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Leishmaniasis is an endemic tropical disease in
outh America, with few therapeutic approaches.
nake venoms are complex protein mixtures with bi-
logical actions that could be used as tools for drug
evelopment. Here we show that Bothrops moojeni
rude venom presented a killing effect in vitro against
eishmania spp. promastigotes, but not with amasti-
otes, as determined by a viability assay using the
itochondrial oxidative function. Purification of ac-

ive fractions from crude venom was performed by
olecular exclusion and ion exchange chromatogra-

hy. Anti-Leishmania and L-amino acid oxidase (L-
AO, EC.1.4.3.2.) activities co-eluted in the same frac-

ions. The molecular weight of the active enzyme was
stimated to be 140 kDa by molecular exclusion chro-
atography, and 69 kDa by SDS–PAGE, with a 4.8

soelectric point. Using substrate subtraction and
atalase for scavenging, the action of L-AAO was dem-
nstrated to be hydrogen-peroxide-dependent. © 2001

cademic Press

Key Words: Leishmaniasis; parasites; Bothrops mooj-
ni; snake venom; L-amino acid oxidase; Leishmania
mazonensis; Leishmania panamensis; Leishmania
hagasi.

Leishmaniasis includes a spectrum of human infec-
ious disease ranging from self-healing cutaneous ul-
eration to a progressive and lethal visceral infection
1). The disease is estimated to affect about 12 million
eople, with 400,000 new cases per year occurring
orldwide. Leishmaniasis is prevalent in 88 countries

hroughout the world, including 16 developed coun-
ries (WHO, 1990). The first-line drugs for the treat-
ent of leishmaniasis have been the toxic pentavalent

ntimony (2), with clinical resistance and treatment
ailures discussed in several reports (2–5).
620006-291X/01 $35.00
opyright © 2001 by Academic Press
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iologically active peptides consisting of proteins and,
o a lesser extent, of carbohydrates and lipids (6). Ven-
ms of numerous land snakes posses cytotoxic or lytic
ffects on tumor cells in vitro (7, 8). Some of these
enom proteins present a clear antibacterial action, as
hown for Pseudechis australis venom with its L-amino
cid oxidase fraction against Gram-negative and posi-
ive bacteria (9). Growth inhibition of Leishmania spp.
nd T.cruzi by snake venom has been reported (10), but
o attempt was made to purify the active fraction. In
he present study, we demonstrate that Bothrops mooj-
ni crude venom presents anti-Leishmania activity,
ssociated with L-amino acid oxidase activity and char-
cterize its mode of action.

ATERIALS AND METHODS

Parasite and venom. Promastigotes of Leishmania (L.) ama-
onensis (LV-79 strain), Leishmania (L.) chagasi (M 6445 strain) and
eishmania (V.) panamensis (MI 3237 strain) were grown at 25°C in
PMI-PR2 1640 medium, supplemented with 20% fetal calf serum
nd gentamycin (30 mg/mL). The promastigotes used for all experi-
ents, clearly presented the classical log growth and stationary

hase reached at 1 3 107 parasites/mL. L.(L.) amazonensis amasti-
otes (LV-79 strain), isolated from infected BALB/c mice, were
indly furnished by Dr. Sı́lvia C. Alfieri, from ICB-Universidade de
ão Paulo. Amastigotes were kept in RPMI 1640 supplemented with
0% fetal bovine serum at 34°C. Crude dried Bothrops moojeni
enom was kindly supplied by Instituto Butantan, and stored at
20°C.

Viability assay by MTT oxidation. The viability of parasites were
ssayed colorimetrically by the mitochondrial oxidation of MTT (3-[4,5-
imethylthiazol-2-y1]-2,5diphenyl-tetrazolium bromide). Briefly, MTT
2 mg/mL) was dissolved in the culture medium and sterilized by filtra-
ion (0.22 mm). Multiwell plates were seeded with cells (4 3 105 cells/
ell) in a final volume of 100 mL/well, and incubated for 18 h at 25°C.
TT (50 mL/well) was added and the plate incubated for 4 h at 25°C.
inally, 60 mL/well of 10% SDS in HCl 0.01 M (SDS-HCl) was added,

ollowed by 18 h of incubation (11). The optical density (OD) was
etected at 570 nm with a MULTISKAN MS microplate reader and
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ardized for each plate (data not shown).

Effective concentration 50% of L-AAO. The EC50 of the samples
as determined against promastigotes of different species and amas-

igotes of L.(L.) amazonensis, using the MTT assay. The protein
oncentrations ranged from 30 to 0.15 mg/mL, with 4 3 105

romastigotes/well added, and 300 to 0.244 mg/mL with amastigotes.
ontrol wells without any sample were used as 100% growth. The
eath rate was calculated by the following equation: % killing 5 ((OD
ontrol well 2 OD sample well)/OD control well)*100. These trans-
ormed data were used to demonstrate the anti-Leishmania activity
n venom fractionation data. The EC50 was calculated with a sigmoid
ose-response model using the GraphPad Prism Software.

Venom fractionation. Molecular exclusion chromatography was
erformed using a Fast Protein Liquid Chromatography apparatus
FPLC-Pharmacia). Crude venom was dissolved in 1 mL 50 mM
ris-HCl, pH 8.5 and applied to a Superdex 200 (1.6 3 70 cm) prep
rade column at a flow rate of 0.5 ml/minute, with OD 280 nm
onitoring. Protein concentration was determined by the method of
radford (12) using bovine serum albumin as standard. Pooled frac-

ions presenting anti-Leishmania activity and L-amino acid oxidase
L-AAO) activities were applied to a Resource Q 5/5 column (Phar-
acia) equilibrated with buffer A (50 mM Tris-HCl, pH 8.5). After an

nitial 10 ml wash with 15% buffer B (50 mM Tris-HCl, pH 8.5, and
M NaCl), the material was eluted using a linear gradient 15–40%
ith same buffer. After determination of anti-Leishmania and
-AAO activities, active samples were dialyzed in buffer A and
oncentrated by ultrafiltration (AMICON). A significant loss of the
rosthetic group occurred due to dialysis, and additional FAD (1 mM)
as added before storage (13). All samples were sterilized by filtra-

ion (0.22 mm) and stored at 4°C.

SDS–PAGE and isoelectric focusing (IEF). Protein composition
nd molecular weight determination were performed by SDS-PAGE
Mini-Protean-BioRad), by the method of Laemmli (14) using a de-
aturing system with or without 2-b-mercaptoethanol. Molecular
eight standards were run to allow molecular weight extrapolation.
he acrylamide concentration used for gel preparation was 10%. The
labs were stained with Coomassie Brilliant Blue G-250. The isoelec-
ric point of the purified L-AAO was determined with a Multiphor II
ystem (Pharmacia) using a 5% polyacrylamide gel with ampholines
3.5–9.5). The proteins were applied and the gel submitted to 1500 V
or 90 min. The gel was stained with Coomassie Brilliant Blue
Sigma).

L-amino acid oxidase (L-AAO) activity. Crude venom and the
hromatographic fractions were assayed for L-AAO activity using a
olorimetric assay in a 96-well microplate. The assay was derived by
n adaptation of a reported peroxidase test (15). The reaction mix-
ure contains 100 mM Tris/HCl, pH 8.5, 3 mM L-leucine as substrate,
orseradish peroxidase (10 IU/mL) and o-phenylenediamine (OPD),
0.1 mg/mL). Samples were incubated for 1 h at 25°C, and OD was
etermined at 414 nm at 5 min intervals on a microplate reader, for
inetics. Hydrogen peroxide standards were used and the linear
egression data calculated with the GraphPad Prism Software.
-AAO activity was expressed as nmoles H2O2/min.

Characterization of L-AAO action on promastigotes. Promasti-
otes of L.(L.) amazonensis (4 3 105/well) were incubated with
-AAO (30 mg/mL) and catalase (0.3 mg/mL) in a final volume of 100
L/well for 18 h at 25°C in a microplate assay, in order to abolish the
ction of H2O2. Control groups without L-AAO, with or without
atalase, and with or without 5 mM hydrogen peroxide (SIGMA)
ere also tested. Promastigotes were incubated with L-AAO in
anks Balanced Salt Solution (HBSS) without amino acids under

he same conditions, for substrate suppression. The viability was
etermined by the MTT assay.
621
ESULTS

Venom fractionation. The Bothrops moojeni venom,
pplied to a Superdex 200 column as described in Ma-
erials and Methods, yielded four protein peaks (Fig.
A). L-AAO and anti-Leishmania activities of the frac-
ions are also presented in Fig. 1A, showing that only
he first peak presented both activities. The molecular
eight of the active fraction was estimated to be
round 140 kDa, as determined by comparison with
tandard proteins previously eluted from the same col-
mn. The fractions exhibiting L-AAO and anti-
eishmania activities were pooled and applied to an

on-exchange column, as described in Materials and
ethods, yielding two main fractions (Fig. 1B): one

nbound to the resin and the other eluted at 300
M NaCl, which presented both L-AAO and anti-
eishmania activities. SDS-PAGE showed that the pu-
ified L-AAO migrated as a single band with molecular
eight of approximately 69 kDa (Fig. 2A). The purified

FIG. 1. (A) Molecular exclusion chromatography of B. moojeni
enom on a Superdex 200 column. (B) Ion exchange chromatography
f pooled fractions with L-AAO or anti-Leishmania activities. The
ctivities were determined by the L-leucine assay and MTT assay,
espectively. Solid line without symbols, optical density at 280 nm;
ashed line with open circles (s- - -s), L-AAO activity; solid line
ith closed circles (d- - -d) anti-Leishmania activity; dashed line
ithout symbols, NaCl ionic gradient. Bar represents pooled frac-

ions for subsequent procedure.
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raction showed only one band by isoelectric focusing
Fig. 2B), with an isoelectric point of 4.8. The protein
ield of this purification is shown in Table 1.

Effective concentration 50% (EC50 ). By serial dilu-
ion of the purified L-AAO and crude venom, we were
ble to determine the EC50 using the MTT method. B.
oojeni crude venom showed an EC50 of 7.56 mg/mL

60.020) against L.(L.) amazonensis promastigotes.
he purified L-AAO presented an EC50 of 1.44 mg/ml

60.07) against L.(L.) amazonensis, 1.19 mg/ml
60.008) against L.(V.) panamensis and 1.08 mg/ml
60.002) against L.(L.) chagasi (Fig. 4 and Table 2).

FIG. 2. (A) SDS–PAGE of the purified L-AAO. a, MW markers
numbers indicate kDa of standards); b, crude venom c, molecular
xclusion chromatography pooled fractions; d, Ion exchange chroma-
ography of the purified L-AAO fraction. (B) Isoelectric focusing of
urified L-AAO (b) from B. moojeni venom, with corresponding iso-
lectric point standards (a). MW and isoelectric point of the unknown
raction estimated by linear regression model of standards using the
raphPad Prism Software. The gels were stained with Coomassie
rilliant blue (Sigma).

TABLE 1

Quantitative Analysis of the Purification Schedule
Used for L-AAO from B. moojeni Venom

Purification step

Total
protein

(Mg)

L-AAO
activity

(nmoles H2O2/min)

Specific
activity

(units/mg)

rude venom 297, 0 0.0426 0.017
olecular exclusion
chromatography

40, 0 0.196 0.0784

on exchange
chromatography

4.35 5.74 2.296
622
sing amastigotes of L.(L.) amazonensis (LV-79
train), the EC50 of L-AAO could not be determined.
mastigotes were not affected with the initial concen-

ration of 300 mg/mL, as observed by 100% viability
ound in the MTT assay (data not shown).

Characterization of L-AAO action in promastigotes.
romastigotes incubated with the purified L-AAO, in
he presence of catalase, showed 100% survival (Fig.
C). Promastigotes incubated in HBSS for substrate
uppression, in the presence of L-AAO, also showed
00% survival (Fig. 3G). Promastigotes showed H2O2

usceptibility, as observed when the commercial prod-
ct was added (100% death), as shown in Fig. 3B.

ISCUSSION

In the present study, we show that B. moojeni venom
resents an anti-Leishmania activity, which appears to

FIG. 3. Characterization of L-AAO activity against promasti-
otes of L.(L.) amazonensis. (A) Promastigotes in RPMI-1640 me-
ium; (B) promastigotes in RPMI-1640 medium 1 5 mM H2O2; (C)
romastigotes in RPMI-1640 medium 1 5 mM H2O2 1 0.3 mg/ml
atalase; (D) promastigotes in RPMI 1640 medium 1 30 mg/mL
-AAO; (E) promastigotes in RPMI 1640 medium 1 30 mg/mL
-AAO 1 0.3 mg/mL catalase; (F) promastigotes in HBSS; (G) pro-
astigotes in HBSS 1 30 mg/mL L-AAO. Promastigote viability is

xpressed as OD 57O nm of oxidized formazan from MTT. Bars
epresent SEM of replicates.

FIG. 4. Effective dose 50% (EC50) of crude B. moojeni venom and
ts purified L-AAO against Leishmania spp. Œ—Œ L-AAO against
.(L.) panamensis; h—h L-AAO against L.(L.) amazonensis; p—p

-AAO against L.(L.) chagasi; f—f Crude venom against L.(L.)
mazonensis. The viability of parasites was determined by the MTT
ssay at O.D. 570 nm. Linear regression graphics were analyzed in
raphPad Prism.
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e related to the action of an enzyme, constituting 1.5%
f crude venom, characterized as a L-amino acid oxi-
ase. The crude venom was fractionated and the active
omponent purified. The biochemical properties of the
urified enzyme were consistent with findings obtained
lsewhere for other snake L-amino acid oxidases (16).
he molecular weight and the homodimeric structure
f L-AAO, found in our experiments, was also described
or many other L-amino acid oxidases, ranging from 60
Da in the monomeric form to 150 kDa as a dimer (16,
7a, 18). The presence of multiple forms of this enzyme
n some snake venoms was also reported (19, 20), but it
as not found in our experiments using B. moojeni
enom. The observed isoelectric point (pI 5 4.8) of
-AAO is similar to those observed for the same en-
yme from other snake venoms (13, 18, 21). By the
nzymatic assay, the L-AAO presented 135-fold more
ctivity than crude venom, suggesting a significant
egree of purification.
L-AAO catalyzes the oxidative deamination of

-amino acids to produce the corresponding a-keto-
cid, hydrogen peroxide and ammonia (17b, 22). In our
xperiments, promastigotes survived after incubation
ith L-AAO in a solution without amino acids (HBSS),

howing the dependence of substrate for L-AAO activ-
ty. Using catalase as a scavenger for hydrogen perox-
de (24), we obtained complete abolition of anti-
eishmania activity, suggesting that the action could
e ascribed to H2O2 production, and not to a keto-acid
enerated by the enzyme, that would probably not be
ffected by catalase. The action of L-AAO from a snake
enom on human gastric carcinoma cell lines, was also
scribed to hydrogen peroxide, leading to cell death
16).

Leishmania spp. had slightly different susceptibili-
ies to L-AAO, as observed for the EC50 of the purified
nzyme. This could be explained by different enzymatic
atterns in each strain or species (23). Despite of
he EC50 against L.(L.) amazonensis promastigotes for
-AAO was 5-fold higher than crude venom, kinetic
arameters showed a 135-fold increase in L-AAO ac-
ivity compared to the crude venom. This discrepancy
ould be ascribed to the restriction of substrate and
ther facts involving the culture media in the promas-

Effective Concentration 50% of Crude Venom and L-AAO
against Leishmania spp.

Sample Leishmania spp. EC50 (mg/mL) r

rude venom L.(L.) amazonensis 7.56 (60.020) 0.9818
-AAO L.(L.) amazonensis 1.44 (60.062) 0.9734
-AAO L.(L.) panamensis 1.19 (60.0083) 0.8643
-AAO L.(L.) chagasi 1.08 (60.0024) 0.9384

Note. EC50, effective concentration 50%; r, linear correlation coef-
cient.
623
ction of the enzyme. Different substrate specificity for
-AAO was reported for Calloselasma rhodostoma
enom (18).
Some authors reported apoptosis-induced cell death

fter incubation with L-amino acid oxidase (15, 25).
uhr and co-workers (25) showed that L-AAO, purified

rom Agkistrodon halys venom, induced the cell-
poptosis mechanism. The oxidative stress induced by
ydrogen peroxide could activate heat shock proteins,
escribed in Leishmania spp. inducing proteolytic ac-
ivity inside the cell and also affecting mitochondrial
unction due to increased calcium concentrations (26).

As reported by Fernandez-Gomes and co-workers
10), components ranging from 30 to 40 kDa present in
erastes cerastes venom, caused growth inhibition of
eishmania (L.) donovani amastigotes. Our data
howed no evidence of other proteins presenting detect-
ble anti-Leishmania activity in B. moojeni venom.
he results obtained with the incubation of L-AAO
ith amastigotes, suggest that these parasites have an
fficient protective system against free radicals and
ydrogen peroxide. Catalase, superoxide dismutase,
nd other enzymes were described in Leishmania spp.,
s its antioxidant defense mechanism. Promastigotes
ere found to be deficient in catalase and glutathione
eroxidase, with 80 to 95% promptly killed by macro-
hage hydrogen peroxide production during the infec-
ion (22). Murray and co-workers (27) demonstrated
hat Leishmania donovani amastigotes contained
-fold more catalase and 14-fold more glutathione per-
xidase and were four times more resistant to enzy-
atically generated hydrogen peroxide. Our results
ere consistent with these findings, in which promas-

igotes presented susceptibility to the purified enzyme.
nlike other venoms (9, 10), no other active fraction

ould be observed. This fact can be ascribed to major
ifferences in the venom composition.
Snake venoms are commonly used as tools for the

evelopment of new therapeutic approaches, since a
road range of pharmacological actions are described
or these substances (28–30). Considering the few
rugs currently available for leishmaniasis, as well as
heir high toxicity and significant side effects, the de-
elopment of new drugs appears as a necessity. The
nderstanding of the L-AAO mode of action upon par-
sites may trigger the design of new drugs or thera-
eutical approaches. Indeed, if one was able to target a
ydrogen peroxide generator, as B. moojeni L-AAO,
owards the parasitophorous vacuole, this would rep-
esent a highly specific treatment not only for leish-
aniasis, but also for other intracellular parasites.
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