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Abstract: Some snake venom proteins present enzymatic activities, such as L-amino acid oxidase (LAAO).
The aim of this paper was to investigate the effect of Bothrops leucurus total venom (BleuTV) and its fraction
LAAO (BleuLAAO) on bacteria, yeast, and promastigote forms of Leishmania amazonensis and Leishmania
chagasi, and epimastigote forms of Trypanosoma cruzi. BleuTV was isolated with a Protein Pack 5PW®
(Waters Corporation, USA), and several fractions were obtained. BleuLAAO was purified to high molecular
homogeneity, and its N-terminal amino acid sequence shared a high degree of amino acid conservation with
other LAAOs. BleuTV inhibited Staphylococcus aureus growth in a dose-dependent manner, with a minimum
inhibitory concentration (MIC) of 25 ug/mL, which corresponded to its minimum lethal concentration (MLC).
BleuTV also inhibited the growth of promastigote forms of L. chagasi and L. amazonensis, with respective
IC,, values of 1.94 ug/mL and 5.49 ug/mL. Furthermore, it repressed T. cruzi growth with an IC_ of 1.14 pg/
mL. However, BleuLAAO did not inhibit the growth of the microorganisms studied and was not toxic to
macrophages. BleuTV had low toxicity against macrophages at the concentrations studied. In conclusion,
whole venom from Bothrops leucurus inhibited the growth of some microorganisms, including S. aureus,
Leishmania sp., and T. cruzi.
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INTRODUCTION

Members of the genus Bothrops are present
in several ecosystems and include approximately
20 species. The main snakes of this genus are B.
jararaca, B. jararacussu, B. moojeni, B. asper, B.
alternatus, B. marajoensis and B. leucurus (1).

Snake venom contains numerous components
of biological and/or biotechnological value.
Venom is a complex mixture that varies in
proportions and characteristics among different
species and contains both non-protein and
protein components with different structures
and specific biochemical activities (2, 3). The
major protein components of the venom are

neurotoxins, cardiotoxins, lectins, disintegrins,
natriuretic peptides, proteases, phospholipases,
phosphodiesterases, nucleotidases, and L-amino
acid oxidases (2). Venom enzymes induce various
pharmacological effects including neurotoxic,
myotoxic, cardiotoxic, hemorrhagic, hemolytic,
procoagulant and anticoagulant (4, 5).

L-Amino acid oxidase (L-amino acid: O,
oxidoreductase, EC 1.4.3.2) is a flavoenzyme
that catalyzes the oxidative deamination of
an L-amino acid substrate into an a-keto acid
with the production of ammonia and hydrogen
peroxide. LAAO is the only FAD-dependent
oxidase found in snake venom, and venom
toxicity may be related to the hydrogen peroxide
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generated during reoxidation of the transiently
reduced flavin cofactor by molecular oxygen
(6, 7).

Various venoms and toxins show antibacterial
activity, such as miotoxin II from B. moojeni
and venom from B. neuwiedi pauloensis (8, 9).
Several bothropic venoms inhibit growth of
some intracellular parasites, such as Leishmania
sp. and Trypanosoma cruzi. Crotalus durissus
venoms inhibit parasite growth; however,
Crotalus durissus colillineatus venom increases
the promastigote growth rate (10). Moreover, B.
jararaca venom inhibits promastigote forms of L.
amazonensis and epimastigote forms of T. cruzi,
with rupture of the membrane and mitochondrial
disruption (11).

In light of the potential biological activities
of animal venoms and toxins and the need to
understand the molecules involved in the host-
parasite interaction, the aim of this paper was
to study the effect of B. leucurus venom and
its fraction L-amino acid oxidase (LAAO)
on bacteria, yeast, promastigote forms of L.
amazonensis and L. chagasi, and epimastigote
forms of T. cruzi.

MATERIAL AND METHODS

Reagents and Venom

The venom was obtained from Butatan
Institute, in Sao Paulo city, SP, Brazil. Chemicals
and reagents employed in this work were
purchased from Sigma-Aldrich (Sigma Chemical
Co., USA), Applied Biosystems, Pierce and Bio
Rad (USA).

Purification of L-amino Acid Oxidase from B.
leucurus Venom

LAAO from B. leucurus whole venom was
purified by two chromatographic steps. First,
the whole venom was fractionated by affinity
chromatography with immobilized lactose as the
stationary phase (Pierce, USA). Approximately
100 mg of whole venom previously dissolved
in Tris-buffered saline (TBS, 0.05 M, pH
7.8) was centrifuged and filtered with 0.22-
um filters. The same buffer was used for
equilibration of the chromatographic column.
The chromatographic profile was determined
by measuring the absorbance at 280 nm. LAAO
activity was measured with a microplate assay
(12). The first fraction that eluted in the first

chromatographic step, which contained the
majority of LAAO activity, was subjected to a
second chromatographic step with a Protein-
Pak DEAE 5PW® (Waters Corporation, USA).
Proteins were eluted at a constant flow rate of 1.0
mL/minute with a linear gradient (0.05 to 1.0 M)
of ammonium bicarbonate, and the elution profile
was monitored at 280 nm. The concentrated
fraction was then recovered and stored at -20°C.
PAGE-SDS electrophoresis was conducted as
previously described (13).

Microplate Assay for L-amino Acid Oxidase

The assay was conducted in triplicate in a
96-well microplate; 10 uL/well of the enzyme
solution and 90 pL/well of the substrate solution
were added to start the reaction. The standard
reaction mixture contained 250 mM L-leucine,
2 mM o-phenylenediamine (OPD), 0.81 U/mL
horseradish peroxidase and LAAO in 50 mM
Tris-HCI bufter (pH 8.0) in a total volume of 100
uL/well. After incubation at 37°C for 60 minutes,
the reaction was terminated by adding 50 pL of 2
M H,SO,. The absorbance of the reaction mixture
was measured in a SpectraMax Microplate
Reader® (Molecular Devices, USA) at 480 nm
(12, 14). The enzyme activity was measured by
the increase in absorbance after the incubation
time and compared with LAAO activity from
other venoms. Hydrogen peroxide standards
were used and linear regression of the data was
calculated with Origin 5.0° software (Microcal,
USA). LAAO activity was expressed as nmoles
H,O,/minute.

N-terminal Amino Acid Sequence

The N-terminal sequence of LAAO was
determined following published protocols (15).
Briefly, 10 mg of purified protein was dissolved in
200 pL of 6 M guanidine (final pH 8.15). Nitrogen
was flushed over the top of the protein solution
for 15 minute, and the protein was then reduced
with dithiothreitol (DTT, 6 M, 200 pL) and
carboxymethylated with “C-iodoacetic acid and
cold iodoacetic acid. Nitrogen was again flushed
over the surface of the solution and the reaction
tube was sealed. This solution was incubated in
the dark at 37°C for one hour and desalted with
a C4 reverse phase HPLC column and the same
elution buffer used in the protein purification.
The eluted, reduced, and carboxymethylated
(RC) proteins were then lyophilized and stored
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at —20°C. N-terminal sequencing of the reduced
and carboxymethylated proteins was conducted
using a Procise f automatic sequencer® (USA).
Phenylthiohydantoin (PTH) amino acids were
identified by comparing their retention times
with those of 20 PTH amino acid standards on
an Applied Biosystems model 450 Microgradient
PTH® analyzer (USA). Peptides containing
"“C-CM-Cys were monitored for radioactivity
with a Beckman L-250° liquid scintillation
counter (USA). The N-terminal analysis of the
protein was performed with ClustalW (http://
www.clustal.org/).

Antimicrobial Activity of Bothrops leucurus
Venom and Fraction

Whole venom (BleuTV; 2 mg/mL) and
L-amino acid oxidase (BleuLAAO; 2 mg/mL)
were dissolved in sterile phosphate-buffered
saline, pH 7.4.

The antimicrobial potential of the whole venom
and LAAO was determined by the disk-diffusion
method with modifications (16). Five pure
microbial cultures (Salmonella choleraesuis subsp.
choleraesuis serotype choleraesuis ATCC 10708,
Staphylococcus aureus ATCC 6538P, Escherichia
coli ATCC 11229, Pseudomonas aeruginosa
ATCC 15442 and Candida albicans ATCC 10231
all donated by the Laboratory for Reference
Materials of the Oswaldo Cruz Foundation,
FIOCRUZ), as well as the refrigerated agar stock
were added to brain heart infusion (BHI) broth
and incubated at 35°C until they reached a visible
turbidity equivalent to 0.5 on the McFarland scale
(approximately 10° CFU/mL).

The bacterial inoculums were spread with
a sterile cotton swab on the surface of sterile
Mueller-Hinton agar (Merck, Germany) for
bacteria or sterile Sabouraud-dextrose agar
(Merck, Germany) for yeast. After five minutes,
wells were made in the agar (5-mm diameter)
using a sterile punch. In these wells, 25 puL of
varying concentrations (2, 1, 0.5, 0.25 and 0.125
mg/mL) of venom or the venom fraction LAAO
were added. Commercial antimicrobials (2 mg/
mL amikacin and 1.2 mg/mL ketoconazole)
were used as positive controls, and the sample
diluent (PBS, pH 7.4) was used as a negative
control. After incubation at 35°C for 18 hours,
the zone of inhibition was recorded in millimeter

Determination of Minimum Inhibitory
Concentration (MIC)

The MIC was determined using a broth
microdilution method as reported by Hecht et al.
(17) with modifications. The venom and fractions
were prepared as previously described (section:
“Antimicrobial Activity of Bothrops leucurus
Venom and Fraction), and several concentrations
(200, 100, 50, 25 and 12.5 pg/mL) were used.
The microbial strains were subcultured, and
microbial density was adjusted as previously
described. The cultures were diluted to 1:100
(~ 1.5 x 10° CFU/mL). An inoculum of 125 pL
of microbial culture was added to 25 pL of each
concentration of venom or venom fraction in
BHI broth (100 pL) for bacteria or Sabouraud-
dextrose broth for C. albicans in 96-well plates.
For the negative control, wells contained sterile
PBS (pH 7.4) instead of venom or fractions. For
the positive controls (growth inhibition), wells
contained culture medium, an antimicrobial
agent (amikacin for bacteria and ketoconazole
for yeast), and an inoculum of microorganisms.
The plates were incubated at 35°C for 24 hours,
and inhibition of microorganism growth was
determined by measuring the absorbance at 490
nm. The MIC was assessed based on the lowest
concentration of sample required to inhibit
microbial growth (detected by a lack of visible
turbidity). Three independent experiments were
performed in triplicate.

Determination of Minimum Lethal
Concentration (MLC)

For assays of minimum lethal concentration,
25-uL aliquots were removed from wells that
did not contain visible turbidity as previously
described (section: “Antimicrobial Activity of
Bothrops leucurus Venom and Fraction) and
were placed on plate count agar (for bacteria)
or Sabouraud-dextrose agar (for C. albicans)
by the pour-plate method. After incubation at
35°C for 24 hours, colonies were counted. The
concentration of samples that resulted in growth
< 0.1% of initial inoculum (1.5 x 10° CFU/mL)
was recognized as the MLC (17).

Leishmanicidal Effects of B. leucurus Venom
and Fraction
The promastigote forms of L. amazonensis

diameters. (MHOM/IFLA/BR/67/PH8) and L. chagasi
(MCAN/BR/99/JP15) were used in ours
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experiments. The parasites were cultivated
in NNN/Schneider medium supplemented
with 20% fetal bovine serum (FBS), penicillin
(1000 U/mL) and streptomycin (50 pg/mL).
The cultures were incubated at 26°C until
they reached stationary growth phase (18).
Cytotoxicity was evaluated for 1 x 10° cells/mL
of parasite culture in the presence of various
concentrations of the venom (200, 100, 50, 25,
12.5,6.25,3.12and 1.56 ug/mL) or fraction (6.25,
3.12, 1.56, 0.78 and 0.39 pg/mL). As a negative
control, cells were cultivated in the absence of
B. leucurus venom or fraction. After 72 hours,
qualitative and quantitative analyses of the cells
were performed, and the promastigote forms
were quantified in a Neubauer chamber. The
motion and characteristic form of promastigotes
were observed by optical microscopy (40x).

Trypanocidal Effects of B. leucurus Venom
and Fraction

The epimastigote form of the Y strain of T.
cruzi was cultured in liver infusion tryptose (LIT,
Difco, USA) medium according to Camargo
(19). Hemin was replaced by hemoglobin. The
parasites were kept at 26°C and the medium was
replaced every 5 to 6 days until the concentration
of parasites in the logarithmic phase reached
a density of approximately 5 x 107 to 10 x 108
parasites/mL. Parasites were quantified in a
Neubauer chamber after dilution in formaldehyde
(2% v/v, in PBS). To evaluate the trypanocidal
activity of different concentrations of venom or
the fraction (200, 100, 50, 25, 12.5, 6.25, 3.12
and 1.56 pg/mL), the parasites were subcultured
in 96-well microplates at a density of 1 x 10°
parasites/mL at 26°C for five days. For a negative
control, parasites were cultured in PBS (pH
7.4). After the incubation period, the cells were
quantified in a Neubauer chamber. The motion
and characteristic form of epimastigotes were
observed by optical microscopy (40x).

Cytotoxicity in Murine Macrophages
Macrophageswereobtained fromtheperitoneal
cavity of Swiss female mice and cultivated in
RPMI-1640 medium supplemented with FBS
(10%), penicillin, and streptomycin, and 1 x 10°
cells/mL were seeded in 96-well microplates for
two hours at 37°C with 5% CO.,. Cells were washed
twice with medium at 37°C and further incubated
with venom or venom fraction at the highest

concentration (200 pug/mL) for 24 hours at 37°C.
The viability of the macrophages was determined
using an MTT (3-(4.5-dimethylthiazol-2-yl)-
2.5-diphenyltetrazolium bromide) assay (20).
After the incubation, 100 pL of the medium
was aspirated, 10 pL of MTT was added to the
wells, and the plate was incubated for four hours.
Following this incubation, 90 uL of a solution of
10% sodium dodecyl sulfate hydrochloride (SDS/
HCI) was added to solubilize the MTT-formazan
product. After 17 hours, the plate was read with
a microplate reader at 570 nm. All measurements
were performed in triplicate.

RESULTS

LAAO Purification from B. leucurus Venom

LAAO from B. leucurus venom was purified
as non-binding material from a lactose affinity
column used to purify lectin that was eluted by
a TBS buffer containing 0.3 M galactose (Figure
1 - A). The non-binding material containing
the LAAO fraction was then subjected to DEAE
chromatography on a DEAE 5PW HPLC column
(Figure 1 — B). The LAAO from B. leucurus was
purified to high molecular homogeneity after
this last chromatographic step, and its molecular
weight was estimated at approximately 80 kDa
by SDS-PAGE (Figure 1 — C). The N-terminal
amino acid sequence of the LAAO isolated from
B. leucurus was highly conserved with other
LAAO from other sources (Figure 1 — D). The
enzymatic activities estimated at 480 nm (Vo 480
nm) of B. leucurus LAAO, Bothrops pirajai LAAO
and Crotalus durissus cascavella LAAO were 0.31
+0.06,0.36 + 0.04 and 0.21 + 0.03. The enzymatic
activity of LAAO from Bothrops leucurus was
therefore intermediate that of the LAAOs from
Crotalus durissus cascavella and Bothrops pirajai.
Two-dimensional electrophoresis revealed that
the molecular weight of the protein was 80 kDa
and its pI was approximately 5.3.

Antibacterial Activity

Antibacterial activity was evaluated by the
presence of an inhibition zone after inoculation in
Mueller-Hinton agar for bacteria or Sabouraud-
dextrose agar for C. albicans. Inhibition zones
were determined by a radial diffusion assay.
BleuTV inhibited the growth of S. aureus (Figure
2 - A and B). BleuLAAO did not cause any degree
of inhibition of the strains studied.
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The microdilution method was used to
determine the MIC and MLC for BleuTV. MIC
and MLC values for the venom were 25 pg/mL.
When compared with amikacin (MIC =25 pg/mL
and MLC = 50 ug/mL), BleuTV was significantly
more efficient (Figure 3).
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Figure 1. (A) The chromatographic profile of the
fractionation of whole venom by lectin affinity
chromatography; the non-binding sample was
eluted using only TBS buffer, and lectin was eluted
using TBS with galactose. (B) The chromatographic
profile of the fractionation of LAAO from B. leucurus.
(C) Tricine SDS-PAGE analysis of BleuLAAQ. (D) The
N-terminal sequence of this LAAO compared with
other LAAO isoforms (LAAO_BOLEU: LAAO from
B. leucurus; LAAO_BOINS: LAAO from B. insularis;
LAAO_BOMOJ: LAAO from B. moojeni; LAAO_
CROAD: LAAO from C. adamanteus; LAAO_BONEW:
LAAO from B. neuwiedi; LAAO_AGKPH: LAAO from
Agkistrodon piscivorus; LAAO_TRIST: LAAO from
Trimeresurus stejnegeri; LAAO_BOTPI: LAAO from
Bothrops pirajai).

Leishmanicidal and Trypanocidal Activity
BleuTV inhibited the promastigote forms
of L. amazonensis and L. chagasi after 72 hours
of culture (Figure 4), IC  was 5.49 pg/mL for
L. amazonensis and 1.94 pug/mL for L. chagasi.
BleuTV also inhibited growth of the epimastigote
form of T. cruzi (Figure 5); after five days of
culture, the IC, value was 1.14 pg/mL. The effects
of inhibition were dose-dependent, and the cells
lost their characteristic morphology, lacking
flagella and a spherical format (data not shown).
BleuLAAO did not have any inhibitory effect.

Increase of zone size (mm)

0.0 0.5 1.0 15 2.0 25
Concentrations (ug/mL)

Figure 2. Antibacterial activity of BleuTV in a disk-
diffusion assay. (A, B) Antibacterial activity of BleuTV
against S. aureus (m). The values represent the mean
+ SEM of three independent assays performed
in triplicate. The inhibition zone is given in mm,
including the 5 mm diameter of the well, after 18
hours of incubation. BleuTV: whole venom of B.
leucurus. C: PBS.
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Cytotoxicity in Murine Macrophages

BleuTV significantly reduced cell viability at
200 pg/mL (IC, = 175.5 pg/mL) (Figure 6). The
venom promoted morphological alterations in
the cell surface, including membrane rupture and
significant cellular lysis, when compared with the
control group (Figure 7). BleuLAAO did not have
any cytotoxic effect at the studied concentrations.
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Figure 3. Profiles of the inhibition of S. aureus by
B. leucurus venom and amikacin (100, 50, 25, 12.5
and 6.25 pg/mL). After incubation, bacterial growth
was measured spectrophotometrically (490 nm).
The values represent the mean + SEM of three
independent assays performed in triplicate. *p
< 0.05 when compared with the corresponding
control group.
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Figure 4. Leishmanicidal activity of different
concentrations of BleuTV on promastigote forms of
L.amazonensis and L. chagasi. The initial cell density
was 1 x 10° cells/mL. The graph presents mean *
SEM (n = 3). BleuTV: whole venom of B. leucurus. *p <
0.05 compared to the corresponding control group.
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Figure 5. Trypanocidal activity against epimastigote
forms of T. cruzi, after five days of culture with different
concentrations (12.5-0.39 ug/mL) of B. leucurus
venom. The initial cell density was 1 x 10° cells/mL.
The graph presents mean + SEM (n = 3). *p < 0.05
compared to the corresponding control group.
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Figure 6. Cytotoxic effect of different concentrations
(200-12.5 pg/mL) of B. leucurus venom on murine
macrophages. The initial cell density was 1 x 106 cells/
mL. The graph presents mean + SEM (n = 3). *p < 0.05
compared to the corresponding control group.
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Figure 7. Morphological changes of murine
macrophages after exposure to BleuTV. Ctrl:
macrophages treated with PBS served as negative
control. BleuTV: B. leucurus whole venom.
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DISCUSSION

Snake venoms are often targeted for new
therapeutic uses, and many pharmacologic
activities and biotechnological applications
for these venoms have been described. Thus,
the isolation and functional characterization
of venom components provides a basis for
understanding the mechanisms and/or future
molecular models of venom action (21, 22).

The N-terminal amino acid sequence of
BleuLAAO showed high conservation to other
LAAOs, such as those from the Bothrops insularis
and Bothrops moojeni venoms.

Some studies have demonstrated an
antimicrobial effect of snake venoms and their
isolated compounds. In the present study,
BleuTV had a significant antibacterial effect
on S. aureus, with an MIC equal to the MLC.
According to Tavares (23), the value of MLC
should be no greater than one or two-fold
the MIC value. A large difference between
these values suggests that the microorganism
is tolerant to the drug, which does not cause
therapeutic difficulties for most infections in
patients with preserved immunity because the
bacteriostatic activity of the drug is sufficient
to allow the immune system to eliminate the
microorganism.

In this study, antiparasitic effects against
L. amazonensis, L. chagasi and T. cruzi were
observed for BleuTV. Venoms from Crotalus
durissus terrificus and Crotalus durissus cascavella
have antiparasitic activity against Xantomonas
axonopodis pv. passiflorae, and L. amazonensis
(10, 24). Bothrops venoms also have antimicrobial
activity against Leishmania major, T. cruzi and S.
aureus (25, 11).

L-amino acid oxidases of snake venoms
(svVLAAO) present antimicrobial activity
against several microorganisms. LAAOs from
Crotalus adamanteus and Bothrops asper have
an antibacterial effect against S. aureus and
Proteus mirabilis (26). svLAAOs from Bothrops
venoms also have antimicrobial effects (27-29).
sVLAAO from B. pirajai inhibited the growth
of Pseudomonas aeruginosa and E. coli (29).
Bactericidal action has also been described for
svLAAOQOs from B. alternatus (30). In our studies,
parasites lost their characteristic morphology in
the presence of BleuTV.

LAAO from B. jararacussuissignificantlyactive
against Leishmania sp. (31). The whole venom of
B. moojeni and its LAAO are significantly active
against the promastigote forms of L. amazonensis,
L. chagasi and L. panamensis, with IC_ values
around 1 ug/mL; the hydrogen peroxide
generated is a strong inducer of apoptosis,
causing oxidative stress, initiating disruption of
membranes and cytoplasm and, consequently, cell
death (32). Some authors have observed that the
antimicrobial action of this enzyme is significantly
reduced by catalase, suggesting the importance of
enzymatically-produced hydrogen peroxide for
biological activity (31, 33, 34). BleuLAAO had no
cytotoxic effect on any microorganism studied
or on macrophages, which suggests that this
fraction does not produce hydrogen peroxide in
sufficient quantities at the studied concentrations
of enzyme.

The alarming growth of microbial resistance
to common therapeutic agents has drawn
attention to infectious diseases. These diseases,
which are mainly parasitic such as leishmaniasis
and Chagas disease, are considered neglected
and affect a wide portion of Brazilian
populations and other developing countries
that have difficulty accessing treatment. In
addition, the available treatment options
have limited effectiveness and high levels of
toxicity. The identification of substances from
natural sources with therapeutic potential is an
important alternative. Many natural products
demonstrate biological activities, including
antimicrobial and antiparasitic effects, and
snake venom may be a similarly relevant
source of antimicrobials. Once molecules with
the potential to inhibit microorganisms are
identified, chemical modification techniques
can be used to develop synthetic analogues with
adequate pharmacological and toxicological
characteristics.

In conclusion, our results suggest that B.
leucurus venom contains some substances of
therapeutic value, but LAAO is not responsible
for the inhibitory effect of the whole venom.
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