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Introductlon

Cobra venoms contain cytotoxic components that can be further explored for anticancer potential. Cobra venom cytotoxins
are polypeptides of 60—70 amino acid residues held by four disulfide crosslinks, forming a three protruding fingers-like
structure and is grouped under the three-finger toxin superfamily. Its unique structure gives rise to its diverse
pharmacological actions such as pore formation and disruption of cell membranes. Its cytotoxic properties, nevertheless,
imply the possibility to harness cobra cytotoxins in the development of new anticancer drugs. The present study explores
the two most common cobra species in Southeast Asia, Naja sumatrana (equatorial spitting cobra) and Naja kaouthia
(monocled cobra) to elucidate the prospect of cytotoxin-derived anticancer therapeutics, through investigating the
anticancer properties of the purified cytotoxins of N. sumatrana and N. kaouthia in breast, prostate, and lung cancer cell
lines. The study further delved into the specificity and selectivity of the cytotoxins and verified the cell death mechanisms

underlying their cytotoxic activities. /
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Results
Purification of cytotoxins
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Figure 1. Purification of cytotoxins. Resource S cation-exchange HPLC of N. sumatrana (A) and N. kaouthia (B) —~ S : £ . . ) . .
Figure 2. SDS-PAGE of purified Figure 3. Multiple sequence alignments of NS-CTX and NK-CTX, showing P-type and S-type cytotoxins. Arrow in red

venoms. C,; reverse phase-HPLC of CTX-containing fraction 8 of N. sumatrana (C) and N. kaouthia (D) venoms.
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Arrows indicate the major basic cytotoxins purified. indicated Proline3° of P-type cytotoxins; blue arrow indicates Serine?® of S-type cytotoxin.

cytotoxins from N. sumatrana (NS-CTX)
and N. kaouthia (NK-CTX) venoms

SDS-PAGE showed homogenous protein band of approximately 7 kDa for both purified
cytotoxins. Multiple sequence alignment showed the presence of Pro3° in NS-CTX whilst NK-CTX
possessing Ser?8, respectively categorizing the cytotoxins are P-type and S-type cytotoxins.

Both cobra species were resolved into 8 fractions with cytotoxins
present at fraction 8. N. sumatrana and N. kaouthia cytotoxins
eluted at 110-125 min and 90-115 min respectively.

Conclusion and future work

(A) A549 PC-3 Her Table 1. Half maximal inhibitory concentrations (ICsp) and selectivity index of NS-CTX
» oo @ -~ NS-CTX & and NK-CTX in cancer and normal lung, prostate and breast cell lines. - _ 1 1 1 Thit:
o TER je TER e — . %, prost S NS-CTX and NK-CTX were highly potent in |nh|b|t|ng.the
E origin Cellline | 10 ugmp) | S | 1o qugpy | Selectivity growth of the lung, prostate and breast cancer cell lines
g & ™ &
3 3 3 81 A349 D88 x0.06 5 1.22 =009 . "7t H
- Lung 2 Des=o 217 122209 226 but lack selectivity for the latter two cell lines. Although
ol - " Cocwomingowy © Prosate oo 55 0.11 0= 20 0.15 A549 showed good selectivity, the cells mainly underwent
(B) 20 Rwee - Breast EITT B e 0.68 SR TEET 0.23 necrosis. The study underscores the need for a
= —e- NS-CTX * -8~ NS-C1X . NS-CTX Values were expressed mmean= SEM. . . . .
N sam pRbEgg ZET 3oh T Wom comprehensive, fundamental investigation to address the
é; ;ii .?é; ‘% PN Cell line | Untreated | 5-fluorouracil [ NS-CTX | NK-CTX selectivity and cell death mechanism of venom proteins.
z | PR I NI WP : . :
ifi - i s 7 f s DR ] = a1 [F¥ The anticancer potential of the toxins, however, may be
J S PR S SR R S o Tt | N | X further improved through structural modification to
< "y ° 0.4% 45.?% |02 % . o
(C) AR )] . deliver a more specific, molecularly targeted cancer
8- B NL20 “' T fea
7 7. RWPE:1 TR T therapy in the future. /
2 10 22 MCF-7 g - ]
£ 2o ST
? . 5 Teszx e
23 : | o Reference
o 5:9‘10‘” ?y 1. S. Antil-Delbeke, C. Gaillard, T. Tamiya, P.J. Corringer, J.P. Changeux, D. Servent, and A. Menez,
Figure 4. Cytotoxicity of NS-CTX, NK-CTX and 5FU on cancer and normal cell lines. Cell viability plot for ® Tesn Hew Molecular determinants by which a long chain toxin from snake venom interacts with the neuronal
cancer (A; A549, PC-3, and MCF-7) and normal (B; NL20, RWPE-1, and 184B5) cell lines. IC, of cell > ”* o alpha 7-nicotinic acetylcholine receptor. The Journal of biological chemistry 275 (2000) 29594-601.
lines treated with NS-CTX and NK-CTX (C). One'wayANOVAW'tZEf.nfe.rrompOSt hoc test was used to L VO fcA 2. D. Servent, S. Antil-Delbeke, C. Gaillard, P.J. Corringer, J.P. Changeux, and A. Menez, Molecular
e i e i e e Gl et el e o < OREA Figure 5. Dot plots showing flow cytometric cell death mechanism of cancer cell lines characterization of the specificity of interactions of various neurotoxins on two distinct nicotinic
. ' i i acetylcholine receptors. Eur J Pharmacol 393 (2000) 197-204.
mdu_ced W ?Tx.arid N C.TX reatment ] 3. A.G. Konshina, I.A. Boldyrey, Y.N. Utkin, A.V. Omel'kov, and R.G. Efremov, Snake Cytotoxins Bind to
NS-CTX, NK-CTX, and 5FU showed dose-dependent cytotoxic activities in cancer cell lines and normal| Membranes via interactions with Phosphatidylserine Head Groups of Lipids. PLOS ONE 6 (2011)
. . - . . e19064.
cell lines. Increasing cytotoxicity in the following order: MCF-7 < PC-3 < A549. Normal breast and| 4 vs.chan R.C. Cheung L. Xia, J.H. Wong, T.B. Ng, and WY. Chan, Snake venom toxins: toxicity and
prostate cells were more susceptible to NS-CTX and NK-CTX, whilst selectivity was seen in lung cell ines. [ T oo D o hias ans M. Mok, Anticancer Activity 2 of Casoian
Flow cytometry demonstrated varying cell death mechanisms, Predominantly necrosis and late Cobra (;'aialga(igoixsi;;g)ls;;;e Venom in Human Cancer Cell Lines Via Induction of Apoptosis. Iran |
arm nes = .
apoptosis in the cancer cell lines. Necrosis in the A549 and mainly late apoptosis in the MCF-7 cell line.




