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Abstract: Some constituents of snake venom have been found to display a variety of biological activities.
The antibacterial property of snake venom, in particular, has gathered increasing scientific interest due
to antibiotic resistance. In the present study, king cobra venom was screened against three strains of
Staphylococcus aureus [including methicillin-resistant Staphylococcus aureus (MRSA)], three other species
of gram-positive bacteria and six gram-negative bacteria. King cobra venom was active against all the
12 bacteria tested, and was most effective against Staphylococcus spp. (S. aureus and S. epidermidis).
Subsequently, an antibacterial protein from king cobra venom was purified by gel filtration, anion exchange
and heparin chromatography. Mass spectrometry analysis confirmed that the protein was king cobra
L-amino acid oxidase (Oh-LAAQ). SDS-PAGE showed that the protein has an estimated molecular weight
of 68 kDa and 70 kDa under reducing and non-reducing conditions, respectively. The minimum inhibitory
concentrations (MIC) of Oh-LAAO for all the 12 bacteria were obtained using radial diffusion assay method.
Oh-LAAQ had the lowest MIC value of 7.5 pg/mL against S. aureus ATCC 25923 and ATCC 29213, MRSA ATCC
43300, and S. epidermidis ATCC 12228. Therefore, the LAAO enzyme from king cobra venom may be useful
as an antimicrobial agent.
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INTRODUCTION

Snake venoms produce numerous biological
effects and have therefore proven to be very
useful to mankind. Amongst all the different
biological properties that snake venoms have, one
in particular has become more significant lately,
and probably will become increasingly important
over next years -—its antimicrobial action.
Infections have become increasingly difficult to
treat as microorganisms have been developing
resistance to the current available antimicrobial
agents. Examples of bacterial species that have
developed resistance to conventional antibiotics
are  Pseudomonas, Klebsiella, Enterobacter,
Acinetobacter, ~ Mycobacterium,  Salmonella,

Staphylococcus, Enterococcus and Streptococcus (1,
2). Therefore, we are looking for new sources for
the development of novel antimicrobial agents.

Despite heavy oral and fang contamination
of snakes with a broad variety of potentially
pathogenic bacteria, it could be observed that
snake envenomations are rarely associated with
bacterial infections (3). This observation led to the
hypothesis that antibacterial components present
in venoms may protect snakes after consuming
contaminated prey (4).

One of the first studies on antibacterial activity
of snake venom was carried out in 1948. It raised
the hypothesis that bactericidal effects would
probably be present in snake venom since it is
predominantly a mixture of lysins (5). Currently,
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it is known that snake venoms contain some
antibacterial constituents, such as L-amino
acid oxidases, phospholipases A,, and peptides.
However, the antibacterial efficacy of these
proteins differs among snake species.

Previous studies reported that venom from
different species of snakes has shown promising
results against common infectious bacteria,
such as Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, Bacillus subtilis, Proteus
vulgaris, Proteus mirabilis and Enterobacter
aerogenes (6-10). A study reported that
phospholipase A, (PLA)) enzymes from eastern
diamondback rattlesnake (Crotalus adamanteus)
and Russell's viper (Vipera russellii) exhibit
comparable efficacy to chloramphenicol and
ceftazidime against Burkholderia pseudomallei
(11).

Multiple effects of the LAAO enzymes
are reported in the literature. For instance, a
report showed leishmanicidal, antitumoral and
bactericidal activities of LAAO from Neuwied’s
lancehead (Bothrops pauloensis), while another
study showed antigenic, microbicidal, and
antiparasitic activities of LAAO from jararaca
(Bothrops jararaca) (6, 12). A recent investigation
on the antibacterial activity of PLA, isolated
from Chinese pallas (Agkistrodon halys) has led
to the belief that PLA, acts by permeabilizing the
bacterial membrane by forming pores (13).

King cobra has a high venom yield, with an
average of about 420 mg of dry weight per snake
(14). Recently, cathelicidin isolated from king
cobra venom has been reported to have potent
antibacterial activity against gram-negative
bacteria (15). In addition, the L-amino acid
oxidase enzyme of the king cobra was tested for
its antibacterial action against Staphylococcus
aureus, Staphylococcus epidermidis, Pseudomonas
aeruginosa,  Klebsiella ~ pneumoniae,  and
Escherichia coli (16). In a preliminary screening
of 11 different snake venoms, although none of
the venom showed antibacterial activity against
gram-negative Pseudomonas aeruginosa and
Escherichia coli, king cobra venom showed
one of the best antibacterial efficacy against
Staphylococcus aureus (17). Therefore, in this
study, we continued to investigate the king cobra
venom action against various bacteria and to
isolate the active antibacterial components from
this venom.

MATERIALS AND METHODS

Materials

A pool of king cobra venom was obtained
from a snake and reptile farm in Malaysia. The
venom was lyophilized and stored at -20°C
until use. The bacteria used were: Staphylococcus
aureus ATCC 25923, S. aureus ATCC 29213,
MRSA ATCC 43300, S. epidermidis ATCC 12228,
Bacillus subtilis ATCC 6633, B. cereus ATCC
10987, Salmonella enteritidis ATCC 13076,
Pseudomonas aeruginosa ATCC 27853, Serratia
marcescens ATCC 21074, Klebsiella pneumoniae
ATCC 13883, Escherichia coli ATCC 25922 and
Enterobacter cloacae ATCC 13047, courtesy of
International Medical University, Malaysia, and
Monash University Sunway Campus, Malaysia.
All bacteria were grown on nutrient agars at 37°C
for 24 hours. Additional work was done on three
fungi: Cryptococcus neoformans ATCC 14116,
Candida albicans ATCC 14028 and Candida
tropicalis ATCC 1369. The fungi were streaked
onto Sabouraud-dextrose agar plates and left
in the incubator at 37°C till adequate growth
was seen. Sephadex™ G-75, Q-Sepharose™ HP,
HiTrap™ Desalting columns (5 mL) and HiTrap™
Heparin HP column (5 mL) were purchased
from GE-Healthcare (Sweden). Antibiotics were
purchased from EMD Biosciences (USA).

Antibacterial Screening of Crude Venom
Individual colonies of bacteria were added
into 5 mL of Mueller-Hinton broth to attain
approximately 1 x 10° colony forming units,
which corresponded to A, = 0.1 on the
spectrophotometer. A total of 3 mL of each
bacterial suspension was pipetted onto Mueller-
Hinton agar plates. After five minutes, excess
inoculum was poured away. Using a modified
hole-plate method, evenly spaced holes of 4 mm
diameter were made onto the Mueller-Hinton agar
surfaces (18). Subsequently, king cobra venom
was reconstituted in PBS at concentrations of 1.0
mg/mL, 1.5 mg/mL and 2.0 mg/mL, similar to
the concentrations used in the preliminary study
(17). The holes made on the Mueller-Hinton
agar were then filled with 30 uL of the different
venom concentrations. For the positive control,
0.03 mg/mL of vancomycin and 0.03 mg/mL of
doxycycline were used during screening of gram-
positive and gram-negative bacteria respectively.
PBS was used as negative control. Plates were
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incubated at 37°C for 24 hours and inhibition
zones were measured in triplicates, if any.

Bioassay Guided Purification of Antibacterial
constituent

Antibacterial assays with S. aureus ATCC
25923 and ATCC 29213, and MRSA ATCC 43300
were used to guide the purification procedure.
All chromatography fractions were tested for
antibacterial activity using the similar modified
hole-plate method that was used for antibacterial
screening of crude venom. Only the fractions
showing the highest antibacterial activity were
further processed in the next chromatography step.

The first purification step was done by gel
filtration chromatography. A total of 100 mg of
lyophilised king cobra venom was reconstituted
in 1 mL of running buffer (50 mM ammonium
acetate, pH 7.0). The venom was loaded
onto a G-75 column pre-equilibrated with
running buffer, collecting fractions at a two-
minute interval. Each fraction was measured
spectrophotometrically at 280 nm. Fractions were
pooled according to the chromatographic profile.
The pooled fractions were lyophilized and tested
for antibacterial activity.

The gel filtration fraction exhibiting
antibacterial activity was reconstituted in a
starting buffer (20 mM tris-HCl, pH 7.6) and
loaded onto a Q Sepharose HP anion exchange
column pre-equilibrated with the starting buffer.
Fractions were eluted using a linear 0-0.5 M
NaCl gradient at 1.5 mL/tube. To remove tris,
sodium chloride and low-molecular weight
contaminants, the fractions from anion exchange
chromatography were desalted using pre-
packed HiTrap™ Desalting columns containing
Sephadex™ G-25 superfine columns. The buffer
used was Milli-Q° Ultrapure Water (Merck
Millipore, USA). The fractions were subsequently
lyophilized and tested for antibacterial activity.

The anion exchange fraction exhibiting the
highest antibacterial activity was reconstituted
in a starting buffer (20 mM tris-HCI, pH 7.6)
and loaded onto HiTrap™ Heparin affinity
chromatography previously equilibrated with
the starting buffer. Fractions were eluted using
a linear 0-0.5 M NaCl gradient at 1.5 mL/tube.
Similar to anion exchange chromatography,
pooled fractions were desalted using HiTrap™
Desalting columns, lyophilized and tested for
antibacterial activity.

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

SDS-PAGE was performed on the active
chromatographic fractions according to the
method of Laemmli (19). The gel was stained
with Coomassie brilliant blue R-250. Precision
PlusProtein™ Kaleidoscope™ standards (BioRad,
USA) molecular weight marker and Amersham™
Low Molecular Weight SDS electrophoresis (GE
Healthcare, UK) marker were used. Subsequently,
silver staining was performed under non-
reducing and reducing conditions (protein was
heated at 95°C for five minutes).

Protein Quantification
Protein concentration was determined by the
Bradford method (20).

Identification of Antibacterial Protein Using
Mass Spectrometry

Purified protein was analyzed with matrix-
assisted laser desorption ionization-time of flight
(MALDI-TOF) by Proteomics International
(Australia). From the Mascot database search,
peptide mass fingerprinting was used to identify
the antibacterial protein of interest.

Minimum Inhibitory Concentrations (MICs)

The MIC values were determined using
concentrations derived from serial twofold
dilutions as recommended by CLSI, starting
with 220 pg/mL of the purified antibacterial
constituent from king cobra venom (21). Using
the radial diffusion assay method, antibacterial
constituent isolated from king cobra venom was
screened for antibacterial activity against all 12
bacteria using the similar screening method for
crude king cobra venom previously performed
(22). The MIC was determined as the minimum
concentration of the antibacterial constituent
forming a visually detectable clear zone larger
than the size of the well (4 mm) under the current
experimental conditions(22).

Antifungal Screening of King Cobra Venom
Some additional work was done to test king
cobravenom for antifungal activity. The antifungal
screening was done on three different fungal
species using 1.0 mg/mL, 1.5 mg/mL and 2.0
mg/mL of crude the venom. The modified hole-
plate method used for antibacterial screening was
used for antifungal testing in a similar way. For
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positive control during the screening, 0.03 mg/
mL of amphotericin B was prepared by diluting
0.03 mg of amphotericin B in 1 mL of PBS. PBS
was used as negative control.

RESULTS

Antibacterial Screening of Crude Venom

The antibacterial activity of king cobra venom
against six gram-positive bacteria was tested using
three different concentrations of the venom (Table
1). The inhibition zones increased with increasing
venom concentration. Staphylococcus —aureus
ATCC 25923 produced the largest inhibition zone.
Staphylococcus spp. tested produced significantly
larger inhibition zones than Bacillus spp.

King cobra venom was also tested against
six gram-negative bacteria using three different
concentrations of the venom (Table 2). The
inhibition zones also increased with increasing
venom concentration. King cobra venom was
most efficient against Escherichia coli and was
least effective against Pseudomonas aeruginosa.

Purification of the Antibacterial Protein
Following Sephadex G-75 gel filtration (Figure
1) and the antibacterial screening of gel filtration
fractions (Table 3); Q Sepharose™ HP (Figure 2)
and the antibacterial screening of anion exchange

fractions (Table 4); as well as heparin affinity
chromatography (Figure 3) and the antibacterial
screening of affinity chromatography fractions
(Table 5) a homogenous protein was obtained.
SDS-PAGE was used to analyze the degree
of isolation of the LAAO protein with each
chromatography step (Figure 4 — A). Under silver
staining, LAAO protein showed a high level of
purity with an estimated molecular weight of
68 kDa and 70 kDa under reducing and non-
reducing conditions respectively (Figure 4 - B).

Identification of Antibacterial Protein Using
Mass Spectrometry

MALDI-TOF was performed on the reduced
gel band. Using Mascot database search, peptide
mass fingerprinting confirmed the identity of
the antibacterial protein as L-amino acid oxidase
(LAAO) from the King cobra venom.

Antibacterial Action of the LAAO Enzyme
from King Cobra Venom

Table 6 shows the MICs of LAAO enzyme from
king cobra venom against several gram-positive
and gram-negative bacteria. LAAO enzyme of
king cobra venom has a MIC value of 7.5 pg/
mL against all three subtypes of Staphylococcus
aureus, and 55.0 pg/mL against Pseudomonas
aeruginosa ATCC 27853.

Table 1. Diameter of antibacterial inhibition zones for gram-positive bacteria

Crude venom (mg/mL) v y
. ancomycin 30 pg
Bacteria
1.0 (mm) 1.5 (mm) 2.0 (mm) mL (mm)
staphylococcus aureus ATCC | g5 1 ¢ g 9.040.0 9.0%0.0 8.0+ 0.0
25923
MRSA
ATCC 43300 73+£06 73+£0.6 7.7+£0.6 8306
staphylococcus aureus ATCC | 70400 8.0+ 0.0 83406 8.0+ 0.6
Staphylococcus epidermidis
ATCC 12228 6.7+ 0.6 7.0£0.0 7.7£0.6 8.3=x0.0
Bacillus subtilis
ATCC 6633 20+0.0 20+0.0 33106 7.7+0.6
Bacillus cereus
ATCC 10987 - - 1.7+0.6 6.7+ 0.6

Values shown are mean + SD (n = 3) and represent a venom inhibition zone in millimeters (mm), excluding 4 mm diameter of the
well, after 24 hours of incubation at 37°C. —: no activity. The bacterial inocula per plate contained 1 x 108 colony forming units, which
were introduced onto Mueller-Hinton agar surfaces. Holes of 4 mm were made onto the agar surface and venom was added.
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Table 2. Diameter of antibacterial inhibition zones for gram-negative bacteria

Crude venom (mg/mL) 5 - ’
Bacteria oxycycline 30 ug
1.0 (mm) 1.5 (mm) 2.0 (mm) mL (mm)
Salmonella enteritidis
ATCC 13076 - 27106 33106 10.7 £ 0.6
Pseudomonas aeruginosa
ATCC 27853 - - 1.0+0.0 6.3+06
Serratia marcescens
ATCC 21074 1.0+ 0.0 1.7+£06 27+0.6 8.7+0.6
Klebsiella pneumoniae B 20+0.0 23+06 11.0+00
ATCC 13883 T T D
Escherichia coli 1.7+06 33+06 37406 13.0 £0.0
ATCC 25922 e T o T
Enterobacter cloacae
ATCC 13047 - 1.0+£0.0 1.3+£06 10.7£0.6

Values shown are mean + SD (n = 3) and represent a venom inhibition zone in millimeters (mm), excluding 4 mm diameter of the
well, after 24 hours incubation at 37°C. —: no activity. The bacterial inocula per plate contained 1 x 108 colony forming units, which
were introduced onto Mueller-Hinton agar surfaces. Holes of 4 mm were made onto the agar surface and venom was added.

Table 3. Diameter of antibacterial inhibition zones for gel filtration fractions

P1 P2 P3 P4 Vancomycin 30
Bacteria 1.0 mg/ 1.0 mg/ 1.0 mg/ 1.0 mg/ pHg/mL PBS
mL (mm) | mL(mm) | mL(mm) | mL (mm) (mm)
MRSA
ATCC 43300 73106 - - - 93106 -
Staphylococcus aureus 8.0+ 0.0 B _ B 100+ 1.2 _
ATCC 25923 T T
Staphylococcus aureus
ATCC 29213 83+1.2 - - - 9.0+£0.0 -

Values shown are mean + SD (n = 3) and represent a venom inhibition zone in millimeters (mm), excluding 4 mm diameter of the
well, after 24 hours incubation at 37°C. —: no activity. Holes of 4 mm were made onto the Mueller-Hinton agar surface and 30 pL of
gel filtration fraction was added.

Table 4. Diameter of antibacterial inhibition zones for anion exchange fractions

, , , , Vancomycin
. P'0 , , P’'3 P'4 P’'5
Bacteria (mm) P'1 (mm) | P2 (mm) (mm) (mm) | (mm) 30 pg/mL PBS
(mm)
MRSA
ATCC 43300 - 20+£00 | 87+£00 |63%0.6 - - 103+ 0.6 -
Staphylococcus
aureus - 33£06 | 10.0+06 |7.3%0.6 - - 10.0+£0.0 -
ATCC 25923
Staphylococcus
aureus - 2.7+0.0 90+06 |63£06 - - 10.0+0.0 -
ATCC 29213

Values shown are mean + SD (n = 3) and represent a venom inhibition zone in millimeters (mm), excluding diameter of the well,
after 24 hours incubation at 37°C. —: no activity. Holes of 4 mm were made onto the Mueller-Hinton agar surface and 30 pL of anion
exchange fraction was added.
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Table 5. Diameter of antibacterial inhibition zones for affinity chromatography fractions

. o P°1 P°2 P°3 P°4 Vancomycin 30
Bacteria P°0 (mm) (mm) (mm) (mm) (mm) ug/mL (mm) PBS
MRSA

ATCC 43300 8.0+0.6 - - - - 9.7+0.0 -
Staphylococcus aureus | ¢ 4 g o B B B B 100406 _

ATCC 25923 DR T
Staphylococcus aureus

ATCC 29213 8.7+0.6 - - - - 9.3+0.6 -

Values shown are mean = S.D (n = 3) and represent a venom inhibition zone in millimeters (mm), excluding 4 mm diameter of the
well, after 24 hours of incubation at 37°C. —: no activity. Holes of 4 mm were made onto the Mueller-Hinton agar surface and 30 pL
of affinity chromatography fraction was added.

164 P1
1.44
1.24
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o0
«
< 038 P3
0.6- P2
0.4+ P4
0.2
0.0 g T T T T 1
0 20 40 60 80 100 120

Fraction Number 2%0 e 100
8.0
Figure 1. Sephadex™ G-75 gel filtration
chromatography of 100 mg of king cobra g oo
venom. Column was previously equilibrated with
ammonium acetate (50 mM, pH 7.0). P1: peak 1, P2:
peak 2, P3: peak 3, P4: peak 4.

4.0

20

0.0

0 20 40 60 80 100 ml
Fractionnumber
%NaCl

Figure 3. HiTrap™ Heparin HP affinity

chromatography of anion exchange fraction P'2.

Column was previously equilibrated with tris-HCI

(20 mM, pH 7.6). A linear NaCl gradient of 0-0.5M

0 NaCl was employed for elution. P°0: unbound peak,
P°1: peak 1, P°2: peak 2, P°3: peak 3, P°4: peak 4.

0.0

Fraction Number

Figure 2. QSepharose™ High Performance
anion exchange chromatography of 7 mg of gel
filtration fraction one (P1). Column was previously
equilibrated with tris-HCl (20 mM, pH 7.6). A linear
NaCl gradient of 0-0.5 M NaCl was employed for
elution. P’0: unbound peak, P'1: peak 1, P'2: peak 2,
P'3: peak 3, P'4: peak 4; P’5: peak 5.
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Figure 4. (A) SDS-PAGE of the LAAO fractions from the three purification stepsin 12.5% gel. Lane 1: Precision
Plus Protein™Kaleidoscope™ standards molecular weight marker; lane 2: crude king cobra venom; lane 3: gel
filtration chromatography fraction P1; lane 4: anion exchange chromatography fraction P'2; lane 5: affinity
chromatography fraction P°0; lane 6: Amersham™ Low Molecular Weight SDS electrophoresis marker. (B)
SDS-PAGE with silver staining of LAAO. Lane 1: Amersham™ Low Molecular Weight SDS electrophoresis
marker; lane 2: isolated antibacterial constituent under reducing conditions; lane 3: isolated antibacterial
constituent under non-reducing conditions; lane 4: Precision Plus Protein™ Kaleidoscope™ Standards
molecular weight marker.

Table 6. MIC values of LAAO enzyme from king cobra venom against six gram-positive and six gram-

negative bacteria

Bacteria MIC of LAAO (ug/mL)
Staphylococcus aureus ATCC 25923 7.5
Staphylococcus aureus ATCC 29213 7.5

Methicillin resistant Staphylococcus aureus ATCC 43300 7.5
Staphylococcus epidermidis ATCC 12228 7.5
Bacillus subtilis ATCC 6633 55.0
Bacillus cereus ATCC 10987 55.0
Salmonella enteritidis ATCC 13076 55.0
Pseudomonas aeruginosa ATCC 27853 55.0
Serratia marcescens ATCC 21074 55.0
Klebsiella pneumoniae ATCC 13883 55.0
Escherichia coli ATCC 25922 27.5
Enterobacter cloacae ATCC 13047 110.0

MICs of LAAO enzyme from king cobra venom. MIC was determined using radial diffusion assay method. Serial twofold dilutions of
the purified antibacterial constituent from king cobra venom were done. The MIC was determined as the minimum concentration
of LAAO enzyme forming a visually detectable clear zone larger than the size of the well (4 mm) under the current experimental
conditions.
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Antifungal Screening of King Cobra Venom

In our antifungal test using 1.0 mg/mL, 1.5 mg/
mL and 2.0 mg/mL of crude king cobra venom no
visible inhibition zones were seen.

DISCUSSION

The Antibacterial Activity of Crude King
Cobra Venom

Although both species of bacteria are gram-
positive, king cobra venom is more efficacious
against Staphylococcus spp. than against Bacillus
spp. This is possibly due to the LAAO enzyme
substrate specificity (23). Furthermore, this seems
to be the case for not just king cobra venom, but
also other types of snake venom (3, 10). Although
Stiles et al. (10) screened a total of 21 species of
Elapidae snakes (king cobra was not included),
and none showed any significant effects against
Pseudomonas aeruginosa or even Escherichia
coli, it was surprising to discover that king cobra
venom showed antibacterial activity against both
Escherichia coli and Pseudomonas aeruginosa.

This finding suggests that the LAAO enzyme
of king cobra is a distinctive variant of snake
LAAOs. Inhibition zones for Staphylococcus
spp. were at least double the size of the other
bacteria. Therefore, king cobra venom could have
a narrow spectrum of antibacterial activity. In
comparison to the study carried out on crossed
pit viper (Bothrops alternatus), which also used
the similar hole-plate method for screening, the
order of susceptibility of bacteria to the venom
was as follows: Escherichia coli > Staphylococcus
aureus > Pseudomonas aeruginosa (24). In our
study, however, Staphylococcus aureus was more
susceptible to king cobra venom than Escherichia
coli.

The King Cobra Venom LAAO Enzyme

Of the many different LAAO enzymes of
various snake species, the king cobra venom
LAAO enzyme is unique in its own way. The
enzyme constitutes approximately 25.5% of the
venom (25). In our study, despite repeated freezing
of chromatographic fractions, the antibacterial
activity of LAAO enzyme was retained. It has
been reported that the LAAO enzyme of king
cobra venom has unusual high thermal stability
as it is not inactivated by freezing, and retains
complete enzymatic activity even after heating at
55°C for 40 minutes (26).

The LAAO enzyme of king cobra venom shares
a sequence identity of only around 50% with other
snake venom LA AO:s. It is noteworthy that except
for LAAO enzyme of king cobra venom, the
sequence identities among snake venom LAAOs
are extremely high. Amongst elapid snake venom
LAAGO:s, the sequence identities are all more than
85% except for King cobra (27). It is believed
that the antibacterial effect of LAAO enzyme is
due to the hydrogen peroxide liberated, since the
addition of catalase completely suppresses the
antibacterial activity (28). Electron microscopic
studies suggested that the hydrogen peroxide
generated in the oxidation process induces
bacterial membrane rupture and then cell death
(29). The LAAO enzyme of Siberian pit viper
venom (Agkistrodon halys) was reported to be
able to bind to surfaces of bacteria and generate
high concentrations of hydrogen peroxide locally,
which enabled the enzyme to inhibit bacterial
growth (30). It is not clear whether this happens
to other snake venom LAAQOs as well.

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

From our SDS-PAGE, we found that the LAAO
enzyme has an estimated molecular weight of 68
kDaand 70 kDaunder reducing and non-reducing
conditions, respectively. Another study estimated
king cobra LAAO enzyme’s molecular weight to
be 150 kDa by gel filtration chromatography and
70 kDa under SDS-PAGE (31). Another report
showed that king cobra LAAO enzyme has an
estimated molecular weight of 64 kDa by SDS-
PAGE (27).

Since the molecular weight of king cobra
LAAO enzyme was reduced by about half under
denaturing conditions of SDS-PAGE, the LAAO
enzyme could be homodimeric. This was also
reported by Ahn et al. (31). The LAAO enzyme
gel band was compared under reducing and non-
reducing conditions. The reduced protein gel band
was slightly higher, and this was consistent with
a report by Jin et al. (27), in which the reduced
LAAO enzyme gel band was 3 kDa higher that
the non-reduced gel band.

MIC of King Cobra Venom LAAO Enzyme
Comparing the antibacterial inhibition zones
when using crude venom and when using the
isolated LAAO enzyme, the LAAO enzyme was
found to give an inhibition zone of similar size
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but at a much lower concentration than that of
crude venom. This is probably due to the high
purity of the isolated LAAO enzyme. A recent
study on Siamese Russell’s viper (Daboia russellii
siamensis) compared the MIC of king cobra
LAAO enzyme with other LAAOs, the MIC of
the Siamese Russell’s viper LAAO enzyme against
Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 and Escherichia coli
ATCC 25922 was 9.0 ug/mL, 144.0 pg/mL and
288.0 ug/mL, all of which were higher than the
MIC of king cobra LAAO (32).

Apart from LAAO enzyme, other snake venom
proteins also possess antibacterial activity. Of
particular relevance is the snake venom peptide,
cathelicidin, which was recently cloned from the
venom gland cDNA library of king cobra (15). The
recombinant cathelicidin from king cobra venom
reportedly showed remarkable antibacterial
activity, particularly against gram-negative
bacteria. In our study, although a screening of the
fractions of king cobra venom was done, we could
not detect cathelicidin. This could be because
unlike the LAAO enzyme which is found in much
larger quantities in snake venom, the cathelicidin
peptide is present at much lower levels and is thus
difficult to detect.
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