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It is known that the venoms of snakes belonging to the family Elapidae contain 
a large amount of membrane-active basic proteins, cardiotoxins (cytotoxins) (CTXs), 
which cause irreversible depolarization of the cell membrane’. These proteins also 
cause systolic arrest of the heart’ and show preferential cytotoxicity toward Yoshida 
sarcoma and ascites hepatoma cells2. Cardiotoxins are single polypeptides consisting 
of 60 amino acid residues with four intramolecular disulphide linkages3. 

We have previously isolated these proteins from the venoms of Indian (Naja 
naja)4-a and Formosan (Naja naja atra)’ cobras, and designated them as cytotoxins 
I, IIa and II, and cardiotoxin analogues I, II, III (cardiotoxin) and IV, respectively, 
according to their sequential elution from a CM-cellulose column. Studies of the 
amino acid sequences revealed that these proteins are highly homologous in their 
primary structures4-9. Although these proteins have been purified by means of the 
combination of gel-filtration and CM-cellulose column chromatography, complete 
separation could not be attained. It seems important to check the purity of a com- 
ponent in order to investigate in detail the mechanism of action of the toxin on the 
plasma membrane, because it is conceivable that the effects of these componetits on 
the membrane differ depending on the slight differences in their structures. It was, 
however, difficult to use polyacrylamide gel electrophoresis for checking the purity, 
because of their extremely positive charges and similar molecular weights. 

This paper deals with the complete separation of these cardiotoxins (cytotox- 
ins) by means of reversed-phase high-performance liquid chromatography (HPLC). 

EXPERIMENTAL 

Cytotoxins I, Ila and II, and cardiotoxin analogues I, II, III and IV were 
purified as previously described from the venoms of Naja naja-++ and Naja naja atra’, 
respectively, which were purchased from Sigma, St. Louis, MO, U.S.A. Trifluoroace- 
tic acid (TFA) and acetonitrile (> 99.5%) of extra pure grade and chromatography 
grade, respecti,vely, were obtained from Nakarai Chemicals, Kyoto, Japan. 
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these components. These problems were easily solved by using this HPLC system 
(Fig. 2). 

Recently, Wu et al. lo reported the separation of four cardiotoxins of Nuju nuju 
utra by means of reversed-phase HPLC. They compared several reversed-phase sup- 
ports, and found the best separation on a PBondapak-phenyl column, but inadequate 
separation on a PBondapak-CN column. In addition, there was some difficulty in 
separating CTX analogues II and IV, because these two proteins differ only in one 
amino acid residue, at position 1’; Leu in CTX analogue II and Arg in CTX analogue 
IV. Comparing these results with those presented here, the present system exhibits 
excellent resolution for these highly homologous components. 

When compared with conventional polyacrylamide disc gel electrophoresis, 
this method has many advantages such as high resolution, rapid analysis, and easy 
recovery of the material. In the present study, we used a mixture of 0.1% TFA and 
acetonitrile as the mobile phase. Because these solvents can be removed by lyophi- 
lysation, this method may also be useful in the purification of these toxins in larger 
amounts when a preparative column is used. 
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