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Abstract

Snake venoms are aqueous solutions containing peptides and proteins with various biochemical, physiological, and
pathophysiological effects. Several snake venom components are used as lead molecules in the development of new
active substances for the treatment of cardiovascular diseases, clotting disorders, cancer or pain.

Antibacterial activity has also been attributed to snake venoms and proteins isolated from snake venoms. This
study provides information regarding the antibacterial activity of venoms obtained from various snake species from
the Elapidae and Viperidae families. Minimum inhibitory and bactericidal concentrations of snake venoms were
determined for three Gram-positive (Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 29213,
and Methicillin-resistant Staphylococcus aureus ATCC 43300) and three Gram-negative (Escherichia coli ATCC
25922, Klebsiella pneumoniae ATCC 13883, and Pseudomonas aeruginosa ATCC 27853) pathogenic bacteria.
The observed effects were correlated with the protein content of each venom, determined using SDS-PAGE analysis
and comparison with data available in the literature. Our findings represent a starting point for the selection of
snake venoms containing components with potential use as lead molecules in the development of new antibacterial

agents, targeting multidrug resistant bacterial strains.
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Introduction

Antibiotic resistance developed by numerous
bacterial strains is the main cause for the de-
crease in the effectiveness of antibiotics and the
treatment of infectious diseases caused by mul-
tidrug resistant bacteria represents a significant
clinical problem (1,2). In this context, the dis-
covery of new antimicrobial agents is crucial,
and the search for new compounds has led to the
exploration of various natural sources, such as
plant extracts (3—5), bee venom (6), spider ven-
om (7) or snake venom (8).

Snake venoms are aqueous solutions containing
peptides and proteins that affect the nervous,
cardiovascular, and neuromuscular systems (9).
Several snake venom components are used as
lead molecules in the development of new ac-
tive substances for the treatment of cardiovascu-
lar diseases (10,11), clotting disorders (12,13),
cancer (14,15), or pain (16). Snake venoms and
individual components isolated from snake ven-
oms demonstrated antibacterial activity against
several Gram-positive and Gram-negative bacte-
ria (17-19). Based on the results of these experi-
ments, the antibacterial activity of snake venoms
has been attributed mainly to their content in
phospholipases, metalloproteinases, and L-ami-
no acid oxidases (8).

Snake venom phospholipases A, (sv-PLA,) are
enzymes capable of hydrolysing phospholipids,
but express additional biological activities, such
as neurotoxicity, cardiotoxicity, and myotox-
icity (20,21). Analgesic (16), antitumoral (22),
and antibacterial effects (23) have also been
attributed to sv-PLA_s. Studies focused on the
antibacterial activity of sv-PLA s have demon-
strated that several of these proteins are active on
both Gram-positive and Gram-negative bacteria,
with a more pronounced effect on Gram-posi-
tive strains (19,24). The preferential activity on
Gram-positive bacteria might be explained by
the positive charge of the sv-PLA, molecules,

which potentiates the binding of the proteins
to the anionic surface of the cell wall, leading
to the enzymatic degradation of its constituent
phospholipids (8,23).

Snake venom metalloproteinases (SVMP) are
zinc-dependent enzymes that are able to cause
haemorrhages, coagulopathies, and myonecro-
sis. SVMPs also inhibit platelet aggregation and
induce inflammatory responses (25). SVMPs
present proteolytic activity and are capable of
modulating the cell-cell and cell-matrix adhe-
sion processes, which might be directly linked to
their antibacterial activity (26). Studies regarding
the antibacterial activity of SVMPs found that
these proteins show inhibitory activities against
several Gram-positive and Gram-negative bacte-
rial strains, with a more pronounced activity on
Gram-positive strains. The antibacterial effect of
SVMPs is partially related to bacterial anionic
site recognition and degradation of phospholipid
membranes (8,26).

Snake venom L-amino acid oxidases (sv-
LAAOQO) are FAD-binding glycoproteins that
present cytotoxic, apoptotic, haemorrhagic, and
antibacterial activity (27). The antibacterial ac-
tivity of sv-LAAOs is attributed to their catalyt-
ic activity during amino acid oxidations. These
processes lead to the generation of hydrogen
peroxide, a bactericidal molecule with activi-
ty on both Gram-positive and Gram-negative
strains (8,28).

In the study presented here, we hypothesized
that venoms originating from various snake
species present different antibacterial activity
depending on their protein composition. The
main objective of the study was to determine the
minimum inhibitory and minimum bactericidal
concentrations of lyophilized snake venoms and
to correlate our findings with the protein compo-
sition of the venoms determined using sodium
dodecyl sulfate—polyacrylamide gel electropho-
resis (SDS-PAGE).
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Material and methods

Snake venoms

Lyophilized snake venoms were obtained from

commercial sources (Latoxan S.A.S., France).

Stock solutions were prepared by dissolving the

lyophilized snake venoms in sterile distilled wa-

ter at a concentration of 8000 pg/mL and used
immediately. Venoms used in the present study

originated from snakes of the Elapidae and Vi-

peridae family and included the following spe-

cies:

- Elapidae: Acanthophis praelongus (Prod-
uct ID: L1359), Dendroaspis angusticeps
(L1307), Naja atra (L1322), and Naja
kaouthia (L1323)

- Viperidae: Agkistrodon piscivorus leucosto-
ma (L1205), Agkistrodon piscivorus pisciv-
orus (L1206), Bitis gabonica (L1104A),
Crotalus atrox (L1216), Crotalus polystictus
(L1292), Daboia siamensis (L1139A), and
Vipera latastei gaditana (L1153).

Bacterial strains

Six control strains were obtained from the bac-
terial collection of the Department of Microbiol-
ogy, the University of Medicine, Pharmacy, Sci-
ence, and Technology of Targu Mures, Romania.
Bacterial strains used in the present study include
Enterococcus faecalis (ATCC 29212), Staphylo-
coccus aureus (ATCC 29213), Methicillin-re-
sistant Staphylococcus aureus (MRSA) (ATCC
43300), Escherichia coli (ATCC 25922), Klebsi-
ella pneumoniae (ATCC 13883), and Pseudomo-
nas aeruginosa (ATCC 27853). The first three
strains are representative for Gram-positive coc-
ci, while the last three for Gram-negative rods:
glucose-fermentative as well as non-glucose-fer-
mentative rods. The strains were revitalized 48
hours prior to the experiment on blood-agar and
incubated overnight at 37°C, subcultured and
checked for their purity. Isolated colonies were
then used for inoculum preparation.

Antibacterial activity of snake venoms

The antibacterial activity of snake venoms was
assessed using the microdilution method that al-
lows the determination of minimum inhibitory
concentrations (MIC) on sterile 96-well polysty-
rene round bottom micro-well plates. The meth-
od is based on CLSI 2015 standard methodology
(document M07A10) (29).

For the testing of each bacterial strain, two 96-
well plate sets were used (one plate serving for
the testing of six venoms, the second for the test-
ing of five venoms). On the first well of each cor-
responding row, 200 pL of crude venom stock
solutions were loaded. One hundred microliters
of each venom was subsequently mixed with
100 uL sterile distilled water in the remaining
wells of the corresponding row, thus obtaining
successive binary dilutions. Standard bacterial
inoculums, each containing approximately 2¢10°
colony-forming units (CFU) per mL, were pre-
pared by mixing 10 pL of 0.5 McFarland bac-
terial suspension in sterile saline with 9990 pL
Muller-Hinton broth (Oxoid Limited, UK), 2x
concentrated. One hundred microliters of bacte-
rial inoculum were pipetted over the 100 uL of
venom solutions in each of the two correspond-
ing plate sets. Thus, the final concentrations of
the venoms in wells 1-12 of the testing plates
were: 4000, 2000, 1000, 500, 250, 125, 62.5,
31.25, 15.62, 7.81, 3.90 and 1.95 pug/mL, re-
spectively, while the bacterial concentration was
approximately 2¢10* CFU/well. Each plate con-
tained two growth control wells in the last row:
positive control (bacterial inoculum and water)
and negative control (Muller-Hinton broth and
water). All plates were incubated overnight at 35
+ 1°C. The MIC was interpreted as the venom
concentration in the last well of each row that
did not present visible growth.

The minimum bactericidal concentration (MBC)
was assessed from the last three wells that did not
show bacterial growth, including the MIC one.
For this purpose, 2 pL solution from each well
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was spot-inoculated on Columbia-blood-agar
medium (Oxoid Limited, UK) and incubated
overnight at 37°C. The MBC was interpreted as
the lowest venom concentration that did not al-
low colony growth, equal with or higher than the
MIC.

SDS-PAGE analysis of snake venoms

Samples taken from the stock solutions of each
venom were prepared for SDS-PAGE analysis
according to the method described by Laemmli
(30). Proteins were separated on 10 % SDS gels,
run under 100 V voltage for 3 hours using a Pow-
erPac HC High-Current Power Supply (Bio-Rad
Laboratories, USA). Pageruler Plus prestained
protein ladder, 10 to 250 kDa (Thermo Fisher
Scientific, USA) was used as a molecular mark-
er. Gel electrophoresis was followed by protein
blotting, performed using an Immun-Blot PVDF
membrane (Bio-Rad Laboratories, USA). Blot-
ting conditions were as follows: 100 V for 1
hour, using a PowerPac HC High-Current Pow-
er Supply (Bio-Rad Laboratories, USA). Bands
obtained following protein blotting were visual-
ized using Ponceau S stain (VWR Life Sciences,
USA). Stained membranes were photographed
using a ChemiDoc XRS+ System (Bio-Rad
Laboratories, USA) and the obtained images
were optimised and analysed using Image Lab
Software version 5.2.1. (Bio-Rad Laboratories,
USA).

Results

Qualitative and quantitative composition of
snake venoms varies greatly between different
species. Thus, it is expected that the effects of
snake venoms on different organisms can show
tremendous differences. The results of the anti-
bacterial activity of different snake venoms are
summarized in Table 1.

Representative composed images showing the
effect of Naja atra (Elapidae) and Agkistrodon

piscivorus leucostoma (Viperidae) venoms on
different bacterial strains are presented in Figure
1 and a representative image showing the effect
of all tested snake venoms on S. aureus is pre-
sented in Figure 2.

As it can be observed, the effects of venoms
obtained from species of the two different fami-
lies can clearly be distinguished. Elapid venoms
displayed reduced or no antibacterial activity
against all tested strains, with the least effective
venom being the one obtained from Dendroas-
pis angusticeps, showing no antibacterial ac-
tivity at the concentration range used. All other
elapid venoms had MIC and MBC values equal
or above 2000 pg/mL. As a comparison, viperid
venoms, with the exception of the venom ob-
tained from Vipera latastei gaditana, displayed
for all susceptible bacterial strains MIC and
MBC values equal or below 500 pg/mL.
Viperid venoms showed not only lower MIC
and MBC values, but also displayed a high-
er inter-species variability for the determined
MIC and MBC values. Venoms obtained from
Bitis gabonica and Crotalus polystictus had
the highest MIC values in the Viperidae fami-
ly, regardless of the pathogen involved. On the
other hand, promising results were found for
the venoms obtained from Daboia siamensis
on Gram-positive S. aureus and Agkistrodon
piscivorus leucostoma on Gram-negative K.
pneumoniae, both with MIC and MBC values
of 62.5 ng/mL. Differences in the antibacteri-
al activities of the obtained venoms could also
be observed for the two Crotalus species tested,
with MIC and MBC of 125 pug/mL for Crotalus
atrox and 500 pg/mL for Crotalus polystictus on
susceptible species.

E. faecalis and E. coli strains were resistant to all
tested venoms, while P. aeruginosa was suscep-
tible only to the venoms obtained from the two
Agkistrodon species and only at high concentra-
tions (MIC and MBC of 4000 pg/mL).
SDS-PAGE analysis was performed separately



Revista Romdna de Medicina de Laborator Vol. 27, Nr. 3, Iulie, 2019

309

Table 1. Minimum inhibitory and minimum bactericidal concentration of different snake venoms, against
Gram-positive and Gram-negative bacteria determined using the microdilution method.
(Ef — Enterococcus faecalis; Sa — Staphylococcus aureus; MRSA — Methicillin-resistant Staphylococcus
aureus; Ec — Escherichia coli; Kp — Klebsiella pneumoniae; Pa — Pseudomonas aeruginosa).

Snake species

Bacterial strains

. Common Ef (+) Sa (+) MRSA (+) Ec () Kp (-) Pa ()

Scientific name name MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Elapidae

Acanthophis Northern i Np 2000 2000 4000 4000 ND  ND 4000 4000 ND  ND

praelongus death adder

Dendroaspis Fasterngreen ' \p ND ND O ND ND ND ND ND ND ND ND

angusticeps mamba

. Chinese

Naja atra o ND ND 2000 2000 2000 2000 ND ND 2000 2000 ND ND

Naja kaouthia M(C’ng;ed ND ND 2000 2000 2000 2000 ND ND 2000 2000 ND ND

Viperidae

Agkistrodon

oo Western

piscivorus ND ND 125 125 125 125 ND ND 625 625 4000 4000
cottonmouth

leucostoma

Agkistrodon Eastern

piscivorus ND ND 125 125 125 125 ND ND 125 125 4000 4000

.. cottonmouth

plsczvorus

Bitis gabonica ~ Gaboonviper ND ND 500 500 500 500 ND ND 250 250 ND ND
Western

Crotalus atrox diamondback ND ND 125 125 125 125 ND ND 125 125 ND ND
rattlesnake

Crotalus Mexican

) lance-headed ND ND 500 500 500 500 ND ND 500 500 ND ND

polystictus
rattlesnake
Eastern

Daboia siamensis Russell’s ND ND 625 625 125 125 ND ND 250 250 ND ND
viper

Vipera latastei Lataste’s  \y N\p ND ND ND ND ND ND ND ND ND ND

gaditana viper

MIC — minimum inhibitory concentration (pg/mL); MBC — minimum bactericidal concentration (pug/mL);

ND — No antibacterial activity detected in the concentration range used.

for Elapidae and Viperidae snake venoms, un-
der identical conditions. The obtained gels were
used for protein blotting on a PVDF membrane
and the bands were visualised using Ponceau S
stain. The venoms obtained from species of the
Viperidae family showed a higher diversity of
proteinaceous fractions than those obtained from
species of the Elapidae family. The digital im-
ages of the stained membranes are presented in
Figure 3.

Discussions

The aim of our study was to correlate the qual-
itative composition of 11 different snake ven-
oms (as determined by SDS-PAGE analysis and
correlation of our findings with literature data)
and their antibacterial activity, as observed on
six different pathogenic bacterial strains. The 11
venoms were selected from two snake families:
Elapidae (four species) and Viperidae (seven
species). The geographical distribution of the
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Fig. 1. Representative images (composed) showing the effects of Naja atra and Agkistrodon piscivorus
leucostoma venoms on the tested bacteria: 1. Staphylococcus aureus; 2. Methicillin-resistant
Staphylococcus aureus; 3. Enterococcus faecalis; 4. Escherichia colis 5. Klebsiella pneumoniae;

6. Pseudomonas aeruginosa.
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Fig. 2. Representative image showing the effect of the tested snake venoms on Staphylococcus aureus.
1. Acanthophis praelongus; 2. Agkistrodon piscivorus leucostoma; 3. Agkistrodon piscivorus piscivorus;
4. Bitis gabonica; 5. Crotalus atrox; 6. Crotalus polystictus; 7. Daboia siamensis; 8. Dendroaspis angusticeps;
9. Naja atra; 10. Naja kaouthia; 11. Vipera latastei gaditana; 12. Negative and positive controls.

selected species is as follow: Africa (B. gaboni-
ca, D. angusticeps), Southern and South-eastern
Asia (A. praelongus, D. siamensis, N. atra, N.
kaouthia), Central and North America (4. pisciv-
orus leucostoma, A. piscivorus piscivorus, C.
atrox, C. polystictus) and Southwestern Europe
(V. latastei gaditana) (31).

Inelapid venoms, smallermolecular weighttoxins
predominate, while viperid venoms are generally
more abundant in higher-mass proteins. There is

also a clear distinction in the complexity of ven-
oms from the two snake families. Elapidae snake
venoms are far simpler in their composition com-
pared with Viperidae venoms. Using the SDS-
PAGE conditions employed, Elapidaec venoms
showed only 2 or 3 strong bands below 30 kDa,
while Viperidae venoms showed complex pat-
terns under 70 kDa.

A literature survey revealed that Elapidae ven-
oms are usually abundant in low molecular mass
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Elapidae family

Viperidae family

Fig. 3. Stained membranes following protein blotting of SDS-PAGE gels. Lanes and bands were identified
using the automatic recognition function of the Image Lab Software version 5.2.1 (Bio-Rad Laboratories,
USA), with manual adjustments if deemed necessary. (AP - Acanthophis praelongus; DA - Dendroaspis
angusticeps; NA - Naja atra; NK - Naja kaouthia; APL - Agkistrodon piscivorus leucostoma;

APP - Agkistrodon piscivorus piscivorus; BG - Bitis gabonica; CA - Crotalus atrox; CP - Crotalus polystictus;
DS - Daboia siamensis; VL - Vipera latastei gaditana; Std — Thermo Scientific Pageruler Plus prestained
protein ladder).
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three-finger neurotoxins (approximately 6-9
kDa) and phospholipases A, (13-15 kDa). In our
study, intense bands appeared at around 15 kDa
for all Elapidae venoms tested, which probably
correspond to the phospholipases A, as this
class of proteins was clearly identified in these
venoms in earlier studies (32—-35). Unfortunate-
ly, the SDS-PAGE conditions used did not offer
a better resolution at lower molecular mass, thus,
for example, three finger neurotoxins could not
be retained on the gel.

Another clearly distinguishable band identified
in the SDS-PAGE gels of elapid venoms was at
around 25 kDa, which, based on literature data,
corresponds to the family of cysteine-rich se-
cretory proteins (CRISPs). These single-chain
polypeptides were described in the secretions of
numerous mammalian exocrine glands and also
several snake species, including Naja kaouthia
(36,37).

SDS-PAGE lanes corresponding to Dendroaspis
angusticeps, Naja atra, and Naja kaouthia also
contained weak bands at around 55 kDa, which
could be attributed to SVMPs and sv-LAAO:s.
Although present in Elapidae venoms, these en-
zymes usually amount to only a small percent-
age of their total protein content. For example,
Tan et al. found that in venoms of Naja kaouth-
ia from different geographical regions of Asia
sv-LAAOs represented only around 1 %, while
SVMPs amounted to 2-3 % of all proteins iden-
tified (35).

The obtained SDS-PAGE gels suggested that
the protein profile of the analysed Elapidae ven-
oms was simple and showed a high similarity
between the tested species. The obtained data
suggested the lack of peptides with specific an-
tibacterial activity, which is in line with the high
MIC and MBC values obtained for these ven-
oms. Furthermore, the homogeneity of the ven-
om composition of the tested elapid species was
in line with the similar MIC and MBC values
obtained for these venoms.

The tested viperid venoms showed a much more
complex protein profile and heterogeneity be-
tween species, demonstrated both by the varia-
tion in the obtained MIC and MBC values and
the SDS-PAGE profiles of these venoms.
Viperid venoms displayed a strong, seeming-
ly homogenous band at approximately 15 kDa,
which are usually associated with sv-PLA s. As
opposed to elapid venoms, higher-molecular
weight components predominate in viperid ven-
oms. Hydrolytic enzymes, especially serine pro-
teases, are observable between 25 and 35 kDa,
which were absent in the tested elapid venoms
(38). SVMPs are also expected to be abundant
in viperid venoms, with P-I class SVMPs visible
at approximately 20-30 kDa, P-II class visible at
30-60 kDa, and P-III class visible above 60 kDa
(25). P-I class and P-II class SVMPs were iden-
tified on the SDS-PAGE gels as strong bands in
the venom of both Crotalus species at around 21
kDa and 55 kDa, respectively. This finding is in
line with literature data, which suggest a high
abundance of SVMPs in Crotalus venoms (39).
Although the SDS-PAGE lanes were similar, dif-
ferences were found in the antibacterial activity
of the Crotalus venoms tested, the venom ob-
tained from Crotalus atrox expressing a higher
activity than that from Crotalus polystictus on
susceptible strains.

Interestingly, the venom obtained from Daboia
siamensis displayed the highest antibacterial ac-
tivity against Gram-positive species (S. aureus
and MRSA), although its SDS PAGE analysis
revealed a very simple composition when com-
pared with other viperid venoms. Daboia si-
amensis venom also displayed a relatively high
activity against Gram-negative K. pneumoniae.
The highly expressed sv-PLA is the most prob-
able contributor for its antibacterial effect on
Gram-positive bacteria. It was found that the
bacterial sensitivity to phospholipases A, is high-
ly variable, but generally, Gram-positive bacte-
ria are susceptible, as these enzymes quickly
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penetrate and damage the bacterial phospholip-
id bilayer. This is the reason why most venoms
showed a good antibacterial effect on Gram-pos-
itive bacteria. Within this group, enterococci
and streptococci were found to be more resistant
than staphylococci, probably due to their ability
to replace the degraded phospholipids of the cy-
toplasmic membrane (40), or due to the possible
presence of aggregation substances in enterococ-
ci, which makes them spontaneously clump (41).
The asymmetrical distribution of lipopolysac-
charides in Gram-negative bacteria limits the
access of PLA_s to the phospholipid bilayer of
the cytoplasmic membrane, providing resistance
to phospholipases (40). Furthermore, many
Gram-negative bacteria express phospholipase
activity, thus making them naturally unrespon-
sive to this class of enzymes (42). The ExuU
gene of many Pseudomonas species encodes
a bacterial phospholipase A,, which provides
the specific phospholipase activity (43). Outer
membrane phospholipases have also been de-
scribed for several other Gram-negative bacteria
(42). The highly active proteolytic equipment of
P aeruginosa may also explain the high resis-
tance of this bacterial species against the tested
venoms. The different response of Gram-nega-
tive bacteria to the tested venoms, especially the
sensitivity of K. pneumoniae may be attributed
to the variation of carbohydrate binding specific-
ity of the venom components or to the structural
diversity of the bacterial glycoconjugates (44).

The two Agkistrodon venoms tested showed sim-
ilarities between their SDS-PAGE profiles and
similar antibacterial characteristics. The only
difference was found for K. pneumoniae sus-
ceptibility, where A. piscivorus leucostoma dis-
played lower MIC and MBC values than 4. pi-
scivorus piscivorus. The venoms obtained from
the two Agkistrodon species were also the only
venoms showing antibacterial activity against P,
aeruginosa. Based on the obtained SDS PAGE
gels and literature data (45), the following pro-

tein families were identified: sv PLA s and/or
galactoside-binding lectins (~15 kDa), P-I class
SVMPs (~22 kDa), serine proteases (~28-30
kDa), P-II class SVMPs (~54 kDa), and P-III
class SVMPs (~62 kDa).

The venom obtained from Bitis gabonica showed
moderate antibacterial activity, compared with
other viperid venoms with an MIC and MBC
on susceptible strains of 250 — 500 pg/mL.
Based on literature data, the bands observed on
our SDS-PAGE correspond to PLA s (~15 kDa),
serine proteases (~34 kDa), and SVMPs (P-I
class at ~23 kDa, P-II class at ~55 kDa and P-III
class above 60 kDa).

Interestingly, no antibacterial activity could be
observed for Vipera latastei gaditana venom
at a concentration of 4000 pg/mL, although its
composition showed similarities to other tested
viperid venoms. A possible explanation for the
lack of activity of this venom could be that the
15 kDa fragment corresponds to a lectin with
low antibacterial effect (46,47), rather than to
sv PLA s. The missing protein fractions in the
range of 15-25 kDa in the lane corresponding to
V. latastei gaditana venom may further indicate
the lack of sv-PLA_s. Another explanation for
the lack of antibacterial effect of V. latastei ga-
ditana venom could be that the protein compo-
nents found in the venom do not possess signif-
icant proteolytic activity required to disrupt the
bacterial membrane.

Conclusions

The antibacterial activity testing showed a
marked difference between venoms originating
from elapid and viperid species, with the ven-
oms from viperid species having a significant-
ly higher antibacterial activity, probably due to
their content in proteins with proteolytic activity.
Based on the obtained protein profile, the most
likely components responsible for the antibac-
terial activity are phospholipases A, and metal-
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loproteinases. Inter-species variation in the anti-
bacterial activity could also be observed, likely
caused by differences in the proteolytic activity
of the proteins contained in the venoms.

The screening of snake venoms for antibacterial
activity showed that the most potent venom was
that of Daboia siamensis, along with the venom
from the two Agkistrodon species. The venoms
obtained from Agkistrodon species not only
showed low MIC and MBC values for suscep-
tible species, but were the only venoms exerting
antibacterial activity on P. aeruginosa. Fraction-
ation and isolation of individual venom compo-
nents from these species, along with the screen-
ing of their antibacterial activity could lead to
the identification of new lead molecules for the
development of antibacterial agents.
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