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Abstract
Lymphatic �lariasis is one of the major diseases that belong to the category of neglected tropical illness.
Filarial nematodes are the cause of the disease and are transmitted to humans via blood-feeding
arthropod vectors. Drugs such as Albendazole, Ivermectin and diethylcarbamazine are administered
either individually or in combination to overcome the progress of the lymphatic �lariasis. However, these
drugs have some disadvantages like temporary hair loss, dizziness, nausea etc. The �larial parasites
have multifunctional proteins including the Glutathione-s-transferase (GST) enzyme which plays a major
role in detoxi�cation of endogenous electrophilic compounds. This study aims at the identi�cation of a
natural molecule that has the potential to bind with the GST enzyme and thus interrupt the detoxi�cation
process within the �larial parasite, Brugia malayi. A medicinal plant Calotropis procera, owing to its
anthelmintic properties was searched for the presence of potential phytocompounds. The
phytocompounds were docked against the homology modeled GST enzyme using the MOE software. The
results were screened and analyzed based on the Lipinski rule of 5. N-octanoate was the phytocompound
obtained based on molecular docking, subjected to molecular dynamics. These results require further in
vitro and in vivo validation to consider n-octanoate as a potential drug candidate for lymphatic �lariasis
treatment.

Introduction
Lymphatic �lariasis or Filariasis is one of the neglected tropical diseases caused by the nematode �larial
parasites Wuchereria bancrofti, Brugia malayi and Brugia timori. Filariasis causes permanent limb
disability and can even cause permanent malformations of several body parts (Ottesen et al. 2008). The
�larial parasites are thread-like parasitic nematodes (roundworms) and are transmitted to the human
host through blood-feeding arthropod vectors. The adult worms reside in speci�c tissues within the host
where they release thread-like micro�lariae into the blood. The circulating micro�lariae enter the vector
during blood-feeding and develop into an infective larva ready for human transmission. The intensity of
the disease in the host depends on the locations of the tissue preferred by the micro�lariae and matured
worms. The matured worms inhabit lymph vessels, causing lymphatic in�ammation and dysfunction due
to blockage and host reactions and gradually lead to lymphedema and �brosis (Stillwaggon et al. 2016).
Prolonged and recurrent infection with these worms can lead to a buildup of excess tissue in the affected
area, as in elephantiasis (Cross 1996). The present drugs have poor inhibition on adult parasitic worms.
Current treatment includes administration of drugs individually or in combination, latter showing better
results (Brophy and Pritchard 1994).

Published articles on �lariasis emphasize the importance of Glutathione-s-transferases (GST) in chronic
infections. GSTs are multifunctional proteins that belong to an enzyme family which �larial parasitic
worms depend for their survival in the host (Bhargavi et al. 2005). GSTs are major detoxi�cation enzymes
that neutralize cytotoxic compounds and protect cells and tissues from the reactive oxygen species
attack. They catalyze the conjugation of Glutathione (GSH) to endogenous electrophilic compounds that
are less harmful (Bhoj et al. 2020). These enzymes protect the tissue from damage caused by free
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radicals, superoxides and aids in the intracellular transport of non-catalytic carrier proteins (Sommer et al.
2001). GST's involvement in drug resistance and biosynthesis of arachidonic acid metabolites makes
GST a more attractive target for therapeutics (Van Ommen et al. 1991.   Studies prove that GST of
humans are structurally different from worms and can be used as a potential target for developing anti-
�larial drugs (Brophy et al. 2000).

Calotropis procera Linn. is a common shrub mostly found as a weed around India (Iyadurai et al. 2020),
attributed to warm and dry areas, the sub- Himalayan regions and the southern regions of the country.
Different parts of Calotropis procera have been reported to possess different therapeutic activities such
as proteolytic (Atal and Sethi 1962) antimicrobial, larvicidal (Al-Rowaily et al. 2020), nematocidal,
anticancer, anti-in�ammatory (Basu and Chaudhuri 1991; Kumar and Basu 1994). Its �owers possess
digestive and tonic properties.

The mechanism of action and side effects of the drugs used in Filariasis treatment are presented in Table
1.

Materials And Methods
This study focuses on proposing a potent lead molecule against �larial elephantiasis from traditional
medicinal plant Calotropis procera. Homology modeling, Molecular docking and molecular dynamics
studies are performed on a potential drug target of �larial parasite - Glutathione-s-transferase with
phytocompounds retrieved from Calotropis procera.

Target Selection

The sequence of Glutathione s transferase of Brugia malayi was retrieved from UniProt (UniProt ID:
A0A0H5S7P0) (2021) having 208 residues. The sequence is uploaded in the swiss model tool for �nding
templates for homology modeling. Homology modeling is a modeling technique by which atomic
resolution models of protein are designed and it can be either from homologous proteins or ab initio
(from the scratch). The protein was modeled using an online tool - swiss model (Peitsch, 1996). The
sequence was uploaded in the swiss model and ran a search for homologous protein templates. 
Template 5d73.1.A is selected from the results having 100% sequence identity and the values GMQE:
0.95, QMEAN: -0.11, QSQE: 1.00 showed that template 5d73.1.A was a suitable model. The structure of
Glutathione S transferase of Brugia malayi had modeled using template 5d73.1.A and the structure was
an arti�cial construct like parasitic nematodes with a single chain – A chain with a total length of 208
residues starting from MET and ends with GLN. In this study, the binding sites selected for docking were
retrieved from literatures and the residues   are Tyr7, Phe8, Gly12, Leu13, Trp 38, Lys42, Gln49, Leu50, Ser
63, Arg95, His98, Thr99, Tyr 101, Thr102, Tyr106 and Val202 (Domadia, et al., 2008, Kalani, et al., 2014
and Mathew, et al., 2011).

Target Validation
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The homology modeled structure was validated using multiple tools like ERRAT, Verify3D and Procheck.
(Colovos and Yeates. 1993; Laskowski et al. 1993). The modeled protein was uploaded in the SAVESv6.0
(ERRAT - DOE-MBI Structure Lab UCLA) to estimate the ERRAT, Verify 3D and Procheck plots. ERRAT
identi�es and calculates the statistics of non-bonded interactions between different atom types and
generates “the error function versus position of a 9-residue sliding window” plot based on the data from
highly re�ned structures. Verify 3D determines the compatibility of an atomic model (3D) by using its own
amino acid sequence (1D). A structural class based on the atomic model’s location and environment
(alpha, beta, loop, polar, nonpolar, etc.) is assigned and compared with the results of the best structures.
Procheck analyzes residue-by-residue geometry and overall structure geometry (Ramachandran plot, chi1-
chi2 plot, main-chain parameters, side chain parameters, residue properties, main-chain bond lengths,
main chain bond angles and planar groups) of modelled structure to provide the stereochemical quality
of the protein.

Ligand Preparation

Phytocompound composition of Calotropis procera were collected from literature survey and the
respective structures were obtained from PubChem (Kim et al. 2021). The structures were optimized and
preprocessed using MOE (Molecular Operating Environment) tool.

ADME Prediction

ADME (Absorption, Digestion, Metabolism and Elimination) properties of the phytocompounds were
calculated using Swiss ADME. Swiss ADME calculated the ALogp, MLogP, WLogP, Molecular weight,
Solubility, GI (Gastrointestinal) absorption, and blood-brain barrier permeability of the selected
phytocompounds. The canonical smiles of the phytocompounds retrieved from PubChem were given as
an input for ADME prediction.  Physicochemical properties of ligands were studied using DataWarrior.

Molecular Docking

Molecular docking studies were performed in MOE (Inc.2016). Pre-docking procedures such as protein
preparation, binding site identi�cation and ligand preparation were done prior to docking. All the
heteroatoms were extracted during protein preparation and polar hydrogens were added. The binding
sites retrieved from literature were de�ned before docking. The prepared phytocompound and the protein
were subjected to docking with OPLS- AA force �eld. Post docking evaluation of the outcome of each
docking pose were analyzed individually. The 2D representation of the ligand-bound complex was used to
check the Hydrogen- bonds, based on favorable H-bond interactions and S-score of the docked complex,
phytocompounds were �ltered. Hydrogen bond interactions between residues of de�ned binding site and
phytocompounds were considered as favorable H-bond interactions. Phytocompounds that did not
possess favorable H-bond interactions were �ltered off. Molecular properties (Molecular weight, AlogP, H-
bond donors and H-bond acceptors) and toxicity of these ligands were estimated and those ligands that
did not satisfy the rule of 5 of Lipinski were �ltered off. The ligands with mutagenic properties were
�ltered, the binding a�nity of ligands were estimated and analyzed for better interactions.
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Molecular Dynamics

For molecular dynamics, GROMACS (version 2020.1), an open-source molecular dynamics software, was
used (Berendsen et al. 1995). There was a separation of the docked complex into protein and ligand. The
force �eld used was the CHARMM36 all-atom force �eld, and the CGenFF server supported the ligand
parameters and topologies compatible with the above force �eld. The separated protein and ligand were
developed into a complex and ligand topology and parameter �les were added to the protein topology �le,
resulting in the topology �le of the complex. In the solvation process the complex was solvated using
water. In order to prepare the complex for energy minimization, required ions were added into the solvated
complex. Energy minimization was carried out in order to bring the complex into its minimum potential
energy.  Restraining the ligand and treatment of temperature coupling groups was accompanied by
energy minimization. The complex was regulated by equilibration of volume- NVT ensemble (constant
Number of particles, Volume, and Temperature) followed by equilibration of pressure- NPT ensemble
(Number of particles, Pressure, and Temperature). An MD simulation run for 40 ns was initiated. The
trajectories of docked complexes were analyzed through 40ns of molecular dynamics simulation. The
simulated complex was analyzed for Root Mean Square Deviation, Root Mean Square Fluctuation,
Radius of gyration, number of hydrogen bonds and interaction energy.

Result And Discussion
Glutathione-s-transferase (GST) is the multifunctional protein that comprises major detoxi�cation
enzymes. It mainly helps the organism's macromolecules to stay intact from the attack of electrophiles
and they catalyze the conjugation of Glutathione to the electrophiles. They are mostly found in the
cytosol and in addition to catalyzing the conjugation to electrophiles they perform some peroxidase and
isomerase activities. Since it has a signi�cant role in the parasite worm’s life cycle, it can be considered
as a drug target.

Sequence from UniProt was used to search for homologous protein templates, and template 5d73.1.A
was selected as it had 100% sequence identity and the following parameter values; GMQE (Global Model
Quality Estimation): 0.95, QMEAN: -0.11, QSQE (Quaternary Structure Quality Estimate): 1.00 showed that
template 5d73.1.A was a suitable model.

ERRAT plots show a quality factor of 93.9547 which shows that the model has a good quality
(Messaoudi et al. 2013). 96.14% of the residues had passed the average 3D- 1D score >= 0.2 when
validated by Verify3D (Ullah et al. 2012). In the Ramachandran plot, 0 % residues were found in the
disallowed region inferring that the model has a good secondary structure (Waghmare et al. 2016)

Glutathione-s-transferase was taken as the target and phytocompounds structures from the plant
Calotropis procera were taken as ligands for docking studies. For docking purposes, the Molecular
Operating Environment was used as the platform to study the interactions. The protein preparation was
done for eliminating the water molecules and adding explicit hydrogens. Binding sites were de�ned and
as follows Tyr7, Phe8, Gly12, Leu13, Trp 38, Lys 42, Gln49, Leu50, Ser63, Arg95, His98, Thr99, Tyr101,
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Thr102, Tyr106 and Val202. Ligands were prepared in MOE and the ligands and protein were subjected to
docking.

The docking result had 4057 poses and out of which 49 poses were �ltered based on favorable H-bond
interactions and S score (Table 2). Molecular properties of these 44 ligands were listed with the help of
ADMET descriptors and toxicity prediction tools (SwissADME and MOE). From the list, 16 ligands
satisfying Lipinski's rule of 5 and with non-mutagenic (non-toxic) properties were taken to the next level
(Table 3) i.e., for binding a�nity prediction. Binding a�nity is the strength of binding interaction of a
biomolecule to ligand/ binding partner.

Phytocompound n-Octanoate showed desired hydrogen bond interaction with the given binding sites
such as Trp 38, Lys 42, Gln49 and exhibit druggable characteristics (Table 4). The 2D plot of interactions
and hydrophobic interactions of n-Octanoate with Glutathione-s-transferase was studied (Fig. 1). This
ligand has the least binding a�nity; hence it has the highest binding stability with the target protein
(Glutathione-s-transferase). The ligand n-Octanoate resulted in better docking scores and satis�ed
Lipinski's rule of 5.

The docked complex was subjected to molecular dynamics using GROMACS. The temperature was
equilibrated at 300 K and the pressure was equilibrated at 1 bar for a time for MD run, 40 ns. The RMSD
(Fig. 2(a)) plot and RMSF (Root mean square �uctuation) plot (Fig. 2(b)) of the complex after simulation
were obtained. The RMSD deviates in between 0.1 nm to 0.2 nm, stabilizes at 0.15 nm from 20 ns up to
the end of simulation, showing less deviation in RMSD (Cob-Calan et al. 2019).   The part of the protein
that �uctuates mostly during the period of simulation can be understood from RMSF, infers in the
�exibility of protein in a binding state. Residue 208 shows the greater �uctuation among the total protein
residues. Radius of Gyration de�nes the rigidity of the system, greater degree of �uctuation results in the
inconsistency throughout the simulation shows the compactness of the system. The RoG of the complex
�uctuated in between 1.7nm and 1.75 m, with an average of 1.725 nm and found more �uctuating at 25
ns inferring in the higher compactness/ rigidity of the system (Fig. 2(c)) (Turner et al. 2019). The total
number of hydrogen bonds in the complex throughout the simulation was also estimated and a
maximum of 182 hydrogen bonds, a minimum of 140 hydrogen bonds, an average of 165 bonds were
found to be in the complex (Fig. 2(d)).  Interaction energies of the complex including Lennard- Jones
short-range and Coulombic short-range potential energies were calculated. The Lennard-Jones short-
range potential energy of the complex was found to be -31.5848 kJ/mol with a total drift of 53.4165
KJ/mol (Fig.3(a)) and Coulombic shot-range potential energy, -6.63557 kJ/mol with a total drift of
9.61891 KJ/mol (Fig. 3(b)).

In the future, several factors will be playing a prominent role in the prevalence of lymphatic �lariasis. A
study suggests that changing patterns of climate will be interfering in the spread of parasitic diseases. A
re-emergence of parasitic diseases is possible due to global warming and its associated changes in the
environment (Rodó et al. 2013; Wu et al. 2016). The migration to metropolitan cities and international
trade / Global market can be a potential channel to spread transmittable diseases (Irvine et al. 2015).
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Mass Drug Administration (MDA) is controlling the disease to an extent (Kalyanasundaram et al. 2020).
Mutation of parasitic nematodes can decrease the e�ciency of MDA (Kwarteng et al. 2016). Additional
measures like morbidity management, vector control and surveillance must be employed more e�ciently
to minimize the spread of the disease (Famakinde 2018) and (Irvine et al. 2015) Vector control, reducing
human - vector contact and improvising the standard of living can be crucial in eliminating �lariasis
(Rebollo and Bockarie 2017).

Conclusion
The docking studies using Glutathione-S- transferase of Brugia malayi as the target intend to �nd a
potent drug candidate for Lymphatic Filariasis. phytocompounds from the plant Calotropis procera were
used as the ligand molecules. The phytocompounds 9-Decanoate and n-Octanoate have shown
promising results and can be considered for the purpose. These ligands have H-bond interaction with the
binding sites of GST. 9-decanoate and n-octanoate showed the least binding energies -4.1kcal/mol and
-4.9 kcal/mol respectively from the screened phytocompound database. Further in vitro and in vivo
studies can be used to con�rm these candidates as a potential drug that can be used against Filariasis.
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Figure 1

(a) 2D interactions of n-Octanoate with Glutathione-s-transferase, (b) Hydrophobic surface of interaction
n-Octanoate with Glutathione-s-transferase
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Figure 2

(a) RMSD plot of n-Octanoate - Glutathione-s-transferase complex, (b) RMSf plot of n-Octanoate -
Glutathione-s-transferase complex, (c) RoG plot of n-Octanoate - Glutathione-s-transferase complex, (d)
Number of hydrogen bonds plot of n-Octanoate - Glutathione-s-transferase complex
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Figure 3

(a) Lennard-Jones short-range potential energy of n-Octanoate - Glutathione-s-transferase complex, (b)
Coulombic Short-range potential energy of n-Octanoate - Glutathione-s-transferase complex
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