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Leishmaniasis is a protozoal infection, which presents a broad spectrum drug resistance and causes diseases 
ranging from asymptomatic infections to significant mortality. The enzyme, trypanothione reductase from 
Leishmania infantumis is essential for the parasite survival. It is an attractive target to design new less toxic 
drugs against leishmaniasis as found absent in mammalian cells. The antileishmanial activity of epicoccamide 
derivatives was studied by in silico approaches. The crystallographic structure of trypanothione reductase 
was obtained from the protein data bank (ID: 2W0H) database. Binding mode of the epicoccamide inhibitors 
showed that they are stabilized in the active site of enzyme through hydrogen bond and hydrophobic 
interactions. These derivatives (A-D) showed significant binding affinities with trypanothione reductase with 
binding energies: -13.21, -13.44, -13.31, and -13.52 kcal/mol, respectively.The present study revealed new and 
effective antileishmanial compounds that can gain pharmaceutical importance. 
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Leishmaniasis is a protozoal disease that is closely 
associated with poverty, unhygienic conditions and 
poor living standards. This disease is most prominent 
in poor developing countries although WHO 
estimates that the disease threatens approximately 
350 million individuals in 88 countries worldwide[1].

There are many species of the Leishmania that can 
infect humans and are responsible for the following 
different forms of leishmaniasis: mucocutaneous, 
cutaneous, visceral and diffuse cutaneous 
leishmaniasis[2-4]. Mucocutaneous leishmaniasis 
(ML) is caused by Leishmania braziliensis and 
its prognosis is sores on the skin while cutaneous 
leishmaniasis (CL) is caused by L. major. Visceral 
leishmaniasis (VL) is may be caused by any species 
like L. donovani, L. infantum or L. chagasi. This is the 
most severe form of the disease, which can be fatal if 
not treated. Diffuse cutaneous leishmaniasis (DCL) 
is caused by L.amazonensis and generates chronic 
ulcerations on the skin that are difficult to treat[5].

Currently pentavalent antimonials, sodium 
stibogluconate and meglumine antimoniate are the 
first-line drugs for leishmaniasis. However, they 
are highly toxic and require high doses and patient 
hospitalization for three to four weeks for parenteral 
administration[6]. Furthermore cases of increased 
resistance to antimonials have been reported and 

drugs used in case of resistance are also very toxic 
and needed to be administered parenterally[3,6,7]. 
Due to the increasing incidence of drug resistance 
and toxicity there is an urgent need to search for 
alternative therapies against new targets.

Several metabolic pathways are currently under 
study in order to identify critical enzymes for 
inhibition purposes. The aim of this study is 
identification of potential targets for the treatment 
of parasitic diseases[8]. The enzymes involved in 
metabolism of glucose, sterols, unsaturated fats and 
nucleotides as well as in protein biosynthesis and for 
the support of trypanothione and polyamine levels 
are considered targets for drug development. Recent 
studies showed that more than 29 enzymes from L. 
major, L. donovani, L. Mexicana and L. infantum 
could be used as a therapeutic targets[8]. Thiol-redox 
metabolism is present in leishmaniasis which is found 
absent in mammals and it is regulated/controlled by 
trypanothione reductase. Thiol-reductase plays a key 
role in survival of Leishmania sp. Trypanothione 
reductase is a validated target for rational drug design 
against visceral leishmaniasis, most lethal form of 
leishmaniasis, caused by Leishmania infantum[9-11].

Natural products are the most productive source 
for the discovery of new and novel compounds. 
Among natural sources, microorganisms especially 
fungi have been exemplary with the production 
of novel compounds that have proved to be 
effective antimicrobial, anticancer, antiviral and *Address for correspondence
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immunosuppressive agents[12]. Recently compounds 
with antileishmanial activity have been reported 
from isolated fungi[13-15]. Studies indicated that fungal 
metabolites might be potential lead molecules for 
antileishmanial drug discovery. 

The current interest in the development of new 
antileishmanial lead molecules, combined with 
lack of adequate computer-aided drug discovery 
efforts in this area, prompted us to explore the 
fungal compounds for their trypanothione reductase 
inhibitory potential by using ligand based structure 
activity relationship model. 

For current study tetramic acid containing natural 
fungal compounds (epicoccamides) were selected 
to prioritize them for in vitro evaluation. Naturally 
occurring tetramic acids constitute an important 
class of bioactive products with remarkably varied 
biological activity, spanning from antibiotic and 
antiviral, cytotoxicity, as well as inhibition of cell 
cycle[16,17]. Tetramic acid nuclei of epicoccamides 
are therefore found an interesting scaffold for drug 
designing. Epicoccamides are naturally occurring 
3-acyltetramic acids bearing β-mannosylated fatty 
acid chains. Epicoccamide A (1) was isolated from the 
jellyfish derived fungus Epicoccum purpuraccerns 
(Epicoccum nigrum) by Wright et al., in 2003[18], 

whereas epicoccamides B-D (2-4) were isolated from 
an Epicoccum sp. associated with fruiting body of 
tree fungus Pholiota squarrosa[19]. In current study, 
the potential and effective antileishmanial activity of 
these derivatives was determined by computational 
approaches. 

MATERIALS AND METHODS

The crystal structure of Leishmania trypanothione 
reductase (PDB ID: 2W0H) was obtained from 
the Protein Data Bank. Trypanothione reductase 
is essential for the parasite survival and virulence 
and has a potential role in specific trypanothione 
reductase system. Since this enzyme is not available in 
mammalian cells, it could be a potential drug target.

Antileishmanial ligands:

Epicoccamide derivatives previously reported 
from endophytes were used as ligands molecules 
(fig. 1). These structures were prepared by using 
ChemBioDraw and MOL2 format of these ligands 
were converted to PDB file using OpenBabel 
tool, prior to upload onto ArgusLab drug design 
software[20].

Target and ligand optimization:

For docking analysis, PDB coordinates of the target 
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Fig. 1: Epicoccamide derivatives obtained from endophytes. 
These structures were prepared by using ChemBioDraw (A) epicoccamide-A (B) epicoccamide-B (C) epicoccamide-C (D) epicoccamide-D
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protein and ligand molecules were optimized by 
UCSF Chimera tool. These coordinates had minimum 
energy and stable conformation. 

Analysis of druggable properties:

The druggable properties (partition coefficient, 
molecular weight, toxicity) were evaluated using 
Mol inspiration server[21].

Analysis of target active binding sites:

Proteins carry out their functions through interactions 
with other molecules and therefore accurately 
identifying the protein ligand binding site plays an 
important role in protein functional annotation and 
rational drug discovery. The active sites are the 
coordinates of the ligand in the original target protein 
grids and these active binding sites of target protein 
were analysed using the DoGSite Scorer: active site 
prediction and analysis server[22].

Molecular docking analysis:

A computational ligand target docking approach 
was used to analyze structural complexes of the 
trypanothione reductase target with epicoccamide 
derivatives. Molecular docking was carried out by 
ArgusLab drug design software. At each step of the 
simulation, the energy of interaction of ligand and 
protein was evaluated using atomic affinity potentials 
computed on a grid. The remaining parameters were 
set as default.

RESULTS AND DISCUSSION 

The genus Leishmania is trypanosomatid protozoa 
and parasitic in nature which causes the disease 
known as leishmaniasis, which infects some 15 
million people around the world in three clinical 
forms: cutaneous, mucocutaneous and visceral[23-25]. 
Current therapies for the disease are associated with 
a risk of high toxicity and development of drug 
resistant strains. Thiol-redox metabolism involving 
amino acid trypanothione and enzyme trypanothione 
reductase, essential for survival of Leishmania sp., 
is considered important target for drug design[11]. 
Computer aided drug design is a broadly used tool 
for developing relationships between the effects 
(e.g. activities and properties of interest) of a series 
of molecules with their structural properties. It is 
a dynamic area that integrates new technologies 
at a staggering rate[25,26]. In the present study, we 
address the performance of a computer aided drug 
design protocol involving homology modeling 
of trypanothione reductase and structure based 
virtual screening as a tool for identifying novel 
classes of potent trypanothione reductase inhibitors. 
Epicoccamides, naturally occurring 3-acyltetramic 
acids were used for computer aided docking 
studies. There are many reports about their diverse 
pharmacological activities spanning from antibiotic 
and antiviral, cytotoxicity, as well as inhibition of 
cell cycle[18,19].
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Fig. 2: Crystallographic tertiary structure of Leishmania trypanothione reductase. 
Crystallographic tertiary structure of Leishmania trypanothione reductase obtained from the Protein Data Bank (PDB ID:2W0H). The x-ray 
crystallographic dimensions of protein structure have been explained and the quality of the protein model was estimated by QMean Score 
where Ramachandran outliers indicate stable conformation (0.2%)
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Fig. 3: Pharmacokinetics and drugable properties.
Pharmacokinetics and drugable properties (solubility, molecular weight, number of hydrogen bond donors and acceptors, Topological 
Polar Surface Area and volume) of epicoccamide derivatives. Graph shows the respective values of each parameter (A) epicoccamide-A, (B) 
epicoccamide-B, (C) epicoccamide-C, (D) epicoccamide-D

The validated tertiary crystallographic structure of 
Leishmania trypanothione reductase was used as 
target for molecular docking analysis (fig. 2). The 
minimum binding energy indicated that the target 
enzyme was successfully docked with epicoccamide 
derivatives (A-D). The pharmacokinetics and 
drugable properties of epicoccamide derivatives (A-
D) were calculated (fig. 3). These properties indicated 
that each derivative has drugable properties and can 
be effectively used to treat leishmaniasis.

There were total 26-pockets of this protein and 
among them, P0 is the most suitable binding pocket 
with maximum simple score (0.62, fig. 4). In fig.5, 
amino acids descriptors of trypanothione reductase 
are shown: ALA, ARG, ASN, ASP, CYS, GLN, GLU, 
GLY, HIS, ILE, LEU, LYS, MET, PHE, PRO, SER, 
THR, TRP, TYR, and VAL. The various features of 
descriptors (size, shape, and element properties) for 
pocket P0 of trypanothione reductase was calculated 
and has been recorded in Tables 1 and 2. 

The molecular docking of trypanothione reductase 
with the epicoccamide derivatives revealed that all the 
computationally predicted lowest energy complexes 
of target protein are stabilized by intermolecular 

hydrogen bonds and stacking interactions. The 
molecular interaction presented the most energetically 
favorable binding mode of epicoccamide derivatives 
(A-D) to trypanothione reductase. The ligand showed 
the best interaction with target proteins based on 
the RMSD values[22]. Beside RMSD calculation; 
binding free energies of these interactive molecules 
were also calculated to find the best binding mode 
(Table 3). The calculated final docked energies for 
epicoccamide A-D are: -13.21, -13.44, -13.31, and 
-13.52 kcal/mol, respectively (fig.6). Docking results 
showed that these derivatives have potential to enter 
the substrate binding region of the active site and 
effective for leishmaniasis. However epicoccamide 
D was found most effective inhibitor of Try R due to 
lowest binding energy as compared to other ligands. 

In conclusion, we have identified molecular details 
of the binding modes of natural fungal metabolites 
epicoccamides for antileishmanial activity against 
trypanothione reductase. The present study is an 
excellent starting point for future studies of structural 
optimization of these compounds, whose observed 
details at the molecular level opened a route 
towards developing therapeutic epicoccamide based 
prototypes against Leishmania.
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Fig. 5: Binding analysis of Leishmania trypanothione reductase.
(A) Binding site analysis of Leishmania trypanothione reductase, (B) focused binding region with relevant amino acids residues ALA, ARG, 
ASN, ASP, CYS, GLN, GLU, GLY, HIS, ILE, LEU, LYS, MET, PHE, PRO, SER, THR, TRP, TYR, and VAL, (C) binding site amino acid 
descriptors represented by radar graph with markers. Display values are relative to a center point
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Fig. 4: Pockets and descriptors calculated for Leishmania trypanothione reductase.
Pockets and descriptors calculated for Leishmania trypanothione reductase (PDB ID: 2W0H). Total 26 pockets of this protein 
were found and P0 binding pocket is the most suitable binding region in chain B

Name

P0        1920.53      1941.15     1251.90      31.39         0.62

P1        1427.23      1335.69      824.55       31.69         0.61  

P2         850.44        873.01       534.16       17.93         0.52

P3         602.96        693.76       440.06       18.89         0.37

P4         515.46        647.56       349.25       14.82         0.28
P5         507.13        701.24       380.47       14.20         0.28

P6         306.64        523.77       342.30       12.03         0.16
P7         245.82        346.97       257.29       11.82          0.09

P8         215.15        245.21       142.92        9.03          0.00
P9         207.65        407.27       218.22       10.83         0.00

P10        206.15        294.54       243.37        9.94          0.06

P11        200.82        270.13       125.41        8.84          0.00

P12         186.65       359.92        193.31       11.16         0.00

P13        169.65        182.09       133.49        12.95        0.00

P14        164.82        142.94         96.62        12.78        0.00

P15        143.82        295.78        196.43        7.78         0.00
P16        139.32        175.26        88.12          7.66         0.00

P17        126.49        186.93       130.20         7.09         0.00

P18        125.16        210.06       128.55         8.03         0.00
P19         118.32        186.39       121.63        7.00         0.00

P20        116.49        169.63         96.75        10.69        0.00
P21        113.99        152.46         87.99         9.67         0.00

P22        110.49        251.01        142.18       12.22        0.00
P23        110.33        226.90        176.77        7.82         0.00

P24         108.66       287.33        205.61        6.08         0.00
P25        107.33        206.81       122.92         8.42         0.00

P26        100.33        196.59        133.08        6.10         0.00

Volume
  [A3]

Surface
     [A2]

  Lipo
surface
   [A2]

Depth
    [A]

Simple
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TABLE 1: SIZE AND SHAPE DESCRIPTORS FOR POCKET P0 
OF LEISHMANIA TRYPANOTHIONE REDUCTASE

Descriptor Value
volume [Å³] 1920.53
surface [Å²] 1941.15

lipophilic surface [Å²] 1251.9
depth [Å] 31.39

ellipsoid main axis ratio c/a 0.16
ellipsoid main axis ratio b/a 0.45

enclosure 0.06

TABLE 2: ELEMENT DESCRIPTORS FOR POCKET P0 OF 
LEISHMANIA TRYPANOTHIONE REDUCTASE

Descriptor Value
# pocket atoms 419
# carbons (C) 280

# nitrogens (N) 70
# oxygens 65

# sulfors (S) 4
# other elements 0

Fig. 6: Molecular docking of epicoccamide derivatives to Leishmania trypanothione reductase. 
Molecular docking of epicoccamide derivatives to Leishmania trypanothione reductase, visual of molecular surface shows the confirmation and 
pose of epicoccamide derivatives (A-D), the chemical structural visuals show the interaction of these ligands with the relative amino acid sites 
of protein target; (A) epicoccamide-A, (B) epicoccamide-B, (C) epicoccamide-C, (D) epicoccamide-D
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