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SUMMARY

Leishmaniasis are diseases caused by parasites of the genus Leishmania and transmitted to humans by the bite of infected
insects of the subfamily Phlebotominae. Current drug therapy shows high toxicity and severe adverse effects. Recently,
two oligopeptidases (OPBs) were identified in Leishmania amazonensis, namely oligopeptidase B (OPB) and oligopeptidase
B2 (OPB2). These OPBs could be ideal targets, since both enzymes are expressed in all parasite lifecycle and were not iden-
tified in human. This work aimed to identify possible dual inhibitors of OPB and OPB2 from L. amazonensis. The three-
dimensional structures of both enzymes were built by comparative modelling and used to perform a virtual screening of
ZINC database by DOCK Blaster server. It is the first time that OPB models from L. amazonensis are used to virtual
screening approach. Four hundred compounds were identified as possible inhibitors to each enzyme. The top scored com-
pounds were submitted to refinement by AutoDock program. The best results suggest that compounds interact with
important residues, as Tyr490, Glu612 and Arg655 (OPB numbers). The identified compounds showed better results
than antipain and drugs currently used against leishmaniasis when ADMET in silico were performed. These compounds
could be explored in order to find dual inhibitors of OPB and OPB2 from L. amazonensis.
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INTRODUCTION

The leishmaniasis are parasitic diseases with severe
morbidity and mortality rates. According to World
Health Organization, an estimated 1·3 million new
cases and over 20 000 deaths occur annually
(WHO, 2015). The leishmaniasis are caused by
parasites of the genus Leishmania and the family
Trypanosomatidae, which are transmitted to
humans by the bite of infected insects of the subfam-
ily Phlebotominae (Killick-Kendrick, 1999; WHO,
2015). Different etiological agents can cause leish-
maniasis, but Leishmania amazonensis is the main
agent of the anergic diffuse cutaneous leishmaniasis

(Grimaldi & McMahan-Pratt, 1991; Santos et al.
2008).
Currently, the chemotherapy shows several adverse

effects associated with these drugs, such as high tox-
icity, leading to treatment withdrawal and parasitic
resistance. Thus, the development of new therapeutic
agents against leishmaniasis, with lower adverse
effects and toxicity, is an urgent priority. A widely
used strategy in the drug discovery and development
process is the identification of new therapeutic targets
(Libusova et al. 2004; Padmanabhan et al. 2005;
Reguera et al. 2005; Genestra et al. 2006; de Matos
Guedes et al. 2007; de Matos Guedes et al. 2008;
Kaur et al. 2012; Vermelho et al. 2014). The proteases
from parasites have emerged as promising che-
motherapeutic targets. The genome sequencing of
Leishmania major allowed the identification of two
oligopeptidases (OPBs) (Ivens et al. 2005). OPB has
been previously known in trypanosomatids (Caler
et al. 1998; Morty et al. 1999). The OPB from
L. amazonensis were first cloned and sequenced by
de Matos Guedes et al. (2007). Oligopeptidase B2
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(OPB2, also called OPB-like) was for the first time
reported in 2008 using the genome sequence of
L. major and cloned and sequenced from L. amazo-
nensis (de Matos Guedes et al. 2008). These works
also revealed the catalytic triad and the subsites S1
and S2. In addition, OPBs can be ideal targets to
new therapeutic approaches, since both enzymes are
expressed in all parasite lifecycle and there are no
homologues identified in humans (de Matos Guedes
et al. 2007; de Matos Guedes et al. 2008).
The VHTS (virtual high-throughput screening)

has become a powerful tool for lead discovery. It is
an in silico approach that can be used to search
small molecules that possibly interact with a molecu-
lar target (Cerqueira et al. 2015). Hence, this work
aims to identify dual inhibitors of OPB and OPB2
from L. amazonensis by in silico approach.
Additionally, it intends to deeply understand their
molecular inhibitory mechanisms, supporting the
rational design of new antileishmanial drugs.

MATERIALS AND METHODS

Comparative modelling

The aminoacids sequences of OPB and OPB2 were
obtained from UniProtKB database (access code
A7XAB0 and A8QXT1, respectively) (UniProt,
2012). Template structure was obtained using the
standard options of BLASTP server (Altschul
et al. 1997) against the Protein Data Bank (Berman
et al. 2000). The template selection considered the
best results for identity, similarity and gaps.
T-Coffee server (Notredame, 2010) was used to

the alignment step and the three-dimensional (3D)
model was constructed using the Modeller
program version 9.10 (Sali & Blundell, 1993). The
quality of the models was evaluated using
PROCHECK (Laskowski et al. 1993), PROVE
(Pontius et al. 1996) and VERIFY-3D (Bowie
et al. 1991; Luthy et al. 1992) programs.
Due to the lack of information about the 3D struc-

ture of the binding site from L. amazonensis OPBs,
the binding sites aminoacids were defined based on
the antipain inhibitor complexed with OPB from
L. major (PDB code 2XE4) (McLuskey et al.
2010). Thereby, the residues within 5 Å distant of
any atom of antipain were considered as the
binding site. It shows a diameter larger than 20 Å,
with 36 residues to OPB2 and 35 residues to OPB,
which includes the catalytic triad (Fig. S1).

Virtual screening

To search for novel compounds with possible inhibi-
tory activity against L. amazonensis OPB and OPB2,
a virtual screening approach was employed using
DOCK Blaster server (Irwin et al. 2009). DOCK
Blaster is a fully automated docking system that
performs the search of compounds that fits in the

provided protein binding site in ZINC database
(Irwin&Shoichet, 2005).Subset 12 (clean-fragments)
containing 1 611 889 entries was selected. Thus, score
calculations for each compound could allow a large-
scale molecular docking study.
The top-ranked compounds predicted to fit each

enzyme were selected to perform a refinement step
usingAutoDock4·2program(Morris etal.1998, 2009).

Molecular docking

In order to establish a protocol in AutoDock
program, the 3D structure of antipain (compound
1) was re-docked into the co-crystallized OPB from
L. major. Antipain was considered partially
flexible, with the backbone rigid. Lamarckian
Genetic Algorithm was used and parameters such
as initial population, number of energy assessments,
mutation rate, crossover rate, elitism and numbers of
runs were modified (Table 1). The best parameters
set were used to perform the molecular docking of
the top-ranked compounds from DOCK Blaster.
The DockBlaster binding poses were used as start-

ing structures for docking simulations at AutoDock.
Visual inspection of the generated complexes was
performed using AutoDockTools (Morris et al. 2009)
and PyMOL (The PyMOL Molecular Graphics
System, Version 1.4.1 Schrödinger, LLC.) programs.

Cross-docking of the top-ranked compounds

Thecross-dockingapproachwasemployedtocompare
the binding affinities of compounds to identify ligands
that can synergistically target both enzymes. The best
compound obtained byAutoDock at OPBwas used as
starting structure for docking into OPB2 binding site
by AutoDock program. The reverse was also per-
formed: the best compound obtained by AutoDock
to OPB2 was used as starting structure to docking
into OPB-binding site.

In silico physicochemical and toxicological analyses

The ADMET assessment of the four best com-
pounds was performed using ADMET Predictor™

Table 1. Lamarckian Genetic Algorithm values
used to find the best parameters set to molecular
docking

Parameters Values

Initial population 50, 80, 100, 150
Number of energy assessments 2 500 000, 5 000 000
Mutation rate 0·02, 0·20, 0·30
Crossover rate 0·50, 0·80, 0·90
Elitism 1, 10
Numbers of runs 20, 25, 30, 40, 50,

100, 150
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(Simulation Plus Inc., Lancaster, CA), an approach
based on the degree of concordance among the indi-
vidual QSAR networks in an ensemble model.
Drugs currently used against leishmaniasis were
also calculated and compared with the selected com-
pounds. The Lipinski’s Rule of 5, toxicological risks
and ADMET risk were evaluated. ADMET risk is a
score was parameterized based on predicted proper-
ties that represent potential obstacles to a compound
being successfully developed. ADMET risk provide
a range between 0 and 24, which the greater the
number, the higher probability to have pharmacoki-
netic and toxicological problems.

RESULTS

Comparative modelling

Comparison of OPB and OPB2 sequences showed
31% identity. The enzymes have 731 and 905
amino acids, respectively, being 114 amino acids of
OPB2 C-terminal extension. This unusual C-ter-
minal extension was observed in several proteins of
parasites, such as cysteine protease (Mottram et al.
1989), 3-mercaptopyruvate sulphutransferase of
Trypanosomatidae spp. (Williams et al. 2003) and
aspartic protease of Schistosoma spp. (Wong et al.
1997). However, the C-terminal sequence of OPB2
has no homologous template at PDB. Since it is
not associated with enzyme activity (de Matos
Guedes et al. 2008; Polgar, 2002), we did not build
its structure.
The accuracy of the models depends on the

sequence identity between template and target
sequences, where higher identity gives better
results. Herein, the comparative modelling was
carried out using the 3D structure of OPB from L.
major as template (PDB code 2XE4, 1·65 Ǻ reso-
lution) for both enzymes, where the identity, simi-
larity and gaps are showed at Table 2. According
to Blast results, the alignment between OPB and
OPB2 from L. amazonensis with OPB from L.
major covers 98 and 81% of total sequences, respect-
ively (Fig. S3 and S4, Supporting Information).
The alignment obtained from T-COFFEE was

provided as input in MODELLER9v10 to generate
the 3D model of OPB and OPB2 (Fig. 1). According
to the Ramachandran plot, the OPB model showed
92·3% residues in the allowed regions and only

0·3% residues in the disallowed regions. Similar
results were observed for OPB2 model, which
showed more than 90% residues in the allowed
regions and 0·7% in the disallowed regions
(Fig. S2, Supporting Information). Verify 3D
results of OPB and OPB2 presented 98·32 and
72·81% residues with compatible 1D–3D scores
>0·2, respectively. The models were considered
useful by validation results.

Analysis of OPB and OPB2 molecular models

The models and the template structures were super-
imposed to evaluate the structural similarities. The
catalytic triad of the three enzymes was conserved
in a similar conformation (Fig. 1, S3 and S4).
Through the superposition of OPB and OPB2 3D

structure models, it was observed that the secondary
and tertiary structures were conserved, with a root-
mean-square deviation (RMSD) of 0·67 Å. The
comparison between predicted models suggests
they have structural resemblance. The enzymes
consist of two domains: the catalytic and the β-pro-
peller domains (de Matos Guedes et al. 2007). The
catalytic domain of both enzymes presented 10 β
strands surrounded by 13α-helix at OPB and 12α-
helix at OPB2. The β-propeller domain of the OPB
model has 14 pairs of β strands distorted and
arranged radially around the central tunnel of the
enzyme, while OPB2 model has 13 pairs of β
strands in the same arrangement. Few differences
in the number of loops were observed.
The analysis of the molecular electrostatic poten-

tial map of OPB and OPB2 L. amazonensis surfaces
showed different charges distribution profile
(Fig. S5, Supporting Information). The OPB
showed more negative regions in the surface, while
OPB2 showed more positive regions as similarly
described to prolyl oligopeptidase family (Polgar,
2002; de Matos Guedes et al. 2007). However, the
binding site surface of OPB2 from L. amazonensis
showed more negative regions than the OPB. The
negative regions of OPB2 binding site are due
mainly to residues Glu539, Glu606, Glu659 and
Asp702. Nevertheless, Glu539 and Glu606 residues
are substituted by Ile492 and Ser560 at OPB-
binding site, respectively, which contribute to a
less negative pocket. These residues could be
related to enzymes specificities.
The structure obtained by X-ray diffraction of L.

major OPB in complex with the antipain was used to
provide detailed information about the enzyme-
binding pocket (McLuskey et al. 2010). For this
reason, the L. amazonensis OPB- and OPB2-
binding sites were selected based on L. major OPB
structure. To analyse the catalytic environment,
residues about 5 Å from antipain inhibitor, includ-
ing the catalytic triad residues were selected as the
binding site to run the DOCK Blaster calculation.

Table 2. Comparison of identity, similarity and
gaps between primary structures of the L. amazo-
nensis OPB and OPB2 with L. major OPB

Enzymes OPB (%) OPB2 (%)

Identity 90 23
Similarity 40 40
Gaps 10 10
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Virtual screening and molecular docking into binding
sites of OPB and OPB2 from L. amazonensis

The virtual screening on L. amazonensis OPB and
OPB2 was performed in two steps. Initially, the
search of possible inhibitors for each enzyme by
Virtual Screening was performed with DOCK Blaster
server, followed by data refinement by AutoDock
program. Analysed compounds are described at
Table 3.
Initially, the subset 12 (clean-fragments), contain-

ing 1 611 889 entries, was selected. The virtual
screening result contained a list of top 400 com-
pounds from ZINC database for each enzyme,
which possibly interacts with the target ranked by
energy score.
The binding poses of the top 40 ranked com-

pounds were used as starting structures to the refine-
ment step by AutoDock program. To validate the
docking protocol at AutoDock program, we used
the antipain inhibitor complexed to OPB-binding
site of L. major. The best parameters set was
obtained using Lamarckian Genetic Algorithm,
initial population of 100, number of energy assess-
ments of 5 000 000, mutation rate of 0·3, crossover
of 0·9, elitism of 10 and 100 runs. The lowest
energy conformation (−6·68 kcal mol−1) was super-
imposed to the crystal structure and showed a
RMSD of 3·05 Å, indicating high similarity among

conformations. The P3 position participates in just
a single interaction through hydrogen bond with
Ser253 and it is located in a solvent-filled cavity
(McLuskey et al. 2010). Consequently, this position
showed the most different residue conformation
(Fig. S6, Supporting Information).

OPB of Leishmania amazonensis

Compound 2, 1-(5-hydroxy-pyridine-3-carbonyl)-
pyrrolidine-2-carboxylic acid (ZINC code
19735155), showed the highest score (−71·94 kcal
mol−1) when docked into OPB-binding site by
DOCK Blaster server. It interacts with the binding
site through hydrogen bonds with Ser568 and
Glu612, π-stacking with Tyr490, and salt bridges
with Glu612 and Arg567 (Fig. 2A).
The binding poses of the top 40 ranked com-

pounds obtained by Virtual Screening to OPB
were submitted to refinement by using AutoDock
program. The results showed the complex with
compound 3 [(3R)-3-amino-N-[3-(1H-tetrazol-5-
yl)phenyl]butanamide, ZINC code 37608688] with
the lowest estimated binding energy (−10·32 kcal
M
−1), and the ligand was located close to the catalytic

site (Fig. 2A). It interacts through hydrogen bond
with Glu612, Pro607, Arg655 and Tyr490, and
hydrophobic interactions with His688 and Arg655.

Fig. 1. Cartoon diagrams ofL. amazonensis (A) OPB and (B) OPB2models showing the zoomed view of the catalytic triads
in stick (Ser568, Asp653, His688 and Ser614, Asp702 and His743, respectively).
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OPB2 of L. amazonensis

When VS was performed against OPB2-binding
site, the top-scored compound was the N-ethyl-2-
oxo-benzimidazole-5-sulphonamide (compound 4,
ZINC code 63887176), interacting through hydro-
gen bond with Glu659 and π–π stacking interaction
with Tyr537 (Fig. 2B).
After docking refinement of results obtained for

OPB2, the complex formed with compound 5 [(2R)-
2-amino-N-[4-(dimethylaminomethyl)phenyl]pro-
panamide, ZINC code 37042497] showed the lowest
estimated binding energy (−10·14 kcal M−1) by
AutoDock program. The selected docking pose is
also located close to the catalytic site and interacts
through hydrogen bonds with Glu539, Ser614,
Arg704, Glu659 and Phe641 residues (Fig. 2B). As
the compound is protonated, it also makes ionic
interactions with Glu539 and Glu659. Besides, it
also performs hydrophobic contacts with Tyr537,
Phe641, Leu655 and Ala615 (Fig. 2B).

Cross-docking of the top-ranked compounds

In order to find dual inhibitors of OPB and OPB2
from L. amazonensis, we performed the cross-
docking of the best results obtained by AutoDock
program into both binding sites.
Then, compound 5 was also analysed at OPB-

binding site (Fig. 3A). The compound showed
hydrogen bonds with Arg655 and Glu612 residues.
Besides, it also forms an ionic interaction with
Glu612 and hydrophobic contacts with Leu608,
Tyr490, Ala569 and Val656.
Compound 3 was also docked into OPB2-binding

site to observe possible interactions (Fig. 3B). As in
OPB, it binds near the catalytic site. This compound
performs hydrogen bonds with Tyr537, Pro654,
Glu659 and Arg704.Moreover, compound 3 partici-
pates on hydrophobic interactions with Ala615,
Phe641, Leu653 and Val705.
In order to obtain more information about the

inhibition mechanism of OPB and OPB2 from L.

Table 3. Structures and scores of the top hits screened byDOCKBlaster and analysed by AutoDock program

Compound ZINC code 2D structure

DOCK Blaster
Score (kcal mol−1)

AutoDock
Score (kcal mol−1)

OPB OPB2 OPB OPB2

1 (Antipain) – – – −5·39 −4·92

2 19735155 −71·94 – −5·45 −5·95

3 37608688 −66·46 – −10·32 −9·86

4 63887176 – −87·6 −6·77 −6·77

5 37042497 – −60·09 −8·41 −10·14
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amazonensis, molecular docking of antipain was also
performed in both enzymes (Fig. 3).
The resultof antipain-OPBcomplex showedhydro-

gen bonds with Ser568, Glu612, Glu660 and His688
residues. Besides, it can perform hydrogen bond or
ionic interaction with Arg655 residue (Fig. 3A). The

antipain also interacts through hydrogen bonds with
Tyr537, Glu659 and Arg704 (Fig. 3B).

In silico pharmacokinetic and toxicity analyses

The ADMET evaluations were carried out to the
four best compounds and some currently available

Fig. 2. Binding mode analysis of identified compounds. (A) Compounds 2 (blue) and 3 (pink) at OPB from
L. amazonensis; (B) Compounds 4 (orange) and 5 (purple) at OPB2 from L. amazonensis. Residues involved on the
interactions are shown in yellow and hydrogen bonds are coloured in green.
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drugs against Leishmania sp., as meglumine anti-
moniate and pentamidine. The selected ZINC com-
pounds were also compared with antipain, a classical
serine protease inhibitor (Suda et al. 1972). Lipinski
rule of 5 were evaluated since is related with com-
pounds bioavailability and all identified compounds

respected its criteria, overcoming the currently avail-
able drugs and antipain.
Our studies demonstrated that compounds 2, 3

and 5 presented Phase I metabolism mediated by
different enzymes: compound 2 may be metabo-
lized by CYP2C9, compounds 3 and 5 by

Fig. 3. Binding modes of identified compounds obtained by AutoDock program. (A) Compounds 1 (cyan) and 5 (purple)
with OPB from L. amazonensis; (B) Compounds 1 (cyan) and 3 (pink) with OPB2 from L. amazonensis. Residues involved
on the interactions are shown in yellow and hydrogen bonds are coloured in green.
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CYP1A2; compound 5 may also be metabolized
by CYP2D6.
In the toxicity evaluation, only compound 2 did

not showed a risk of carcinogenicity in rats.
Furthermore, the analysis indicates low risk of muta-
genicity for pentamidine, whereas the new com-
pounds showed no risk of mutagenicity. Previous
experimental data showed that pentamidine is not
mutagenic but could tight bind to DNA (Stauffert
et al. 1990). Finally, hepatoxicity was predicted
only for pentamidine, based on abnormal blood
level elevation of relevant biomarkers as serum glu-
tamic oxaloacetic transaminase, serum glutamic
pyruvic transaminase.
After all, pharmacokinetic and toxicological para-

meters were compiled in ADMET risk. All selected
compounds showed a good profile, with values
ranging from 0·3 to 3·7 overcoming the meglumine
antimoniate, pentamidine and antipain results that
showed higher ADMET risk values, ranging from
3·1 to 8·0 (Fig. 4).

DISCUSSION

Leishmaniasis therapy is facing problems due to the
lack of effective and safe drugs, besides the emer-
gence of resistance (Vermelho et al. 2014). The
OPBs are emerging as new targets to leishmaniasis
once they are not present in humans (Morty et al.
1999; de Matos Guedes et al. 2007; de Matos
Guedes et al. 2008). The knowledge about the 3D
structures of proteins is important to provide valu-
able information about function and for rational
drug design (Dill & MacCallum, 2012). Until now,
no experimentally determined atomic structures for
OPB and OPB2 of L. amazonensis were obtained.
In this case, comparative modelling is the most com-
monly used computational structure prediction
method (Dill & MacCallum, 2012).
Using comparative modelling was possible to con-

struct molecular models for OPB and for OBP2
(Fig. 1). Based on sequence alignment and

phylogenetic analysis, OPB2 is considered a new
member of prolyl oligopeptidase family (de Matos
Guedes et al. 2008). However, it displayed a
similar and conserved structure of prolyl oligopepti-
dase family, as observed in Fig. 1 (Polgar, 2002).
Based on the structures, these results support a
hypothesis about compensation of OPB2 in
absence of OPB (Munday et al. 2011).
Nevertheless, in the same publication, it was
observed that mutant without OPB, that has been
reported cleavage Arg substrate (McLuskey et al.
2010), lost the capacity to cleavage Bz-R-AMC
(Munday et al. 2011) indicating a different substrate
preference of OPB2 or a different cell localization.
Our surface charge analysis demonstrated that
OPB2 has a positive charge on surface, different for
OPB that has a negative charge. There is an adapta-
tion of protein surface to subcellular localization
(Andrade et al. 1998), the difference observed for
OPB2 indicates a different cell localization and
instead a different cell function. OPB was demon-
strated to be a cytoplasmatic protein (Munday
et al. 2011) and we have some evidences that OPB2
is present in vesicles, possible in endosomes (de
Matos Guedes et al. 2008). Independently of the
differences, we observed the similarities of OPB
and OPB2, and we studied the possibility of identify
new drugs that can inhibit both enzymes at the same
time.
The virtual screening approach, by DOCK Blaster

server, found compound 2 as the top ranked when
docked into OPB-binding site. This compound
interacts with Ser568 and Glu612, which are con-
served at OPB enzymes and are described as key resi-
dues to ligand interaction with OPB from L. major
(Ser577 and Glu621, respectively) (McLuskey
et al. 2010; Goyal et al. 2014). Besides, Ser568
residue is a member of the catalytic triad, thus it
has a special importance to enzymatic activity
(McLuskey et al. 2010).
After the refinement step, compound 3 was ranked

with the lowest estimated binding energy. It

Fig. 4. ADMETRisk evaluation for antipain, selected compounds (2–5) and drugs currently used in leishmaniais therapy,
meglumine (meglum.) and pentamidine (Pentam.).

543Oligopeptidase B and B2 in Leishmania amazonensis

https://doi.org/10.1017/S0031182016002237 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182016002237


interacts through hydrogen bond with Glu612.
There are evidences about the importance of the
Glu612 residue, which is conserved throughout the
OPB family and is generally involved in substrate
specificity (McLuskey et al. 2010). Besides, this
compound also performs hydrogen bonds with
Pro607, Arg655 and Tyr490, and hydrophobic
interactions with His688 and Arg655. These resi-
dues are conserved at OPB from L. major and
OPB2 from L. amazonensis. Additionally, they
were also found as important to the complex stabil-
ization in OPB from L. major (Goyal et al. 2014).
Compound 4 was the top scored molecule after VS

by DOCKBlaster into OPB2-binding site. However,
after docking refinement by AutoDock, compound 5
showed the lowest estimated binding energy. When
VS was performed against OPB2-binding site, com-
pound 4 was the top scored compound interacting
with Tyr537, Glu539, Ser614, Ala615, Phe641,
Leu655, Glu659 and Arg704.
As we want to find dual inhibitors of OPBs from

L. amazonensis, we also performed the cross-
docking. Compound 5 was analysed at OPB-
binding site and compound 3 was analysed at
OPB2-binding site. Both compounds interact with
residues conserved at OPBs from L. amazonensis
and L. major and are pointed as important to
complex stabilization (McLuskey et al. 2010;
Goyal et al. 2014).
We also studied antipain into binding sites of OPB

and OPB2 of L. amazonensis. All the residues that
interact to antipain were already described as
important to interaction between OPB from L.
major and ligands found by virtual screening
(Goyal et al. 2014).
Comparing the compounds found by virtual

screening and antipain, all presented important
interactions, as others studies of OPB from L.
major (McLuskey et al. 2010; Goyal et al. 2014).
However, the better scores obtained to ZINC mole-
cules suggest that they could have better perform-
ance as OPBs inhibitors than antipain.
Compound 4 showed similar and lower estimated

binding energy for both OPB and OPB2. It can also
be observed a very similar binding position, suggest-
ing that compound 4 can be further modified to
better interact with the OPB-binding site, exploring
the enzymes specificity.
Nowadays, the leishmaniasis therapy is respon-

sible for several side-effects, mainly associated of
high toxicity (Singh & Sundar, 2012). The
ADMET evaluations were carried out to compare
the four selected ZINC compounds (2, 3, 4 and 5)
with some currently available drugs against
Leishmania sp., amongst them, meglumine anti-
moniate and pentamidine. Interestingly, the com-
pounds found by VS presented a predicted toxicity
risk equal or less to the current drugs used in the
treatment, which could represent a good perspective

on the search for new compounds against Leishmania
sp. The next steps would be to evaluate the candi-
dates against both enzymes and against parasites.

Concluding remarks

Herein, L. amazonensis OPB and OPB2 3D models
were obtained using comparative modelling
approach and properly validated. The models were
then used for virtual screening, which allowed
finding promising compounds against leishmaniasis.
The compounds selected in this study showed
important interactions with OPB and OPB2, indi-
cating they could act as inhibitors of these proteins.
The results indicate that compound 4 could be
further explored in order to find dual inhibitors of
both enzymes.
The pharmacokinetic and toxicity assessments

also showed good results. Furthermore, this study
provided possible competitive inhibitors of OPB
and OPB2 from L. amazonensis and its suggested
mechanism of action, which could indicate these
molecules as promising compounds for rational
development of new antileishmanial drugs.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S0031182016002237
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