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Abstract Snake venoms are mixtures of bioactive

proteins and peptides that exhibit diverse biochemical

activities. This wide array of pharmacologies associ-

ated with snake venoms has made them attractive

sources for research into potentially novel therapeu-

tics, and several venom-derived drugs are now in use.

In the current study we performed a broad screen of a

variety of venoms (61 taxa) from the major venomous

snake families (Viperidae, Elapidae and ‘‘Colubri-

dae’’) in order to examine cytotoxic effects toward

MCF-7 breast cancer cells and A-375 melanoma cells.

MTT cell viability assays of cancer cells incubated

with crude venoms revealed that most venoms showed

significant cytotoxicity. We further investigated

venom from the Red-bellied Blacksnake (Pseudechis

porphyriacus); venom was fractionated by ion

exchange fast protein liquid chromatography and



Huang and Mackessy 2004; Doley et al. 2010



MCF-7 human breast adenocarcinoma cells (ATCC

HTB-22) were maintained in Eagle’s minimum

essential medium (EMEM) with 0.01 mg/mL bovine

insulin and 10 % fetal bovine serum. A-375 human

malignant melanoma cells (ATCC CRL-1619) were

cultured in Dulbecco’s modified Eagle medium

(DMEM) with 10 % fetal bovine serum. All cells

were maintained in 75 mL flasks at\90 % confluence

and incubated at 37 �C with 5 % CO2 in a humidified

atmosphere. Cells were subcultivated according to

instructions from ATCC, using trypsin–EDTA

(0.05 % Trypsin and 0.02 % EDTA; ATCC PCS-

999-003) and cryopreserved using 5 % dimethyl

sulfoxide (DMSO) in the appropriate growth medium.

Cytotoxicity of various crude venoms was exam-

ined using the colorimetric MTT [3-(4, 5-dimethyl-2-

thiazolyl)-2, 5-diphenyl-2H-teyrazolium bromide]



masses, FPLC fractions of peaks 1 and 13 (fractions 3

and 148) were analyzed using matrix-assisted laser-

desorption ionization time-of-flight mass spectros-

copy (MALDI-TOF-MS), as these peaks demon-

strated the highest cytotoxicity towards cells. Ten lL

of selected FPLC fractions was desalted and concen-

trated with a ZipTip C4 micropipette tip. One lL of

this sample was then spotted onto 1 lL sinapinic acid

(10 mg/mL in 50 % acetonitrile with 0.1 % TFA)

matrix. Data were collected using a Bruker (Billerica,

MA, USA) Ultraflex mass spectrometer in linear

mode. Samples were analyzed using a window of

5–16 kDa. Samples used in cytotoxicity assays were

desalted and concentrated using spin columns (Am-

icon 3kD cutoff EMD Millipore Corp., Billerica, MA,

USA), washed with 300 lL ddH2O 9 2 spins and

then lyophilized.

Results

Effects of crude venom MTT cell proliferation

assay results

In general, rattlesnake venoms (Crotalus and Sistru-

rus) were more toxic to both breast cancer and

melanoma cells (Fig. 1a, b) than were those from

elapid and colubrid snakes (Fig. 3a, b). There were

also, however, several highly cytotoxic elapid venoms

and conversely, weakly cytotoxic rattlesnake venoms.

Colubrid and elapid venoms demonstrated the highest

degree of variation in cancer cell toxicity, though

samples of some viperids (Agkistrodon, Atropoides,
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Fig. 4 Micrographs of control and venom-treated MCF-7

breast cancer cells after 24 h incubation with venoms (19 lg/

100 lL). All assays utilized six replicates. a MCF-7 control—no

venom; b P. porphyriacus venom—high cytotoxicity; c C. o.

cerberus venom—high cytotoxicity and extreme cell damage

(cell fragments); d B. alternatus venom—minimal cytotoxicity

observed; e C. o. concolor venom—minimal cytotoxicity

observed

Fig. 5 Micrographs of control and venom-treated A-375

melanoma cells after 24 h incubation, showing differential

effects of venoms. Treated cells (5 9 105 cells/mL) received

19 lg venom/100 lL medium, and all assays utilized six

replicates. a A-375 control—no venom. b Effects of exposure

to Bothrops alternatus venom—note the change in cell

phenotype to a more rounded and clumped appearance.

c Effects of exposure to Cryptelytrops (formerly Trimeresurus)

purpureomaculatus purpureomaculatus venom—change in

phenotype is similar to b. d Effects of exposure to Daboia

russelii russelii venom—phenotypic changes are minimal.

e Effects of exposure to Ahaetulla nasuta venom—again,

phenotypic changes are minimal
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Discussion

Research into venomous systems offers significant

insights into the biological roles of venom compounds

(Saviola et al. 2013) and provides useful information

that can be utilized for effectively treating human

snakebite (Gutiérrez et al. 2009). In addition, venom

research provides potential avenues for novel drug

discovery and design (Fox and Serrano 2007; Vonk

et al. 2011). Venom composition varies between and

among species depending on several factors, such as

phylogenetic affinities (Mackessy 2010a), geographic

localities (Alape-Girón et al. 2008; Núñez et al. 2009),

snake age (Mackessy 1988, 1993; Mackessy et al.

2003; Calvete 2010) and diet (Gibbs and Mackessy

2009; Barlow et al. 2009). These often significant

differences in venom composition, coupled with
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diverse and potent biological activities, make snake

venoms attractive sources as pharmacological tools

for understanding vertebrate physiological pathways

and human diseases. As venoms are proving to be a

excellent source of natural compounds exhibiting

cytotoxic (Yalcın et al. 2014), apopototic (Samel et al.

2012) and anti-tumor (Lin et al. 2010) effects towards

numerous cancerous cell lines, continued research

may identify novel therapeutics for cancers or other

diseases.

In the current study we examined the cytotoxic

effects toward both MFC-7 breast cancer and A-375

melanoma cell lines of venoms representing three very

different families of snakes, from the highly venomous

front-fanged elapids and viperids to the relatively non-

toxic, rear-fanged colubrids. Venoms from colubrids

and elapids demonstrated the greatest variation in

cytotoxicity and were generally less toxic to both

MCF-7 and A-375 cells. For the rear-fanged colubrids,

this finding was not unexpected, as various colubrid

toxins and venoms are prey-specific, showing high

toxicity against lizards or birds, but not against

mammals (Mackessy 2002; Mackessy et al. 2006;

Pawlak et al. 2006, 2009; Heyborne and Mackessy

2013). This varying toxin-receptor specificity, which

is associated with different prey types, likely also
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Fig. 8 Characterization of fractionated P. porphyriacus

venom. Numbers represents each of the 13 peaks obtained from

cation exchange. a SDS-PAGE (reducing) analysis of each

protein peak; protein family typically observed at given masses

is indicated on the left. Note that phospholipases A2 and three-

finger toxins (3FTxs) dominate the proteome of P. porphyriacus

venom. b Cytotoxicity of each peak toward MCF-7 breast

cancer cells; peaks 1 and 13 (asterisks) were most potent. c Mass

spectrogram of peak 1 peptides using a 5–16 kDa window;

3FTxs (6–7 kDa) and PLA2s (13–14 kDa) dominate. d Mass

spectrogram of peak 13 peptides using a 5–16 kDa window;

only PLA2 (13,114.8 kDa) and trace amounts of a 3FTx are

observed
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influences the cytotoxicity documented in this study.

Further, this family of snakes has been taxonomically

challenging, and currently defined families and sub-

families (formerly all in the family Colubridae) are

believed to be distantly related (e.g., Gauthier et al.

2012; Pyron et al. 2013; Wiens et al. 2012). It is

therefore not unexpected that venom effects (and by

extension composition) may vary significantly from

the effects demonstrated by front-fanged snake

venoms.

Viper venoms, on the other hand, tend to be quite

toxic to a wide variety of prey (Gibbs and Mackessy

2009), suggesting that specificity of these venoms may

be less pronounced and that viper venoms contain a

diversity of toxins that act against numerous prey

sources. It is well known that rattlesnakes and other

vipers undergo an ontogenetic shift in prey preference;

neonates tend to prey on small ectothermic prey,

whereas adults feed primarily on larger, more meta-

bolically advantageous endothermic prey (e.g. Mack-

essy 1988). This shift in prey preference is correlated

with shifts in venom composition (Minton and Wein-

stein 1986; Mackessy 1988; Alape-Girón et al. 2008),

providing vipers with an arsenal of venom compounds

with differing receptor specificities and toxicities.

Rattlesnake venoms are also classified into type I (high

metalloproteinase activity and lower toxicity) or type

II (low metalloproteinase activity, high toxicity)

venoms, as toxicity and metalloproteinase activity

are generally inversely correlated (Mackessy 2008).

Interestingly, our MTT assay results indicate that

some venoms of high lethality to prey (including many

of the elapid and viperid venoms evaluated) are not

cytotoxic to cancer cells at doses assayed. For example,

venom from C. o. concolor, which produces the most

toxic venom (LD50 = 0.4 mg/kg) within the viridis/

oreganus clade, and C. o. cerberus, which produces the

least toxic venom (LD50 = 5.4 mg/kg) of this clade

(Mackessy 2010b



oxidase from the same venom showed potent cyto-

toxic effects toward MCF-7 cells (Mukherjee et al., in

prep.). The most striking effects on cell morphology



illustrates the utility of snake venoms in biomedical

research.
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