Physiol., 44 B, 
269-281. 

18] Hayashi, K., Takechi, M. and Sasaki, T. (1971) Biochim. 
Biophys. Res. Commun. 45, 1357-1362. 

19] Takechi, M., Hayashi, K. and Sasaki, T. (1972) Mol. 
Pharmacol, 8, 446-451. 

20] Boquet, P., PoiUeux, G., Dumarey, G., Izard, Y. and 
Ronsseray, A. M. (1973) Toxicon 11,333-340. 

21] Boquet, P., Detralt, J. and Farzanpay, R. (1969) Ann. 
Inst. Pasteur (Paris) 116, 522-542. 

22] Cheymol, J., BouriUet, F. and Roch-Arveiller, M. (1971) 
Th6rapie, 26, 1007-1016. 

23] Cheymol, J., Boquet, P., Bourillet, F., Detrait, J. and 
Roch-Arveiller, M. (1973) Arch. Int. Pharmacodyn. 
205, 293-304. 

339 


