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ABSTRACT
Natamycin and nystatin, the two antifungal drugs having structural similarity with
amphotericin B, were evaluated for their potential to inhibit five known drug targets of
Leishmania donovani. In silico protein-ligand docking of natamycin and nystatin with
adenylosuccinate lyase, cyclophilin, dihydroorotate dehydrogenase, N-myristoyl transferase
and pteridine reductase 1 of L. donovani was carried out. The binding of both the drugs to the
active site of all the drug targets was observed. Both natamycin and nystatin showed very low
binding affinities with all the five drug targets and partially blocked the active sites of four
out of the five enzymes. Findings of the present study provide new perspective for the drug

development against leishmaniasis.
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INTRODUCTION

Leishmaniasis is one of the neglected is visceral leishmaniasis which is mainly

parasitic ~ diseases causing significant  caused by Leishmania donovani. It is

morbidity and mortality worldwide. It is
caused by an obligate protozoan parasite of
genus Leishmania, which is spread to
humans through the bite of infected female
sand fly. Out of the three main clinical

forms of leishmaniasis, the most fatal form

estimated that 0.3 million new cases of
visceral leishmaniasis and 20, 000 deaths
occur annually worldwide [1]. The current
chemotherapy of visceral leishmaniasis is
primarily based on pentavalent antimonials,

amphotericin - B and its liposomal
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formulations and miltifosine[2]. All the
available chemotherapeutic agents present
some drawbacks including emergence of
drug resistance, renal or hepatic toxicity,
painful administration, high cost, poor
availability in endemic areas and variable
effectiveness between various strains of the
parasite [3,4]. Hence, there is a need to
develop some novel, efficient and cost
effective antileishmanial agents to overcome
the current situation of the disease.

The discovery of new antileishmanial agents
from natural resources or synthetic
molecules is being carried out worldwide.
This involves various steps such as
preliminary screening of test molecules by
in silico screening against various essential
drug targets and in vitro screening of test
molecules [5-7]. Some enzymes essential
for the survival of Leishmania parasite are
studied for targeting those with the aim to
inhibit the parasite. The commonly
exploited enzymes include those which are
involved in glucose, fatty acids, nucleotide
and protein metabolism [8]. Some well-
known drug targets of Leishmania donovani
include adenylosuccinate lyase, an essential
enzyme in purine salvage, cyclophilin and
N-myristoyl transferase are involved in co-
/post-translational ~ protein  processing.
Dihydroorotate dehydrogenase is involved
in de novo pyrimidine biosynthetic pathway

and pteridine reductase 1 is responsible for

the salvage of pteridines in Leishmania. [9-
13].

Amphotericin B is the drug of choice in
visceral leishmaniasis patients having drug
resistance for pentavalent antimonials [14].
However, its use has been limited because
of the possible nephrotoxicity [15].
Natamycin, a macrolide antifungal agent
derived from Streptomyces natalensis and
nystatin, a polyene antifungal drug derived
from Streptomyces noursei are the two
broad-spectrum antifungal agents having
close structural similarity with amphotericin
B. The present study was aimed to screen
natamycin and nystatin against five drug
targets of L. Donovani by using in silico
protein-ligand docking (Figure 1). To the
best of our knowledge, both natamycin and
nystatin have never been reported to inhibit
the enzymes of any species of Leishmania.
MATERIALS AND METHODS

Selection and preparation of drug targets
for molecular docking

Molecular docking experiments were
carried out by using crystal structures of L.
donovani drug targets. Five proteins
including adenylosuccinate lyase, LdonASL
(PDB 4MX2), cyclophilin, LdonCyp (PDB
3EQV), dihydroorotate
LdonDHODH (PDB 3C61), N-myristoyl
transferase, LdonNMT (PDB 2WUU) and
pteridine reductase 1, LdonPTR1 (PDB

2X0OX) were used. After downloading the

dehydrogenase,
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.pdb files from the Protein Data Bank all the
non-protein parts, solvent molecules and the
co-crystallized ligands were removed from
the structures. By using AutoDockTools-
1.5.6, .pdb files of all the receptors were
modified by adding polar hydrogens and

converted to .pdbgt files which is an

extended pdb format required for molecular
docking analysis.

Ligand Preparation

The .pdb files of natamycin and nystatin
Bank
(http://www.drugbank.ca/drugs) and were

were  obtained from  Drug

optimised & converted to .pdbqt files using
AutoDockTools-1.5.6 (Table 1).

Table 1: Details of drugs used as ligands in docking experiments

NH, CH3

OH

Drug Name Chemical Drug Bank Approval for
formula Accession number human use
Natamycin Ca3H47NOy3 DB00826 Approved
Nystatin C47H75sNOy7 DB00646 Approved
NH,
\\\\\OH
(0] CHg

Nystatin

Figure 1: Chemical structures of the drugs used for molecular docking

I9BRAS, July, 2015, 4(7)

4536


http://www.drugbank.ca/drugs

Umar Farooq et al

Research Article

Molecular docking

In silico docking was carried out to identify
the inhibiting potential of natamycin and
nystatin against five different enzymes
which are essentially required for the
survival of L donovani. The binding sites
previously occupied by a co-crystallized
inhibitor or substrate were used as binding
site for each ligand. Docking was performed
using AutoDock Vina 1.1.2 [16]. The
resultant receptor-ligand complex models
were generated using PyMOL Molecular
Graphics System to know the amino acid
residues to which the ligands were bound
[17].

RESULTS

A total of five L. donovani enzymes were
targeted by natamycin and nystatin to test
their binding potential. Both natamycin and
nystatin exhibited very low binding energies
for all the five enzymes (Tables 2).
Natamycin was bound to 1-3 amino acid
residues of the active sites of LdonASL,
LdonCyp, LdonNMT and LdonPTR1 of L.
donovani suggesting  the possible
competitive inhibition of these enzymes
(Figure 2). Nystatin was bound only to one
of the amino acid residues in the active sites
of LdonASL, LdonCyp and LdonPTR1
(Table 3). In the case of LdonDHODH,
both natamycin and nystatin were bound to
a site away from the known active site of

this enzyme.

Table 2: Minimum binding energies shown by natamycin and nystatin with fiveL.. donovani drug targets.

Minimum Binding affinities (kcal/mol)
Drug targets |
Natamycin Nystatin
LdonASL -8.8 -9.5
LdonCyp -8.0 -8.9
LdonDHODH -9.1 -8.8
LdonNMT -10.1 -9.5
LdonPTR1 -8.4 -7.6
Table 3: The amino acid residues in the active sites to which natamycin and nystatin were bound.
Amino Acid Residues
Drug Targets| Natamycin Nystatin
LdonASL GLN-273, THR-148, SER-149 LEU-147
LdonCyp GLY-95, GLN-86 GLN-86
LdonDHODH ARG-224, ASP-257, THR-254, LY S-296* GLN-149, ASP-145*
LdonNMT TRP-15 ASP-396, TYR-345*
LdonPTR1 HIS-38, ARG-17, SER-40 ARG-17

*The binding of drug(s) was observed somewhat away from the known active
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Figure 2: Ligand-receptor models of best docked ligands.a) LdonASL with natamycin, b) LdonASL with
nystatin, c) LdonCyp with natamycin, d)LdonCyp with nystatin, e)LdonDHODH with natamycin, f)
LdonNMT with natamycin, g) LdonPTR1 with nystatin, h) LdonPTR1 with natamycin. The surface of
the drug target is shown in light blue, the ligands are green, amino acid residues bonding to the ligands
are red and hydrogen bonds between the ligands and the amino acids are black (dotted line).

DISCUSSION

The lack of efficient chemotherapeutic
agents against Leishmania parasite is a
major problem in controlling various forms
of leishmaniasis. The currently used
antileishmanial drugs have one or more
limitations like toxicity and drug resistance.
Despite continuous research on herbal
formulations and extensive natural product
screening, there is no report of any new
drug of plant origin  which is
commercialized and used for the successful
treatment of visceral leishmaniasis. There is
a need to screen the established
chemotherapeutic agents which are playing
impressive roles in the treatment of similar
infectious  diseases. Before laboratory
testing these drugs must be validated and
voted up for in vitro and in vivo experiments

to minimize the expenses and time

consumption. This may be achieved by
protein-ligand docking experiments. Virtual
screening is a useful method for the
preliminary screening of the drugs against a
particular pathogen as it requires less time
and resources. It is extensively used for
screening of synthetic compounds as well as
natural products against Echinococcus,
Plasmodium, Mycobacterium and other
tropical infectious agents [18-21].

The present study was carried out with the
aim to test the potential of natamycin and
nystatin to competitively inhibit the
essential enzymes of L donovani. These
drugs were chosen as these are structurally
similar to amphotericin B and are already in
use to treat fungal infections in humans.
Both natamycin and nystatin have never
been tested in silico for their enzyme

inhibitory activity against any species of
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Leishmania. Nystatin has been screened in
vitro against L. braziliensis, L. infantum, L.
Major and L. Tropica and was found to
have significant antileishmanial activity [22-
23].

Both natamycin and nystatin required very
low binding energies with all the L.
donovani drug targets used. Natamycin was
able to bind to more amino acid residues of
the active sites of drug targets than nystatin.
The competitive inhibition of these enzymes
may result in interruption of respective
metabolic pathways and inhibit the parasite
growth. These findings suggest that both
natamycin and nystatin may further be
investigated by in vitro and in vivo methods

to establish their efficacy to inhibit L.

donovani.
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