
hind of.Chroma~ography, 242 (L982) 369-373 
Ekevkr scientific Publishing Cornpay, Amsterdam - Printed in The Netherlands 

CHRGM. 14,833 

Note 

Separation of four cardiotoxins of Taiwan cobra (&Wrja naja a&-a) by 
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Snake cardiototin is a membrane-active polypeptide that causes irreversible 
depolarization of cell membrane i_ There are four cardiotoxin (CTX) isomers in the 
venom of the Taiwan cobra (N@z naj~ arm), which are abbreviated to CTXI, CTXII, 

CTXIII and CTXIV, according to their sequential elution during purification on a 
CM-cellulose column. The amino acid sequences of all four isotoxins have been 
determined-^6 and it is known that they are compact and basic proteins consisting of 
60 amino acid residues with four disulphide linkages’. The major toxin, CTXIII, has 
been synthesized by solid-phase synthesis in our laboratory8*g. 

The separation of peptides and proteins by reversed-phase high-performance 
liquid chromatography (RP-HPLC) is a useful technique and many closely related 
proteins have been separated rapidly by this method”. It is necessary to have a rapid 
and accurate method for the measurement of synthetic polypeptides in the presence of 
the by-products commonly encountered during deprotecting and coupling proce- 
dures. RP-HPLC is not only rapid, compared with the use of conventional ion- 
exchange columns, but is also a powerful separation tool, giving resolution with a 
difference in only one of 50 amino acid residues’ ‘. 

Cardiotoxins are frequently used to investigate the destruction of artificial 
membranes’2~‘3. Owing to the different activities of the four cardiotoxins, the car- 
diotoxin used as a research tool must be highly purified. The major toxin, CTXIII, 
when separated by conventional ion-exchange columns, was usually contaminated 
with CTXIV and was difficult to detect by disc electrophorcsis’“~15. 

In this paper, we compare the separations of the four CTX isomers achieved 
with four commercial reversed-phase columns. We have tried this method as a rep- 

lacement for disc electrophoresis for checking the purity of CTX isomers purified by 
ion-exchange chromatography_ It is also useful for monitoring the folding of reduced 
cardiotoxin under aerobic conditions_ 

EXPERIMENTAL 

The cardiotoxins were purified from the crude venom of Taiwan cobra (NC& 
IZG$~ atra)“, which was purchased from Cheng-Chin Co., Taiwan. The differences in 
the amino acid sequences of these toxins are listed in Table I- Acetonitrile (Alps 
Chem. Co., Taiwan) was of EIPLC grade. Water for HPLC was prepared with a Milli- 
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-Q &itei-~&i&ati6n sys& (spore, BedFord, h&k, U.S.A.). Sodium &lphate aird 
sodium pkos$ate were p&ha&d from W&o, Osaka, Japan. 

Tke HPLC system consisted of two Waters Model 6000 pumps, a Waters UK- 
6 valve-l&p- injector,~ a Waters Model 450 variable-wavelength UV detector, a 
Wate& refr+tive index detector, a Model 660 solvent programmer and ti Qmni- 
scribe two-channel chart-recorder. The Radial Compression Mod&e, Radial-PAK 
C,, c&ridges, ‘C, cartridges, eondapak-phenyl column and @ondapak-CN 
column we purchased from Waters Assoc., Milford, MA, U.S.A. 

Th? experiments were performed at room temperature with a flow-rate of 1.5 
ml/min. The detector Was operated at 230 run. The mobile phase, a mixture ofaceto- 
nitride and phosphate buffer containing sodium sulphate, was filtrated through a 0.45- 
= membrane filter and dewsed before use. SampieS of about Xl-50 gg were in- 
jected using a Microliter 802 syringe (Hamilton, Reno, NV, U.S.A.). 

RESULT!3 AND DISCUSSION 

Tke separation of a mixture of four isotoxins with a @ondapak-CN column is 
skown in Fig. 1. Tke order of e&ion of the four cardiotoxins was CTXIV, d=TXII > 
CTXI > -II. The two proteins, CTXIV and CTXII, could not be separated with 
this column, even though variozls conditions were investigated. CTXIV and CTXIL 
di%eeonly in one amino acid residue (position 1 = Arg in CTXIV and I.eu in CTXII, 
as shown in Table I). Owing to the weak hydrophobicity of the FBondapak-CN 
column, CTXIV and -XII may not be resolved. Using conventional ion-exchange 
CMcelkxlose chromatography and disc electrophoresis, the two proteins were easily 
separated”. 

The four cardiotoxins were successfully separated on the ,uBondapak-phenyl 
column, as shown in Fig. 2. The pkenyl group has a higher hydropkobicity than the 
CN group. The cottent of acetonitrile in mobile phase, therefore, was increased to 

CTXIV 

CTW CTX 
CTXIV 

20 !min J 

Fig. 1. Sepmtion of the four cxdioto.xins on a /~BondapakCN column. Eluent, tixture of 77% ofO.05 
M plt%phte btim (pK 2.5) containing 0.05 LW sodium sulphate and 23 % of acetonitik; flow-rate, 1.5 
lxll;miIt; detector, w (230 nIlI)_ 

Fig. 2. Sqxatioa of the four cxdiotoxins on a .&on&p&-phenyl column. !Zluex& mixture of 71% of 
0.05M phospbte bu%er @H 2.5) containing 0.05 M sodium sulpbate and 29 % of acetonitri!e; flow-rite; 
1.0 lnl/ti; detector, uv (2343 run). 
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Fig. 3_ Separation of the four cardioro.sins on a Radial Compression Module C, cartridge. Eluent, mixture 
of 70 % of O-01 _Sf phosphate bufer (pH 35) containing 0.1 M sodium suIphate and 30 % of acetonitrile; 

flow-rate, 1.5 mlimin; detector, UV (230 mn). 

Fig. I Separation of the four cardiotoxins on a Radial Compression Module Cl8 cartridge_ Ehsen~ 
mixture of 67.5 % of 0.01 M phosphate buffer (pH 2.5) containing 0.1 &f sodium sulphate and X2-5 % of 
acetonicrik; flow-ra:e, 1.5 ml/mini detector, UV (230 MI). 

29 o/o on the @ondapak-phenyl column in order to obtain a suitable retention time. it 
is surprising that the order of elution of the four cardiotoxins was CTXiV > CTXII 
> CTXIII > CTXI. The relative retention values of CTXI and CTXIII do not 
correspond to the relative hyophophobicities calculated from their amino acid res- 
idues (Table I)_ In general, the technique allows the separation of compolmds on the 
basis of their hydrophobic interaction with the stationary phase supporP_ This 
simple rule seems to fit only small peptides (up to 20 amino acid residues), the hydro- 

I ‘0 M 30 (min) 

Fig. 5 _seplarion Ofc-rxKv and CTXII on a E&dial Compression ModuIeC,, cartridge Eke&, mixture 

of 70% of QOl Af phosphate btier (pH2-5) containing O-1 M sodium sulpha~ and 30% of acetonitrile; 
ffk-raite, I.5 ml@in; dttector, UV (230 nm). 

Fig_ 6. mtion of the four cardiotoxins on a Radial Comprersion Mod&_ C, cat-ridge. Ehent, mix&e 
of 0.05 ~ripboqhate b&k @H 25) eontaking O-1 -.&fsodium su.Ipaatt and acetonitrile; a gradient from 29 
to 30% of acetonitrze o\er 10 min w3S used; now-rate_ I.5 ml/min; detcctcir~ uv (230 ml)_ 
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phobicity of which is determined by the sum of the contributions from each of their 
amiao a5d ?ces&zsl’_ 

Theorders ofelution ofthe four czrdiotoxins on the C, and C,, columns were 
thesane (Fig- Tmd 4)_ CFXIIand CTXIV cannot heseparated on the CIB column if 
the acetonitxile cor~cex~tratio~~ in mobile phase was higher than 32.5%_ When the 
acetonitriIe concentration reduced to 30 9:. CTXII and CTXIV were separated on the 
C,, column (Fig. 5), but the peaks were broad and still overlapped considerably. 
Using the Cs column, CFXII and CTXIV were not separated if the mobile phase 
elated under isocratic conditions (Fig, 3), unkss a gradient from 29 0/O to 30 oA aceto- 
nitrile in the mobile phase over 10 min was used (Fig. 6). The C, and C,, columns 
have such high hydrophobicities that CIXII and CTXIV could not be separated 
CkXidJL 

From the resuhs described above, it can- be concluded that the -pBondapak- 
phenyl column is the best for the separation of the four cardiotoxins. The order of 
hydrophobic&y of the four commercial columns is C,, > C, > PBondapak-phenyl 
> PBondapak-CN. Because of the moderate hydrophobicity of the aondapak- 
phenyl cohnnn, it is suitable for the separation of proteins that have high hydro- 
phobic&s, stxh as cardiototins. The elution conditions for the separation of car- 
diotoxins containing with very high percentages of acctonitrile, compared with the 
conditions required for cobra neorotoxin (only 15% of acetonitriie under the same 
conditions with the PBondapak-phenyl c~lumr$~, also demonstrates that the hydro- 
phobic groups in cardiotoxins were exposed to thesurface of molecules, which are the 
character of membrane-active toxins’Q_ 

Because of the similar net charges of XTCIII and CTXIV, their separation 
with an ion-exchange column is very diEcult and tedious and the purity as checked by 
disc electrophoresis is uncertain. This problem was solved easily by using the RP- 
I-IPLC method. 
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